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Executive Summary
Deliverable D7.2 describes the evaluation of the activities performed at the eleven pilot sites
participating in the SMARTSPACES project. D7.2 presents the outcomes of the evaluation of both
the metered energy and water data and the surveys of building users.
The SmartSpaces pilot project was ambitious and complex, involving 22 partners in 11 pilot cities
all undertaking slightly different approaches to addressing the use of ICT to reduce energy and
water consumption in European public buildings. In order to measure the effectiveness of these
different approaches, a relatively complex evaluation methodology consisting of combining the
analysis of metered data and a survey of the attitudes and behaviour of people working in, and
visiting, the buildings was undertaken. The key conclusion is that ICT can help to dramatically
reduce electricity, gas and water consumption in European public buildings. The level of the
savings is dependent upon both the amount of energy management work previously undertaken by
the building's operators and also the level of engagement with building users and visitors.
Innovation triggered: A common evaluation methodology has been developed to assess the
outcomes of the project. This takes both energy related time series data and survey data from
buildings users to measure the success of SMARTSPACES. The time series data is collected for
over 500 buildings for electricity gas and water data. The survey of people’s attitude and
behaviour is combined with the metered data to data to provide an overall evaluation. This
approach can be replicated in other similar projects.
The following two tables summarise the main findings for energy and water consumption savings
and behavioural change for each pilot site.
Energy consumption savings
CONSUMPTION
Pilot
site
Belgrade

Area
m²

Electricity Gas/heat
MWh
MWh

Emission
s

SAVINGS in per cent
Water
m²

Electricity Gas /heat

Water

Peak
Peak Gas
Electricity
Heat

kg/m

26,057

1,334

4,394

11,249

22.4%

29.8%

19.0%

18.14

43.59

26.1

Birmingham 58,928

2,268

-

-

5.3%

-

-

-

-

1.2

Bristol*

272,725

21,868

15,836

-

0.8%

8.1%

-

2.14

5.12

2.1

Hagen

33,300

1,817

1,689

-

15.2%

7.3%

-

5.87

6.38

6.9

Istanbul

22,000

929

647

-

6.4%

37.3%

-

-

-

5.4

Leicester**

88,724

7,482

5,476

92,115

1.5%

4.1%

15.3%

-

-

1.3

Lleida

32,000

1,702

3,349

-

12.0%

18.9%

-

2

10.5

8.4

Milan

3,724

148

-

-

49.1%

-

-

-

-

18.6

Moulins

1,640

77

34

349

-9.7%

71.8%

36.9%

-

-

10.4

Murcia

11,942

1,335

-

-

15.5%

-

-

4.3

-

9.0

Venlo

10,000

452

389

-

28.8%

57.8%

-

-

-

18.7

556,040

39,411

31,790

103,714

4.8%

14.5%

15.8%

-

-

3.9

TOTAL

* Some buildings were excluded from the energy savings calculation due to problems with data quality for the forecast
model. Calculations from these buildings were excluded in the floor area, consumption, savings and emissions presented
in this table.
** Some buildings were excluded from the energy savings calculation in order to represent the savings attributable to the
project, excluding buildings with significant unforeseen changes explained in section 4.6. Calculations from these
buildings were excluded in the floor area, consumption, savings and emissions presented in this table.
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Behavioural change (trends) – Self-reported behaviour to minimise energy use (staff and
visitors)
Pilot sites

Staff

Visitors

Average

0.0%

-3.6%

-1.8%

-10.8%

19.8%

4.5%

Bristol

1.7%

1.6%

1.6%

Hagen

1.2%

-

1.2%

Istanbul

9.5%

5.6%

7.6%

Leicester

-1.9%

5.2%

1.7%

Lleida

6.7%

-

6.7%

Milan

27.7%

38.7%

33.2%

Moulins

16.4%

2.0%

9.2%

Murcia

2.9%

34.6%

18.8%

Belgrade
Birmingham

Venlo
6.6%
6.1%
6.4%
Behaviour change: Positive values indicates higher levels of self-reported behaviour in the final
survey compared to the baseline survey

Energy Management Service
The level of savings varied quite dramatically between buildings. Some buildings demonstrated
consistent savings, whilst others increased their energy and water consumption. Many buildings
had changes of use during the project that dramatically altered their energy and water consumption
patterns. For example a University Library building that now opens 24 hours a day (to offer a better
service to students) and organisations reorganising their IT infrastructure and locating their
relatively energy intensive new computer data centres in our pilot buildings. Several buildings had
relatively complex control systems that were not operating effectively. Correcting these and
engaging with staff responsible to the operation of the buildings resulted in savings.
For those pilots where automatic meter readings had been in use for some period of time (for
example Leicester and Bristol), the level of savings were less than those pilots where automatic
meter reading equipment had recently been installed (for example Belgrade, Lleida, Murcia).
The savings from those pilots with relatively few buildings showed more consistent savings,
because of the relatively low numbers of buildings. Those sites with a higher numbers of buildings
had a correspondingly high variability of savings, with the increases in consumption mostly due to
the change of use of the buildings.
Data acquisition and storage issues were common across all pilot sites and some pilots also had
issues with complex building control systems. These data and buildings related complexities are
expected to increase in the future with more data being collected and more buildings using more
complicated controls. This trend needs to be recognised and training and support provide to people
dealing with these ongoing complexities.
The EMS service was very well received by energy professionals and, in all the pilot sites, there
are examples of buildings with significant savings.

Energy Decision Support Service
The attitude and behaviour of the building users differed depending upon the type of user. Visitors
were less likely to be engaged and take action to reduce energy and water use than building users.
Similarly, building users could be divided into three parts. Those users that had a responsibility for
energy (energy officers or building professionals), those users with a specific interest in energy
(environmental champions) and those relatively disinterested in energy. Those with responsibility
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or with an interest, showed a greater willingness to take action compared with those with little
interest in energy efficiency.
Responsibility for energy is therefore a key driver. If building users feel little or no responsibility,
then there will be corresponding little action. If there is interest and it is part of the responsibility of
the building users, than greater energy reductions are achieved. Those pilots that had extensive
campaigns showed the greater savings and those that provided mentoring support performed
event better.

Institutional effects
SMARTSPACES helped to make energy and water consumption “more visible” at the institutional
level. It provided simple visualisation of energy and water use and, in most cases, offered a
comparison with previous time periods to effectively engage with building users. This helped
increase the profile of energy and water within the pilot sites, making it more relevant to the day-today operation of buildings and relevant to the needs of policymakers.

Social effects
The provision of half hourly data, by itself, is not enough to motivate building users. The data
needs to be explained in an easy to understand way. For energy professionals, graphs and tables
are sufficient to motivate action. For non-energy professionals, simpler methods, such as smiley
faces, can disseminate relatively complex energy information in a simple format. The case study of
Leicester and its online forum demonstrated the effectiveness of such an approach to an interested
and informed audience. However, the active engagement of non-energy interested building users
was much more problematic. This is an ongoing challenge.
For most people, energy and water consumption are relatively boring, uninteresting subjects.
There are other things to get involved with (such as carrying out the duties in their own jobs).
Therefore, it is a challenge to engage with all building users, even with innovative engagement
techniques. In these cases, other mechanisms (such as making it part of someone’s job
description or responsibly) are likely to be more effective.
The evaluation of the pilot sites showed that the use of ICT was effective in reducing energy and
water consumption in buildings. However, the effectiveness differed depending on the




previous engagement with ICT
level of support from the local authorities
type of information presented

The surveys showed that some types of building users will get engaged with energy consumption
in buildings and that this engagement will result in consumption reductions. However, the surveys
showed that it was difficult to engage with some buildings users. These “disinterested” users are
more challenging and mechanisms to encourage them to take action are needed. For example,
making reducing energy and water consumption a job related responsibility, or introducing carbon
budgets.
Combining the measured utility meter data and the behavioural survey data, suggest that different
approaches need to be implemented in different places, depending on local circumstances. There
is not a ”one size fits all” solution. It is much more complex and SMARTSPACES has identified the
different type of approaches that could be used in different European public buildings.
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1

Introduction

This deliverable presents the evaluation of the SMARTSPACES project. WP7 has been developed
according to the requirements and services that have been defined and developed in previous
work packages.

Figure 1: Overview of the SMARTSPACES project

The overarching objective of WP7 is:
“To provide a demonstration of improved energy efficiency through an analysis of energy
consumption at each SMARTSPACES pilot site both before and after the installation of the
Energy Decision Support Services (EDSS) and Energy Management Services (EMS).”
This deliverable (D7.2) used the evaluation framework from D7.1:


It used the common “eeMeasure” methodology developed by on-going ICT-PSP projects
for the analysis of energy data,



It used a framework designed using experiences from past EC and other projects seeking
to assess interventions to engage users in the reduction of energy consumption.

The evaluation framework was adapted to the specific requirements and service definitions at the
pilot sites. The work undertaken as part of D7.2 included the reporting of the evaluation results
from each data collection phase (baseline survey and energy audit I, mid-term evaluation, final
survey and energy audit II). The combination of the analyses assesses the impact on the outcomes
as defined in the evaluation criteria (D7.1). The report also discusses how far organisational
structures and societal discussions in the participant organisations and countries are influencing
energy saving behaviour.
This report describes the overall methodology in Chapter 2 that was used to identify the energy
savings in the pilot sites and the behaviour changes of building users. It then presents a summary
of the findings in Chapter 3, followed by the detailed findings of each pilot site in Chapter 4. The
overall conclusions are then presented in Chapter 5.
Page 11 of 338

30/03/2015

SMARTSPACES – D7.2

2

Evaluation methodology

2.1.1 Energy consumption change
A key element of the SMARTSPACES evaluation plan was to produce a measure of the impact
(positive or negative) the project has on energy consumption at each pilot site. For this it was
necessary to set out a common methodology for calculating savings across all buildings across all
pilot sites. In preparation for this deliverable, methodologies for evaluating energy savings through
objective, monitored energy consumption data were reviewed. The key document was the
3

International Performance Measurement and Verification Protocol (IPMVP) . This is a guidance
document describing common practice in measuring, computing and reporting savings achieved by
energy efficiency projects. The IPMVP presents a framework for transparently, reliably and
consistently reporting a project’s energy saving.
The IPMVP offers several options for calculating savings. The SMARTSPACES project is dealing
with public buildings and is expecting half-hourly data from most sites. To ensure a simple direct
comparison is possible between sites the project will be following an approach equivalent to
IPMVP option C where possible. For this, data for the whole building are separated into periods
before the intervention (the ‘baseline’) and after the intervention (the ‘reporting period’ or ‘test
period’). A statistical model is fitted to the baseline data and is used to forecast forwards into the
test period. Savings are estimated as the difference between measured values in the test period
and the consumption forecast.
Simple statistical models are commonly used to model energy consumption. In particular the
Variable Base Degree Day (VBDD) model and its variants allow for the influence of outside air
temperature to be modelled fairly simply. Figure 2 shows the most commonly cited list of simple
regression models.
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Figure 2: Simple model variations (adapted from ASHRAE 2005)

Fitting any of these simple models to baseline data produces a set of model parameters that can
then be combined with outside air temperature measurements taken in the test period to generate
a prediction of what consumption would have been if the intervention had not occurred. This can
then be used to determine an estimate for energy savings.

Figure 3: Savings are estimated by modelling the baseline and forecasting into the test

A common methodology (based on the IPMVP) for all ICT-PSP projects is provided by the
eeMeasure project (http://eemeasure.SMARTSPACES.eu/eemeasure/generalUser/methodology).
As part of the background preparation, the SMARTSPACES project engaged with the eeMeasure
project in order to learn about and feedback on the eeMeasure methodology. The eeMeasure
system includes a web-based application into which data can be entered for each evaluation unit
and the calculations will be conducted automatically. This brings an important level of
harmonisation across ICT-PSP projects, resulting in comparable savings estimates.
SMARTSPACES will follow a type 3 project type where possible (equivalent to IPMVP option C).
The eeMeasure methodology constructs a model of energy consumption for each evaluation unit
via a basic multiple regression analysis. A typical example is where heating energy consumption
and heating degree days are available for a site. The expected relationship is linear and so the
eeMeasure tool can take the two datasets and apply a simple linear regression to generate a
model. The model can then be used with degree day data from the post-intervention period to
generate a forecast and thus a savings estimate.
However, published degree days are calculated to an assumed base temperature (typically
15.5°C), which may not be correct for the building in question. In fact, each building will have a
unique base temperature related to its thermal properties and control settings. A more accurate
model (and so a more accurate savings calculation) can be achieved by using outside air
temperature data directly with a more complicated, change-point models shown in Figure 2. To
achieve these models, daily outside air temperature and consumption data can be used to produce
an accurate estimate of the building-specific base temperature. Following this, building-specific
degree days can be calculated and uploaded to the eeMeasure tool for a more accurate savings
calculation.
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Where possible, this approach of pre-processing the available data to generate degree days was
used. In many cases data were available at daily or better resolution. Daily data are ideal for
estimating building base temperature. Daily data was aggregated into weekly values as a default
for uploading into the eeMeasure system (as weekly occupancy patterns in daily data cause
interference). Where data were not available at weekly or better resolution, monthly data were
uploaded. No buildings were included in the evaluation where data were not available at monthly or
better resolution.

Data collection and data cleansing procedures
Datasets were collected from each pilot to ensure that data were being generated and also to
inspect the data file formats in use to ensure they were automatically readable. Secondly, a full list
of all the datasets that were produced in the project was compiled to ensure that it was possible to
map each file to a given building and evaluation unit.
Negotiation with pilot sites began with the collection of sample data from each pilot. Each provided
file was assessed in terms of coverage; resolution and whether it was considered to be easily read
by an automated script. This revealed that most data systems were capable of providing suitable
data and where this was not the case a simple manual reformatting of the source data would
suffice to resolve the issue. Most systems were already in place and working by M10. It also
showed that the resolution of data sets from partners will be variable, from five minutely (e.g.
Hagen) to monthly (e.g. Belgrade). The default preference was to opt for a daily analysis. Where
daily data are not available then monthly resolution was the minimum used.
A comprehensive list of buildings and data sets was collected from pilot sites. Issues such as
coverage of different utilities (gas, electricity and water) and buildings with missing data sets were
identified and resolved (e.g. some sites are not measuring water, some sites do not have any gas).
This process also identified which datasets covered entire buildings and which were sub-meters
covering only certain zones or floors of buildings. This process helps to establish clarity over the
evaluation units to be assessed.

Calculation and presentation of savings and impact of Smartspaces
The impact (positive or negative) the project has on energy consumption was calculated for each
buildings at each pilot site using the IPMVP a framework. The IPMVP offered several options for
calculating savings and the project followed an approach equivalent to IPMVP option C where
possible. For this, data for the whole building were separated into periods before the intervention
(the ‘baseline’) and after the intervention (the ‘reporting period’ or ‘test period’). A statistical model
is fitted to the baseline data and was used to forecast forwards into the test period. Savings were
estimated as the difference between measured values in the test period and the consumption
forecast.

2.2

Behavioural change

2.2.1 Theoretical approach
The EDSS services had many features of a communication campaign, whose purpose is to inform,
persuade or motivate behaviour change.1 There are other common features, such as a relatively
large and well-defined audience and non-commercial benefits accruing from the campaign to
society. The services ran over a given time period and to feature one-to-many communication
often backed up by interpersonal support.

1

R E Rice and C K Atkin, ‘Communication Campaigns: Theory, Design, Implementation, and Evaluation’, in Media
effects : advances in theory and research, ed. by Jennings Bryant and Dolf Zillmann, 2nd edn (Mahwah, N.J.: L.
Elbaum Associates, 2002), p. x, 634 p.
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One reason campaigns sometimes fail to demonstrate effectiveness is that examination of the
nature of the information making up the persuasion is too often neglected, 2 which is a crucial
omission when it is how the individual processes information that determines the effectiveness of
persuasion attempts.3
There has also been advocacy to pay more attention to the messenger delivering communication,
recognizing their potential heavy influence.4 This factor seems particularly pressing given a recent
survey measuring attitudes about trust in business, government and NGOs across 25 countries.
For these reasons, the focus of the evaluation framework used to assess individual responses to
SMARTSPACES services was to focus on the extent of cognitive engagement, or thoughtful
behavioural choices, as these are more likely to lead to enduring change.5

Theory underpinning evaluation framework
The Elaboration Likelihood Model (ELM) is a message-orientated linear model helpful to
understanding how communication exerts influence on attitudes. The ELM addresses factors
internal to the receiver, such as motivation and ability to process information. It also assesses
factors external to the receiver, such as perceived quality of the argument in the message and
rating of the source of the message. Together these factors are key to prompting attitude change.
The Theory of Planned Behaviour (TPB)6 then describes which attitudes are most likely to predict
intentions and behaviour. Attitudes are specified as being about performing a particular behaviour
(such as energy reduction in the workplace) rather than general attitudes about energy
conservation. The TPB also captures the influence of norms related to a specific behaviour and
personal capacity to act.
Having established that the TPB and ELM (Figure 4) might be appropriate for tracking the impact
of persuasive communication on behaviour change generally, it is argued that these theories are
specifically useful to assessing a project promoting pro-environmental behaviour as they concur
with causal factors identified as key to impacting on pro-environmental behaviour:




attitudinal factors (e.g. norms, beliefs);
external or contextual forces (e.g. persuasion);
personal capabilities (e.g. knowledge, skill)7.

2

M Fishbein and I Ajzen, ‘Acceptance, Yielding, and Impact: Cognitive Processes in Persuasion’, in Cognitive processes
in persuasion, ed. by R E Petty, T M Ostrom and T C Brock (NJ: Erlbaum, 1981), pp. 339–359

3

R J Bator and R B Cialdini, ‘The Application of Persuasion Theory to the Development of Effective Proenvironmental
Public Service Announcements’, Journal of Social Issues, 56 (2000), 527–541

4

P Dolan and others, ‘MINDSPACE: Influencing Behaviour Through Public Policy’ (London: Cabinet Office and Institute
for Government, 2010).

5

Bator and Cialdini (^ 3).

6

I Ajzen, ‘The Theory of Planned Behavior’, Organizational Behavior and Human Decision Processes, 50 (1991), 179–
211.

7

P C Stern, ‘Toward a Coherent Theory of Environmentally Significant Behavior’, Journal of Social Issues, 56 (2000),
407–424
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Figure 4: The Elaboration Likelihood Model factors act as antecedent influences of Theory of
Planned Behaviour factors.

2.2.2 Changes at the individual, institutional and social levels
Individual level
The optimum methodology for assessing individual-level behaviour change is to conduct a pre-post
comparison of user attitudes and behaviour before and after the intervention. In the case of
SMARTSPACES, buildings were often chosen for their ability to provide evidence of consumption
reduction in a variety of sometimes ‘extreme’ cases. Many buildings are unique in purpose or
design, making routinely available ‘comparisons’ unlikely. Also, in many cases isolating the impact
of EDSS so that users in comparison buildings were unaware of these would be likely to be
impractical in an organisation with ICT aimed at the whole organisation (e.g. Bristol City Council
and Yammer); attempts to limit spill over to comparison groups could also constrain the project.8
This is a common problem in ‘field’ evaluation. A review of intervention studies aimed at household
energy conservation found that most were field experiments and used quasi-experimental
designs,9 that is, they lacked a control, or comparison group. A way to strengthen evaluations with
no satisfactory control group is to conduct ‘panel’ surveys of users. A ‘panel’ study allows the
evaluation to control for and measure the influence of each respondent’s past behaviour.10
The evaluation logic for the SMARTSPACES evaluation therefore is to seek as the core requested
data: pre-/post comparison of user attitudes and behaviour before and after the intervention.
Validity will be strengthened by the following means:

8

R C Hornik, ‘Epilogue: Evaluation Design for Public Health Communication Programs’, in Public Health Communication:
Evidence for Behavior Change, ed. by R C Hornik (Mahwah, NJ: Lawrence Erlbaum Associates, 2002).

9

W Abrahamse and others, ‘A Review of Intervention Studies Aimed at Household Energy Conservation’, Journal of
Environmental Psychology, 25 (2005), 273–291 (p. 283)

10

T W Valente, ‘Evaluating Communication Campaigns’, in Public Communication Campaigns, ed. by R E Rice and C K
Atkin, 3rd edn (Thousand Oaks, Calif.: Sage Publications, 2001), p. xi, 428 p.
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In the case of staff, where possible, ‘panel’ data was collected, that is, data from the same
identified staff members at baseline and final evaluation. Consultations showed that panel
surveys were not viable for visitors, again due to the nature of how, and how often, some
buildings are used.
Mid-term interviews were used to investigate other potential external factors (confounding
variables) that could offer alternative explanations for results, thus offering triangulation of
evidence.
The theory of change used in SMARTSPACES, with its focus on intermediate cognitive
outcomes as well as behaviour, was used to establish that the model of the effect of the
intervention is consistent with what is observed.11

Institutional level
While examination of change at the level of the individual is the most commonly assessed factor in
the evaluation of many communication campaigns, impact is missed if the opportunity is not also
taken to examine change above the level of the individual; the impact of communication about a
new service may have an impact at the institutional level or via social networks.12 SMARTSPACES
services may have such an influential impact on the institution for instance, that policy levers are
introduced to mandate such services in other buildings. Evaluations which fail to observe changes
at a higher level of aggregation than the individual may miss potentially significant impacts.

Social level
Service users may not be influenced by the information provided directly by SMARTSPACES, but,
for instance, by colleagues talking about the new service or acting differently.

2.2.3 Data collection
As a result of negotiations with pilot sites about the nature of the buildings, their use, and data
availability, a core framework for data collection was devised. Table 1 shows the collection points
and type of data collected and from which type of participant. This core framework represented the
typical evaluation unit per pilot. In some cases, this core needed adaptation due to unique
circumstances of a pilot.
Table 1: Core data collection

Baseline survey
Visitor (independent) survey
(50)*
Staff (panel) survey (50)
Energy baseline model

Mid-term
interviews

Final survey

Intervention Building
Visitor (independent) survey
professionals/energy (50)
roll-out
managers
begins
Staff (panel) survey (50)
Energy forecast and savings
calculation

* = minimum

Depending on each pilot site’s needs, this text was made available either in electronic format (to be
conducted via online survey tool) or in paper format.
An overview of this research design, which signals how each research instrument collected data on
key drivers and thus contributes to the overall evaluation, is shown below.

11

R C Hornik (^8)

12

R C Hornik (^8)
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Table 2: Evaluation Overview

Participant evaluation of information services

Final
evaluation
Visitor survey
(VEDSS)

✓

✓

✓

✓

✓

✓

✓

✓

✓

Professionals
interviews
(PEDSS)

✓

Mid-term
evaluation

Staff survey
(SEDSS)

Motivation

Visitor survey
(VEDSS)

Evaluation Criteria

Baseline
evaluation

Staff survey
(SEDSS)

Three different time points

Behaviour

✓

✓

Attitudes, knowledge, norms, intentions and perceived
control over energy use

✓

✓

✓

✓

✓

Socio demographic items

✓

✓

✓

✓

✓

Organisational factors e.g. institutional diffusion,
constraints and incentives

✓

Baseline and final surveys
Two questionnaires were drafted for the baseline and final survey evaluation of service users. The
first survey was designed to assess attitudes and behaviours before the implementation of services
(based on TPB factors). The second was designed to repeat the check on these factors, plus also
to ask participants to review their impression of the information received (based on ELM factors).
Change at the social level was also assessed in both the baseline and final surveys. The surveys
contained a measure for normative behaviour.
Likert-type scales were predominantly used, with a range of four and five-point options depending
on question. The statistical analysis required of ‘panel’ data to control for and measure the
influence of the influence of each respondent’s past behaviour led to a minimum number of
responses sought at 50 per user group, though with the encouragement for organisations with
larger numbers of users to try to achieve a proportionately larger sample.
All questions in both surveys were translated and depending on the individual pilot site’s preferred
method of data collection the surveys were entered into an online tool or provided with a paperbased survey template. The questions of these surveys are presented in Table 3 and Table 4
respectively. Although the same set of questions were asked to staff members and visitors, some
of these were omitted in the visitors’ survey to simplify and facilitate the responses and because
these users may not have enough influence to conduct certain actions in the buildings they visit.
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Table 3: Baseline T1 survey questions
Variable

Question type

Evaluation / action

Attitude (ATT)

Likert anchored




Strongly agree / strongly
disagree
Subjective norm (SN)

Likert anchored





Taking action to reduce energy use is convenient for me
The advantages of taking action to reduce energy use outweigh the disadvantages
for me **
My taking action to reduce energy use is effective **
My taking action to reduce energy use is worth the effort
Most people important to me are themselves taking action to reduce energy use

Strongly agree / strongly
disagree
Perceived behavioural control
(PBC)

Likert anchored

Knowledge

Likert anchored

Strongly agree / strongly
disagree

Strongly agree / strongly
disagree
Involvement (INV)





Likert anchored







Strongly agree / strongly
disagree



Likert anchored
Strongly agree / strongly
disagree

Awareness





I am fully able to control whether I reduce my energy use
It is easy to take action to reduce my energy use **
It is easy to inform colleagues who have energy responsibilities if I see a potential
energy savings opportunity outside my work area
I know how to minimise use of electrical equipment
I know how to adjust control settings so that equipment uses less energy**
I know how to inform colleagues who have energy responsibilities if I see a
potential energy savings opportunity outside my work area
Energy use in public buildings is important to me
Energy use in public buildings is relevant to me
Energy use in public buildings is valuable to me
Energy use in public buildings is means a lot to me
Cutting down on energy use will help to solve wider environmental problems like
climate change
I believe that environmental problems like climate change are caused by energy
use

** Questions omitted in the visitors’ surveys
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(Continued)
Variable

Question type

Evaluation / action

Intention to report energy saving
opportunities

Dichotomy

If you were to notice one of the following energy saving opportunities that you could not
resolve yourself, would you alert others about it?
 Lighting (e.g. left on when not in use, excessive lighting)
 Heating (e.g. too hot, doors routinely left open)
 Cooling (e.g. too cold, inefficient)
 Inefficient or excessive use of large electrical equipment
 Inefficient or excessive use of small personal electrical items
If not, why?

Yes/No

Free response
Behaviour to reduce energy

Dichotomy
Yes/No

Behaviour to report energy
saving opportunities

Five-point anchored
None seen, non-reported, 1 to 2,
3 to 5, more than 5

Think now about your current energy use at work/in this building. Over the last six
weeks, have you…
 … minimised use of electrical equipment?
 … turned equipment off when not in use?
 … adjusted controls so that equipment uses less energy? **
 … made existing equipment more efficient?
Over the last six weeks, how many times have you alerted someone in the building
about the following energy savings opportunities?
 Lighting
 Heating
 Cooling
 Inefficient or excessive use of large electrical equipment
 Inefficient or excessive use of small personal electrical items

** Questions omitted in the visitors’ surveys
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Table 4: Final T2 survey additional questions

Variable

Question type

Evaluation / action

Argument Quality (AQ)

Likert anchored

Please think particularly about the information provided in the [EDSS]. Did you find the
information…?
 Believable
 Clear
 Credible
 Unconvincing
 Unmemorable
Please think about the host who provides the [EDSS]. Do you find the [host]…?
 Credible
 Trustworthy
 Suited to an activity like this
 Expert
 Competent
 Knowledgeable
Thinking now on how the [EDSS] helps building users reduce energy use, to what
extent do you agree or disagree with the following adjectives describing your feeling on
using/viewing the information in the tool:
 Efficient
 Engaging
 Enjoyable
 Useful
 Helpful
 Reliable
As a result of your experience using/viewing the [EDSS], how likely is that you will…
 … think further about energy use in the building?
 … change any activities in your work or personal life?
 … speak positively about the tool to a friend?
 … become more interested in energy use when you hear it discussed by other?
 … seek further information on this topic?

Strongly agree / strongly
disagree

Source credibility (SC)

Likert anchored
Strongly agree / strongly
disagree

Ability to process (message
utility) (AP)

Likert anchored

Intention to elaborate
(INTELAB)

Likert anchored
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Mid-term interviews
Change at the institutional level was assessed in the mid-term interviews. A valuable way of getting
insight into an institution’s actual performance was to interview the individuals working there - at
the leadership, middle management and staff level. 13 Professionals with building and/or energy
management responsibilities were invited to undertake guided interviews with the following
themes:






Qualitative questions elaborating on factors covered in questionnaire (triangulation/explanation
of individual level change)
Questions which aim to separate out the effects of EMS and EDSS
Questions about the institutional effects.
Questions about the social effects
Questions about potential unforeseen factors (confounding variables)

Questions about institutional change were based on theory about the process of both social and
technical change in institutions. Effective change follows successful framing and promotion of an
issue to gain majority approval, and building a network of like-minded individuals in the
organisation mobilising collective action. This leads to opportunities to engage senior
management, trigger policy/wider policy/management changes.14 The sub-themes to investigate
institutional effects will be about how the SMARTSPACES message has been framed and how
well this concurs with institutional policy, about how the SMARTSPACES service is being
mobilized and the level to which it is or can become, mainstreamed into institutional culture.
Change at the social level was also assessed in the mid- term interviews, which offered the
opportunity to investigate social change in more depth. Questions included not only assessments
of whether interaction and discussion had occurred at the level of the individual, but whether the
institution now has stronger networks to engage in energy efficiency. 15 For instance, did
SMARTSPACES help build better networks with others in the institution whose cooperation is
needed if energy is to be better managed?

2.2.4 Methods of survey analysis and presentation
The differences between baseline and final evaluation assessed trends of changes in attitudes,
subjective norms, perceived control and intention. Behaviour (self-reported and as observed at
building level) served as the dependent variables. In this way the evaluation was able to assess
not just change, but movement in the precursors of change.
The data gathered during the mid-term interviews was used to primarily assess institutional and
social impacts, but also to triangulate the findings of the baseline survey.
Among the checks on data were the assessment for over-correlation of variables, as correlated
independent variables can provide overlapping prediction and smaller effects. The variables used
in this evaluation have been assessed together previously with no undue concern.16

13

S Rotmann, ‘An Interesting Question: Is Company Behaviour Different to Individual Behaviour?’, Energy Efficiency
B&I, 3 (2013) <http://www.ien.eu/energy-efficiency-in-details/energy-efficiency/an-interesting-question/> [accessed 25
April 2013].

14

TJ Hargrave and AH Van De Ven, ‘A Collective Action Model of Institutional Innovation’, Academy of Management
Review, 31 (2006), 864–888

15

Hargrave and Van De Ven (^ 14)

16

C Wilson, ‘The Role of Communication in Encouraging Sustainable Behaviour.’, PhD Thesis (2011) De Montfort
University, UK.
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2.3

Integrating and analysing data

Figure 5 (SMARTSPACES theory of change) shows all the data collected and in which data
collection stage. The individual effects were the focus of the baseline and final survey, and the
institutional effects were assessed at the mid-term interviews. Although social effects were
included in the survey data, they feature more strongly in the mid-term interviews. Assessing the
comparative impacts of EMS and EDSS were considered as part of the mid-term interviews. The
evaluation has at its disposal both observed and self-reported dependent variables for behaviour
(energy consumption). The observed data is at the building rather than individual-level. It also has
intermediate indicators of changes which are theorised to be antecedents to behaviour change,
such as raised intentions, attitudes and perception of control.

Figure 5: SMARTSPACES theory of change

In addition to the integration of the survey data and energy savings estimates as described above,
further analysis of the collected energy involved interpretation of the savings figure, for instance, in
being able to analyse the effects of savings on weekly profiles. This was limited according to the
quality of data capable of being collected. Hourly, or better, data was required for this.
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3

Summary of overall results

The evaluation combined analysis of metered energy and water data with human behaviour data to
identify potential energy and water savings. It used a relatively complex, mixed methods approach
that addressed both the short time series metered building energy and water data and the attitudes
and behaviour of building users and visitors to buildings.
The evaluation was carried out to measure the energy efficiency at each SMARTSPACES pilot site
both before and after the installation of the EDSS and EMS, to answer the following questions:



What is the reduction in energy consumption for each participating building after the installation
of EDSS and EMS, compared with consumption before?
How did this impact at the institutional, social and individual level in each pilot site. Specifically:
o What were the institutional-level effects and what drove them (which aspects of
EDSS/EMS)?
o What were the individual-level effects and do these help explain what features of the
EDSS had most impact/what were the barriers?
o Did SMARTSPACES have effects at the social-level? Was there social interaction
about SMARTSPACES? Is this reflected in a change of norms?
o What are the characteristics of the energy savings? How has energy been saved?

Energy savings were calculated via the analysis of the utility meter data from each pilot, using the
IPMVP (International Performance Monitoring and Verification Protocol) method. This uses
historical data to produce a model (predict) future consumption. The actual consumption is then
compared with the predicted consumption to determine any savings.
The behavioural changes were analysed using the theory of planned behaviour and the elaboration
likelihood model. Surveys were carried out before and after the intervention. The first survey was
designed to assess the attitudes and behaviour before the intervention and the second survey
repeated the original questions and to reveal any changes. The questions were designed to
provide answers about any changes at the institutional level, changes at the individual level and
changes at the social level. Mid term interviews were conducted with staff in each pilot to
understand their views on the effectiveness of the approach.

3.1

Energy consumption change

Preparatory work established a comprehensive list of metering points for each building at each
pilot site. In addition to this, a data collection exercise collected a proportion of the baseline data
for every single metering point. This process revealed a number of minor inconsistencies with the
master list of meters as presented in D7.1. As such the accuracy of the master list was improved.
A small number of new meters were added to the evaluation and a small number were removed.
Data files collected from pilot sites in multiple formats were evaluated for data quality and software
was written to automatically extract data from these files into the evaluation database ready for
analysis. Pilot sites uploaded their data files into a shared storage location and then if the data is in
an adequate format, the software processed the files and energy consumption change was
calculated.
All pilot sites demonstrated a working metering system and provided data which begins before the
baseline period. Historical data are only available at monthly resolution for some pilot sites. The
Moulins pilot site was treated separately as the building in question has only recently been built.
Data quality remained an issue throughout the project. Initially this was collecting meter data and
mapping utility meters to buildings and electricity, gas or water consumption. Then it was ensuring
the data structure could be imported automatically into the analysis tool. Substantial work was
involved in checking and verifying these data. Data requirements included both energy (and water
data) and outside air temperature to undertake the analysis.
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The greatest savings were achieved by those pilots with relatively low numbers of buildings. This
was because the pilots could concentrate on engaging with building users more effectively than
pilots with very large numbers of buildings.
Those buildings with relatively complex control systems were able to show substantial savings
once control problems were overcome. SMARTSPACES provided the necessary advice guidance
and knowledge to improve control strategies in these buildings, through the interventions and the
energy visualisations.
SMARTSPACES was able to show energy consumption reductions through technical measures,
reducing base load, peak and time of day. It was also able to reduce peak and baseload through
behavioural changes.
The evaluation was carried out on a pilot site basis. However, following the Reviewer comment at
the mid term evaluation meeting a further analysis by building type was carried out for part of the
large Bristol pilot site. This showed clear differences between building types based on the level of
engagement of the building user. It is described in the Bristol Section 4.3.
The following table shows the measured consumption during the monitoring period, the savings
achieved compared to the consumption forecast and the emissions reductions associated to these
savings for each pilot site and for the entire project.
All pilot sites showed savings, particularly (above 15%) in Belgrade, Hagen, Lleida, Milan, Murcia
and Venlo. Istanbul and Moulins also attained significant savings based in simulated baseline data.
Less savings than expected were achieved in Birmingham, Bristol and Leicester due to several
unforeseen changes, particularly in the monitoring period. These changes included movement of
staff due to rationalisation of the council’s buildings portfolio (Birmingham) or closure of the
council’s headquarter building (Leicester), increased number of students and use of ICT and other
equipment in schools (Bristol and Leicester), and extended opening hours in libraries (Leicester)
among others. Nevertheless, all pilots showed examples of how engaging with buildings users,
improving controls and providing feedback helped reduce consumption.
Overall carbon dioxide emissions were reduced by an estimated 2,227 tonnes across all pilots.
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Table 5: Summary table of results of energy consumption change for all pilot sites
CONSUMPTION

Pilot site

EMISSIONS
REDUCTIONS

SAVINGS

Area
m

2

Electricity

Gas/heat

Water

MWh

MWh

m

3

Electricity

Gas/heat

Water

MWh

MWh

m

3

Electricity

Gas/heat

Water

%

%

%

Total
reductions*

Per
floor
area

t CO2

kg
2
CO2/m

Belgrade

26,057

1,334

4,394

11,250

384.1

1,868.7

2,641

22.4%

29.8%

19.0%

680.9

26.1

Birmingham

58,928

2,268

-

-

126.7

-

-

5.3%

-

-

68.8

1.2

Bristol**

277,725

21,868

15,836

-

173.9

1,388.9

-

0.8%

8.1%

-

375.0

2.1

Hagen

33,300

1,817

1,689

-

325.9

133.9

-

15.2%

7.3%

-

203.4

6.9

Istanbul

22,000

929

647

-

63.5

384.3

-

6.4%

37.3%

-

118.9

5.4

Leicester***

88,724

7,482

5,476

92,115

117.8

236.0

16,579

1.5%

4.1%

15.3%

111.6

1.3

Lleida

32,000

1,765

3,349

-

241.1

806.0

-

12.0%

18.9%

-

268.9

8.4

Milan

3,724

148

-

-

143.0

-

-

49.1%

-

-

69.1

18.6

Moulins

1,640

77

34

349

-6.8

86.5

203.9

-9.7%

71.8%

36.9%

17.1

10.4

Murcia

11,942

1,335

-

-

245.4

-

-

15.5%

-

-

108.0

9.0

Venlo

10,000

452

389

-

182.7

533.7

-

28.8%

57.8%

-

187.3

18.7

TOTAL****

556,040

39,411

31,790

103,714

1,990.2

5,408.8

19,424.4

4.8%

14.5%

15.8%

2,227.0

3.9

*Heating-related emissions were estimated using the emission factor of natural gas (EF = 0.202 t CO 2e/MWh), electricity-related emissions were estimated using the emission
factor of the electricity grid in the respective countries (sources: http://www.eumayors.eu/IMG/pdf/technical_annex_en.pdf and
http://www.ebrd.com/downloads/about/sustainability/cef.pdf).
** Some buildings were excluded from the energy savings calculation due to problems with data quality for the forecast model. Calculations from these buildings were excluded
in the floor area, consumption, savings and emissions presented in this table.
*** Some buildings were excluded from the energy savings calculation in order to represent the savings attributable to the project, excluding buildings with significant unforeseen
changes explained in section 2.8.8. Calculations from these buildings were excluded in the floor area, consumption, savings and emissions presented in this table.
**** Total percentages of savings were estimated through the sum of savings of each pilot site divided by the total consumption forecasted by the model.
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3.2

Behaviour change

Mid-term interviews with building professionals aimed to understand the main benefits of the
SMARTSPACES services perceived by the users at the institutional and social level that may have
had an impact of changes in attitudes and behaviour of building users towards energy savings at
the individual level. Individual-level changes as a result of the implementation of the EDSS
SMARTSPACES services were assessed by analysing differences in awareness, attitudes,
subjective norms, perceived control, intentions and self-reported behaviours of respondents (staff
members and visitors) to the baseline and final surveys. The final questionnaires also aimed to
explore the respondents’ views about the usefulness of the information provided by the EDSS.
A total of 1,815 T1 baseline surveys were received (978 from staff and 837 from visitors), whereas
in the T2 final survey, a total of 1,004 responses were received (480 from staff and 524 from
visitors). The breakdown by pilot site is shown in Table 6.
Table 6: Survey responses by pilot site*
Staff surveys

Visitors surveys

Pilot site
Baseline T1

Final T2

Baseline T1

Final T2

Belgrade

60

60

59

63

Birmingham

70

41

55

16

Bristol

205

46

61

49

Hagen

34

27

53

52

Istanbul

54

9

60

61

Leicester

118

45

74

72

Lleida

109

44

333

76

Milan

56

25

52

46

Moulins

34

24

12

20

Murcia

208

134

58

55

Venlo

30

25

20

14

Total responses received
978
480
837
*Includes participating and non-participating buildings

524

These responses included staff and visitors in buildings participating in the SMARTSPACES
project, but also from non-participating buildings. Only responses in the participating buildings were
considered: 1,564 responses in the baseline T1 survey (744 from staff and 820 from visitors) and
841 responses in the final T2 survey (346 from staff and 495 from visitors).
Initial analysis of the staff survey showed that overall the staff users are motivated to save energy
and have a positive attitude towards saving energy and they know how to save energy. This
indicates that staff members across most pilot sites were ready to change their behaviour.
However, clear barriers were also identified. Respondents indicated that they were not able to
change their behaviour (though they know how to) and in some pilot sites they did not intend to
change their behaviour.
Mid-term interviews with building professionals aimed to understand the main benefits of the
SMARTSPACES services perceived by the users at the institutional and social level that may have
had an impact of changes in attitudes and behaviour of building users towards energy savings at
the individual level.
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A total of thirty-eight semi-structured interviews with building professionals were conducted face-toface, by phone and by Skype between March and April 2014. During the interviews, building
professionals were asked about their views on the following topics:









Their role in the development and operation of the SMARTSPACES services
Services prior to its implementation
Energy Decision Support Services (target users, message, channels of communication,
branding, implementation strategies, perceived benefits, users’ exposure at the time of the
interviews and recommendations of improvement)
Energy Management Services (target users, perceived benefits and problems experienced)
Energy saving opportunities (or problems) reporting mechanisms
Institutional factors (suitability of the project with the organisational culture, drivers and barriers)
Social factors (existing or new social networks, communication and cooperation among
building users)
Planned and unforeseen factors that may have influenced the energy consumption during the
baseline and monitoring periods

A detailed explanation of the perception of the interviewees for each pilot site is provided in their
corresponding sections, and a summary of quotes is provided in Annex 2. The following tables
summarises an overview of the responses for all the pilot sites (Table 7 to Table 9).

What features of the EMS and EDSS had most impact?
The EMS is mainly used by building professionals and central energy management teams in most
pilot sites. Only in Birmingham, was this service also used by other Council Departments, such as
Climate Change and Environment. In general, building professionals perceived that the
visualisation of the energy consumption and the automated and centralised collection of energy
data have facilitated the monitoring and control of the energy consumption in their buildings,
particularly through the introduction of automated meter readings (AMRs) (Belgrade, Bristol,
Istanbul). The accessibility and timely visualisation of data allowed them to quickly detect
anomalies or wrong settings, such as rectification of water leaks or adjustments in heating
schedules or temperatures. In Venlo, the visualisation of data also allowed the energy
management team to improve the energy efficiency of equipment, such as heat pumps; and to test
energy- and cost-efficient innovative control strategies (such as the activation of the building
mass). In all pilot sites, these features of the EMS not only have facilitated the energy management
for building professionals, but also raised awareness and prompted positive corrective actions from
staff. In Lleida and Moulins, building professionals considered that the thermal comfort of building
users has been maintained or improved while the energy consumption has decreased. As a result,
several building professionals believed that the EMS has enabled actual reductions (Belgrade,
Birmingham, Hagen, Lleida, Moulins, Murcia and Venlo).
In the case of the EDSS, not only building professionals, but also staff and visitors were able to
access its information through the web portal, monthly reports (Bristol and Hagen), display screens
(Belgrade, Birmingham, Hagen, Istanbul, Leicester, Lleida, Moulins and Venlo), staff newsletters or
meetings, emails and in social media, such as Twitter (Venlo, Leicester), RSS feeds (Birmingham)
or an online forum (Leicester). The main benefits of the EDSS mentioned by interviewees were the
timely and easy access for all staff to the necessary information about the buildings’ energy
consumption and the recommendations they provide to save energy (Belgrade, Birmingham,
Moulins and Murcia). It was acknowledged that the EDSS has increased the knowledge and skills
of staff members about energy efficiency and IT (Belgrade, Bristol, Hagen, Istanbul, Leicester,
Lleida, Milan, Murcia and Venlo) by providing resources to explain staff how to manage energy
locally. In Lleida, the EDSS provided tools and resources particularly during the implementation of
the “energy savings campaigns” in the Sant Francesc building related to heating (winter 2013),
minimisation of electricity use and air conditioning. This is a good example on how all staff
members were trained on different energy efficiency measures they could act upon and visualise in
the EDSS the results of their efforts.
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What were the institutional level effects and what drove them?
All pilot sites agreed that the SMARTSPACES project was consistent with not only the
sustainability culture, but also with energy and environmental commitments they have made at the
local, national or European level. Therefore, the project has been supported by senior level
management, such Mayors and Deputy Mayors (Belgrade, Moulins, Leicester, Lleida, Murcia) and
it has helped to increase coordination and cooperation between different departments in the
councils (Birmingham, Murcia). In Birmingham, for example, the Sustainable Energy Strategy was
in development using the experience gained in the project. Despite this support from senior
management, sometimes the project suffered delays or obstacles due to particular internal policies
related to IT in some pilot sites. In Hagen and Leicester, for example, the EDSS required the use of
high speed web browsers, while the standard or default web browsers for all staff computers were
older versions that could not display properly the energy data (graphs or animation). In Lleida,
there were problems with security of the IT system for the EMS in the initial stages, but were
promptly resolved.
The training and dissemination of the EDSS was also strongly supported by like-minded individuals
“environmental champions” in Belgrade, Birmingham, Milan and Leicester, who implemented the
project in different departments or buildings in their institutions. The main factors that drove teams
and individuals to mobilise the project within the institutions were energy cost savings enabled by
the EMS and visualised through the EDSS (all pilot sites), increasing skills and knowledge of their
staff (Belgrade, Istanbul, Milan), sustainability values (Bristol, Venlo), emissions reductions or
compliance with regulation (Istanbul, Lleida, Moulins, Murcia) and reputation (Belgrade). Some of
the obstacles pointed out by interviewees to further embed the project into their organisational
culture were lack of staff time and other work priorities (Birmingham, Bristol, Istanbul, Leicester,
Milan, Murcia), aversion to new technologies or lack of appropriate staff skills (Belgrade, Hagen,
Istanbul, Lleida).
In most of the pilot sites, the EMS and EDSS used the logos of SMARTSPACES and their
institutions. Building professionals considered that using the logos as their branding is important to
provide credibility of the information (Bristol, Leicester, Milan, Murcia, Venlo), reassurance of the
methodologies used in the project (Birmingham, Venlo), ownership and recognition of the council
services (Leicester, Lleida, Murcia) and as a guarantee of quality (Moulins). The credibility of the
institutions providing the information in the SMARTSPACES services were further investigated in
the final staff and visitors surveys.

Did the SMARTSPACES have effects at the social-level?
As to social effects, the emergence of new social groups was not identified by interviewees, but
they highlighted that the project have strengthened internal and external networks. Building
professionals also believed that the cooperation among buildings users to save energy and their
interaction with energy teams has improved, particularly in those pilot sites where an energy coach
was available, such as in Bristol, Lleida and Venlo. In these pilot sites, building users communicate
with the energy coach who interacted closely with the energy management teams and instructed
users to implement necessary actions to reduce energy consumption. In Leicester, interviewees
believed that the online forum and its discussions have empowered building users and motivated
them to have more thoughtful consideration to reduce their energy use. The SMARTSPACES
project has developed or strengthened external networks with municipal bodies (Istanbul),
community housing associations (Istanbul) and governmental departments (Belgrade).
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Table 7: Interviewee’s perceptions on the benefits of the EMS in the pilot sites
Belgrade

Birmingham

Bristol

Hagen

Istanbul

Leicester

Lleida

Milan

Moulins

Murcia

Venlo











Target users
Building professionals



Central Energy Management
team



Other Council Departments

































Perceived benefits of the EMS
User-friendly visualisation of
energy data








Accessibility of data
All data in one place/server



Data quality improvement due
to AMRs
Improved and easier energy
management





















Allows quick response from
energy management team



Early and quick detection of
problems / mistakes















































Improved comfort for building
users
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Table 8: Interviewee’s perceptions on the benefits of the EDSS in the pilot sites
Belgrade

Birmingham

Bristol

Hagen

Istanbul

Leicester

Lleida

Milan

Moulins

Murcia

Venlo

Target users
Building professionals























Staff























Strongly oriented to visitors










Perceived benefits

Timely and easy access to
energy data



Simple (user-friendly) and easy
to understand at a glance






Insights of energy performance
in the building(s)





Constant reminder to reduce
energy wastage





Provide resources to explain
staff how to manage energy
locally





Provide advice on good
practices of energy use





Increased technical knowledge
among staff



Increased communication
between users and energy team



Detect or investigate anomalies
and solve them

Page 31 of 338




































Raising awareness to prompt
action locally






















30/03/2015


































SMARTSPACES – D7.2

Table 9: Interviewee’s perceptions on institutional and social effects
Belgrade

Birmingham

Bristol

Hagen

Istanbul

Leicester

Lleida

Milan

Moulins

Murcia

Venlo

































Organisational culture
Compatibility with City’s
Sustainability-related policies








Drivers

Energy cost savings









Emissions reductions
Reputation




Sustainability aspects






Compliance with regulation



Innovation









Barriers



Lack of staff time



Lack of enough human and
financial resources



Other work priorities
Lack of technical knowledge

























Social effects
Increase cooperation with
building users



Improved collaboration within
council’s departments
Strengthening external networks
Use of social media (Twitter,
forum, RSS feeds)
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What were the individual effects?
The final questionnaires aimed to explore the respondents’ views about the usefulness of the
information provided by the EDSS. Staff and visitors were asked their views about the usefulness
of the information provided by the EDSS. However, in the case of visitors, these particular
questions were only answered if they have heard about the SMARTSPACES project. Only the
visitors who had heard about the project before answered the questions related to the EDSS. In
some pilot sites, very few visitors answered these questions. Despite positive changes being
observed in some pilot sites, these changes were not taken into account. It was considered that
these changes cannot be attributed to the information provided by the EDSS as only few
respondents in the final survey knew about the SMARTSPACES project and the EDSS.
The figure below illustrates the perception of staff regarding the information of the EDSS. Most
staff agreed that energy use in public buildings was a relevant topic for them (involvement),
particularly in Lleida, Milan, Moulins and Murcia. Respondents generally agreed that the
information provided by the EDSS clear and credible (argument quality) and useful and engaging
(ability to process). This perception was stronger in Belgrade, Istanbul and Moulins than in other
pilot sites. In particular, Moulins’ building professionals highlighted that they were working on
playful animations in the EDSS that could attract the attention of staff, children and visitors that use
the nursery. In other pilot sites where staff members were either neutral or slightly agreeing on the
clarity or usefulness of the information, staff may have had problems visualising the data, they may
have felt overwhelmed of the amount or technicality of the data or they did not have enough time to
look the information. Respondents were inclined to agree that they perceived their institutions and
project partners as experts and knowledgeable to provide the information (source credibility). This
was particularly relevant in Bristol and Murcia. As a result of using the EDSS, staff respondents in
most pilot sites were inclined to agree on the likelihood to think further about energy use in their
buildings or change activities in their workplace (intention to elaborate).

1 = Strongly disagree, 5 = Strongly agree
n = 320 staff members responded completely these questions

Individual-level changes as a result of the implementation of the EDSS SMARTSPACES services
were assessed by analysing differences in awareness, attitudes, subjective norms, perceived
control, intentions and self-reported behaviours of respondents (staff members and visitors) to the
baseline and final surveys.
Despite a large number of staff responses being received in the baseline survey and the efforts
conducted by De Montfort University (DMU) and the pilot sites for the data collection in the final
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survey, none of the pilot sites achieved the minimum target of 50 responses for the panel data
analysis. This was due not only to movement of staff to other buildings and staff redundancies, but
also to time pressures of staff responding to external organisations such as DMU.
Panel data analysis of the staff surveys was conducted if the number of same identified staff
members in the baseline T1 surveys that completed the final T2 survey was sufficient or the
number of identified staff members represented the majority of the responses. As a result of the
small sizes of the panel data samples, the differences between baseline and final evaluation
assessed trends (rather than change) in attitudes, subjective norms, perceived control and
intention. Behaviour (self-reported) served as the dependent variable. Nevertheless, the evaluation
was able to assess not just trends of change, but also movement in the precursors of change.
In Hagen, Lleida, Milan, Moulins and Murcia staff surveys were examined as independent samples.
Further explanation of why the ‘panel data’ analysis was not possible is provided in their
corresponding pilot sites’ sections.
Trends of change in staff awareness, knowledge, intention to report energy savings and selfreported behaviour to reduce energy use are provided in Table 10.
Table 10: Trends of change at the individual level (staff)

Awareness

Knowledge

Intention to
report energy
savings
opportunities

Belgrade *

0.0%

0.3%

0.0%

0.0%

Birmingham *

58.1%

-1.5%

6.4%

-10.8%

Bristol *

-10.1%

4.3%

5.3%

1.7%

Hagen**

-0.3%

0.4%

3.9%

1.2%

Istanbul *

3.9%

-3.7%

0.0%

9.5%

Leicester *

-5.4%

-3.9%

-2.5%

-1.9%

Lleida**

-1.7%

2.1%

-2.6%

6.7%

Milan **

1.4%

0.8%

1.2%

27.7%

Moulins**

15.8%

12.7%

15.2%

16.4%

Murcia**

-6.6%

-1.4%

1.8%

2.9%

11.6%

-1.2%

6.6%

Pilot site

7.4%
Venlo *
*Panel data – paired sample analysis
** Independent sample analysis

Self-reported
behaviour to
reduce energy
use

Table 11: Trends of change in self-report behaviour to reduce energy use by pilot site
Pilot sites

Staff

Visitors

Average

0.0%

-3.6%

-1.8%

-10.8%

19.8%

4.5%

Bristol

1.7%

1.6%

1.6%

Hagen

1.2%

-

1.2%

Istanbul

9.5%

5.6%

7.6%

Leicester

-1.9%

5.2%

1.7%

Lleida

6.7%

-

6.7%

Milan

27.7%

38.7%

33.2%

Belgrade
Birmingham
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Pilot sites

Staff

Visitors

Average

Moulins

16.4%

2.0%

9.2%

Murcia

2.9%

34.6%

18.8%

Venlo
6.6%
6.1%
6.4%
Behaviour change: Positive values indicates higher levels of self-reported behaviour in the final
survey compared to the baseline survey

User behaviour categories
With regard to user behaviour categories, the UK Department for Environment and Rural Affairs
(Defra) has developed a typology of behavioural segments to explore pro-environmental behaviour
and categorise on people who are pro-environmentally aware (pro-active or positive greens), those
who are supportive, but remain cautious in their behaviour (concerned, supporters or cautions
participants), and those who are largely disengaged (stallers or honestly disengaged).17 These
typologies can be examined by plotting the pilot sites relative to their willingness to act (intention to
reduce energy) and their ability to act (perceived control). The typologies are categorised as
follows:


Proactive or positive greens: Very high perceived control and very high intention to reduce
energy use
 Concerned participants: Very high ability to reduce energy and high willingness to do it
 Supportive participants: High perceived control to reduce energy and high intentions to do it
 Cautious participants: Some ability to reduce energy and low intentions to reduce it
 Stallers or honestly disengaged: Very low ability to reduce energy and very low willingness to
reduce it
The following figures illustrate that the largest changes were observed in Venlo where respondents
were more cautious in the baseline survey, but become more supportive in the final survey
potentially due to the support provided the energy coach. In Milan, respondents perceived a higher
ability to reduce energy use, potentially due to the feedback of energy use given by the Greeny
Energy Monitor (EDSS). With regard to UK pilot sites, stringent climate and energy policies have
been in place since 2008 from the Central Government to local authorities’ level. Since several
measures have been implemented as a result of these policies, respondents may appear to be
cautious or supportive as further efforts to reduce energy use may be perceived as having to
conduct radical changes in their work or personal activities. Nevertheless, small trends of
improvement in respondents’ ability or willingness to reduce energy use were observed in these
pilot sites. In Istanbul, responses from the final survey seem more realistic when participants had
better knowledge and awareness about energy use in their building through the project’s
communication and training activities.

17

Rogerson, R. Bellingham, R. and Shevstova, Y. “Changing behaviour and attitudes to sustainability: a Report for the
Department of Enterprise, Trade and Investment”, European Regional Development Fund and University of
Sarthclyde.
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3.3

Integrated analysis

The following table summarises the electricity, heating and water savings presented in section 3.1,
and the self-reported behaviour from staff and visitors to minimise energy use in their buildings
described in section 3.2.
Electricity
savings

Gas/heating
savings

Water savings

Self-reported
behaviour to
reduce energy use
(staff and visitors)

Belgrade

22.4%

29.8%

19.0%

-1.8%

Birmingham

5.3%

-

-

4.5%

Bristol

0.8%

8.1%

-

1.6%

Hagen

15.2%

7.0%

-

1.2%

Pilot site
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Istanbul

6.4%

37.3%

-

7.6%

Leicester

-5.7%

-9.1%

15.3%

1.7%

Lleida

12.0%

18.9%

-

6.7%

Milan

49.2%

-

-

33.2%

Moulins

9.7%

71.8%

36.9%

9.2%

Murcia

15.5%

-

-

18.8%

Venlo
28.8%
57.8%
6.4%
Behaviour change: Positive values indicates higher levels of self-reported behaviour in the final
survey compared to the baseline survey

In Belgrade, large energy savings were achieved for electricity (22.4%), heating (29.8%) and water
(19%) in the City Administration Complex. These changes were result of physical building changes
and behavioural change. Physical changes include installation of new burners and a regulating
system for combustion through control of O2 in flue gases, and the installation of a SCADA system
for heat energy consumption monitoring. As to behavioural change, the recently elected City
Government attempted to reduce energy costs to a minimum, therefore, drastic measures for
energy saving were taken, such as decreasing the heating to a minimum level and controlling the
switching on and off the lights. Whilst this was effective at reducing energy consumption it caused
some difficulties with the building user survey, with many building users unwilling to complete the
second survey, due to insufficient time.
On average, electricity savings in Birmingham were 5.3%, with the largest savings achieved in the
Margaret street building where the number of staff based onsite decreased due to the council’s
attempt to rationalise the number of administrative buildings on its portfolio. Less savings than
expected were achieved in the Council House, which was partially occupied during the baseline
period and went to full occupancy in the monitoring period. Although the Council House benefited
from the installation of a number of interventions on the staff offices such as LED sensor lighting
for example, the increased number of users and their associated equipment (laptops, PCs, etc.)
had an impact on the energy consumed and therefore the savings achieved.
Within Bristol’s large portfolio of participating buildings, three main types of building categories
were identified: schools, facilities managed centrally by Bristol City Council (FM) and small locally
managed single-team buildings (general). Overall heating savings in the pilot site were 8.1%, while
electricity savings were only 0.8%. The small savings in electricity can be entirely attributed to the
schools category. Electricity use in schools rises year-on-year due to increased use of ICT and
other educational equipment. However, the larger gas savings can also be attributed to schools
and the small locally managed buildings, because building professionals have the ability to adjust
timers and settings of the heating systems. However, in the centrally managed facilities people
have little control over their buildings’ gas use and little engagement and ownership of energy
savings as the bills are centrally paid. The behaviour change responses could not be clustered by
building type due to the low numbers of survey responses in the different buildings. However,
interviews pointed out that most engaged users looking at the monthly reports and communicating
with the energy coach were located in school and locally controlled buildings. Nevertheless, survey
respondents tended to have higher levels of intentions to report energy saving opportunities and
self-reported behaviour to minimise energy use after the EDSS was launched.
Reductions in electricity and heat consumption of 15.2% and 7.3% respectively were achieved in
Hagen. Electricity savings were mainly attributed to reductions in the Emil Schumacher museum
where the SMARTSPACES services had a significant impact. Heating savings were possible due
to the analysis of heat and cold flows of the additional meters installed in the buildings during the
project. This analysis aimed to optimise the heat and cold production in heat pipes. Although the
survey responses showed a small increase trend in the staff self-reported behaviour (1.2%), the
mid-term interviews highlighted that the main recipients of the benefits of the services has been
building professionals who are responsible of the energy management of these buildings.
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Large gas/heating savings were achieved in Istanbul (37.3%). Electricity savings of 6.4% were also
estimated. Prior to the SMARTSPACES services, measured data were not available; hence
savings were calculated using simulated data. Heating saving could be attributed to the prompt
identification and solution of high energy consumption malfunctions through the monitoring and
control system implemented in the project as expressed by interviewed building professionals.
These interviewees perceived that staff awareness and knowledge about energy savings were low
at the initial stages of the project, but increased with the SMARTSPACES services. Interviewees
considered that staff and building professionals became more conscious of closing windows and
doors when the air conditioning or heating services are in operation. This trend of increased
awareness and self-reported behaviour to minimise energy use in the facility was also observed in
the baseline and final surveys responses of the same identified staff. Besides, ambitious energy
and emissions reduction targets have been set at the institutional level that may encourage staff
and the project team to conduct appropriate actions to achieve these targets.
In Leicester, water savings of 15.3% were achieved, but the electricity and consumption increased
by 5.7% and 9.1% respectively. Unforeseen changes caused these increases in gas and electricity
use. These changes in council and university buildings included modifications in space use (e.g.
Queens Building), migration of council staff due to the closure of the main Headquarter building
(more than 200 staff moved to 16 New Walk and Neighbourhood Centres), movement of IT
infrastructure into a single central location (John Whitehead), extended opening hours (New
Leicester Central Library and Kimberlin Library), the need to use extra equipment after an
unexpected flooding (African Caribbean Centre) and the need to rent mobile classrooms to
accommodate increasing number of students (Coleman Primary School). By filtering these
buildings in calculations, electricity and heating savings of 1.5% and 4.1%% respectively were
measured. The small electricity savings may be attributable to the schools in Leicester that are
going through major changes to accommodate growing number of places required and higher IT
demand. Schools are currently up to full capacity. Engaged individuals, such as environmental
champions, participated actively in the online forum posting enquiries about the energy
consumption in their buildings or reporting energy saving opportunities to the energy management
team. The overall increase trend of self-reported behaviour to minimise energy use was 1.7%. The
innovative combination of an online forum and publically available energy and water data (in both
smiley faces and graphical forms) was particularly useful to both energy managers and engaged
building users.
In Lleida the evaluation of energy savings considered the medium cost services in buildings at
Lleida City and low cost services in the municipalities’ buildings. The largest electricity and heating
savings were achieved through the medium cost services (13.9% and 30.7% respectively),
whereas the electricity and heating savings in the municipalities’ buildings were in average 3.6%
and 1.5% respectively. The large savings in the buildings using the medium cost savings was
attributed not only to the decisions and actions quickly prompted by the energy data visualisation
(almost in real time) provided by the EMS, but also intensive energy campaigns related to heating,
electricity use and air conditioning conducted between winter 2013 and summer 2014. Staff
respondents in the City of Lleida and the municipalities were already highly aware and supportive
of energy savings. Nevertheless, staff respondents mainly from the St Francesc offices (using the
medium cost service) showed a higher level of self-reported behaviour (6.7%) in the final survey
compared to respondents of the baseline survey (mainly from the municipalities).
Large electricity savings (49.1%) and self-reported behaviour change (33.2%) were observed in
Milan. Electricity savings were 68.9% in the Police Station, 27.3% in the nursery and 14.1% in the
museum. Prior to the installation of the services, facilities were not visible remotely, hence energy
professionals needed to go physically to the buildings. With the EMS, the maintenance and
solution of the problems could be conducted quicker. According to the interviewed building
professional, the EDSS has also enabled reductions through the awareness raised by the
feedback provided about the energy consumption in the buildings. Results from the surveys
showed higher levels of knowledge, awareness, perceived control, intentions and self-reported
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behaviour by the respondents of the final survey compared to the baseline survey respondents. In
this pilot site, environmental champions mobilised the project in their departments and buildings.
In Moulins, large savings were achieved for the heating and water consumption (71.8% and 36.9%
respectively), but the electricity consumption increased by 9.7%. At the start of the project, the
“Maison de l'Enfance et de la Famille” nursery building was under construction and started
operating on January 2014. Therefore, savings were estimated using simulated data. The benefits
of the EMS highlighted by building professionals were that the system has allowed them optimising
the energy consumption in each zone of the building and improving the thermal comfort for the
users (particularly babies of the nursery). Due to the same reason, responses for the baseline
survey were gathered in a building with similar characteristics (Bellerive nursery). Differences
between surveys showed that staff in the participating building (final survey) had higher levels of
awareness, knowledge, intention to report energy savings and self-reported behaviour to minimise
energy use compared to the staff responding the baseline survey. Staff from the “Maison de
l’Enfance et de la Famille” also display a more pro-environmental behaviour compared to the
Bellerive nursery. Interviews indicated that the SMARTSPACES services not only allowed
optimising energy consumption in the new building with an improved thermal comfort, but also
allowed for the provision of information and energy saving advice to staff and visitors.
Overall electricity savings in Murcia accounted for 15.5%. Large energy savings were achieved in
the “Ayuntamiento” and “Anexo Ayunatmiento” buildings of around 20% mainly achieved over the
Christmas and summer periods. Significant savings of 13% were also attained in the “Bomberos”
and “Tráfico y Multas” buildings and of 9% in the Police station building. An increase of electricity
was observed in the “Protección Civil” building. The number of volunteering staff in this building
increased during the monitoring period. High electricity consumption was detected in the summer
period at nights because the air conditioning was left on for the entire day. Despite efforts
conducted by the local energy agency (ALEM) to increase their awareness, these volunteers were
difficult to engage due to the nature of the work they are conducting (temporary young people
working for free in short shifts). They felt justified in having lighting, air conditioning or heating
overnight.
Large hot water and electricity savings were observed in Venlo (57.8% and 28.8% respectively),
while the same identified staff respondents showed higher levels of awareness, knowledge and
self-reported behaviour to reduce energy in the final survey. This indicates that staff members
moved towards a more pro-active behaviour in the final survey compared to the baseline survey.
Interviews highlighted that the EMS and EDSS have predominantly benefited building
professionals who have utilised the services to improve the energy efficiency of equipment, react
quickly to faults or consumption anomalies and test energy- and cost-efficient innovative control
strategies. On the other hand, the visualisation of energy data in the EDSS and their interaction of
building users with the energy coach aimed to increase their awareness and engagement on
energy savings.
For those pilots where peak electricity and gas were measured, all show a decrease in the peaks,
with the exception of Leicester, where there was an increase due to changing use of buildings.
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4

Pilot Sites

4.1

Belgrade
University of Belgrade (MEB)

JKP
Beogradskeelektrane
(BEOELEK)

Buildings 2

Surface 26,057m²

Age 1960
Building Type Administration
Users

Staff >1,800
Professionals >22
Visitors

Around 60,000 per
month

BELIT

Services EDSS, EMS
Resources covered
Administrative Personnel
Administrative Personnel
Various

Energy consumption analysis

Large savings were achieved for heating (29.8%), electricity (22.4%) and water (19%) consumption
in the City Administration Complex. These savings were a result of physical building changes and
behavioural change. Physical changes included installation of new burners and a regulating
system for combustion through control of O2 in flue gases, and the installation of a SCADA system
for heat energy consumption monitoring. The recently elected City Government attempted to
reduce energy costs to the minimum, therefore, drastic measures for energy saving were taken,
such as decreasing the heating to a minimum level and controlling the switching on and off the
lights.

Behavioural change analysis
In Belgrade City Council, the EMS is used only by building professionals who perceived that the
visualisation of the energy consumption and the automated and centralised collection of energy
data have facilitated in great extent the control of the energy consumption in the buildings. In the
case of the EDSS, not only building professionals, but also staff and visitors are able to access its
information through the web portal (staff) and kiosks installed in the lobbies of the buildings
(visitors). The main benefits of the EDSS mentioned by interviewees were the timely and easy
access for all staff to the necessary information about the buildings’ energy consumption and the
recommendations it provides to save energy. It was acknowledged that the EDSS has not only
raised the staff and public awareness and increased the knowledge and skills of staff members
about energy efficiency and IT, but also improved the cooperation of buildings users to save
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energy and their interaction with energy teams. Beyond the organisation, the dissemination of the
project has aimed to build stronger networks between Belgrade City Council and academic and
governmental institutions, such as the University of Belgrade, the Department for Environmental
Protection, the Secretariat for Utilities and Housing Services, and the Ministry for Science and
Education.
Exemplary quotes from the mid-term interviews are presented in the following table:
SMARTSPACES
“SMARTSPACES will save you money”
message
“Before SMARTSPACES it was very difficult to monitor and control energy
Benefits of the
consumption. Now we have all data in one place/server, and it is easier to control
EMS
energy consumption” (Belgrade4)
“It is very useful because it gives insight in energy consumption, and
Benefits of the recommendations on how to save energy… for changing user
EDSS awareness…constantly reminding them of the need to reduce unnecessary power
consumption…” (Belgrade3)
Institutional “We were aware of some aspects of efficient energy consumption before, but
effects SMARTSPACES approach is relatively new experience” (Belgrade4)
Social effects

[improve cooperation among users] “Yes, [through the] ability for employees to
visualise energy savings.” (Belgrade5)

Sixty members of staff and around sixty visitors completed the baseline and final surveys
respectively. Regarding their views about the usefulness of the information provided by the EDSS,
staff and visitors agreed that the information provided was clear and credible and that the
University of Belgrade and Belgrade City Council were competent and expert sources to provide
the information. Results from the questionnaires indicated that staff members particularly were
likely to consider changing their behaviour to reduce energy if they found the information of the
EDSS useful and engaging.
Although the baseline surveys indicated that staff members were highly aware and knowledgeable
on how to reduce energy use or report energy savings, differences in attitudes, subjective norms,
perceived controls, intentions and self-reported behaviour to reduce energy could not be assessed
due to limitations in the data collection on how staff responses were gathered for the final survey.
These limitations are further explained in its corresponding section.
As to the visitors’ surveys, higher levels of awareness, knowledge, attitude, perceived control and
subjective norm were observed between the group that responded the final survey and the one
that completed the baseline survey. Similarly, the levels in the visitors’ intentions to reduce energy
use and report energy saving opportunities also showed an increased trend. However, the final
survey respondents showed lower level of self-reported behaviour to decrease energy
consumption.
A summary of the trends of change in the levels of intention and behaviour to reduce energy use in
the buildings for staff and visitor respondents between the baseline and final surveys is provided
below.
Building users

Self-reported behaviour
to reduce energy use

Staff

0.0%

Visitors

-3.6%

Average change

-1.8%

From the interviews’ responses from building professionals, there is evidence that the EDSS has
several benefits and raised awareness and knowledge among staff and visitors. It was not possible
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to assess changes from staff members before and after the intervention, but the visitors’ responses
indicate that the intention of participants to reduce energy use has improved significantly after they
have consulted the information of the EDSS in the kiosks. Perhaps more time and reinforcement is
needed to observe the change from the intention to actual behaviour.

4.1.1 Background information
The pilot site includes two buildings in which most of the administration of the city of Belgrade
authorities is based. There are 1,800 permanent employees, security workers and building staff.
There are about 60,000 visitors per month, who also use the building’s resources. There are about
1,500 computers, 900 IP telephones and 500 printers, numerous servers and the other equipment
installed, necessary for their operation (UPS, electricity generators, and others).
The collaboration of public sector and utility companies in Belgrade has been very good for
decades due to the fact that the utility companies have been founded and governed by the city
authorities. In addition, the service provider and the University also have remarkable and
successful collaboration with the Belgrade utility companies during the last 20 years.

Service description
EMS
All SMARTSPACES service components are assessed against a selection of the buildings in
public occupancy in Belgrade and viable components taken on to pilot. The implemented EDSS
and EMS services enables different types of users (building energy managers, staff members
working in the building, visitors) to get information on consumption of the resources of the
buildings, followed by numerous information on most effective methods how to use them more
efficiently. This also includes the proper approach taken by the Belgrade site SMARTSPACES
partners to make aware end users of their competence and power to act towards increased
efficiency when using the resources. The approach also includes workshops, lecturing, distributing
printed materials, choosing proper equipment for resources use control and others.
Through the developed services the building energy managers have at their disposal all necessary
data on consumption of resources in these buildings. These services also enables energy
managers, being on line connected to the Faculty of Mechanical Engineering, to get information on
optimal savings of resources. The web portal based awareness, decision support and
management services contribute to energy savings as follows:
Heating
The existing heating system, based on medium fuel oil combustion, is about 50 years old and has
never been optimized and improved. The control of heating is very simple, based on manual
control of hot water temperature by controlling the fuel feeding rate of boilers which results in poor
performance of the boiler, low heating efficiency and higher emissions. It is enhanced by fuel
quality monitoring keeping in mind that relatively significant variations of fuel quality are not
unusual, which directly affects the equivalence ratio, flue gasses composition (emissions) and
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temperature. This enables energy managers to react in advance and to improve boiler efficiency
and emissions.
The installation of measuring equipment for heating system performance enable energy managers
to get information to enable further improvements of heat consumption. This is enhanced by the
provision of an EDSS to enable other users (e.g. staff members working in the buildings) getting
information on heat consumption and emissions.
The final result is an optimized heating system which would improve heat consumption by at least
15%.
Professional users are provided with the SCADA system that enables them to read their heating
energy consumptions more frequently. A presentation and training session on using the system
were also held.
Electricity
Developed services also address the issue of computer equipment electricity consumption
optimization. The whole city administration of which one part is located in those two buildings is
member of one domain. Creating domain policies allows building energy managers to control,
optimize and decrease electricity consumption not just in those two buildings but in all other
buildings where city administration workers are located.
This is enhanced by the provision of an EDSS to enable other users (e.g. staff members working in
the buildings) getting information on electricity consumption and emissions along with personalized
advices regarding their computer equipment and other devices customization in order to decrease
electricity consumption.
Water
Measuring equipment together with EDSS services are carried out to enable users (e.g. staff
members working in the buildings, visitors) obtain information on water consumption, especially in
the public areas of the buildings (e.g. toilets) along with best practice example regarding
decreasing water consumption. These measures are also enabling building energy managers
obtain information crucial for making improvements in water consumption.
Common
The web portal offering the EDSS and EMS have been developed to collect all measured data and
to enable all participants (employees, building visitors, building staff etc) to receive information
about energy consumption in those buildings.
Both, EDSS/EMS were implemented on the pilot site buildings. The services are providing crucial
information to energy managers of the city administration who can control, optimize and thus
decrease energy consumption (heat and electricity) via the Belgrade utility companies. EDSS and
EMS parameters are defined by the buildings’ energy managers in cooperation with the Faculty of
Mechanical Engineering Belgrade Thermotechnics Laboratory, Combustion and Fuel Laboratory
and with part of the city administration responsible for the areas of energy and environment. The
city of Belgrade authorities have already decided to introduce BMS in the site buildings. Following
the implementation of a BMS (Building Management System), the EMS and EDSS were
implemented, as the next technological step.
Through the above web portal a wide range of educational materials and best practice examples
were provided and adapted to each group of participants (e.g. employees got educational materials
which are adapted to their daily behaviour, visitors got educational materials specially adapted to
their behaviour, etc.). The web portal and the relevant information were made available to building
users through a computer kiosk which are located in the buildings but also through mobile phone
application, while all employees are generally able to access the portal through their computers
after the process of authentication and authorization.
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EDSS
EDSS services are implemented in order to provide consumption data, along with some
educational material to the building staff, professionals and visitors. This is done in order to
achieve a certain level of awareness among users. Services were presented to the users via
different media to satisfy their needs and to try to correct their behaviour in order to achieve energy
saving on pilot location.
A Web portal has been implemented for all three groups of users. The portal has a public area with
a lot of educational materials, information about consumption visualised for the non-professional
group of users. Other parts of the portal are restricted and only registered users can approach that
part of portal after an authentication and authorization process. The city government is responsible
for the authorization and user activation process.
Info desk with touch screen display are placed in the lobby and in some corridors. On that media,
visitors and building staff are able to find consumption data and educational material.
On the info desks, placed in the lobbies, visitors can find valuable information about energy
efficiency and they can take a quiz/questionnaire in order to check their level of knowledge and to
learn something new about efficient use of energy in their homes, which can help them to save a
significant amount of money.
As depicted above, visitors are aware of the SMARTSPACES services via interactive info desks.
At the moment the touch screens inform citizens about the project and give background (on a
translated version of the web-site). In the future, once operation has started, the displays are also
showing consumption information and energy advice where applicable. This advice can be applied,
only to a limited extent; by visitors in the city administration building as visitors have no access but
citizens are informed what measures public staffs undertakes lead by example. The advice has
been prepared to be easily replicated at home.
Visitor measures are accommodated with standard materials such as brochures, flyers and
posters.

4.1.2 Energy consumption analysis
Reductions in consumption of electricity, heat and water were realised in the Belgrade City
administration complex building. Savings ranged from 19-30% across the three commodities. The
table below shows the results across all three commodities.

Site
City admin
complex

Commodity
Electricity
Water
Heat

Units
kWh
m3
kWh

Forecast
Measured
Change
% Change
1718009.40 1333868.17
-384141.22
-22.4%
13890.58
11249.62
-2640.96
-19.0%
6262760.38 4394096.77 -1868663.61
-29.8%

The mid-term interviews identified possible reasons behind the reduced consumption. One
respondent highlighted a change in government “We had elections in 2014 at National and City
level. City Government has been changed and that fact could be the reason for some savings in
energy consumption. As a matter of fact, the new government want to decrease all costs and to
show that they are more efficient than the predecessors no matter how. They employed some
drastic measures for energy saving; for example they decreased the heating to a minimum level,
and they controlled switching on and off the lights.” Another respondent highlighted physical
building changes, including “new burners in the boiler room, new regulating system for combustion
through control of the O2 in flue gases, installation of SCADA system for heat energy consumption
monitoring”. Figure 6 to Figure 8 show the consumption profiles for electricity, water and heat
respectively.
Peak reductions of 18% for electricity and 49% for gas were measured.
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Figure 6: Electricity consumption (Belgrade)

Figure 7: Water Consumption (Belgrade)

Figure 8: Heat consumption (Belgrade)

4.1.3 Results of behavioural change analysis
This section presents an analysis of the mid-term interviews with building professionals and an
examination of changes at the individual-level as a result of the implementation of the EDSS. This
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section also describes respondents’ views about the usefulness of the information provided by the
EDSS.

Mid-term interviews
Internal policies of Belgrade City Council require that external communications with members of
staff is conducted in a written manner. Hence, the questions of the semi-structured interviews were
sent via email to the University of Belgrade in April 2014, who distributed them among the
interviewees. Five written responses from building professionals were received:






Independent consultant (male) (Belgrade1)
Independent consultant (female) (Belgrade2)
Head of Department of Maintenance (Belgrade 3)
Head of Department (Belgrade 4)
Head of Department of Construction Affairs (Belgrade 5)

One of the interviewees participated in the definition of the parameters for the monitoring system
(Belgrade3), while the remaining interviewees stated that they participated in the development of
the EMS (Belgrade1, Belgrade2, Belgrade4 and Belgrade5).
The following subsections summarise the benefits that the interviewees perceived about the EMS
and EDSS as well as the institutional and social effects derived from the implementation of the
project. Quotes of the interviews are fully provided in Appendix 2.

Energy Management Service
Interviewees commented that prior to the SMARTSPACES services energy data collection was
difficult and disperse. Data related to electricity and water consumption were provided by the public
utilities, and the building only had calorimeters that have to be read manually. There was not a
centralised automated system that collected the energy and water consumption at a regular basis.
Interviewees mentioned that building professionals are the only users of the EMS in Belgrade, and
the main benefits perceived are the visualisation of the energy consumption data and the collection
of these data in one server, making it easier to control the energy performance of the buildings.
“Before SMARTSPACES it was very difficult to monitor and control energy
consumption. Now we have all data in one place/server, and it is easier to control
energy consumption” (Belgrade4)

Energy Decision Support Service
Users of the EDSS in Belgrade are building professionals, staff and visitors. The EDSS is
accessible for buildings and professionals to the web portal, while visitors can access it through
kiosks installed in lobbies of the buildings. However, some interviewees considered that the EDSS
communicates better to staff members and professionals (Belgrade2, Belgrade3) as visitors may
not be generally interested in the building energy consumption (Belgrade4).
Message, channels of communication and exposure
The web portal and kiosks provide information to staff and visitors not only about the energy and
water consumption of the buildings, but also about the SMARTSPACES project and energy
efficiency advice. Training in the form of workshops to staff members was focused on
environmental champions, who send emails to staff on a monthly basis. Further information is also
provided through posters and display screens.
The message of the project is framed as “SMARTSPACES will save you money”. Interviewees
considered that this message is short, clear (Belgrade2), explicit enough (Belgrade4) and very
convincing for the audience (Belgrade3, Belgrade4).
All interviewees commented that they use the EDSS and its information on a daily basis for
different purposes, such as energy analysis (Belgrade1), communication with and feedback to
building users (Belgrade1, Belgrade3, Belgrade 5) and for the energy management of the building
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(Belgrade5). As to other building users, one interviewee considered that staff and visitors have had
a good exposure to the EDSS information through screenshots and weekly reminders, monthly
emails, posters and kiosks in the lobby (Belgrade3).
The main reporting mechanism when staff or visitors notice comfort problems or energy saving
opportunities is through the building maintenance officers or through the head of the Technical
Department.
Benefits
Interviewees considered that the main benefits of the EDSS are the timely and easy access for all
staff to the necessary information about the buildings’ energy consumption (Belgrade1, Belgrade3,
Belgrade5) and the recommendations it provides to save energy (Belgrade3). This information has
helped to increase the awareness of buildings users about their daily energy consumption
(Belgrade3, Belgrade5) and constantly reminds them of the need to reduce energy wastage
(Belgrade3).
“It is the best way to access all information… now they have right information on time.”
(Belgrade1)
“It is very useful because it gives insight in energy consumption, and recommendations
on how to save energy… It is helpful for changing user awareness… With this project,
we made staff think about their daily energy consumption... constantly reminding them
of the need to reduce unnecessary power consumption” (Belgrade3)
Interviewees perceived an improved interaction of building users with energy teams mainly through
the training and education that have increased their knowledge and skills.
Although specific examples were not provided, interviewees believed that actual energy reductions
have been enabled through a decrease of fuel consumption for heating and water consumption.
Only one interviewee considered, it was too early to see actual reductions because users were not
sufficiently exposed to the services when the interviews took place (April 2014) (Belgrade4).

Institutional effects
Interviewees agreed that the SMARTSPACES project supports policies and efforts of Belgrade
City Council to save energy and improve energy efficiency in the council buildings (Belgrade1,
Belgrade3). Therefore, the implementation of the project was highly supported by the Mayor’s
office and senior management (Belgrade2, Belgrade3). This support has been crucial for the
success of the project (Belgrade4, Belgrade5).
The most relevant impact of the SMARTSPACES project indicated by intervieweeswas related to
the increase of staff and public awareness regarding energy efficiency (Belgrade1, Belgrade3).
Although most of the interviewees considered that staff of the City Council were already highly
aware before the SMARTSPACES project (Belgrade1, Belgrade3, Belgrade4, Belgrade5), one
interviewee highlighted the innovative approach of the project (Belgrade4). Other interviewee
pointed out that the project has also benefited the council by “increasing knowledge of staff
members about energy efficiency and IT” (Belgrade3).
The main driving factors of the project mentioned by interviewees were related to energy and cost
savings, reputation and increased of staff IT skills, whereas one interviewee pointed out that the
main barrier to further embed the project into the organisation was the “aversion” of staff to “new
things, technology and commitment” (Belgrade3).

Social effects
Interviewees highlighted that through the dissemination of the project beyond the organisation in
newspaper, television and face-to-face meetings, the City Council has built or strengthen networks
with academic and governmental institutions, such as the University of Belgrade, the Department
for Environmental Protection, the Secretariat for Utilities and Housing Services, and the Ministry of
Science and Education.
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Interviewees also believed that the project has enhanced the cooperation among building users
through emails and word of mouth (Belgrade2, Belgrade3, Belgrade4) as well as the ability of
employees to visualise energy savings (Belgrade 5).

Staff and visitors’ surveys
This section focuses on the views of building users about the information provided by the EDSS in
the council buildings and the changes on attitudes and behaviours to reduce energy use at the
individual level as a result of the implementation of the EDSS.

Surveys’ data collection
Survey responses for staff were collected in paper by the University of Belgrade with the
permission of Belgrade City government that provided the list of departments and staff members
that would respond to the survey. For both surveys (baseline T1 and final T2), the University
distributed the questionnaires in paper from office to office, waited for staff to respond the survey,
collect the completed paper questionnaires and input the responses in an electronic template. The
baseline T1 survey was filled out by 60 members of staff from across the two public buildings
around September-October 2013. For the final T2 survey, the University contacted all the T1
respondents and request them to complete the entire questionnaire in July-August 2014. Several
respondents recognised questions asked in the baseline T1 survey and they were reluctant to fill
out the same questions again in the final T2 survey. Some respondents only completed the
additional questions, related to their views on the usefulness of the information provided by the
EDSS, which were not included in the first survey. Other respondents chose to complete the entire
questionnaire, but the majority requested to the University of Belgrade to input the same responses
of the baseline T1 survey in the final T2 survey. The University could not convince participants to
respond the entire survey. As a result of elections in Belgrade City Council in summer 2014, staff
wages were reduced as well as the entire budgets. In this uncertain environment, staff members
were anxious and not willing to cooperate in the second survey as they did for the first survey.
For the baseline T1 and final T2 visitors’ surveys, responses were collected on line using tablets by
“Belit” interviewers. Participants were people visiting the City Administration Complex to solve
personal or business issues, and they were contacted in the buildings’ lobbies. Interviewers
approached visitors in a polite and friendly manner, asked them the questions, listen their answers
and fill the survey online in the tablets for them. In contrast to staff members, visitor respondents
were particularly cooperative in the final T2 survey, possibly due to their expectations of political
changes in the City Council. The EDSS is shown to visitors in information kiosks in the buildings’
lobbies providing them energy efficiency tips as well as the possibility to approach Belgrade project
partners via email or phone for any questions they may have related to energy consumption of the
buildings. These approaches aimed to achieve a good response rate in the visitors’ surveys, 59
responses in the baseline T1 survey and 63 in the final T2 survey (Table 12).
Table 12: Surveys responses (Belgrade)
Staff surveys
Belgrade

Visitors surveys

Baseline T1 and final T2

Baseline T1

Final T2

Participating buildings

60

59

63

Total responses received

60

59

63

Profile of respondents
The staff baseline and final surveys were completed by 60 participants from across the two public
buildings. Nearly two thirds of the respondents were female, over 85% were aged between 30 and
60 years old, and over three quarters had at least a university education. Only 10% of the
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respondents have a responsibility for energy management within the organisation. A detailed
breakdown of the profile of the respondents can be found in Table 13.
Table 13: Profile of respondents in relation to survey participation
Staff surveys

Visitors surveys

Profile
Baseline T1
Gender

Age

Education

Energy
Management
responsibilities

Final T2

Baseline T1

Final T2

Male

22 (37%)

34 (63%)

33 (52%)

Female

38 (63%)

18 (33%)

30 (47%)

Prefer not to say
15–29 years old

0 (0%)

7 (6%)

0 (0%)

5 (8%)

15 (28%)

10 (16%)

30-44 years old

24 (40%)

25 (46%)

30 (47%)

45-59 years old

28 (47%)

8 (15%)

17(28%)

60 or over

3 (%)

4 (7%)

5 (8%)

Prefer not to say

0 (0%)

2 (4%)

1 (1%)

Lower secondary

0 (0%)

2 (4%)

0 (0%)

Upper secondary

10 (17%)

23 (43%)

20 (31%)

University

44 (77%)

22 (41%)

24 (39%)

Post graduate

6 (10%)

6 (11%)

19 (30%)

Not responded

0 (0%)

0 (0%)

0 (0%)

Yes

6 (10%)

-

-

No

54 (90%)

-

-

Differences in the visitors’ profiles in the baseline T1 and final T2 surveys indicate that the
responses come from different samples. Some differences in the final survey that can be
highlighted are: a larger proportion of female respondents (47% compared to 33% in the baseline
survey) and mature participants aged between 30 and 60 years old (75% compared to 61%).

Impact of the EDSS
In the final survey, staff and visitors were asked their views about the usefulness of the information
provided by the EDSS. In Belgrade, most of respondents (staff = 60, visitors = 58), only 5 visitors
skipped these questions.
Staff and visitors were moderately involved in the campaign by considering energy use as a
relevant issue for them (staff mean = 4.075, visitors’ mean = 3.944). Both types of building users
considered the University of Belgrade and Belgrade City Council as competent, expert and
knowledgeable source to provide information (source credibility) (staff mean = 4.472, visitors’
mean = 4.532). Respondents agreed that the information provided was credible (argument quality)
(staff mean = 4.117, visitors’ mean = 4.300) and that the information was useful and engaging
(ability to process) (staff mean = 4.381, visitors’ mean = 4.397). As a result of using the EDSS,
staff were more likely to think more about their energy use in their buildings or change their
activities at work (mean = 4.233) than visitors (mean = 3.238) (see Figure 9 and Table A1.1 in
Annex 1). As one interviewee commented, visitors may not be generally interested in the energy
consumption of the buildings.
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n = 60, 1 = strongly disagree, 5 = strongly agree

n = 58 (all variables), n = 5 (missing values)
1 = strongly disagree, 5 = strongly agree

Figure 9: Staff and visitors’ responses regarding the effectiveness of the EDSS

Factors that might increase the thoughtful consideration of changing behaviour to reduce energy
use in buildings (intention to elaborate) were further investigated using correlation analysis. For the
staff survey, the correlation analysis showed a moderate linear relationship between the ability to
process and the intention to elaborate (ρ=0.511, p=0.000) (Table A1.2, Annex 1).

Comparative analysis of the baseline and final surveys
For the staff surveys in Belgrade, ‘panel’ data was collected, i.e. the same identified staff members
from the baseline T1 survey responded the final T2 survey. ‘Panel’ data would have allowed
conducting a pre-post comparison of users’ behaviour before and after the launch of the EDSS and
justify that the observed change was due to the intervention. However, as explained earlier, most
respondents requested the University of Belgrade to input the same answers of their baseline
questionnaires in the final questionnaire. Only few respondents changed their answers to some
questions.
In the case of visitors, it was agreed since the development of the evaluation framework that their
responses would be collected from different participants and they would be examined as
independent samples.
Staff surveys
Figure 10 illustrates that staff respondents were highly aware of the environmental problems
associated with energy use (mean=4.375) since the baseline T1 survey and relatively
knowledgeable on how to reduce energy use or report energy saving opportunities (mean=3.833).
Respondents had relatively strong beliefs that their actions to reduce energy were effective
(attitude) (mean=3.817) and intentions to reduce energy use (mean=4.180) and to reduce energy
saving opportunities (ESO) (mean=1.940) (see also Table A1.6 in Annex 1). However, they did not
strongly perceive they could easily reduce their energy use or report ESO to colleagues (perceived
behavioural control – PBC) (mean=3.456), nor felt strong social pressure to reduce energy use
(subjective norm) (mean=3.250).
Due to the limitations on how responses of the final T2 survey were collected, it was not possible to
compare changes of users’ attitudes and behaviours before and after the intervention. There were
almost no differences between the responses in the surveys with the exception of few outliers as
shown in Figure 10 (see also Table A1.11 in Annex 1).
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1 = strongly disagree, 5 = strongly agree

Figure 10: Box plots of the TPB variables in the baseline survey and difference of means between the
baseline and final surveys

Visitors’ surveys
Although these surveys were completed by different groups of people with dissimilar sociodemographic characteristics, there were large differences between these groups in their levels of
awareness, knowledge, attitude, perceived control to reduce energy use, recognition of social
pressure to save energy (subjective norm), and in their intentions to reduce energy or report
energy saving opportunities as depicted in Figure 11 (see also Table A1.9 in Annex 1).

1 = strongly disagree, 5 = strongly agree

Figure 11: Box plots of the TPB variables in the baseline and final visitors’ surveys

Respondents of the final survey in average were more aware that the respondents in the baseline
survey (10%),18 more knowledgeable on how to reduce energy use (9.6%), had stronger beliefs
that reducing energy use is worth the effort (attitude) (16%), acknowledged stronger social
pressure to save energy (subjective norm) (48%), and higher ability to reduce energy use (33%).
These respondents also showed stronger intentions to decrease energy consumption (25% higher
18

Percentages were calculated using the means of each composite variable in the T1 and T2 surveys (Table
A1.7 in Annex 1).

Page 51 of 338

30/03/2015

SMARTSPACES – D7.2

than the respondents to the baseline T1 survey) and to report energy saving opportunities (8.2%
higher), but their self-reported behaviour to reduce energy was slightly lower than respondents of
the baseline survey (-3.6%).
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4.2

Birmingham

Buildings 3

Surface 58,928m²

Age Ave 140 years
Building Type

Administration,
Museum

Staff >500

Users

Services EDSS, EMS

Professionals >10
Visitors >2,000

Resources covered
Division Heads, ACIVICO, Building Managers, City
Council Officers, Staff, Building Users & Contractor
staff
Directorate Heads, ACIVICO, Energy Managers,
Professionals (i.e. Schneider Electric).
Various

Energy consumption analysis

On average, electricity savings in Birmingham were 5.3% mainly due to the movement of staff with
the largest savings achieved in the Margaret Street building (9.2%) where the number of staff
based onsite decreased due to the council’s attempt to rationalise the number of administrative
buildings on its portfolio. Less savings than expected were achieved in the Council House, which
was partially occupied during the baseline period and went to full occupancy in the monitoring
period. Although the Council House benefited from the installation of a number of interventions on
the staff offices such as LED sensor lighting for example, the increased number of users and their
associated equipment (laptops, PCs, etc.) had an impact on the energy consumed and therefore
the savings achieved.

Behavioural change analysis
The target users of the EMS in Birmingham City Council are staff from Acivico and staff from other
departments, such as the Sustainability and Climate Change team of the City Council. The main
benefits perceived by interviewees are the visualisation of historical data in an accurate and low
cost manner and the automation of the meter reading and its analysis. As a result, the energy
management of the buildings has improved. The target users of the EDSS are energy managers
(building professionals), staff, counsellors and their team, and strongly oriented to visitors. The
main benefits of the EDSS perceived by interviewees is an attractive and dynamic website due to
the tips of the day and RSS feeds that raise awareness among staff and visitors and prompt to
take action locally. It has also been useful to communicate with building users due to its simple and
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easy to understand message. Interviewees agreed that the SMARTSPACES project is consistent
with the culture of the organisation, and clearly supports the aim and objective of the Sustainability
Plan of the Council and other policies. Interviewees also acknowledge that the project has helped
to link and support other initiatives that the Council is conducting, and it has also helped to open
dialogue and cooperation with other departments. The main drivers perceived by the interviewees
were related to energy cost reductions, while the main barriers or challenges were the lack of staff
and other work priorities, attract the attention of building users sufficiently due to the large numbers
of existing media information streams, and keeping energy efficiency and savings in the mind of
building managers.
Exemplary quotes from the mid-term interviews are presented in the following table:
“I think the importance for me more is to improve your energy management system
Benefits of the and you start to work with the people that operate that to make sure that information
EMS is used correctly or available by them… I think working with the engineers, the
building managers, etc. is bound to make a difference” (Birmingham5)
Benefits of the “The Smiley faces do that. So yes, it’s a very good way and a very easy way of
EDSS saying you’re over consuming or you’re under consuming…” (Birmingham2)
“The SmartSPACES project fits very well with the culture of the organisation,
Institutional
particularly its link with the forthcoming Energy Strategy covering energy efficiency
effects
and renewable energy aspects.” (Birmingham1)
“It has opened up conversation and dialogue with people but before who were not
Social effects really willing to talk to us. They are talking to us; they are more responsive.”
(Birmingham5)

Surveys were completed by 33 staff and 44 visitors in participating buildings for the baseline
surveys and by 11 members of staff and 12 visitors in the final survey. Regarding their views about
the usefulness of the information provided by the EDSS, visitors particularly were inclined to agree
that the information provided was clear, credible, useful and engaging, while they also considered
Digital Birmingham as competent and expert to provide the information. Results indicate that a key
aspect for staff to consider changing their behaviour to reduce energy use in the building is that
they consider energy use as a relevant aspect for them. For visitors, it is important that they
perceived the information provided by the EDSS is reliable, useful and engaging and their belief
that the institutions providing this information are knowledgeable and experts.
Six responses (out of eleven) from the same identified staff in the baseline were collected in the
final survey. After these individuals had access to the EDSS, their levels of awareness (58.1%),
belief that their action to reduce energy use is effective (attitude) (6.0%), perceived social pressure
(subjective norm) (17.7%) and effectiveness of their actions (perceived control) (3.9%) to reduce
energy use, and intentions to report energy saving opportunities (6.4%) were higher. Whereas their
levels of knowledge (-1.5%), intentions and self-reported behaviour to reduce energy use (-3.3%
and -10.8% respectively) were lower in the final survey.
Visitors’ respondents of the final survey were in average more aware than the respondents in the
baseline survey (10.5%), had more knowledge on how to reduce energy use (11.9%), stronger
belief that their actions to reduce energy were effective (attitude) (0.1%). These respondents also
perceived more social pressure (subjective norm) (18.6%) and control (PBC) (9.5%) to reduce
energy use, and had more intentions to report energy saving opportunities (3.3%) and self-reported
behaviour to minimise energy use (19.8%).
Building users
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4.2.1 Background information
Birmingham City Council has the aim of reducing its carbon footprint by 60% by 2026 based on its
1990 baseline. This aim is politically supported. The Council is also required to cope with the
introduction of the ‘carbon tax’ (the UK’s carbon reduction commitment) by the Government and
deliver required data. A number of supporting strategies and delivery plans are in place to achieve
these goals and it for this very reason that Birmingham joined the SMARTSPACES initiative.
Improving the energy efficiency of its own buildings is of great importance as the City has an
extensive property portfolio. It is also working with social landlords and householders to offer
energy efficiency measures in domestic buildings. Although SMARTSPACES develops technology
in public buildings, its solutions can potentially be used in a domestic context – in particular
awareness raising actions.
For SMARTSPACES Birmingham City Council selected several buildings for piloting the EDSS and
EMS services. These included the Council House (plus a smaller ‘extension’ Margaret Street
building) and Birmingham Museum & Art Gallery which both represent big buildings with a high
resource consumption that offered many challenges regarding the existing installations, number of
rooms, building age and the various user groups within. The Council House was already using a
display screen in the public area to announce meetings etc, and a dedicated screen was installed
to show the SMARTSPACES energy information.
The Council House, was officially opened on 31st October 1879 and is a Grade II* listed building
inspired by the Renaissance palaces of 19th Century Venice and designed by Yeoville Thomason.
The front, facing Victoria Square, has a pediment showing Britannia receiving the manufacturers of
Birmingham. Built around a central courtyard from which the Council Chamber, Banqueting Suite,
Lord Mayor’s Parlour and Committee Rooms lead, Birmingham Council House remains one of the
nation’s outstanding Victorian buildings.
Its central location offered the citizens of Birmingham greater access to the democratic process
and from these philanthropic beginnings grew the guardianship of modern Birmingham. The
Council House is still the official office for the Lord Mayoralty and leading members of the City
Council.
The Council House rooms have received and welcomed Royalty, world leaders, media and film
stars, people from the literary world and every type of business and organisation.
The Council House is used for all Council and most Committee meetings. The Council Chamber
regularly houses the Council in session, the present seating allowing for 120 members, 3 from
each of the City's 40 wards.
Birmingham Museum and Art Gallery is housed in a Grade II* listed city centre landmark
building. The museum shows its collections of art, applied art, social history, archaeology and
ethnography in over 40 galleries. The collections have been designated as outstanding by the
Department of Culture, Media and Sport and have local, regional, national and international
importance. The Waterhall and Gas Hall house a complementary programme of temporary
exhibitions throughout the year. There are approximately 600,000 visitors to the museum and art
gallery each year, and around 90 staff.
Users of the building include: Birmingham City Council staff; contracted staff working on projects;
leisure visitors; school groups; community groups.
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On the left: Birmingham Council House; on the right: Birmingham Museum and Art Gallery

Service description
EMS
Birmingham helped to assess the SMARTSPACES service components in the selected public
buildings and took the viable services on to pilot providing targeted energy decision support and
awareness services.
Building Managers and Energy Managers previously received data in the form of bill statements
about the actual gas and electricity consumption. The Building management systems were already
in place but the delivery and display of real-time data was insufficient. SMARTSPACES helped to
improve the information available, making it easy to request, easy to display in customised formats
and more accessible through various channels (e.g. web-based, usable on mobile devices). The
Council was required to meter sites over 100 KW usage half hourly by law and from 6th April 2014
AMR’s become mandatory for larger sites for both electricity (profile 5 to 8 – non domestic
customers whose meters have a register system to record maximum demand) and gas (732
megawatt hours per annum) which provided an increased number of readings. The new data
streams were fed into the existing BEMS (building energy management system). The pilot was
used to explore how data could be integrated into the existing system. The additional readings are
analysed and new intelligence is provided to the managers with a view to enabling corrective
action.
Collection of real-time energy consumption data enables generation of visualised consumption
patterns for the public, staff members working in the building and building professionals through
the SMARTSPACES EDSS – Energy Decision Support Service. These are displayed in the
buildings and over the internet to raise awareness. Another aim was to publish this data as public
open data as part of Birmingham’s open data drive and now available through the
SMARTSPACES portal for Birmingham at www.EnergySmartBirmingham.com as well as being
published through the regions West Midlands Open Data Portal https://data.birmingham.gov.uk/.
The project helped to link the new data display to behaviour change action with officers and the
public for example through competitions, staff communication and displays at events.
Heating is connected to a district heating system owned by a non-public company.19 The heating
systems are generally operated through a central energy management system. The
SMARTSPACES service helped to explore opportunities on how heating information can be used
in the context of preventing energy wastage.
Data related to heating is centralised through the Schneider Pinpoint software. The data is held in
the council’s off-site data centre in West Malling on SQL server and is viewed through the Pinpoint
client software.
Pinpoint shows schematic views of building energy systems and incorporates the ability to show
desired and actual readings for individual sensors in the building. It also incorporates active alerts
19

http://chp.decc.gov.uk/cms/assets/pdf/chp_focus/utilicom-case-study.pdf
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within the software. Central settings made by building managers can, in some instances, be
overridden locally.
One challenge for the team that manage Pinpoint was the monitoring system of alerts in over 400
buildings. The Birmingham SMARTSPACES project helps to explore alternative alert and decision
support systems.
STARK Saving Energy Online provide online access to timely and accurate data collected from the
AMR’s and provide Building and Energy Managers with energy performance reporting tools, which
supports how Birmingham uses energy with STARK’s multi-platform reporting tools. However
Continuum/Pinpoint continue to be centrally operated and provides the billing data. Local building
managers can set certain values for their building.
Energy Managers are now in a better and more informed position to inform and support Building
Managers of high consuming buildings in a more proactive way which enables them to work
together to explore and identify supporting and behavioural measures to support energy reduction
activities in their building.
CHP is controlled through a third party i.e., BDEC. The Council House receives heat from the CHP
plant. Building Managers can only monitor the amount of heat; they cannot control the CHP.

EDSS
EDSS enables Energy & Building Managers to do the following:

















Be and respond more proactively to unexpected energy peaks/surges.
How much energy the building has used this month but with free query ability for any time
period.
How does this compare to how much energy the building used during the same month last year
(allowing for degree days, etc.)?
Comparison views to determine how much energy the building used last month?
Flag up / alert messages generated as a result of energy consumed to indicate whether a
building is on track (green light); at risk of going off-track (amber light); and off-track for
projected energy use (red light). This acts as a prompt for building managers to try and identify
what is pushing their energy usage up and off track. There is a preference for the traffic light
signal icon which alongside the colour indicator provides a narrative as to why a particular light
is red, amber or green (e.g. 10 or more monitors or lights were left on in Council House
Committee Rooms, etc.)
At 6pm the system could be scheduled to switch off all computers (with the ability to zone out
specific areas / workspaces if longer working required)
Reminder alerts to conduct readings but now redundant function due to AMR installation.
Energy Data Consumption Screen: Acivico will soon be required to do energy data reporting
i.e. this is your energy data and this is the MPAN number (Meter Point Administration Number)
for your building (however need to ensure that the data received is accurate), therefore the
opportunity via SMARTSPACES to map the building’s MPANs was very useful.
The data is provided at ½ hourly readings, and we now have the ability to request data for any
time period.
The ability to identify the exact time for a consumption peak for a building. Billing data only
shows the maximum demand (peak) per months, so we are now able to drill down and find out
on what day/what hour the highest demand occurred.
The ability to compare the peaks for several buildings (e.g. in all schools – to establish a
pattern, which can be checked for anomalies).
Benchmarking: in order to conduct annual / monthly / weekly comparisons
Red Flag Alerts: in relation to the comparisons we can now more easily identify which areas
and elements have pushed up energy usage in that building i.e. lights, power switches, etc.
Safety requirements: the ability to identify when a meter(s) are not working.
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A joint overview on the same screen of all utilities per building (electricity, gas and water) as
developed with www.EnergySmartBirmingham.com.
The ability to generate any view needed against any one building.
Retain the ability to compare and search for the same type of buildings e.g. review all care
homes or secondary schools, if required.

The service allows for the following comparisons:







Ability to compare the best performing buildings against others.
Ability to compare with benchmark figures – either national standards or self-set benchmarks
Continuum shows the outside temperature. There is a setting of “degree days”. The degree day
setting can be set as a standard value for inside temperature (10.5 / 15.5 / 18.5 degrees C), is
it assumed that up to 3.5 degrees will be produced through use of the building (technology
running, body heat etc). The system measures the difference between the actual and set
temperature and calculates the difference (need for additional heating or cooling). This
produces forecasts for heating needs, and would therefore require the ability to calculate
forecast and consumption values.
Ability to show consumption and price data from last year for monitoring.
Ability to compare actual meter readings against billing data

The service offers to the Building Users / Staff:








The ability / need to reinforce the key messages:
www.EnergySmartBirmingham.com provides hints and tips for building users, visitors and staff
on how to reduce their energy consumption.
Scheduled pop-up alerts (e.g. from 3 pm onwards after core hours) displaying intervention
messages e.g. don’t forgot to switch off your pc and monitor!
Incentive-driven displays :
Timed Reporting pop-ups: colour-coded (red, amber, green) smiley icons    which
indicate whether the building is on-track with the forecast projected usage. Triggers for
individuals to think about their behaviours and what they could do differently to get the energy
consumption back on track.
Scheduled Flag up / alert messages generated as a result of energy consumed to indicate
whether a user is on track (green light); at risk of going off-track (amber light); or off-track for
projected energy use (red light). There is a preference for the traffic light-type colour smiley
icon which alongside the colour indicator provides an indication as to whether the building is
above or below average consumption in line with the recorded baseline.

Birmingham Schools:
Over 40% of Birmingham’s carbon emissions is produced by schools – they tend to have big LED
screens, pc’s in most classrooms, manually operated light switches & electrical sockets, IWB’s,
etc. which all consume a lot of energy). The Smart Spaces project has the opportunity to
collaborate with The Carbon Trust, whom facilitate engagement with site staff (caretakers, site
managers, bursars, etc.) and run Awareness Raising Workshops for the schools on Carbon &
Energy Saving. There are currently 100 schools participating in the programme and of those 100,
Phase 2 will include 26 schools participating in the Green New Deal (research indicates that also
participating in the Green New Deal will push Schools energy savings from 15% to 40%). These
schools will benefit from:





Separate metering
Detailed reporting on energy used
What energy has gone back to the Grid?
How much energy was self-used?
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Therefore we were keen to ensure we had the ability to replicate key messages and practical
advice applications could be easily transferred to School environments.
VEDSS concept and impact outside of pilot buildings:
Screen-savers to push out key messages, but these messages needed to be kept simple but
engaging – therefore icon/image-driven and relevant e.g. The Council House consumed 1,234
kWh this month compared to 4,567 kWh this month and self-generated 345 kWh of electricity this
month and therefore contributed 0.4 % towards Birmingham’s Carbon reduction target of 60%.

4.2.2 Energy consumption analysis
The table below shows the energy consumption analysis for electricity, gas and water for the three
buildings. During the project, Birmingham switched to district heating, so no data was available for
gas consumption.
Building

Type

Units

Forecast

Measured

Change

% Change

Council House

Electricity

kWh

1386665.35

1325559.75

-61105.60

-4.41

Margaret Street

Electricity

kWh

326907.95

296894.82

-30013.13

-9.18

Museum and Art Gallery

Electricity

kWh

680601.76

645040.21

-35561.56

-5.23

The largest savings were achieved in the Margaret Street building (9.2%) where the number of
staff based onsite decreased due to the council’s attempt to rationalise the number of
administrative buildings on its portfolio. Less savings than expected were achieved in the Council
House, which was partially occupied during the baseline period and went to full occupancy in the
monitoring period. Although the Council House benefited from the installation of a number of
interventions on the staff offices such as LED sensor lighting for example, the increased number of
users and their associated equipment (laptops, PCs, etc.) had an impact on the energy consumed
and therefore the savings achieved.

4.2.3 Results of behavioural change analysis
This section presents an analysis of the mid-term interviews with building professionals, which
aimed to understand the main benefits of the SMARTSPACES services perceived by the users at
the institutional and social level that may have had an impact of changes in attitudes and behaviour
of building users towards energy savings at the individual level.
Subsequently, changes at the individual-level changes as a result of the implementation of the
EDSS SMARTSPACES services are assessed by analysing differences in awareness, attitudes,
subjective norms, perceived control, intentions and self-reported behaviours of respondents (staff
members and visitors) to the baseline and final surveys. This section also describes respondents’
views about the usefulness of the information provided by the EDSS.

Mid-term interviews
Five face-to-face mid-term interviews were conducted in Birmingham with the following building
professionals:






BCC Internal Consultant, Climate Change & Environment (Birmingham1)
STARK staff (Birmingham2)
Council House Energy Manager (Birmingham3)
Independent consultant for Digital Birmingham for the surveys (Birmingham4)
Digital Birmingham Programme and Business Manager (Birmingham5)

Most of the interviewees had participated in the development and implementation of the
SMARTSPACES project in Birmingham, for example, in revising the technicalities of the IT system
(Birmingham1), providing advice on how the information was presented and the implementation of
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the open data (Birmingham4), installing and monitoring the meter readers in the participating
buildings and collecting the information from the AMRs (Birmingham2).

Energy Management Service
The energy management is centrally controlled by a privatised body called “Acivico” that manages
the building energy management systems of the council buildings. Site building managers have
little control over the daily operation of their buildings. Prior to the SMARTSPACES services, the
START system has been used to visualise the data, but technical staff require training and
sometimes the energy data filled out by staff have been wrong and inconsistent. It was also
explained that there are several restrictions to install technological energy efficiency measures in
the participating buildings due to the age of the buildings, and therefore, the project rely in certain
extent on changing the behaviour of building users.
The target users of the EMS in Birmingham City Council are staff from Acivico and staff from other
departments, such as the Sustainability and Climate Change team of the City Council
(Birmingham1, Birmingham2, Birmingham5). It is expected that in the future, site building
managers can also have access to it (Birminham4). The main benefits perceived by interviewees
are the visualisation of historical data in an accurate and low cost manner (Birmingham1) and the
automation of the meter reading and its analysis (Birminham2). As a result, the energy
management of the buildings has improved. However, one interviewee considered that it is
relevant the more site managers have access to this system (Birmingham5).
“Through the project we have upgraded the system to the Stark Save Energy System
online, which is an awful lot more user friendly than the old server based version that
we had and we showed it to some of the building managers… I think the importance for
me more is to improve your energy management system and you start to work with the
people that operate that to make sure that information is used correctly or available by
them… I think working with the engineers, the building managers, etc. is bound to
make a difference.” (Birmingham5)
The reporting mechanism of energy saving opportunities or energy-related problems before and
after the implementation of the project is through Acivico.

Energy Decision Support Service
The target users of the EDSS are energy managers (building professionals), staff, counsellors and
their team, and strongly oriented to visitors (Birmingham1, Birmingham4, Birmingham5).
“The Birmingham Smart, Energy Smart Birmingham interface is specifically designed
for building visitors to give an easy view. It is to some extent meant for building staff as
well, building users, so staff users basically but it has been designed very strongly with
visitors in mind.” (Birmingham5)
Message, channel of communication and exposure
One interviewee considered that the smiley faces are a straightforward message to raise
awareness in building users and change their behaviour. The smiley faces can provide in a simple
manner an idea of the energy consumption in the participating building, while also prompts action
through the “tip of the day” which provides advice to act upon energy savings in the buildings
(Birmingham4). Other interviewee agreed that the smiley faces is simple and easy to understand in
glance for non-technical audiences and show if there is over- or under-consumption in the
buildings (Birmingham2).
“The Smiley faces do that. So yes, it’s a very good way and a very easy way of saying
you’re over consuming or you’re under consuming… I mean it’s very useful, because it
shows people when they are over-consuming so... It should basically, an unhappy face
should be a call to action to start turning things off” (Birmingham2)
Training and dissemination of the project has been conducted through the “BEST leaders” groups,
which are a type of environmental champions in the Council (Birmingham1). The Climate Change
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and Sustainability team provides the champions some presentations explaining them how to
interpret the graphs to maximise energy use while the building is occupied. The “BEST leaders”
groups disseminate the training provided with their departments and buildings.
The main channels of communication are through the EnergySMART web portal and display
screens. As to the exposure to the EDSS, interviewees commented that they use the website on a
regular basis, but regarding they are unsure of the exposure of other building users as this would
depend on each individual.
Benefits
The main benefits of the EDSS perceived by interviewees is an attractive and dynamic website due
to the tips of the day and RSS feeds that raise awareness among staff and visitors and prompt to
take action locally (Birmingham4). It has also been useful to communicate with building users due
to tis simple and easy to understand message (Birmingham2). The EDSS has also improve the
communication between building users and the energy management team, however, it is more in
an informative manner, as there is limited interactivity (not enough staff in the council to respond to
all queries).

Institutional effects
Interviewees agreed that the SMARTSPACES project is consistent with the culture of the
organisation, and clearly supports the aim and objective of the Sustainability Plan of the Council
and other policies related to awareness raising and engagement with citizens, reduction of fuel
poverty, climate change mitigation and adaptation, etc. (Birmingham5). One interviewee explained
that the energy data for the EMS has been used to develop the Sustainable Energy Strategy of the
City Council for all the buildings (Birmingham1). Interviewees also acknowledge that the project
has helped to link and support other initiatives that the Council is conducting, and it has also
helped to open dialogue and cooperation with other departments (Birmingham5). The main drivers
perceived by the interviewees were related to energy cost reductions, while the main barriers or
challenges were the lack of staff and other work priorities (Birmingham5), attract the attention of
building users sufficiently due to the large numbers of existing media information streams
(Birmingham5), and keeping energy efficiency and savings in the mind of building managers
(Birmingham1).

Social effects
One interviewee believed that the EDSS have increased cooperation among building users
through the dialogue, exchange of ideas and collaboration among teams within the council
(Birmingham5). Other interviewee considered that the project has been disseminated widely
among the city through the followers of Digital Birmingham in Twitter (Birmingham4).

Staff and visitors’ surveys
This section focuses on the views of building users about the information provided by the EDSS,
and the changes on attitudes and behaviours to reduce energy use at the individual level as a
result of the implementation of the EDSS.

Surveys’ data collection
Staff and visitors’ responses in the baseline and final surveys were collected online. For the
baseline T1 staff surveys, Digital Birmingham contacted members of staff in the three participating
building and requested them to complete the survey online. For the final surveys, DMU contacted
T1 staff respondents to invite them to complete the final T2 survey. Due to the low response
received by the end of August, Digital Birmingham contacted staff in a general manner to complete
the surveys via email or Twitter. For the baseline T1 visitors’ survey, Digital Birmingham contracted
an external consultant to collect responses in the different buildings. This external support was no
longer available for the final visitors’ survey. Therefore, DMU contacted T1 visitors’ respondents
inviting them to complete the final survey. It is important to mention that the online final survey had
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some problems when trying to complete the building information, this may have discouraged some
keen respondents to continue answering the survey.
A total of 70 responses from staff in participating and non-participating buildings and 55 from
visitors were received in the baseline T1 survey, while 41 members of staff and 16 visitors
completed the final T2 survey. Only a fraction of the staff responses were gathered in participating
buildings (33 and 11 responses in the baseline and final surveys respectively), while a higher
percentage of visitors in participating buildings responded the surveys (44 and 12 responses
respectively) (Table 14).
Table 14: Surveys responses (Birmingham)
Staff surveys

Visitors surveys

Pilot site
Baseline T1

Final T2

Baseline T1

Final T2

Participating buildings

33

11

44

12

Non-participating buildings

37

30

11

4

Total responses received

70

41

55

16

From the T1 staff participants contacted only 6 responded the second survey (out of 11 in the
participating buildings) (Figure 12). The analysis of the staff surveys in Birmingham focuses on the
6 responses of the same identified staff of the baseline T1 survey (panel data) due to the low
response received in the final survey.

Figure 12: Staff surveys responses to the baseline and final surveys

Profile of respondents
Staff surveys were responded by a larger proportion of female participants, while the proportion of
male and female respondents were similar in the visitors’ surveys. Mostly staff members aged
between 30 and 60 years old responded the baseline survey, while the final survey was completed
by staff respondents between 15 and 45 years old. In the case of the visitors’ surveys, around
three quarters of respondents were aged between 30 and 45 years old. The majority of staff and
visitors’ respondents had at least a University education in both surveys. Few staff respondents
stated in both surveys that they had energy management responsibilities in the sport facility. See
Table 15 for further details.
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Table 15: Profile of respondents in relation to survey participation
Staff surveys

Visitors surveys

Profile
Gender

Age

Education

Energy
Management
responsibilities

Baseline T1

Final T2

Baseline T1

Final T2

Male

11 (33%)

3 (27%)

18 (41%)

5 (42%)

Female

21 (64%)

8 (73%)

22 (50%)

6 (50%)

Prefer not to say

1 (3%)

0 (0%)

0 (0%)

0 (0%)

Not responded
Under 15 years old

0 (0%)

0 (0%)

4 (9%)

1 (8%)

0 (0%)

0 (0%)

0 (0%)

1 (8%)

15–29 years old

2 (6%)

7 (64%)

0 (0%)

0 (0%)

30-44 years old

20 (61%)

3 (27%)

21 (48%)

6 (50%)

45-59 years old

10 (30%)

1 (9%)

14 (32%)

3 (25%)

60 or over

0 (0%)

0 (0%)

5 (11%)

1 (8%)

Prefer not to say

1 (3%)

0 (0%)

0 (0%)

0 (0%)

Not responded

0 (0%)

0 (0%)

4 (9%)

1 (8%)

Lower secondary

0 (0%)

0 (0%)

4 (9%)

1 (8%)

Upper secondary

6 (18%)

2 (18%)

2 (5%)

1 (8%)

University

14 (43%)

5 (46%)

16 (36%)

4 (33%)

Post graduate

12 (36%)

4 (36%)

17 (39%)

5 (42%)

Not responded

1 (3%)

0 (0%)

5 (11%)

1 (8%)

Yes

2 (6%)

1 (9%)

-

-

No

31 (94%)

10 (91%)

-

-

The majority of the staff responses were received from the Council House (70% in the baseline
survey and 82% in the final survey) (Figure 13). As to the visitors’ surveys, responses were
collected mainly in the Council House (46%) and the Birmingham Museum and Art Gallery (BMAG)
(40%) in the baseline survey, while a similar proportion of responses from visitors to the 3
participating building were received (Figure 14).

Birmingham001 = Council House, Birmingham002 = St. Margaret, Birmingham003 = BMAG
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Figure 13: Staff responses by participating buildings in the baseline and final surveys

Birmingham001 = Council House, Birmingham002 = St. Margaret, Birmingham003 = BMAG

Figure 14: Visitors’ responses by participating buildings in the baseline and final surveys

Impact of the EDSS
In the final survey, all respondents were asked their views about the usefulness of the information
provided by the EDSS. However, in the case of visitors, these particular questions were only
answered if they have heard about the SMARTSPACES project. From the 12 responses received,
8 visitors (67%) knew about the project through emails, social media and word of mouth.
Figure 15 depicts that visitors more than staff respondents in Birmingham were inclined to agree
that energy use in public buildings as a relevant issue for them (involvement) (visitors’
mean=3.950, staff mean=3.260). Visitors more than staff agreed that the Digital Birmingham was
competent, expert and knowledgeable to provide the information (source credibility) (visitors’
mean=4.521, staff mean=3.400). Similarly, visitors were more inclined than staff to agree that the
information provided in the EDSS services are believable and credible (argument quality) (visitors’
mean=3.950, staff mean=3.260) as well as useful and engaging (ability to process) (visitors’
mean=3.500, staff mean=3.267). As a result of viewing or using the EDSS, visitors responded that
they were more likely to think further about energy use in the buildings or change activities in their
work or personal life (intention to elaborate) (mean=3.800), while staff responses were either
neutral or likely to think further (mean=3.440). More details on the descriptive statistics can be
found in Table A1.1 in Annex 1.
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n = 11 (involvement), n = 10 (argument quality, source
credibility, ability to process, intention to elaborate)

n = (involvement), n = (argument quality, source credibility,
ability to process, intention to elaborate)

1 = strongly disagree, 5 = strongly agree

Figure 15: Staff and visitors’ responses regarding the effectiveness of the EDSS

Factors that might increase the thoughtful consideration of changing behaviour to reduce energy
use in buildings (intention to elaborate) were further investigated using correlation analysis.
For the staff survey, the analysis showed moderate correlations between their level of involvement
(τ =0.732, p=0.010) with the outcome variable (intention to elaborate) (Table A1.2, Annex 1). The
analysis of the final visitors’ survey indicated moderate correlations between their level of ability to
process (ρ=0.615, p=0.041) and the source credibility (ρ=0.520, p=0.000) (Table A1.3, Annex 1).
Results indicate that a key aspect for staff to consider changing their behaviour to reduce energy
use in the building is that they consider energy use as a relevant aspect for them. For visitors, it is
important that they perceived the information provided by the EDSS is reliable, useful and
engaging and their belief that the institutions providing this information are knowledgeable and
experts.

Comparative analysis of the baseline and final surveys
This section examines changes in the attitudes, subjective norms, perceived control, intentions and
behaviour to reduce energy of staff and visitors that could be attributed to the experience of
viewing or using the EDSS.
Staff surveys
Six responses (out of eleven) from the same identified staff in the baseline were collected in the
final survey. These responses were examined as ‘panel’ data to compare users’ attitudes and
behaviours before and after the intervention. After these individuals had access to the EDSS, their
levels of awareness (58.1%), belief that their action to reduce energy use is effective (attitude)
(6.0%), perceived social pressure (subjective norm) (17.7%) and effectiveness of their actions
(perceived control) (3.9%) to reduce energy use, and intentions to report energy saving
opportunities (6.4%) showed an increase trend. Whereas their levels of knowledge (-1.5%),
intentions and self-reported behaviour to reduce energy use (-3.3% and -10.8% respectively)
decline in the final survey. See Figure 16 and Table A1.11 in Annex 1 for more details.
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Figure 16: Differences of TPB variables from panel data (Birmingham)

Visitors’ surveys
The group of visitors that responded the final survey were in average more aware (10.5%) than the
respondents in the baseline survey, had more knowledge on how to reduce energy use (11.9%),
stronger belief that their actions to reduce energy were effective (attitude) (0.1%). These
respondents also perceived more social pressure (subjective norm) (18.6%) and control (PBC)
(9.5%) to reduce energy use, and had more intentions to report energy saving opportunities (3.3%)
and self-reported behaviour to minimise energy use (19.8%) (Figure 17 and Tables A1.7 and A1.9
in Annex 1).

1 = strongly disagree, 5 = strongly agree

Figure 17: Box plots of the TPB variables in the baseline and final visitors’ surveys
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4.3

Bristol
Bristol City
Council
Buildings 458

Average Surface 1,500m²

Average Age Unknown

Services EDSS, EMS

Numerous (see
Building Type D7.2 for full
detail)
Users

Staff 6,000
Professionals 10
Visitors >1,000,000

Resources covered
‘Core’ building / offices vs. ‘Non-core’ schools /
museums / etc.
Directly related to their job
Various

Energy consumption analysis

Bristol was the largest of the pilots with over 400 buildings including council’s offices, children’s
homes, schools, nurseries, depots, museums, cemeteries, libraries, youth centres, hostels and
community centres among others. Within this large building portfolio, three main types of building
categories were identified: schools, facilities managed centrally by Bristol City Council (FM) and
small locally managed single-team buildings (general).
The small savings in electricity control can be entirely attributed to the schools category. Electricity
use in schools rises year-on-year due to increased use of ICT and other educational equipment.
However, the larger gas savings can also be attributed to schools and the small locally managed
buildings because building professionals have the ability to adjust timers and settings of the
heating systems. However, in the centrally managed facilities they have little control over the
buildings’ gas use and also little engagement and ownership of energy savings as the bills are
centrally paid.

Behavioural change analysis
The target users of the EMS are mainly the Central Energy Management Unit at Bristol City
Council. Interviewees perceived that since the installation of more automated meter readers and
the tools available to analyse energy consumption, the quality of the data has improved and
become more reliable. As a result, the energy reports have become more meaning and accessible
for a non-specialist audience. The EDSS in Bristol has different components with distinctive target
audiences: the web portal, the “WebLive”, the Dashboard and the energy reports (monthly,
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quarterly and the “Green Finger Report”). In the mid-term interviews, interviewees mainly referred
to the monthly energy reports and the dashboard (web portal). They perceived that these tools
were very visual and user-friendly allowing them understanding the energy profile of the buildings
and identify problems at a particular time in a quick scan. Key features highlighted by interviewees
were the hourly-energy use colour codes (time-slotted energy usage) of the monthly reports and
the aggregation of AMR data in a “helicopter view”. Interviewees considered that the monthly
reports were a constant reminder to raise awareness and think about energy use and conduct
appropriate actions. These reports have also been useful to explain to site managers about the
energy profile of their buildings, to detect anomalies and quickly solve them. Once individuals
understand the energy data, they get interested to access the data and become more engaged.
Overall interviewees believed that the information provided has enabled them to reduce energy in
their buildings. With regard to social effects, the presence of the energy coach has been
fundamental in the implementation of the project in Bristol, improving the communication of
building users with the Central Energy Management Unit, increasing the technical knowledge on
site. As a result, the cooperation of users in the buildings has also increased.
Exemplary quotes from the mid-term interviews are presented in the following table:
“… through the SMARTSPACES there has been a lot of developments in like the
Benefits of the
tools that are available for us to analyse data and energy use… essentially through
EMS
having all these tools, we have more reliable data” (Bristol2)
“… He is using this data to actually see how he changes things and he’s starting to
Benefits of the use his cremators and trying different things to see actually what difference it
EDSS makes on the consumption. So I think that’s a great example of where this data’s
empowered people really to take more control...” (Bristol3)
“Now, we have more information, it is presented in a different way, it is a stronger
Institutional
context, so I think I can take that to other people and raise their awareness.”
effects
(Bristol4)
“It was through SMARTSPACES that we started the communication with the
Social effects energy coach, there was nothing like that before… we have a much better
understanding on how our energy systems work now that we did before” (Bristol1)

Surveys were completed by 205 staff and 61 visitors in the baseline survey and 46 staff and 49
visitors in the final survey. Regarding their views about the usefulness of the information provided
by the EDSS, staff and visitors were inclined to agree that the information provided was clear,
credible, useful and engaging, while they also considered that the Bristol City Council Energy
Services was a competent and expert institution to provide the information. Results indicate that a
key aspect for staff to consider changing their behaviour to reduce energy use in their buildings is
the expertise and credibility of the source providing the information; whereas for visitors, it was
relevant that they perceived the information as reliable, useful and engaging.
Twenty-nine responses from the same identified staff in the baseline were collected in the final
survey. After these individuals had access to the EDSS, their levels of attitude to reduce energy
use and their intentions to report energy saving opportunities were higher. Favourable changes
were also observed in their levels of knowledge and perceived control to reduce energy. These
participants also showed higher levels of self-reported behaviour to reduce energy use in their
buildings (1.7%).
As to the visitors’ surveys, levels of awareness, knowledge, attitudes and perceived control of
respondents of the final survey were higher than the participants that responded the baseline
survey. Their level of self-reported behaviour to reduce energy use was 1.6% higher than the
participants of the baseline survey.
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Building users

Self-reported behaviour
to reduce energy use

Staff

1.7%

Visitors

1.6%

Average change

1.6%

4.3.1 Background information
Bristol site has 450 buildings in the SMARTSPACES project. These vary in age, size, construction
method, usage, occupancy, and degree of central control. Because of this variance, there will be
different SMARTSPACES services supplied to different buildings – with fuller services applied to
buildings with higher energy consumption and higher degree of central control.
Bristol City Council (BCC) operates over 500 Buildings within Bristol. These include administrative
offices, museums, sports centres, schools and civic / event centres. In addition Bristol City Council
also works closely with other public sector organisations that operate higher education and
university buildings and hospitals.

On the left: Bristol City Hall; on the right: Bristol Redland Green School

Bristol City Council has a long-term plan on carbon emissions in accordance with the CRC (Carbon
Reduction Commitment) Energy Efficiency Scheme, which started life as carbon trading but has
currently been modified to be a kind of carbon tax at £12/tonne CO2 (rising to £16/tonne in
2014/15). Public buildings have to be the focus, as 75% of a total of around 56,650 tonnes comes
from our building stock. This can be broken down by building type with the largest users being
schools (42%) and corporate buildings (36%). The local authority has to pay for each tonne of
carbon it uses and also for each public school that is in its area, even those it is not in direct control
of.
Bristol appoints data collectors to obtain the smart meter readings and have chosen to use the
SystemsLink system for recording their energy data due to its close links to Excel for reporting, and
the flexibility of the company as regards taking up new initiatives. Any equipment acquired was and
will be compatible with existing systems ensuring portability within the municipality and
sustainability of the solution in the future.
SystemsLink Energy Manager Software is a Monitoring and Targeting system. The system holds
organisations' structure of sites and utility supplies. Data is held against the supplies in three data
forms, invoice data, direct meter readings and profile (interval) data. The system has a variety of
data import regimes which have been adapted to allow large quantities of data to go into
SystemsLink easily. There is a wide range of analysis contained within the package, with all of the
functionality that would be expected from a Monitoring and Targeting tool.
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The product is in use within around 200 organisations, approximately 100 of which are Local
Authorities. Recent developments have been the inclusion of modules for Energy Display
Certificates (DECs), Carbon Reduction Commitment (CRC) and Tenant on Charging. Along with
core software development many bespoke projects are undertaken.
There are over 11,000 staff involved in the project. These are split into Contact Types and receive
tailored SMARTSPACES services. A number of buildings (e.g. Museums, City Hall) receive
significant numbers of Visitors, who also receive tailored SMARTSPACES services. Schools will
also receive SMARTSPACES services, to allow maximal educational benefit from the project.

Service description
EMS
Two key issues for building and energy professionals are determining what levels of consumption
are considered problematic, and gaining swift notification when this occurs. The EMS profile alerts
service addresses both of these issues.
Energy management software intelligently determines the tolerance boundaries for a building,
using a variety of factors including previous consumption trends, building occupancy and type, and
bank holidays. Where data values deviate outside of this, the building manager can be notified by
an automatic email. The tolerance levels can be changed to make this system more or less
sensitive, and other checks can also be carried out including for missing data and absolute
maximum values.
Through this automated warning update, the service enables building managers to detect
consumption issues at an early stage, thus allowing problems to be identified and resolved before
they become of greater concern, and further cutting energy waste and unnecessary costs.
The focus for CEMS is on remote control, rather than automatic. This is due to the nature of “Day
plus one” recording, and the set-up of existing BMS and other energy management systems in the
council’s buildings. Alerts notify the Energy Management Unit and the BMS operative to allow them
to make remote changes to the building’s set-up.
At a local level, building managers receive information allowing them to make changes to the
building’s set-up. Feedback from building managers also improves target-setting.
Analysis of individual buildings’ data can determine which ones show unusual levels of
consumption in peak periods, and investigative actions can be taken.
Profile alerts are also triggered if a building’s consumption in peak periods is outside of its normal
consumption for that period
Improved software, and installation of AMR meters allows effective operation and accurate data
collection from renewable energy sources, in particular biomass boilers and solar PV panels.

EDSS
Bristol City Council assesses all SMARTSPACES service components in a selection of the over
450buildings in public occupancy, and take the viable services on to pilot (approximately 380 sites
will be evaluated). The pilot has focussed on maximising the use of AMR (automatic meter
reading) data that has becoming increasingly available for the whole portfolio of Bristol City
Council’s (BCC) 519 sites. There are 48 readings every day for each meter. Bristol has opted to
operate “Day plus one” recording so these 48 readings are retrieved from the meter every day in
the early hours of the morning for the previous day.
SystemsLink is the system that is used to house all this data which for the 450 properties is in the
order of 18 million bits of information every year. SystemsLink has further integrated and
developed their system to enable Bristol City Council’s energy data to be analysed intelligently and
provide feedback to allow energy savings to be made more promptly. Accordingly, data is analysed
centrally by the energy management unit in addition to appointed and trained energy users at a
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building or department level (depending on the hierarchy within controllers of buildings). The
information provided prompts action either locally at the individual building level or centrally at the
energy management unit/BMS manager level.
EDSS services are implemented in order to provide consumption data, along with some
educational material to the building staff, professionals and visitors. This is done in order to
achieve a certain level of awareness among users. Services were presented to the users via
different media to satisfy their needs and to try to correct their behaviour in order to achieve energy
savings.
Building Managers are encouraged to print out and display the Monthly SMARTSPACES reports,
to allow visitors to engage with these, and learn more about energy consumption in the building
they are visiting. For some larger buildings, there is still an ambition to have display screens with
real-time energy data, though this has not yet been achieved.
Furthermore, there are two open data web portals run by Bristol City Council which contain further
information on the Council’s energy consumption: both at an individual building level and
aggregated data.

4.3.2 Energy consumption analysis
For Bristol, there are over 500 buildings, resulting in over 700 datasets across electricity and gas. It
is impractical to show each of the 700+ datasets, or examine each dataset in detail to decide
whether the data is of sufficient quality for inclusion in this analysis section. Filters are used to
determine whether each dataset is of sufficient quality to be included in the analysis. Each dataset
must pass a number of the filters to be included in the analysis.
Four filters are applied to the data. To be included in the data analysis, each dataset has to pass at
least 3 of the 4 filters listed below. The filters are:





Bad Model: The RMSE is greater than 30%
Extreme decrease: Measured consumption is greater than 50% lower than modelled
Extreme increase: Measured consumption is greater than 50% higher than modelled
Large Error: The total error is greater than 50% of the savings made

Using these filters and criteria, 247 of the 730 datasets were deemed as unsuitable to be included
in savings calculations. The table below details the energy consumption figures, showing the
figures for both the included and excluded datasets. We might expect that by excluding
approximately a third of the datasets, we exclude a third of the forecast and measured
consumption. The table below shows this to be untrue, especially for gas consumption.
Total
Forecast

Accepted
Forecast

Rejected
Forecast

Total
Measured

Accepted
Measured

Gas

45,703,424

17,224,664

28,478,760

93,282,873

15,835,748

Electricity

23,849,551

22,041,562

1,807,989

23,763,159

21,867,672

Accepted
change

Accepted
change %

Average
change
per
meter

77,447,125

-1388915

-8.07%

-0.01

1,895,486

-173889

-0.79%

0.02

Rejected
Measured

The four figures below show histograms for electricity and gas separately, showing changes in
consumption and error rates. In the histograms that show changes in consumption, datasets that
are excluded are above 50% increase, or below 50% decrease. For the histograms that show error
rates, datasets are excluded if they are above the 50% mark.
Peak reductions of 2% for electricity and 5% for gas were estimated.
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Looking in more detail at the types of building, using data from Bristol a much more interesting
picture emerges, which also can be explained by the different SMARTSPACES services and
degree of control within the different categories. There are three categories: schools, Facilities
Management centrally managed by Bristol – mostly multi-team offices (FM), and “General” locally
managed – mostly smaller single-team buildings.
For example, the slight increase in electricity is entirely due to the schools. Historically schools
have been increasing their electricity consumption year-on-year due to increased ICT and other
educational equipment. The other two categories show decreases of 2-3%.The FM buildings show
a slightly better saving than the General buildings, which could be explained by the fact that the
SMARTSPACES service to FM buildings includes a wider range of building users, which is
required for electricity savings.
In addition, staff members in FM building have virtually no control over the building’s gas use,
which supports the relatively low savings in this category. Whereas in both General and Schools,
the building manager usually has the ability to adjust thermostats, timers etc. and therefore can
exercise great control over the gas consumption.

4.3.3 Results of behavioural change analysis
This section presents an analysis of the mid-term interviews with building professionals, which
aimed to understand the main benefits of the SMARTSPACES services perceived by the users at
the institutional and social level that may have had an impact of changes in attitudes and behaviour
of building users towards energy savings at the individual level.
Subsequently, changes at the individual-level changes as a result of the implementation of the
EDSS SMARTSPACES services are assessed by analysing differences in awareness, attitudes,
subjective norms, perceived control, intentions and self-reported behaviours of respondents (staff
members and visitors) to the baseline and final surveys. This section also describes respondents’
views about the usefulness of the information provided by the EDSS.

Mid-term interviews
Four semi-structured face-to-face interviews were conducted in April 2014 with the following
building professionals:





School teacher responsible of Eco-education (Bristol1)
Energy coach at the Energy Services in BCC (Bristol2)
Environmental Audit Manager (Bristol3)
Central Library Facility Manager (Bristol4)

Two interviewees participated in the development of the SMARTSPACES EDSS through the
consultation with building user groups around different buildings (Bristol2, Bristol3). These
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interviewees provided feedback in the development of the monthly energy reports and explain to
facilities managers or other building users how to use the SMARTSPACES services (monthly
reports and dashboard).

Energy Management Service
The situation prior to the SMARTSPACES project varied across the interviewees. In the school, the
care-taker took manually the monthly reading and the interviewee developed graphs manually to
analyse the data (Bristol1). In the library, there was not access to energy data, only about the costs
(Bristol4). The environmental audit manager had access to the Energy Management System
(Systems Link), but she did not find the information clear and easy to understand (Bristol3).
The target users of the EMS are mainly the Central Energy Management Unit at the City Council.
Despite the interface has not changed significantly, the toolbox created through SMARTSPACES
provides them more resources and reliable data to analyse the energy consumption in the
buildings in a quicker and more efficient manner (Bristol2). Other interviewee highlighted that since
the installation of AMRs, the quality of the data has improved and the reports have become more
meaningful and accessible to a non-specialist audience (Bristol3).
“[Beforehand] they weren’t particularly helpful reports; whereas now because they’re
mostly AMR meters and they’ve been there a while you can do your reports. So it’s
better quality data, it’s also much more accessible, so he’s changed the way some of it
looks and added quite a lot more reports.” (Bristol3)
It was explained that the EMS is essentially the desk software of Systems Link. The software
runs and produces all the reports, which turns into a sort of information that can be
communicated easily “so all the raw data comes into the EMS and then gets sent out as
EDSS” (Bristol2).

Energy Decision Support Service
The EDSS has different components: the web portal, the dashboard and the monthly reports
(Bristol2).
The web portal is a simplified version of the desk based EMS that can be access remotely online.
Main users of the web portal are building managers, school bursars, business managers or
caretakers who have some budget control over their sites or can adjust controls.
The “WebLive” is a small open data piece publicly available in internet. This provides information
about the largest consumers in the council, how much energy they are consuming and how much
the main council buildings are spending. The interviewee considered that this is more a
engagement and awareness tool than for reducing energy consumption (Bristol2).
The Dashboard (developed outside the SMARTSPACES project) is an interface when users
access the web portal. This tool provides an update of the current information of the building, the
energy usage on other interesting widgets. It was planned that “Big Buildings dashboards” would
be implemented in some large sites, like display screens at the entrance of the sites. However, at
the time of the interviews, these screens were not implemented yet.
Besides the monthly and quarterly energy reports, there are also a building user group report
called “Green Finger Report” targeted for around 20 sites in the council portfolio that do not have
responsibility for their energy costs.
Although there are different EDSS components with a target audience, interviewees considered
that the main users of these components are building managers and staff as well as the
environmental officers for buildings across the council.
“I think that the information from the EDSS is for both, managers and staff. I think that
there is a role for managers to be aware of the energy use that their decisions or their
actions may involve, but I think there is also awareness for staff about their impacts of
their decisions and their actions or their inactions…” (Bristol4)
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Message, channels of communication and exposure
The different EDSS components provide different type of information for the different audiences.
Two interviewees referred to the monthly reports that use hourly-energy use colour codes (timeslotted energy usage) and graphs. Interviewees considered that the message in the reports is very
visual and user-friendly that helps them to know when the energy is being used, what the building
is doing and locate high energy usage and a particular time.
“… the greater advantage of the [Smartspaces tools] is that because it comes in a
visual format and because everything is time-slotted, we know when energy is being
used and this is the great advantage that it is actually giving us, so we know what the
buildings are doing all the time and that is the big advantage.” (Bristol4)
“I think the message is user-friendly, I cannot see how it can be less technical because
it is very visual and you can read it at different levels… So, it helps to ask the question
and locate it in a particular time. In this sense, I think it has been useful.” (Bristol1)
Other interviewee referred to the web portal and the dashboard. The interviewee considered that
these tools allow comparing electricity and gas use, current vs. previous year consumption as well
as a 24-hour energy profile for each month. Due to the aggregation of AMR data, the tools allow
understanding the energy profile of the buildings and their potential problems through a quick scan
(Bristol3).
“… some sites they’ve got several meters of electric and gas and so on the dashboard
they’re all combined into, all the gas ones are in one and the electric ones are in
another, so it’s really good because you can have a quick scan and you can see and
think oh hang on a minute, what is all this use here.” (Bristol3)
Regarding the training on the use of the EDSS tools, two interviewees (Bristol2, Bristol3) have
been involved in training sessions and interactive workshops to particular directorates or forums
(such as schools, care homes, harbour estates, etc.) about the energy data and the dashboard, so
the users can look for the information of their own buildings. Once the responsible people in the
sites receive the monthly reports, they communicate their information through staff newsletters or
meetings in the library (Bristol4) or by word of mouth to staff and “eco-monitors” (young students)
in the schools (Bristol1).
The main channels of communication of the EDSS are through the web portal (dashboard) and
emails (to receive the monthly reports or to communicate with the energy coach).
Regarding to the exposure of the information of the EDSS, specific users received the monthly
reports as in the case of the library and the school. Although the level of exposure was not clear
across the council, one interviewee considered that the services have reached several people and
she believed they have had a large positive impact (Bristol3).
Benefits
With regard to the monthly reports, interviewees considered that these reports are very useful
because they are very visual and tailored to specific audiences (Bristol3). This has helped to raise
awareness around the services provided in the buildings, the need to reduce energy use and
encourage staff from other buildings to manage their energy on their sites (Bristol4).
“I think that’s very useful for busy managers, so I’m trying to encourage managers to
get involved with managing their energy consumption and they’ve got a lot of other
priorities, they’re busy, so having something that they can quickly look at if you show
them I think’s a real bonus.” (Bristol4)
Interviewees acknowledged that the monthly reports are specific, comprehensive and basic
enough, hence easy to understand for building professionals and non-specialists users (Bristol1,
Bristol3). As these reports arrive on a periodic basis, one interviewee consider that it is constant
reminder to think about energy use and conduct appropriate actions, such as turning off
equipment, adjusting controls, etc. (Bristol1).
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“The reports are very specific, comprehensive and basic enough if you want to take it
just as a sort of reminder… And because it is a regular reminder, it comes constantly
through email, it is a constant reminder that every day we use energy and we need to
be thinking about it every day… it reminds me to remind people either staff or a group
of eco-monitors to think about turning things off and talking to the care-taker…”
(Bristol1)
Other interviewee commented that the reports are useful to explain to site managers when energy
is used in their building, detect anomalies and try to solve them (Bristol3, Bristol4). Once
individuals understand the energy data, they are interested to access the data and become more
engaged (Bristol3).
“We did find some issues when we received the first reports, these visual reports of
energy usage. We found that we have a lot of stuff switching on at about 4 o’clock in
the morning and I could not work out what it was… These (reports) are very helpful
because they give you an indication of whether it is energy or it is gas, and when it is
being used. You just have to go and investigate the cause” (Bristol4)
“I was through going out and talking to people about their energy consumption went on
site and asking them ‘what are the office hours in this office, so why have we got the
heating coming on at four o'clock in the morning? Do you know it’s heated all weekend
even?...So I was starting to meet individuals who actually once engaged and talked to
were sort of interested to find out more and to know about how they could access this
data…” (Bristol3)
Overall, interviewees believed that the reports have enabled actual reductions through the
detection of anomalies and their solutions. For example, the detection of gas use in the City Hall
during evenings (Bristol2); the detection and re-program of wrong time settings for water heating in
the Central Library (Bristol4); use equipment more efficiently in crematoriums (Bristol3); and
turning off heating off on holidays in the school (Bristol1). Furthermore, one interviewee considers
that the understanding of the energy data has empowered people to take more control (Bristol3).
“… and he’s been starting to use this data to look at it to see now… but the fact that he
is using this data to actually see how he changes things and he’s starting to use his
cremators and trying different things to see actually what difference it makes on the
consumption. So I think that’s a great example of where this data’s empowered people
really to take more control...” (Bristol3)

Institutional effects
Interviewees considered that the SMARTSPACES project supports the sustainability culture of the
City Council and the school (Bristol1, Bristol4). One interviewee considered that the
implementation has been supported by engaged senior managers when they get involved
(Bristol3), while other interviewee commented that the fact of having more information presented in
a different way had made a stronger context to raise awareness and embed it more into the
organisation (Bristol4).
“Yes, as far as I can tell, it fits well… I do not think that I was personally less aware, I
think that it was less of the context, I think. Now, we have more information, it is
presented in a different way, it is a stronger context, so I think I can take that to other
people and raise their awareness.” (Bristol4)
Interviewees perceived that the main driving factors to further embed the project are the reduction
of energy costs and keep control of the budget or corporate savings (Bristol1, Bristol3) as well as
the staff concern on the environment and sustainability in a holistic manner (Bristol1). Some
interviewees considered that the main barriers are: lack of staff time and other work priorities
(Bristol1), the perception that energy management is not part of the staff jobs (Bristol3), the lack of
ownership in buildings where they do not pay their energy bills (Bristol3) and the installation of
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highly automated technology in small buildings that are too complicated for users to understand
and control (Bristol3).

Social effects
The presence of the energy coach has been fundamental in the implementation of the
SMARTSPACES project in Bristol. Interviewees highlighted that through the communication with
the energy coach, the technical knowledge on the energy performance of the building has
increased (Bristol1).
“It was through SMARTSPACES that we started the communication with the energy
coach, there was nothing like that before. So in that sense, the technical knowledge is
greater… we have a much better understanding on how our energy systems work now
that we did before, which can only be a good thing.” (Bristol1)
“… when I have had queries, I ask usually to the energy coach, and he has been very
helpful to coming up with sensible answers in a simple way and short sentences that I
am able to understand.” (Bristol4)
The energy coach helps in the communication of the energy management team with the building
users, the energy coach revises energy profiles, highlights problems in buildings (facility or
engineering teams), and explains building users (care-takers, site managers, teachers, etc.) how to
solve the problems.
As part of the project, the energy management team identified the contact people in the different
buildings to sending them the monthly reports. On the users’ side, they have also identified the
contact people within the Central Energy Management Unit who helps them to interpret the energy
data. This has helped to increase their interaction with the energy team as users feel that the team
is more accessible.
“Certainly there is more communication with the central Energy management team. It
makes us feel they are more accessible, I am sure they were there before, but now you
have a name, because it comes every month.” (Bristol1)
Through this communication via monthly reports and with the energy management team,
interviewees believed that the cooperation with building users has also increased because of the
constant reminder to save energy (Bristol1, Bristol4).
“Yes, it has increased communication, because it is a reminder to me to keep talking
about it, yeah.” (Bristol1)
“It is always good to remind people ‘if you are not using it, switch it off, if you are the
last person leaving the office, switch the lights off, open the windows, radiators on,
radiators off, there is a lot of things that you can do that can regulate the amount of
energy that you use’ and that is the sort of constant interaction.” (Bristol4)

Staff and visitors’ surveys
This section focuses on the views of building users about the information provided by the EDSS in
the council buildings and the changes on attitudes and behaviours to reduce energy use at the
individual level as a result of the implementation of the EDSS.

Surveys’ data collection
Surveys responses for staff and visitors were collected online between November 2012 and
February 2013 for the baseline T1 survey and between July and October 2014 for the final T2
survey.
Bristol City Council (BCC) requested staff members to complete the baseline T1 survey via a link
from the home page of the council’s staff intranet with a message from a senior manager and offer
of “energy-saving” prizes. This announcement coincided with the national Big Energy Saving Week
(November 2012). The survey was collected online by DMU. A total of 205 responses from staff
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members were received. For the final T2 survey, DMU contacted directly T1 staff respondents via
email with the web link to the survey, the project information and offer of prizes. A follow-up email
was sent by the Energy Management team of the City Council few weeks later coinciding with the
release of the “WebLive” SMARTSPACES functionality (August 2014). A total of 46 responses
from staff were received and 29 of these responses were from identified T1 participants (Figure
18).
For the visitors’ baseline T1 survey, two interns of BCC visited a small number of council buildings:
Bristol City Museum, Central Library, Create Centre, MShed and the City Hall (see Figure 20).
Interns contacted visitors in these buildings over three days, provided them a leaflet of the project
followed by an interview of the survey. A total of 61 responses were collected on paper. For the
final T2 survey, DMU contacted T1 visitors’ participants requesting them to complete the second
survey online. Further responses were collected via paper surveys from visitors to BCC buildings
as to the baseline T1 survey. Forty-nine responses from visitors were received in the final survey
(Table 16).
Table 16: Surveys responses (Bristol)
Staff surveys

Visitors surveys

Bristol
Baseline T1

Final T2

Baseline T1

Final T2

Participating buildings

205

46

61

49

Total responses received

205

46

61

49

Figure 18: Staff surveys responses to the baseline and final surveys

Profile of respondents
Table 17 depicts that a similar proportion of male and female participants completed the baseline
and final staff surveys. Most respondents were aged between 30 and 60 years old (above 80%)
and around two thirds of them had at least a university education. Most of staff respondents stated
in both surveys that they did not have energy management responsibilities in the buildings (above
85%).
The socio-demographic profiles of the visitors’ respondents varied in the two surveys. In the
baseline survey, there was a similar proportion of respondents in the different age strata between
15 and 60 years old, whereas in the final survey one third corresponded to young adults aged
between 15 and 30 years old and almost one third to respondents between 45 and 60 years old.
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Table 17: Profile of respondents in relation to survey participation
Staff surveys

Visitors surveys

Profile
Gender

Age

Education

Energy
Management
responsibilities

Baseline T1

Final T2

Baseline T1

Final T2

Male

93 (45%)

26 (57%)

36 (59%)

16 (33%)

Female

109 (53%)

20 (43%)

25 (41%)

27 (55%)

Transgender

0 (0%)

0 (0%)

0 (0%)

1 (2%)

Prefer not to say

3 (2%)

0 (0%)

0 (0%)

2 (4%)

Not responded
15–29 years old

0 (0%)

0 (0%)

0 (0%)

3 (6%)

19 (9%)

1 (2%)

14 (23%)

17 (35%)

30-44 years old

76 (37%)

18 (39%)

17 (28%)

10 (20%)

45-59 years old

95 (46%)

21 (46%)

18 (29%)

13 (27%)

60 or over

11 (6%)

5 (11%)

12 (20%)

4 (8%)

Prefer not to say

4 (2%)

1 (2%)

0 (0%)

2 (4%)

Not responded

0 (0%)

0 (0%)

0 (0%)

3 (6%)

Lower secondary

11 (5%)

3 (7%)

6 (10%)

1 (2%)

Upper secondary

62 (30%)

14 (30%)

19 (31%)

6 (12%)

University

78 (38%)

21 (46%)

22 (36%)

23 (47%)

Post graduate

53 (26%)

8 (17%)

14 (23%)

13 (27%)

Not responded

1 (1%)

0 (0%)

0 (0%)

6 (12%)

Yes

30 (15%)

4 (9%)

-

-

No

175 (85%)

42 (91%)

-

-

Not responded

0 (0%)

0 (0%)

-

-

The majority of staff responses in the baseline survey were received from employees working in
Parkview Campus (14%), Brunel House (12%), Council House (12%), Amelia Court (10%) and B
Bond (10%). In the final survey, most of the responses were collected from Parkview Campus
(21%), City Hall (19%), Amelia Court (15%), Brunel House (11%) and Romney House (10%).
Visitors’ responses in the baseline survey were collected in Central Library (39%), City Hall (25%),
MShed (21%), Create Centre (8%) and Bristol City Museum (7%), whereas responses in the final
survey were mainly received from Central Library (41%), City Hall (10%), Bristol City Museum
(8%), Create Centre (8%) and Parkview Campus (8%).
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Figure 19: Staff responses by participating buildings in the baseline and final surveys

Figure 20: Visitors’ responses by participating buildings in the baseline and final surveys

Impact of the EDSS
In the final survey, all respondents were asked their views about the usefulness of the information
provided by the EDSS. However, in the case of visitors, these particular questions were only
answered if they have heard about the SMARTSPACES project. From the 49 responses received,
45 visitors (91%) knew about the project through word of mouth, posters, display screens and
email.
Figure 21 depicts that staff and visitors’ respondents in Bristol agreed that energy use in public
buildings as a relevant issue for them (involvement) (staff mean=3.978, visitors’ mean=4.396).
Visitors more than staff tended to agree that the Bristol City Council Energy Services was
competent, expert and knowledgeable to provide the information (source credibility) (staff
mean=3.486, visitors’ mean=3.900). Similarly, visitors were more inclined than staff to agree that
the information provided in the EDSS services are believable and credible (argument quality) (staff
mean=3.494, visitors’ mean=3.809) as well as useful and engaging (ability to process) (staff
mean=3.206, visitors’ mean=3.713). As a result of viewing or using the EDSS, visitors responded
that they were more likely to think further about energy use in the buildings or change activities in
their work or personal life (intention to elaborate) (mean=3.609), while staff responses were either
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neutral or likely to think further (mean=3.272). More details on the descriptive statistics can be
found in Table A1.1 in Annex 1.

n = 46

n = 49 (involvement), n = 45 (argument quality, source
credibility, ability to process, intention to elaborate)
1 = strongly disagree, 5 = strongly agree

Figure 21: Staff and visitors’ responses regarding the effectiveness of the EDSS

Factors that might increase the thoughtful consideration of changing behaviour to reduce energy
use in buildings (intention to elaborate) were further investigated using correlation analysis.
For the staff survey, the correlation analysis showed a strong correlation between how staff
perceive the credibility of the source of information (source credibility) (ρ=0.717, p=0.000) with the
outcome variable (intention to elaborate); and moderate correlations with how they perceived if the
information provided is useful and reliable (ability to process) (ρ=0.575, p=0.000) and clear
(argument quality) (ρ=0.433, p=0.002), and with their level of involvement (ρ=0.359, p=0.014)
(Table A1.2, Annex 1). The analysis of the visitors’ survey indicated moderate correlations between
their level of ability to process (ρ=0.625, p=0.000), their level of involvement (ρ=0.621, p=0.000)
and the source credibility (ρ=0.520, p=0.000) (Table A1.3, Annex 1).

Comparative analysis of the baseline and final surveys
This section examines changes in the attitudes, subjective norms, perceived control, intentions and
behaviour to reduce energy of staff and visitors that could be attributed to the experience of
viewing or using the EDSS.
Staff surveys
Twenty-nine responses from the same identified staff in the baseline were collected in the final
survey. These responses were examined as ‘panel’ data to compare users’ attitudes and
behaviours before and after the intervention. After these individuals had access to the EDSS, their
attitudes to reduce energy use (7.5%) and their intentions to report energy saving opportunities
(5.3%) showed increased trends. Favourable changes were also observed in their levels of
knowledge (4.3%) and perceived control (1.5%) to reduce energy (Figure 22 and Table A1.11,
Annex 1). These participants also showed higher levels of intentions and self-reported behaviour to
reduce energy use in their buildings (3.3% and 1.7% respectively).
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Figure 22: Differences of TPB variables from panel data (Bristol)

Visitors’ surveys
Respondents of the final survey were in average more aware than the respondents in the baseline
survey (6.6%), had more knowledge on how to reduce energy use (1.5%), stronger beliefs that
their actions to reduce energy were effective (attitude) (3.2%), and perceived more control to
reduce energy (4.8%) (Figure 23 and Table A1.7 in Annex 1). Their levels of intention to decrease
energy consumption were higher (5.7%) as well as their self-reported behaviour to reduce energy
use (1.6%).

1 = strongly disagree, 5 = strongly agree

Figure 23: Box plots of the TPB variables in the baseline and final visitors’ surveys
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4.4

Hagen

City of Hagen (Hagen)

envi GmbH
Buildings 2

Surface 33,300m²

Age 1960
Building Type

Administration,
Museum

Users

Staff >600

Services EDSS, EMS
Resources covered
Office workers, Technical staff

Professionals >4
Visitors >20,000

Various

Energy consumption analysis

Electricity savings can be mainly attributed to reductions in the Emil Schumacher museum where
the SMARTSPACES services had a significant impact. For the museum, heating savings were due
to the analysis of heat and cold flows of the additional meters installed in the building during the
project. This analysis aimed to implement changes in the building control system to optimise the
heat and cold production in heat pipes. In the Hagen City Hall, better energy management based
on occupancy led to heating and electricity reductions. The energy analysis clearly showed the
effects of Christmas and public holidays shutdowns.

Behavioural change analysis
In the City of Hagen, the target users of the EMS and EDSS are building professionals and staff.
These services are linked in the web portal interface, but building professionals can access more
detailed technical data. The main benefits of the EMS and EDSS perceived by the interviewee
were the accessibility and timely visualisation of the buildings’ energy consumption data as well as
the early and quick detection of anomalies or wrong settings. These features not only have
facilitated the energy management for building professionals, but also have raised awareness and
prompted positive corrective actions from staff. The interviewee considered that both aspects have
enabled actual energy reductions in the City Hall and the Museum. It was perceived that the
visualisation of energy data has also improved the cooperation among building users to reduce
energy consumption and their interaction with the energy management team.
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Exemplary quotes from the mid-term interviews are presented in the following table:
Benefits of the “Some of the main benefits of the EMS are the early and quick detection of
EMS mistakes.” (Hagen1)
“On one side with the program, we are able to see more. On the other side, we talk
Benefits of the
with staff and the awareness of staff is higher than before since we have the
EDSS
program.” (Hagen1)
“I think it is a very good project in our culture because we have in our policy the
Institutional
goal to save energy and it is what we do every day. The SMARTSPACES services
effects
are good tools to control the consumption.” (Hagen1)
“Staff [members] who have worked for many years in these buildings can see if
Social effects there is high energy consumption… They ask us ‘what is the reason for this? Can
we turn this off or should it be left on?’… ” (Hagen1)

The baseline and final staff and visitors’ surveys were completed by approximately thirty members
of staff and fifty visitors. Regarding their views about the usefulness of the information provided by
the EDSS, staff and visitors agreed that the information provided was clear and credible, while they
also considered that the City of Hagen (GWH) was a competent and expert institution to provide
the information. Results indicated that staff members particularly were more inclined to consider
changing their behaviour to reduce energy if they found the information of the EDSS reliable,
useful and engaging.
After the staff had access to the EDSS (intervention), responses from respondents that completed
the final survey showed improved levels of knowledge (0.4%), attitude (1.5%), subjective norm
(5.8%), perceived control (1.3%), intentions to report ESO (3.9%) and self-reported behaviour to
reduce energy use (1.2%). A summary of the changes in the levels of intention and behaviour to
reduce energy use for staff is provided in the table below.
As to the visitors’ surveys, increased trends in the levels of awareness, attitude, perceived control,
subjective norm and intentions to report energy saving opportunities was also observed between
the participants that responded the final survey and the ones that completed the baseline survey.
However, these trends cannot be attributed to the information provided by the EDSS as only few
visitors in the final survey (7 out of 52) knew about the SMARTSPACES project and the EDSS.
Hence, these changes were not considered in the table below.
Building users
Staff
Visitors
Average change

Self-reported behaviour
to reduce energy use
+1.2%
+1.2%

4.4.1 Background information
In Hagen two different types of buildings have been piloted as part of the SMARTSPACES project
– a museum and Hagen’s City Hall. The problems and therefore the foci of our investigations and
derived services were different in those two buildings.
In the museum a very complex heating and cooling technology and a powerful building control
system are installed. The aim of the installed technology was the provision of heat and cold with a
great part of renewable energy.
The real situation, however, proved to be different. The electrical energy demand was detected to
be three times larger than predicted. After a first investigation of the technical installation it became
clear that the installation is innovative, but a contamination in the ventilation systems made the
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originally planned operation mode impossible. In addition the absence of energy meters for the
heating and cooling systems made it difficult to manage and optimize these complex systems. With
the installation of different current, heat and cold sub-meters we have achieved the following two
objectives:



With the visualisation of the energy balance we got a profound understanding of the technology
and could show the impact of different parameters.
We developed tools for analysing and optimising complex technical installations.

Because of the high degree of automation of the technology our main focus group in this object is
the staff responsible for the system operation (the professionals).
In the city hall the limiting factor regarding energy saving is the comfort demand of the office users,
their heating and ventilation behaviour and probably contributing is their use of illumination and
other technical equipment.
Therefore the smart spaces services regarding the city hall are not only addressed to the
professionals but also to office users. The visualisation of the energy demand and presentation of
savings is carried out on two levels / portals:
1. The password protected area for the professionals
2. The public internet
The installation of the sub-meters in the city hall made it possible to give information about the
energy costs for different areas and different requirements such as cold or high indoor
temperatures.
With these services we followed two objectives regarding the office users. Firstly, we provided
information to users on how they can save energy. Secondly, we tried to reach the users’
acceptance regarding our activities in reducing energy wastage.

On the left: Hagen Municipality building; on the right: Hagen Emil-Schumacher-Museum

Service description
EMS
Although we have only two buildings we have a remote reading of more than 30 heat and current
meter for which visualization is realized. For the main meter we have the usual application, that is
that we show the energy consumption in different time resolutions and can assess it via
comparison with computed values or measured values from similar buildings.
As shown below we implemented the so called energy signature as a tool to assess the daily
energy consumption of parts of a building.
Therewith we get an immediate response on energy saving measures. This is not only necessary
to decide if a taken measure was wrong or right, but also for motivation of the staff.
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This motivating effect was particularly to be observed in process of optimizing technical devices
like heat pumps or ventilators. But an assessment of a plant efficiency is often complex, so that an
evaluation needs the computation of data from more than one energy meter. As an example we
show on the following pages the application for the assessment of heat pumps.
This application enables us to create automatic efficiency alarms. The automatic alarm signals
were very important to raise the efficiency of the work of the professionals. Instead of manual
inspection of the energy demand they could concentrate their work on optimization.
The optimization cannot be done only by knowing the results for efficiency or energy consumption.
Therefore we present all results in the context to the use and function. The more the professional
knows about the needs of the user or technical relations the greater will be the chance to detect
saving potentials. This additional information was given in form of technical scheme or plan with
declaration of the outfit or needed room conditions.
Because the different buildings have also different building control systems, it was not possible to
realize an interface between our system and the BCS. A practicable way to support the
optimization was the introduction of a table with a list of all parameters. This document is stored
within the database and available via the portal. So we could start the optimization as controlled
work processes via the portal.
Some of these processes are described on the public internet page Hagen.de under the link
"Aktuelle Energieberichte".

As an example we show on the screenshot above the way and success regarding reduction the
energy demand for the safety lighting.
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The basic assessment tool (CEMS) is the energy signature which is shown on the following
picture.

We measure the outdoor temperature, compute the daily mean and assign the measured
consumption to this value.
Comparisons between different time intervals are possible. Therefore one can see the impact of
measures to save energy.
Additionally one can choose special days in a week, because the energy demand in the museum is
for example much different on Monday, when the museum is not open.
This is very important for the definition of benchmarks for automatic consumption monitoring.
Therefore one can immediately detect too high consumption for a building and give alarm.
The City of Hagen (GWH) has the task to create a yearly energy report. Because the above figures
and charts will be automatically created and inserted in a document it is even possible to create
monthly reports online with low effort.
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Today it seems not possible to install a universal interface to the different building control systems.
Therefore we give information to the responsible staff to adjust the control system it there is for
example a different use, change of whether or to give directives to look for the reasons in case of
extraordinary energy consumption.
The following graph shows the electrical current production of the PV plant. In a second step we
have installed a weather station. so that we can compare the solar radiation with the production to
find immediately malfunction.

The results are displayed in a public domain so that the citizen of Hagen can see
kWh and also the savings of CO2 and costs.

the produced

EDSS
An example for EDSS in the field of renewable energies is the monitoring and assessment of the
heat pumps. The assessment is done due to the COP - Value.
The value is hourly computed. This makes it possible to decide which of the two heat pumps
should operate. The following diagram shows how the results are visualized. It is a kind of
tachometer where a pointer points on different colours which assess the COP.
Comment: Because we only had the possibility to install one heat meter for both heat pumps, the
evaluation can only be done alternative, for each heat pump separately.
But this is not an real restriction, because normally only one heat pump is in operation.
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One big problem was that the responsible staff for the buildings don't exactly know the areas for
which heat, ventilation and coolness is needed. So a graphic surface on which the supply structure
is presented has been developed. All elements in those graphics are active and one can click on it
to get more information about the chosen area or of a measured device.
For the electrical energy consumption the different electrical circuits and the provided areas will be
shown. From the information of the kind of usage of the rooms one can imagine at which areas
problems are most probably. Additionally the normal energy consumption will be displayed as a
diagram for comparison and benchmarking.
To increase the interest for the topics of smart spaces we show on two flat screens in the museum
and city hall the monetary success of our project, give a very short project description and show
the homepage of the city of Hagen where one can get more information about our activities.
There you can find a link “aktuellen Energieberichte” where we describe our services and how they
were used.
The speciality is here that we publish online the current consumption data and give an assessment
there. To show the impact of the change of heat and electricity consumption (regarding lighting or
ventilation), we show the hourly consumption data for different use areas. So the office users are
invited to be an active partner in the smart spaces project.
If a visitor is motivated to visit the “Aktuellen Energieberichte” (because he wants to know how we
achieved such savings) he will find there real examples for energy saving measures and their
monetary and ecological impact. Because some of these measures can also be useful for the
private environment and we further on give there additional saving tips, we will have also a positive
impact on private sphere.

4.4.2 Energy consumption analysis
Reductions in consumption of electricity and heat of 6% and 7% respectively were realised in the
Hagen City Hall building. In the Emil Schumacher museum, electricity consumption was reduced
by 24%. From Figure 24 to Figure 26, the consumption graphs for electricity and heat for both
buildings are shown. For the museum, the interviews revealed that the Smartspaces project had a
significant impact upon the electricity consumption. One respondent said “along with the start of
the [Smartspaces] service we implemented a change in the building control system to optimise the
heat and cold production of the heat pipes. This change was made possible by analysing the heat
and cold flows of the additional meters, that we have been able to install due to the Smartspaces
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project. This change has led to a major decrease in the electric consumption”. In addition, the
electricity graphs clearly show the effect of the Christmas shutdown.
Peak reductions of 6% for electricity and 6% for gas were measured.
Site

Commodity

Units

Forecast

Measured

Change

% Change

Emil Schumacher
museum
Electricity

kWh

1147803.93

877037.55

-270766.38

-24%

City Hall

Electricity

kWh

994905.26

939756.43

-55148.83

-6%

City Hall

Gas

kWh

1822784.40

1688859.55

-133924.84

-7%

Figure 24: Electricity consumption profile for Emil Schumacher museum

Figure 25: Electricity consumption profile for Hagen City Hall
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Figure 26: Gas consumption profile for Hagen City Hall

4.4.3 Results of behavioural change analysis
This section presents an analysis of the mid-term interviews with building professionals, which
aimed to understand the main benefits of the SMARTSPACES services perceived by the users at
the institutional and social level that may have had an impact of changes in attitudes and behaviour
of building users towards energy savings at the individual level.
Subsequently, changes at the individual-level changes as a result of the implementation of the
EDSS SMARTSPACES services are assessed by analysing differences in awareness, attitudes,
subjective norms, perceived control, intentions and self-reported behaviours of respondents (staff
members and visitors) to the baseline and final surveys. This section also describes respondents’
views about the usefulness of the information provided by the EDSS.

Mid-term interviews
One semi-structured interview was conducted by phone in April 2014 with the Building Energy
Manager (Hagen1). The interview took place in German and it was simultaneously translated in
English with the assistance of the representative of the pilot site. The interviewed building
professional has worked with the City of Hagen and Envi to develop the software of the project.
The following subsections summarise the benefits that the interviewees perceived about the EMS
and EDSS as well as the institutional and social effects derived from the implementation of the
project. Quotes of the interviews are fully provided in Appendix 2.

Energy Management Service
Prior to the SMARSPACES project, measurements of heat, electricity and water consumption were
available in the participating buildings, but only in paper (energy bills) and received once a month
from the utility companies, none of these measurements were automated. Monthly data was input
manually to a program, and the consumption was analysed by comparing the measurements with
the previous months. Building energy management systems, managed centrally from the
interviewee’s office, were in place. There was some degree of control of the energy performance of
the buildings, mainly through changes of temperature and time settings.
The main benefits of the EMS mentioned by the interviewee were the visualisation of the energy
and water consumption data of the buildings and the early and quick detection of anomalies or
wrong settings. Hence, the interviewee considered the EMS as a very good tool that helps him to
control the energy consumption.
“It is a very good idea because we have the chance to look at what the energy
consumption is in the building and we also have the energy consumption control, which
is a very important thing to have.” (Hagen1)
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Building professionals, staff and software developers have access to the EMS, which is linked to
the EDSS in the web portal interface. However, the interviewee explained that more detailed data
is available for building professionals.

Energy Decision Support Service
Target users of the EDSS are the same as for the EMS in Hagen, which have access to these
services in the web portal interface (only in staff computers). However, the interviewee highlighted
that these services are mainly used by building professionals, the pilot site representative and two
members of staff of the Council House building. At the time of the interview (April 2014), the EDSS
was not shown to visitors. In the interviewee’s viewpoint, this service would be more useful for staff
than for visitors as he considered that visitors may not have the insight and interest of the energy
consumption in the buildings.
Message, channels of communication and exposure
Within the information that the EDSS provides, it shows graphs of the energy consumption where
building users can see if the consumption is high or low very close to the time when this takes
place. Hence, corrective actions can take place in a timely manner.
The interviewee considered that the technical information provided by the EDSS is appropriate for
building professionals, but when the service is displayed to visitors, he recommend to provide the
information as simple and easy as possible, so visitors can understand it.
Regarding the dissemination and training of staff to use the EDSS, the interviewee commented
that there was a task force group for this purpose. The task force group was constituted by staff
from the City of Hagen, GWH and Envi. This task force group received the training on how to use
the EMS and EDSS.
The EDSS is consulted by the building professionals (energy team) on a daily basis, but the
interviewee was unable to comment if other users had enough exposure to the services.
The main reporting mechanism when staff or visitors notice comfort problems or energy saving
opportunities is through phone calls to the energy management team. This mechanism is the same
prior and after the implementation of the services.
Benefits
As mentioned earlier, the accessibility and timely visualisation of the energy data has been a key
issue to raise awareness and prompt positive corrective actions from staff since the deployment of
the services.
“It is a very good tool, because you can see the energy consumption. On the computer,
we can see the graphs and in these graphs, we can see if the consumption is high or
low, showing it in a time very close when it happens.” (Hagen1)
“On one side with the program, we are able to see more. On the other side, we talk
with staff and the awareness of staff is higher than before since we have the program.”
(Hagen1)
Furthermore, the better control of the energy management in the building and higher staff
awareness has enabled actual reductions. The interviewee mentioned that a 30% energy reduction
has been achieved in the Museum through changes in the heating settings and a 10% reduction in
the City Hall.
“Yes, we have reduced the energy consumption. In the museum, we have reduced
already 30% because we made several changes in the heating settings. In the offices
of the City Hall, we reduced 10%.” (Hagen1)
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Institutional effects
The interviewee considered that the SMARTSPACES project is a good project that supports the
culture and policies of the organisation, while the services facilitate the daily job of his team
through a better control of the energy consumption in the buildings.
“I think it is a very good project in our culture because we have in our policy the goal to
save energy and it is what we do every day. The SMARTSPACES services are very
good tools to control the consumption.” (Hagen1)
The implementation of the project has been supported by key actors in the City of Hagen
allowing time to building professionals to work on the EMS and EDSS. Good communication
between project partners (City Council and Envi) has also facilitated this process.
The interviewee perceived that the main driving factors to further embed the project into the
organisational culture are the energy and cost savings, while the only barrier is related to the
staff skills who need to learn how to use the new software when it is introduced.

Social effects
The main existing social network in the project has been the task force group. The interviewee was
not aware of new social networks. Positive and negative reactions were received from staff and the
task force, for example, when the energy team decreased the temperature in some parts of one of
the building. Negative complaints from staff were received over the temperature in their offices,
whereas positive comments were provided when a reduction in the energy consumption was
observed.
However, in general terms, the visualisation of energy data has improved the cooperation of
building users to reduce energy use and the interaction with the energy team, as reflected in the
following quote.
“Staff [members] who have worked for many years in these buildings can see if there is
high energy consumption. For example, if the lights or other equipment are on. They
ask us ‘what is the reason for this? Can we turn this off or should it be left on?’… ”
(Hagen1)

Staff and visitors’ surveys
This section focuses on the views of building users about the information provided by the EDSS in
the council buildings and the changes on attitudes and behaviours to reduce energy use at the
individual level as a result of the implementation of the EDSS.

Surveys’ data collection
Surveys responses for staff were collected online, while the visitors’ responses were collected on
paper. For the baseline T1 survey, the Head of Department of the City Council sent a general
email to all staff in the City Hall and in the Museum around November 2013 and January 2014
inviting them to complete this questionnaire. For the final T2 survey, DMU contacted respondents
of the baseline survey in August 2014 inviting them to complete the second survey of the project.
However, due to the low response received by these participants at the end of August, the Head of
Department of the GWH sent again an email to all staff in the participating buildings requesting
them to complete the final survey. For the visitors’ surveys, staff from the City Council approached
participants directly in the lobbies of the Museum and the Citizens Advice Bureau in the City Hall
for both, the baseline and final surveys.
As illustrated in Table 18, 34 responses from staff members were received in the baseline T1
survey and 25 responses in the final T2 survey (2 participants did not specify the building they
were working in). For the visitors’ surveys, 53 responses were collected for the baseline survey
and 52 in the final survey.
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Table 18: Surveys responses (Hagen)
Staff surveys

Visitors surveys

Hagen
Baseline T1

Final T2

Baseline T1

Final T2

Participating buildings

34

25

53

52

Non-participating buildings

0

2

0

0

Total responses received

34

27

53

52

Although 34 staff participants of the baseline T1 survey were contacted, only 9 respondents
completed the final T2 survey (Figure 27). Due to this low response rate, a ‘panel’ data analysis
was not conducted. Instead, the staff surveys in Hagen were analysed as independent samples
considering 34 responses from the baseline T1 survey and 25 responses from the final T2 survey.

Figure 27: Staff surveys responses to the baseline and final surveys

Profile of respondents
Staff respondents in the baseline and the final surveys had different socio-demographic profiles
(Table 19). Mostly male respondents completed the baseline survey (68%), whereas the final
survey was responded by a large number of female staff (60%). In the baseline survey, most of the
participants were aged between 30 and 60 years old (91%), while a more mature group between
the ages of 45 and over 60 completed the second survey (88%). Nearly half of staff respondents in
both surveys had at least a university education. Around 21% of respondents stated they had
energy management responsibilities in the baseline survey, while only 16% had in the final survey.
The socio-demographic profiles of the visitors’ respondents also varied between the baseline and
final surveys. Two thirds of the respondents were aged between 30 and 60 years old in the
baseline survey, whereas in the final survey one third corresponded to young adults aged between
15 and 29 years old and one third to respondents over 60 years old.
Table 19: Profile of respondents in relation to survey participation
Staff surveys

Visitors surveys

Profile
Gender

Age
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Baseline T1

Final T2

Baseline T1

Final T2

Male

23 (68%)

9 (36%)

22 (41%)

36 (50%)

Female

10 (29%)

15 (60%)

25 (47%)

22 (42%)

Prefer not to say

0 (0%)

0 (0%)

3 (6%)

0 (0%)

Not responded
15–29 years old

1 (3%)

1 (4%)

3 (6%)

4 (8%)

1 (3%)

0 (0%)

7 (13%)

17 (33%)

30-44 years old

7 (20%)

2 (8%)

10 (19%)

9 (17%)
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Profile

Education

Energy
Management
responsibilities

Staff surveys

Visitors surveys

45-59 years old

24 (71%)

20 (80%)

25 (47%)

9 (17%)

60 or over

2 (6%)

2 (8%)

8 (15%)

14 (27%)

Prefer not to say

0 (0%)

1 (4%)

2 (4%)

3 (6%)

Not responded

0 (0%)

0 (0%)

1 (2%)

0 (0%)

Lower secondary

6 (17%)

1 (4%)

7 (13%)

16 (31%)

Upper secondary

7 (21%)

11 (44%)

17 (32%)

8 (15%)

University

14 (41%)

6 (24%)

14 (26%)

18 (35%)

Post graduate

5 (15%)

6 (24%)

11 (21%)

10 (19%)

Not responded

2 (6%)

1 (4%)

4 (8%)

0 (0%)

Yes

7 (21%)

4 (16%)

-

-

No

27 (79%)

21 (84%)

-

-

The majority of staff responses were received from employees working in the City Hall building: 34
responses (100%) in the baseline survey and 22 (88%) in the final survey (Figure 28). As to the
visitors’ surveys, more responses were collected in the City Hall (60%) than in the Museum (40%)
during the baseline survey, whereas in the final survey more responses were gathered from the
Museum (61%) compared to the City Hall (39%%) (Figure 29). Council staff benefited from a new
exhibition taking place in the Museum on early September 2014 to collect responses from visitors
for the final survey.

Hagen001 = City Hall, Hagen002 = Emil Schumaher Museum
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Figure 28: Staff responses by participating buildings in the baseline and final surveys

Hagen001 = City Hall, Hagen002 = Emil Schumaher Museum

Figure 29: Visitors’ responses by participating buildings in the baseline and final surveys

Impact of the EDSS
In the final survey, all respondents were asked their views about the usefulness of the information
provided by the EDSS. However, in the case of visitors, these particular questions were only
answered if they have heard about the SMARTSPACES project. From the 52 responses received,
only 7 visitors (13%) knew about the project through word of mouth, posters and email. Only the
visitors who have heard about the project before answered the questions related to the EDSS.
Figure 30 shows that staff respondents in Hagen were involved in the campaign by considering
energy use in public buildings as a relevant issue for them (mean=4.070). In lesser extent, visitors
were also involved (n=52, mean 3.635). Staff were inclined to agree that the City of Hagen (GWH)
is as a competent, expert and knowledgeable source to provide the information (source credibility)
(mean=3.652). Regarding to the EDSS, staff tend to agree that the information provided is
believable and credible (argument quality) (mean=3.573), but in a lesser extent that it is useful and
engaging (ability to process) (mean=3.402). As a result of viewing or using the EDSS, staff
responded that they were either neutral or likely to think further about energy use in the buildings
or change activities in their work (intention to elaborate) (mean=3.464). More details on the
descriptive statistics can be found in Table A1.1 in Annex 1.
Only 7 visitors knew about the SMARTSPACES project. The few visitors that have viewed the
information of the EDSS found the information believable and credible (argument quality) (n=4,
mean=4.300), helpful and engaging (ability to process) (n=6, 3.778). These respondents stated
that they were either neutral or likely to change activities in their personal life to reduce energy or
think more about this topic (intention to elaborate) (n=7, mean=3.743) (Figure 30). In Hagen,
visitors were not asked about the credibility of the City Council to provide the information as it was
thought that the staff collecting the responses would not feel comfortable asking this question.
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n = 25

n = 52 (involvement), n = 4 (argument quality), n=4 (ability to
process), n=7 (intention to elaborate)
1 = strongly disagree, 5 = strongly agree

Figure 30: Staff and visitors’ responses regarding the effectiveness of the EDSS

Factors that might increase the thoughtful consideration of changing behaviour to reduce energy
use in buildings (intention to elaborate) were further investigated using correlation analysis.
For the staff survey, the correlation analysis showed a strong linear relationship between the ability
to process and the intention to elaborate (ρ=0.768, p=0.000), and moderate correlation between
the argument quality (ρ=0.628, p=0.002) and source credibility (ρ=0.444, p=0.039) with the
outcome variable (Table A1.2, Annex 1). These results indicate that a key aspect for staff to
consider changing their behaviour to reduce energy use in the buildings is that the information
provided by the EDSS is reliable, useful and engaging, but it is also relevant for them to perceive
that the information is clear and credible and that the source providing this information is
competent and expert.
Results from the visitors’ survey correlation analysis should be taken with caution as the number of
respondents to these questions was very low. Similar to the staff surveys, the correlation analysis
showed a strong linear relationship between the ability to process and the intention to elaborate
(τ=0.833, p=0.034). (Table A1.3, Annex 1).

Comparative analysis of the baseline and final surveys
The number of same identified staff members in the baseline and the final surveys was very low
(only 9 out of 25 responses received). Hence, a ‘panel’ data analysis was not conducted.
Responses from the staff surveys were analysed as independent samples considering 34
responses from the baseline T1 survey and 25 responses from the final T2 survey.
In the case of visitors, it was agreed since the development of the evaluation framework that their
responses would be collected from different participants and they would be examined as
independent samples.
Staff surveys
Figure 31 illustrates that staff respondents were aware of the environmental problems associated
with energy use (mean=4.074) since the baseline T1 survey and knowledgeable on how to reduce
energy use or report energy saving opportunities (mean=4.049). Respondents had certain degree
of belief that their actions to reduce energy were effective (attitude) (mean=3.684). Staff
respondents of the baseline survey tended to agree that they could easily reduce their energy use
or report ESO to colleagues (perceived behavioural control – PBC) (mean=3.765) and feeling
social pressure to reduce energy use (subjective norm) (mean=3.440). These participants were
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also inclined to agree on having intentions to reduce energy use (mean=3.694) and to report
energy saving opportunities (ESO) (mean=1.653) (see also Table A1.6 in Annex 1).
After the staff had access to the EDSS (intervention), responses from the group of respondents
that completed the final survey showed trends of improved levels of knowledge (0.4%), attitude
(1.5%), subjective norm (5.8%), perceived control (1.3%), intentions to report ESO (3.9%) and
behaviour to minimise energy use (1.2%) (see Figure 31 and Table A1.8 in Annex 1).

1 = strongly disagree, 5 = strongly agree

Figure 31: Box plots of the TPB variables in the baseline and final staff surveys

Once aspect that may have affected negatively the results of the staff surveys was that most
employees in the City Council use old version of web browsers (e.g. Internet Explorer 7). The
energy consumption graphs are adequately displayed in high speed web browsers, but not in the
old web browsers. At the time that the final survey data collection was taking place, the company
responsible of the IT systems in the City of Hagen was trying to solve this problem.
Visitors’ surveys
Respondents of the final survey were in average more aware that the respondents in the baseline
survey (0.2%), had stronger beliefs that reducing energy use is worth the effort (attitude) (6.1%),
showed more intention to decrease energy consumption (6%). The level of self-reported behaviour
to reduce energy use was also higher (12.6%) in this group compared to the respondents of the
baseline survey. However, respondents of the final survey indicated having less knowledge on how
to reduce energy use (8.3% lower than the respondents in the baseline T1 survey) and less ability
to reduce energy use (perceived control - PBC) (-10.8%) (Figure 32 and Table A1.9 in Annex 1).
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1 = strongly disagree, 5 = strongly agree

Figure 32: Box plots of the TPB variables in the baseline and final visitors’ surveys

Although positive differences were observed, these trends of change cannot be attributed to the
information provided by the EDSS as only few respondents in the final survey knew about the
SMARTSPACES project and the EDSS.
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4.5

Istanbul
Istanbul Sport Event Inc
Buildings 1

Surface 22,000m²

Average Age 2007

Lessons

Users

Building Type

Services EDSS, EMS

Sport centre and
offices

Staff >120
Professionals 10
Visitors >50,000

Resources covered
Facility staff.
Managers and subcontractors.
Users of facilities

DO

Better planning and management help to avoid issues during the
operational phase.

DON’T

Don not forget that your users (staff, visitors) are central to the successful
adoption of the solution, they should always be considered and engaged
whenever something regarding the project happens.

Energy consumption analysis

Large heating savings were achieved in Istanbul (37.3%), while electricity savings were 6.4%.
These savings were estimated based on simulated data. Heating savings could be attributed to the
prompt identification and solution of high energy consumption malfunctions through the monitoring
and control system implemented in the project (as expressed by interviewed building
professionals).

Behavioural change analysis
Since the implementation of the EMS, the energy data is collected automatically and recorded in a
server. Data is analysed through a web-based software which also provide reports to the energy
team. The target users of the EMS are technical staff. The main benefits perceived by the
interviewees are the monitoring and control system. Through this service, high energy
consumption or malfunctions, such as problems in the filters, belt breakage, etc. can be easily
identified and promptly fixed with extra benefits, such as less staff time. The target users of the
Green Building Monitor (EDSS) are building professionals, staff and visitors. Interviewees
considered that the EDSS is more beneficial to technical staff who can analyse the energy data.
For staff and visitors, building professionals provide them with simple information and easy to
understand through emails, posters and brochures. Interviewees perceived that the main benefits
of the EDSS has been the increase of awareness among staff and visitors day by day through the
visualisation of data and key messages to staff such as turning off lights, closing doors when air
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conditioning is on, etc., which they believed has helped to reduce their energy consumption in the
building to achieve their reduction targets. Interviewees explained that the mission of their
organisation is to encourage citizens to improve their health through sport and bring up healthy
generations. Social responsibility and the protection of the environment is also a relevant part of
their culture. Therefore, the SMARTSPACES project is consistent with their organisational culture.
The main drivers perceived by the interviewees are the energy cost reductions that benefit the
organisation. The challenges perceived by the staff related to increasing the technical knowledge
of staff to engage them more with the project and convince them to change the comfort and
lifestyle. The dissemination of the project outside the organisation has developed stronger network
with municipal bodies within the city of Istanbul. Other entities, such as a retirement house
corporation has become interested and contacted the interviewees.
Exemplary quotes from the mid-term interviews are presented in the following table:
“We can easily monitor and control all the building thanks to the EMS. Malfunctions
Benefits of the
can be fixed with remote control on time. Besides, we can profit from time and
EMS
labour” (Istanbul1)
“I think that the EDSS is a very helpful system because we can communicate with
Benefits of the
building users and the project team. The awareness is improving day by day with
EDSS
reducing values” (Istanbul2)
“The project is consistent with our company cultural environmental, which is to
Institutional bring up healthy citizens and generations through sports, social responsibility and
effects environmental protection. For this reason, SMARTSPACES is very easy to adopt
in our company” (Istanbul1)
“We have shared our project experience with municipal bodies. Thanks to the
Social effects project, we created stronger networks among them and the project team”
(Istanbul1)

Surveys were completed by 54 staff and 60 visitors in the baseline survey and by 9 staff and 61
visitors in the final survey. Regarding their views about the usefulness of the information provided
by the EDSS, staff particularly agreed that the information provided was clear, credible, useful and
engaging, while they also considered that SPOR A.S. and Siemens were competent and expert to
provide the information. Results indicate that a key aspect for staff and visitors to consider
changing their behaviour to reduce energy use in the building is that the information provided by
the EDSS is perceived as reliable, useful and engaging and their belief that the institutions
providing this information are knowledgeable and experts.
Six responses (out of nine) from the same identified staff in the baseline were collected in the final
survey. After these individuals had access to the EDSS, their levels of awareness (3.9%), of belief
that their action to reduce energy use is effective (attitude) (2.1%) and self-reported behaviour to
minimise energy use (9.5%) were slightly higher. As to the visitors’ surveys, respondents of the
final survey perceived that taking actions to reduce energy use (perceived control) was easier than
the respondents in the baseline survey (8.8%) and self-reported a favourable behaviour to
decrease their energy use (5.6%).
Building users

Self-reported behaviour
to reduce energy use

Staff

9.5%

Visitors

5.6%

Average change

7.6%

4.5.1 Background information
The Fatih Sports Facility is a new building (it was constructed in 2007) but the mechanical and
architectural designs of the building are not adequately efficient. Various energy systems are being
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used within the building including products like chillers, lighting with semiconductor ballast, boiler
systems, air conditioning centrals, swimming pool systems. As part of the SMARTSPACES project
Siemens developed a system with associated services for efficiency management and building
automation. The service implemented and operated in this pilot site is an EDSS – Energy Decision
Support System which has been installed after a comprehensive refurbishment of the building had
taken place ranging from insulation measures using valve jackets to the installation of coupling
type pumps and lighting and air-conditioning automation.
120 Employees are working in this facility. Employees consist of executives, trainers, reservation
staff, janitors, technicians. Approximately 1000 members come to the facility per day.
Fatih Sports Facility was built in order to provide service to improve citizens’ physical and mental
health, to develop skills by encouraging participation in sports activities and enabling the citizens of
Istanbul to make use of sports facilities by Istanbul Metropolitan Municipality in 2007. Citizens can
practice sports in our facility such as swimming, basketball, volleyball, tennis, fitness, step-aerobic
and pilates.
The facility’s heating systems are used with natural gas and electricity whereas air conditioning
and cooling systems are used with electricity. An automation system isn’t used for heating,
ventilation, air conditioning and lighting systems, so that energy consumption and carbon emission
are increased.

EMS
In Turkey, energy efficiency measures are new and their adaptation processes are not easy.
Energy managers should be supported by top management not only in a financial way but also
with respect to motivation. It is inevitable to realize the implementation budgets prepared in this
field and to build an Energy Management System (EN 16001).
At management level, Desigo Insight provides an overall user interface for operating, monitoring,
and analysing of all connected systems and plants.
At automation level, primary plants are controlled by Desigo PX and operated by PX Web via a
Web client. Desigo Total Room Automation and Desigo RX also enable individually tailored
solutions to provide comfort control in individual rooms plus control of lighting and shading. Desigo
I/O modules provide the interfaces to actuators and sensors.
The BACnet® Testing Laboratories (BTL) Mark is trademarked and its use strictly regulated.
Siemens products that have consistent compliance with EN 15232 and been successfully tested by
the BACnet Testing Laboratories are eligible to display the BTL Mark as part of the listing process.

EDSS
The Fatih Sports Facility will provide a good pilot site providing experiences for energy managers
in Turkey. It will demonstrate the possibility of an application of an energy efficient solution based
on an EDSS - Energy Decision Support System in an existing building.
Siemens as the technology partner has been included in the project through a tender process.
Sports Inc. (the affiliate of Istanbul Metropolitan Municipality) as the manager and user of the
sports facility, Istanbul Energy Inc. (the affiliate of Istanbul Metropolitan Municipality) as the
observer to control and certify the implementation process of the project as well as an experienced
technology partner. Formally only the Istanbul Sports Inc. will act as the official partner.
The Energy Monitoring and Controlling Solution (EMC) is an Internet-based application for
monitoring and controlling energy consumption in buildings (see above screenshots). You can use
the EMC application for a range of activities, from simple logging of data to complex analysis of a
variety of consumption control features. By keeping a continuous record and analysis of
consumption data, the application helps you identify potential savings and evaluate the success of
your energy optimization measures. Consumption data is logged manually or via a Web browser
on a central Internet server, accessed through secure, personal user accounts. You can operate
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the EMC application and run reports from any standard computer with Internet access. Because
the EMC application is modular, you can add as many auxiliary modules and options to the
standard EMC package as needed for your specific energy-related concerns.

4.5.2 Energy consumption analysis
The table below shows the electricity, heating and cooling energy consumption data for the
building in Istanbul. The baseline data, used to forecast consumption, was generated by
simulation. The simulated data provides a guide with which to assess the measured data.

Electricity
Heat
Cooling

Units
kWh
kWh
kWh

Forecast
992,216.81
1,031,387.79
208,313.92

Measured
928,762.00
647,052.00
281,710.00

Change
% Change
-63,454.81
-6.40
-384,335.79
-37.26
73,396.08
35.23

4.5.3 Results of behavioural change analysis
This section presents an analysis of the mid-term interviews with building professionals, which
aimed to understand the main benefits of the SMARTSPACES services perceived by the users at
the institutional and social level that may have had an impact of changes in attitudes and behaviour
of building users towards energy savings at the individual level.
Subsequently, changes at the individual-level changes as a result of the implementation of the
EDSS SMARTSPACES services are assessed by analysing differences in awareness, attitudes,
subjective norms, perceived control, intentions and self-reported behaviours of respondents (staff
members and visitors) to the baseline and final surveys. This section also describes respondents’
views about the usefulness of the information provided by the EDSS.

Mid-term interviews
One group interview was conducted in September 2014 with the following building professionals:




Energy Manager of the Sports Facility (Istanbul1)
Electricity Technician (Istanbul2)
Energy Technician (Istanbul3)

All interviewees have participated in the development and implementation of the SMARTSPACES
project in Istanbul, since the analysis of the current situation, developing the specifications for the
EMS, adapting the information for the EDSS and providing instructions for the development of the
website. Monitoring the energy consumption is also part of their daily jobs. Their main
responsibilities are related to the energy management and control of the building, and provide
feedback from the staff to the system.

Energy Management Service
Prior to the SMARTSPACES project, the energy data was received via invoices from the energy
utilities in a monthly basis. There was no automation or measurements of the indoor and outdoor
temperature or energy consumption. The analysis was manually conducted via spreadsheets and
the control was mainly through costs. Due to the lack of measurements, interviewees commented
that the energy consumption was high due to inadequate heating and cooling of the building.
Since the implementation of the EMS, the energy data is collected automatically and recorded in a
server. Data is analysed through a web-based software which also provide reports to the energy
team. Therefore, the target users of the EMS are technical staff. The main benefits perceived by
the interviewees is the monitoring and control system. Through this service, high energy
consumption or malfunctions, such as problems in the filters, belt breakage, etc. can be easily
identified and promptly fixed with extra benefits, such as less staff time.
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“We couldn’t fix malfunction, we also couldn’t monitor the energy consumption without
the system. Now, we can easily monitor and control all the building thanks to the EMS.
Malfunctions (filter pollution, belt breakage) can be fixed with remote control on time.
Besides, we can profit from time and labour.” (Istanbul1)
There has been some problems with the installation and operation of the service, where technical
staff could not see the information required. At the time of the interview, there was still some
problems with the Green Building Monitor (EDSS) that was in the process of being completed.

Energy Decision Support Service
The target users of the Green Building Monitor (EDSS) are building professionals, staff and
visitors. Interviewees considered that the EDSS is more beneficial to technical staff who can
analyse the energy data. For staff and visitors, building professionals provide them with simple
information and easy to understand through emails, posters and brochures.
Message, channels of communication and exposure
The information is provided through the Green Building Monitor web page, posters, stickers, email
and promotional videos. In the process of the development of the web page, the team tried to
simplify the technical information so users and staff could become more interested in the energy
consumption of the building through a colourful design and animation. To make the EDSS more
attractive, additional information, such as weather condition, is also provided. The energy team
disseminates this information via emails, Twitter and Facebook.
Benefits
Interviewees perceived that the main benefits of the EDSS has been the increase of awareness
among staff and visitors day by day through the visualisation of data and key messages to staff
such as turning off lights, closing doors when air conditioning is on, etc., which they believed has
helped to reduce their energy consumption in the building to achieve their reduction targets.
“I think that the EDSS is a very helpful system because we can communicate with
building users and the project team. The awareness is improving day by day with
reducing values” (Istanbul2)
Although they acknowledged that these reductions have not visible enough due to some technical
problems in some stages of the project and the short time the EDSS has been in operation.

Institutional effects
Interviewees explained that the mission of their organisation is to encourage citizens to improve
their health through sport and bring up healthy generations. Social responsibility and the protection
of the environment is also a relevant part of their culture. Therefore, the SMARTSPACES project is
consistent with their organisational culture.
The main drivers perceived by the interviewees are the energy cost reductions that benefit the
organisation as well as the improvement of users’ awareness by communicating the use of
renewable sources. The fact that SMARTSPACES is a European project has gained support from
the top management, and they provided the resources to implement it. The challenges perceived
by the staff related to increasing the technical knowledge of staff to engage them more with the
project and convince them to change the comfort and lifestyle. It was mentioned that some staff felt
that the (evaluation) surveys conducted in the project where too technical for them.

Social effects
At the start of the project, staff did not understand the project as they did not know how to save
energy with ICT. Therefore, the project team has disseminated the information and experience of
the project to different municipal authorities. Therefore, the project has developed stronger
networks with these municipal bodies. This dissemination outside the organisation has also aimed
to interest other entities about the energy savings using ICT, for example, a retirement housing
corporation.
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Staff and visitors’ surveys
This section focuses on the views of building users about the information provided by the EDSS,
and the changes on attitudes and behaviours to reduce energy use at the individual level as a
result of the implementation of the EDSS.

Surveys’ data collection
For the baseline T1 staff surveys, SPOR A.S. contacted members of staff in the Fatih Sports
Facility and requested them to complete the survey online. For the final surveys, DMU contacted
T1 staff respondents to invite them to complete the final T2 survey in early August 2014. Due to the
low response received by the end of August, SPOR A.S. also encouraged staff to complete the
online surveys. SPOR A.S. collected responses from visitors in paper for both surveys and
submitted an electronic version to DMU for analysis.
A total of 54 responses from staff were received in the baseline T1 survey but only 9 completed the
final T2 survey, while 60 and 61 visitors responded to the baseline and final surveys respectively
(Table 20). From the same identified T1 staff participants contacted only 6 responded the second
survey (Figure 33). The analysis of the staff surveys in Istanbul focuses on the 6 responses of the
same identified staff of the baseline T1 survey (panel data) due to the low response received in the
final survey.
Table 20: Surveys responses (Istanbul)
Staff surveys

Visitors surveys

Istanbul
Baseline T1

Final T2

Baseline T1

Final T2

Participating buildings

54

9

60

61

Total responses received

54

9

60

61

Figure 33: Staff surveys responses to the baseline and final surveys

Profile of respondents
Staff surveys were responded by a larger proportion of male participants, while the proportion of
female respondents was higher in the visitors’ surveys. Mostly staff members aged between 15
and 45 years old responded the baseline survey, while the final survey was completed by staff
respondents between 30 and 45 years old. In the case of the visitors’ surveys, around three
quarters of respondents were aged between 15 and 45 years old. The majority of staff respondents
had at least a University education in both surveys, while visitors’ respondents had at least an
upper secondary education. More than half of staff respondents stated in both surveys that they
had energy management responsibilities in the sport facility. See Table 21 for further details.
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Table 21: Profile of respondents in relation to survey participation
Staff surveys

Visitors surveys

Profile
Gender

Age

Education

Energy
Management
responsibilities

Baseline T1

Final T2

Baseline T1

Final T2

Male

33 (61%)

7 (78%)

29 (48%)

23 (38%)

Female

21 (39%)

2 (22%)

31 (52%)

38 (62%)

Not responded
15–29 years old

0 (0%)

0 (0%)

0 (0%)

0 (0%)

21 (39%)

0 (0%)

18 (30%)

21 (34%)

30-44 years old

31 (57%)

2 (22%)

30 (50%)

25 (41%)

45-59 years old

2 (4%)

7 (78%)

9 (15%)

10 (16%)

60 or over

0 (0%)

0 (0%)

3 (5%)

2 (3%)

Not responded

0 (0%)

0 (0%)

0 (0%)

3 (5%)

Lower secondary

0 (0%)

0 (0%)

7 (12%)

12 (20%)

Upper secondary

11 (20%)

1 (11%)

28 (47%)

18 (29%)

University

39 (72%)

5 (56%)

21 (35%)

25 (41%)

Post graduate

4 (7%)

3 (33%)

4 (7%)

3 (5%)

Not responded

0 (0%)

0 (0%)

0 (0%)

3 (5%)

Yes

28 (52%)

6 (67%)

-

-

No

26 (48%)

3 (33%)

-

-

Not responded

0 (0%)

0 (0%)

-

-

Impact of the EDSS
In the final survey, all respondents were asked their views about the usefulness of the information
provided by the EDSS. However, in the case of visitors, these particular questions were only
answered if they have heard about the SMARTSPACES project. From the 61 responses received,
56 visitors (92%) knew about the project mainly through posters and public display screens. These
visitors answered the questions related to the EDSS.
Figure 34 depicts that staff and visitors agreed or strongly agreed that energy use in public
buildings is a relevant issue for them (involvement) (staff mean=4.694, visitors’ mean=4.402). Staff
more than visitors agreed that SPOR A.S. and Siemens were competent, expert and
knowledgeable to provide the information (source credibility) (staff mean=4.222, visitors’
mean=3.607). Staff agreed that the information provided in the EDSS is believable and credible
(argument quality) (mean=4.089) as well as useful and engaging (ability to process) (mean=4.222).
Responses of visitors to these questions were slightly positive or neutral, but more diverse. As a
result of viewing or using the EDSS, staff particularly responded that they were more likely to think
further about energy use in the buildings or change activities in their work (intention to elaborate)
(staff mean=4.089, visitors’ mean=3.487). More details on the descriptive statistics can be found in
Table A1.1 in Annex 1.

Page 106 of 338

30/03/2015

SMARTSPACES – D7.2

n=9

n = 61 (involvement), n = 56 (argument quality, source
credibility), n = 55 ability to process, intention to elaborate)
1 = strongly disagree, 5 = strongly agree

Figure 34: Staff and visitors’ responses regarding the effectiveness of the EDSS

Factors that might increase the thoughtful consideration of changing behaviour to reduce energy
use in buildings (intention to elaborate) were further investigated using correlation analysis.
For the staff survey, the analysis showed strong correlations between their ability to process (τ
=0.732, p=0.010) and their level of source credibility (τ =0.716, p=0.010) with the outcome variable
(intention to elaborate) (Table A1.2, Annex 1). The analysis of the final visitors’ survey indicated a
strong correlations between their level of ability to process (ρ=0.715, p=0.000) and moderate
correlations with the argument quality (ρ=0.657, p=0.000) and the source credibility (ρ=0.598,
p=0.000) (Table A1.3, Annex 1).
Results indicate that a key aspect for staff and visitors to consider changing their behaviour to
reduce energy use in the building is that the information provided by the EDSS is perceived as
reliable, useful and engaging and their belief that the institutions providing this information are
knowledgeable and experts.

Comparative analysis of the baseline and final surveys
This section examines changes in the attitudes, subjective norms, perceived control, intentions and
behaviour to reduce energy of staff and visitors that could be attributed to the experience of
viewing or using the EDSS.
Staff surveys
Six responses (out of nine) from the same identified staff in the baseline were collected in the final
survey. These responses were examined as ‘panel’ data to compare users’ attitudes and
behaviours before and after the intervention. After these individuals had access to the EDSS, their
levels of awareness (3.9%), of belief that their action to reduce energy use is effective (attitude)
(2.1%) and self-reported behaviour to minimise energy use (9.5%) were slightly higher. Small
unfavourable changes were observed in their levels of knowledge (-3.7%), perceived control (3.9%) and intentions to reduce energy use (Figure 35). No changes were seen in their levels of
subjective norm or intentions to report energy saving opportunities. See Table A1.11 in Annex 1 for
more details.
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Figure 35: Differences of TPB variables from panel data

Visitors’ surveys
Respondents of the final survey perceived that taking actions to reduce energy use (perceived
control) was easier than the respondents in the baseline survey (8.8%) and self-reported a higher
behaviour to decrease their energy use (5.6%) (Figure 36 and Tables A1.7 and A1.9 in Annex 1).

1 = strongly disagree, 5 = strongly agree

Figure 36: Box plots of the TPB variables in the baseline and final visitors’ surveys
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4.6

Leicester

De Montfort University
Leicester

Leicester City Council
Buildings 134

Surface 110,000m²

Average Age 1954
Building Type Numerous
Users

Staff >75
Professionals 27
Visitors >350

Services EDSS, EMS
Resources covered
Office workers, General Staff, Teachers, etc.
Managers
Users of facilities

Energy consumption analysis

In Leicester, water savings of 15.3% were achieved, but the electricity and gas consumption
increased by 5.7% and 9.1% respectively. Unforeseen changes in several participating buildings
caused these increases in gas and electricity use. These changes in council and university
buildings included modifications in space use (e.g. Queens Building), migration of council staff due
to the closure of the main Headquarter building (more than 200 staff moved to 16 New Walk and
Neighbourhood Centres), movement of IT infrastructure into a single central location (John
Whitehead), extended opening hours (New Leicester Central Library and Kimberlin Library), the
need to use extra equipment after an unexpected flooding (African Caribbean Centre) and the
need to rent mobile classrooms to accommodate increasing number of students (Coleman Primary
School).
By filtering the above mentioned buildings in calculations, electricity and heating savings of 1.5%
and 4.1%% respectively were measured. The small electricity savings may be attributable to the
schools in Leicester that are going through major changes to accommodate growing number of
places required and higher IT demand. Schools are currently up to full capacity.

Behavioural change analysis
Mid-term interviews were conducted in March-April with 7 building professionals in Leicester City
Council and De Montfort University. In both institutions, the target users of the EMS are building
professionals with energy management responsibilities who perceived that the visualisation of
energy consumption almost in real time has allowed them to take immediate action when
anomalies arise. The quick visual check through the Smiley Faces enables actual energy
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reductions in participating buildings through the rectification of water leaks or adjustments in
heating schedules or temperatures. In case of the EDSS, the main users are the energy teams in
first instance, but also building officers and users in general. Interviewees agreed that the message
provided in the EDSS is simple, clear, straightforward and easy to understand. Interviewees
considered that the web portal is a useful and effective tool to inspire building professionals to be
more proactive, to raise awareness among staff and to encourage them to take positive actions to
reduce energy use. Interviewees also believed that the online forum and its discussions have
empowered building users, improved the communication amongst building users and motivated
them to have more thoughtful consideration to reduce their energy use. Some interviewees
believed that expanding the services to other buildings and communicating their benefits would
help to increase the level of awareness and further embed the project into the organisational
culture.
Exemplary quotes from the mid-term interviews are presented in the following table:
Benefits of the “I use it as a quick visual check on how all the buildings are doing. For me, it is very
EMS useful… if a face looks unhappy I can do something straightaway.” (Leicester5)
Benefits of the “It is a very effective tool for engaging staff and getting staff to take positive action to
EDSS reduce energy and carbon emissions…” (Leicester6)
“If every building has got it, then every building can go to the web and see how
Institutional
much they are using and how much they should be using or how much they have
effects
been using in the past, and that should make people aware.” (Leicester4)
“… We have had discussions of some interesting things in the forum that encourage
Social effects more care thinking and discussion. It is part of our job to keep energy consumption
stable or to reduce it.” (Leicester5)

Surveys were completed by 99 staff and 74 visitors in the baseline survey and 45 staff and 69
visitors in the final survey. Regarding their views about the usefulness of the information provided
by the EDSS, staff and visitors were inclined to agree that the information provided was clear,
credible, useful and engaging, while they also considered that the Leicester City Council and De
Montfort University were competent and expert institutions to provide the information. Results
indicate that a key aspect for staff and visitors to consider changing their behaviour to reduce
energy use in the buildings is that this topic is particularly relevant for them and the information
provided by the EDSS is reliable, useful and engaging.
Twenty-seven responses from the same identified staff in the baseline were collected in the final
survey. These responses were examined as ‘panel’ data to compare users’ attitudes and
behaviours before and after the intervention. After these individuals had access to the EDSS, the
levels of awareness, knowledge, attitudes, subjective norms and perceived control were slightly
lower. Despite the benefits highlighted by interviewees and the perceived usefulness of the tool by
this group of respondents, these participants showed lower levels self-reported behaviour to
reduce energy use in the building (-1.9%). It is not clear if these unfavourable results could be
linked with problems experienced by staff when viewing the web portal in old versions of web
browsers.
As to the visitors’ surveys, levels of awareness, attitudes and subjective norms were lower
between the participants that responded to the baseline and the final surveys. However, the
respondents of the final survey self-reported a stronger behaviour to reduce energy use.
Building users
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4.6.1 Background information
The Leicester pilot is comprised of two key partners: Leicester City Council and De Montfort
University. The buildings included in the project are drawn from both De Montfort University and
Leicester City Council. Five DMU buildings are included in the project. The new Hugh Aston
building and the Queens building are large general purpose university buildings with offices lecture
theatres, classrooms and open spaces. The Campus Centre houses the student union offices, a
pub, nightclub several shops and a restaurant. The Kimberlin library is the university’s main library
and the John Whitehead building is a university building with a larger proportion of administrative
offices. There are 600 staff users and 18,500 visitors to these buildings each month (including
students). Twenty public buildings drawn from the City Council portfolio are included in the project.
These include seven leisure centres (which include swimming pools, gyms, showering facilities),
seven primary schools (including some larger than average size primary schools,) two community
centres (Belgrave Neighbourhood Centre is the most used Community Centre in the whole of the
country), De Montfort Hall (which is the main concert venue in the City), New Walk Museum which
is the largest museum in the city centre and also has rooms to hire, 16 New Walk which is a
principal office building for Leicester City Council housing legal services, property services,
Connexions and part of Education and the Central lending library which is the largest library in the
City which has IT suites and meeting rooms as well. The City Council buildings have 2,000 staff
users and 33,000 monthly visitors of which 23,000 are students.
Prior to this project the data collected on public buildings in Leicester were not available to key
stakeholders. The monitoring system was installed as an energy management tool and the data it
generates were only made available in limited technical forms and to limited numbers of people.
This vast data resource has the potential to engage the general public, building users and decision
makers in the issues surrounding building energy performance. This project therefore aimed to
take advantage of this potential.
The project aimed to increase the transparency of the available data and to add value to the data
through sophisticated analysis. The main objectives were to make these key stakeholders more
aware of the changing performance of the buildings in question via innovative use of ICT. The
intention was to make building energy performance information more available by both publishing
the raw consumption data and also producing a range of sophisticated (but not complicated) tools
for inspecting, monitoring and comparing building energy performance.
The use of ICT was targeted at three different potential audiences: Building users (and managers),
the general public (including students) and political decision makers. Information is targeted at
these three specific audiences to give them a better understanding of the role of ICT in helping
move to a low carbon city.
Building managers and staff working in the buildings were informed about the changing
performance of their building(s) over time allowing them to take action to mitigate wastage. The
public who use the buildings were able to see the relative performance of different buildings thus
increasing their awareness of energy efficiency issues. Finally, the project helped The City Mayor
and his Cabinet to understand the role of ICT, behaviour change and investment in energy
efficiency in meeting the Leicester low carbon city agenda.
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On the left: University building; on the right: School building

The SMARTSPACES services provided an unprecedented level of access to building energy
performance information. Normal building users (staff and visitors) were given access to half-hourly
assessments of building energy performance in an easy to absorb format. Those who wanted more
detail were able to drill down into the information to uncover the detailed analysis and even access
raw data for download.
In addition to the half hourly metered data, building users were able to share their knowledge and
experience via an on-line discussion forum. http://forum.smartspaces.dmu.ac.uk/
They posted messages about the electricity, gas or water consumption issues. Other building
users or energy managers then responded to these comments. Potential building faults were
identified early (such as water leaks) and building users were able to use the forum to increase
their knowledge of building energy control philosophy and provide feedback to energy managers.
The focus was to provide the headline information (i.e. is my building performing well this week?)
up front so that this could be communicated to the largest number of users. For the subset of users
who want more information (e.g. exactly how well is my building performing this week/today/right
now?) a few more clicks are required. For the few really intrepid users who must have the detail
(e.g. How do I know that my building is performing well this week/today/right now?) this will be
available but will be buried one layer deeper still.
The unique aspect of the Leicester approach was the combination of the publically available,
simple (or detailed) presentation of the half hourly gas, electricity and water data, combined with
the on line discussion forum. That is, the combination of metered data with people discussing
these data and maintaining or improving comfort conditions in their buildings, whilst minimising
energy and water consumption.

Service description
EMS
Though automated building energy management systems are already in place in most of the
Leicester pilot buildings they were not automatically accessed by SMARTSPACES services. There
were two main mechanisms where SMARTSPACES services influenced automated control
settings. The first was to provide services directly to energy professionals who in turn have access
to control settings. The second was to provide building users with the facility to engage in
discussions about the performance of their building from within the SMARTSPACES services. This
capability was also provided to building energy professionals so that building users had a direct link
to the experts and the experts had access to the observations and opinions of building users. That
is, there was an on-line dialogue between building users and energy managers and also an on-line
dialogue between different building users.
Some users (energy managers) had access to the BEMS and used information provided by the
SMARTSPACES EMS to alter the BEMS settings and configurations. BEMS configuration
impacted on the following:
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Occupancy schedules and calendar (to apply different settings depending on occupancy)
Temperature settings
Night cooling regime
Lighting control (time until off using PIR sensors)
Change ventilation rates (including opening and closing windows)

All of these settings were already controlled remotely from a central energy management office,
but the feedback from the building users via the on-line discussion forum resulted in further
alterations to the control settings.
The energy and water consumption information provided on the website showed the expected
range of consumption (clearly highlighted in the coloured zones) and contrasted this with the actual
consumption (black line). This also included a clickable navigation pane at the bottom of the page
which showed a summary of performance over the latest year. This pane allowed the user to easily
identify historical periods where performance was good or bad and navigate directly to them by
simply clicking and dragging the cursor across the time period of interest.
For the energy professional, the Centralised Energy Management Services (CEMS) were designed
firstly to identify those buildings which were most likely to yield opportunities for intervention or
replication. Once identified, diagnostic reports were designed to support investigation and help
identify the nature of the opportunity.
An energy performance league table was provided and linked with the detailed diagnostic reports.
For each period (e.g. each day or week) consumption was compared against that predicted by a
baseline consumption model for each building. This was then used to generate a performance
indicator showing the current building performance. Buildings were listed in order of performance
and this list was directly linked to the more detailed reports.
For building managers and energy professionals, the detailed diagnostic reports were provided and
the data analysis identified the pattern of consumption in each building and compared this pattern
with current consumption to detect changes over time. Energy professionals were then able to
diagnose the cause of any change and trigger a targeted investigation. Where necessary, changes
were made to the BEMS such that plant operation was optimised.
At a local level, energy professionals had access to up to date performance indicators and charts
showing the current (latest week or day) energy and water performance. They also had access to
charts of half hourly consumption data in the context of the historical ‘normal’ patterns. That is,
consumption models that provided a quantitative indication of the expected range of consumption
for each half hour of the period. The actual consumption was then seen to be either within the
expected range (normal/neutral), below the expected range (good performance) or above the
expected range (bad performance).
To understand the derivation of this visualisation, energy professionals (and any interested users)
were also provided with detailed help pages and descriptions of the modelling process.
No specific reports were provided for an analysis of peak shaving. However, the standard weekly
performance chart provided energy professionals with the ability to both identify the peak periods in
a week and to track current performance against historical performance during these periods.

EDSS
Data visualisation
The system had access to detailed energy consumption data for each of the pilot buildings. ‘Whole
building’ consumption from fiscal meters was available. All data were half-hourly or better
resolution.
All users of the system had access to energy data, suitably visualised. The key issue was to make
it relevant for the user. There are several ways in which this was achieved. Firstly, the most recent
consumption data were shown in small, familiar weekly time periods. With longer periods the detail
can be lost at high resolution but the weekly periods for each building had a recognisable repeating
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pattern. The default data shown is the most recent week of data but the user can still select a
longer period if they like (from the clickable navigation pane at the bottom of the page). The
rationale was that if the user is always presented with the latest week of data then they will be able
to learn to recognise the pattern in their building.
In addition to this, raw data were always shown in context. There were several ways to do this and
we chose to present consumption alongside the range of consumption predicted by a sophisticated
energy consumption model based on the latest 12 months of available data. This kept the display
dynamic and relevant at all times. The figure below shows an example.
Example 'latest week' report showing consumption against green, yellow and red ‘zones’

This view of the latest data provided a consistent graphic every time, always showing a week of
consumption ending at the most recent data point available. The pattern of zones was the same
every time (though it ‘rolled’ across the screen each week as the latest reading was always on the
right). The black line shows actual consumption in the latest week of available data. It was
relatively easy to see from the example that this building experienced an unusual increase in
consumption over the weekend which was rectified on Monday morning. Also on weekdays the
consumption during the day is low/medium and overnight is medium/high - especially the most
recent evening. In cases such as this (where potential excessive consumption occurred at the
weekend, building users would post messages about this on the on-line forum. If this was
excessive consumption then action would be taken to prevent this occurring again.
With so much data it was very easy to alienate the non-technical user by presenting them with
complex graphics like those above. In the Leicester SMARTSPACES services building users were
initially presented with a very simple view of energy performance. The first thing they see is the
simplest possible view and this included no charts, simply smiley faces. A building user can then
understand the overall performance from this smiley face and many users just used this as their
main source of information.
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This shows the most recent data in more detail at the top broken down to gas, electricity and water.
Discussion and transparency
Energy data, analysis and visualisations provided were a resource available within the service. But,
the service itself needed to be wider than this if it was to be truly engaging. The users should not
be simple passive consumers of data/information but must also provide content.
A key idea here was to give building users ‘ownership’ of the issue by them identifying the issue
(excessive consumption) and, through the discussion forum, helping to resolve this issue with the
energy manager. It was also important to ensure a balance of communication so it is not perceived
as ‘them and us’ with ‘the authorities’ imposing a regime of energy vigilance. The approach was to
ask questions of building users with the implicit assumption that they are the experts about their
own workplace. For example, there were different “threads” in the online forum for different
buildings and different issues arising within each building.
Original questions posted by one person were either answered or added to be other people. This
was essentially an issue tracking system for building energy management. Issue tracking is
common in software development but it is a very generic process that lends itself to energy
management.
“Issues can have several aspects to them. Each issue in the system may have an urgency value
assigned to it, based on the overall importance of that issue. Critical issues are the most severe
that should be resolved in the most expedient way possible, taking precedence over all other
issues. Low or zero urgency issues are minor, and should be resolved as time permits. Other
details of issues include the customer experiencing the issue (whether external or internal), date
of submission, detailed descriptions of the problem being experienced, attempted solutions or
work-arounds, and other relevant information. As previously noted, each issue maintains a
history of each change.”
Building Users were able to post their observations/concerns/suggestions about a building or
space. So if a user identified an opportunity for energy savings then they would post about it and
other people would respond to this post. The Manager would participate in these responses and
make necessary adjustments to controls.
Authentication and authorisation
For users to generate content they had to register for a username and then to ‘log in’ so we could
track who had submitted what. Different users were given different powers (e.g. ‘moderators’ that
could declare a suggested problem as ‘accepted’).
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For decision makers and the general public, the main interface in this pilot project was the League
table of Buildings. This could show all the Leicester Pilot Building or just the DMU or the Leicester
City Council buildings. It therefore provided a clear overview/comparison of the buildings in the
project, for each Leicester partner. Though the number of buildings specifically targeted in this pilot
project was 25, high resolution energy consumption information was available for many other
public buildings in Leicester and the SMARTPSPACES system could be made available to all
these buildings. De Montfort University are now planning to extend the system to all DMU
buildings.

4.6.2 Energy consumption analysis
Table 22 shows the details of the energy consumption change at Leicester. There are many
buildings in Leicester, some making energy or water consumption reductions, others increasing
energy or water consumption. A summary of the detail is shown below in Table 23. A small number
of buildings have been removed from the table for data issues (i.e. no data, incorrect data).
Table 22: Details of energy consumption change at Leicester
Site

Commodity

Units

African Caribbean Centre

Electricity

kWh

81898.9

78128.76

-3770.13

-4.6

Aylestone Leisure Centre

Electricity

kWh

749524.63

716766.69

-32757.94

-4.37

Beaumont Lodge Primary School

Electricity

kWh

65894.44

66754.51

860.07

1.31

Belgrave C.E. Primary School

Electricity

kWh

54642.74

57339.34

2696.6

4.93

Belgrave Neighbourhood Centre

Electricity

kWh

124407.42

126496.03

2088.61

1.68

Braunstone Leisure Centre

Electricity

kWh

948261.45

924545.11

-23716.34

-2.5

Campus Centre

Electricity

kWh

1083093.72

1130104.43

47010.71

4.34

Coleman Primary School

Electricity

kWh

84434.75

99635.65

15200.9

18

Cossington St Leisure Centre

Electricity

kWh

348916.23

373587.58

24671.35

7.07

De Montfort Hall

Electricity

kWh

633856.88

605270.67

-28586.21

-4.51

Evington Leisure Centre

Electricity

kWh

337623.75

350895.15

13271.4

3.93

Fosse Primary School

Electricity

kWh

95844.01

91576.73

-4267.28

-4.45

Hugh Aston Building

Electricity

kWh

1112484.16

1013545.84

-98938.32

-8.89

Inglehurst Infants School

Electricity

kWh

66248.08

68079.71

1831.63

2.76

Inglehurst Junior School

Electricity

kWh

68526.72

68758.59

231.87

0.34

John Whitehead Building

Electricity

kWh

515489.87

739608.14

224118.27

43.48

Kimberlin Library

Electricity

kWh

1034113.51

1093217.97

59104.46

5.72

Knighton Fields Primary School & CC

Electricity

kWh

49148.47

52063.31

2914.84

5.93

Leicester Leys Leisure Centre

Electricity

kWh

645959.26

615391.42

-30567.84

-4.73

New Central Library

Electricity

kWh

111794.71

110768.52

-1026.19

-0.92

New Parks Leisure Centre

Electricity

kWh

702445.69

1080647.24

378201.56

53.84

Property Services, 16 New Walk

Electricity

kWh

169743.2

173393.89

3650.69

2.15

Queens Building

Electricity

kWh

934157.8

936999.94

2842.14

0.3

Spence St Leisure Centre

Electricity

kWh

213206.44

248802.84

35596.4

16.7

African Caribbean Centre

Gas

kWh

6504.36

2210.49

-4293.87

-66.02

Beaumont Lodge Primary School

Gas

kWh

143312.66

150637.16

7324.49

5.11

Belgrave C.E. Primary School

Gas

kWh

139300.21

126529.2

-12771.01

-9.17

Belgrave Neighbourhood Centre

Gas

kWh

263618.24

286032.54

22414.3

8.5

Campus Centre

Gas

kWh

356953.86

275749.19

-81204.67

-22.75

Coleman Primary School

Gas

kWh

414228.84

239388.22

-174840.62

-42.21
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Cossington St Leisure Centre

Gas

kWh

1260126.7

1263130.43

3003.73

0.24

De Montfort Hall

Gas

Evington Leisure Centre

Gas

kWh

96335.77

kWh

1062775.02

107716.95

11381.17

11.81

923571.86

-139203.16

-13.1

Fosse Primary School

Gas

kWh

179736.21

186345.21

6608.99

3.68

Hugh Aston Building

Gas

kWh

1049721.03

1096004.58

46283.55

4.41

Inglehurst Infants School
John Whitehead Building

Gas

kWh

18896.09

20118.95

1222.87

6.47

Gas

kWh

47631.36

20239.39

-27391.97

-57.51

Kimberlin Library

Gas

kWh

590855.02

748129.27

157274.25

26.62

Knighton Fields Primary School & CC

Gas

kWh

135107.52

124282

-10825.53

-8.01

New Parks Leisure Centre

Gas

kWh

67147.56

69279.5

2131.93

3.17

Queens Building

Gas

kWh

1006358.13

916129.41

-90228.73

-8.97

Spence St Leisure Centre

Gas

kWh

1352707.67

2387247.69

1034540.02

76.48

African Caribbean Centre

Water

m3

664.37

353.07

-311.31

-46.86

Aylestone Leisure Centre

Water

m3

6577.82

6884.7

306.88

4.67

Beaumont Lodge Primary School

Water

m3

674.35

568.76

-105.6

-15.66

Belgrave C.E. Primary School

Water

m3

805.59

769.14

-36.44

-4.52

Belgrave Neighbourhood Centre

Water

m3

1067.48

1139.58

72.1

6.75

Braunstone Leisure Centre

Water

m3

16550.37

13257.32

-3293.05

-19.9

Campus Centre

Water

m3

3864.64

3550.27

-314.37

-8.13

Coleman Primary School

Water

m3

2953.01

1890.8

-1062.21

-35.97

Cossington St Leisure Centre

Water

m3

6785.99

6960.33

174.34

2.57

De Montfort Hall

Water

m3

2212.92

2588.34

375.42

16.97

Evington Leisure Centre

Water

m3

4976.96

5325.17

348.21

7

Fosse Primary School

Water

m3

1131.93

1079.53

-52.4

-4.63

Hugh Aston Building

Water

m3

8621.12

7270.37

-1350.75

-15.67

Inglehurst Infants School

Water

m3

888.85

907.58

18.73

2.11

Inglehurst Junior School

Water

m3

713.66

676.01

-37.65

-5.28

John Whitehead Building

Water

m3

1640.88

2720.13

1079.25

65.77

Kimberlin Library

Water

m3

4298.8

5823.45

1524.65

35.47

Knighton Fields Primary School & CC

Water

m3

1217.79

1055

-162.78

-13.37

Leicester Leys Leisure Centre

Water

m3

28604.19

16783.21

-11820.98

-41.33

New Central Library

Water

m3

335.11

373.24

38.13

11.38

New Parks Leisure Centre

Water

m3

2865.42

3487.83

622.41

21.72

New Walk Museum

Water

m3

1270.83

714.29

-556.53

-43.79

Property Services, 16 New Walk

Water

m3

1284.25

1276.26

-7.99

-0.62

Queens Building

Water

m3

5018.83

2610.3

-2408.53

-47.99

Spence St Leisure Centre

Water

m3

3669.34

4050.32

380.98

10.38

The summary table shows the maximum percentage increases and decreases in energy
consumption across the three commodities. The average percentage change is also shown. The
average percentage change is skewed in each case by a small number of buildings that have
dramatically increased their energy consumption. To control for this, the final column shows the
average change in consumption for each commodity type, expressed as a percentage but
calculated by summing all consumption and savings in either kWh or m 3, rather than in percentage
points. This shows that, for example, although the average percentage change in consumption for
gas was a 4.5% decrease, the total gas consumed, across all sites, increased by 9.1%.
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Table 23: Summary table of energy consumption change at Leicester

Electricity
Gas
Water

Maximum %
Maximum %
Average %
Consumption
Decrease
Increase
Change
Change
-8.9
53.8
5.7
5.7
-66.0
76.5
-4.5
9.1
-48.0
65.8
-4.8
-15.3

The analysis of peak electricity and gas, both showed increases due to the change of use of a
number of buildings. The increases were 12% for electricity and 8% for gas
Figure 37 to Figure 44 show consumption graphs for all three commodities for a selected number
of buildings from Leicester. The chosen graphs show buildings where consumption has increased
or decreased significantly.

Figure 37: Decrease in electricity consumption at Hugh Aston building, Leicester

Figure 38: Decrease in electricity consumption at De Montfort Hall, Leicester
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Figure 39: Increase in electricity consumption at John Whitehead building, Leicester

Figure 40: Increase in electricity consumption at Coleman Primary School, Leicester

Figure 41: Decrease in gas consumption at the African Caribbean centre, Leicester
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Figure 42: Increase in gas consumption at the Kimberlin Library, Leicester

Figure 43: Decrease in water consumption at the Queens building, Leicester

Figure 44: Increase in water consumption at Kimberlin Library, Leicester

The significant increase in electricity consumption at the John Whitehead building, Figure 39, was
due to IT infrastructure being moved from several building into a single central location. The IT
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equipment needs power and air-conditioning to prevent over-heating, hence the increase in
consumption. At the Kimberlin Library, the increase in gas consumption (Figure 42) was due to an
increase in the number of hours that the building was open, both during term time and over the
Christmas period.

4.6.3 Results of behavioural change analysis
This section presents an analysis of the mid-term interviews with building professionals, which
aimed to understand the main benefits of the SMARTSPACES services perceived by the users at
the institutional and social level that may have had an impact of changes in attitudes and behaviour
of building users towards energy savings at the individual level.
Subsequently, changes at the individual-level changes as a result of the implementation of the
EDSS SMARTSPACES services are assessed by analysing differences in awareness, attitudes,
subjective norms, perceived control, intentions and self-reported behaviours of respondents (staff
members and visitors) to the baseline and final surveys. This section also describes respondents’
views about the usefulness of the information provided by the EDSS.

Mid-term interviews
Seven mid-term interviews were conducted with building professionals during March-April 2014:








Museum Operations Manager (Leicester1)
Central Facilities Manager (Leicester2)
Senior Librarian (Leicester3)
School premises Officer (Leicester4)
University’s Environmental and Sustainability Officer (Leicester5)
University’s Energy Manager (Leicester6)
University’s Energy Officer (Leicester7)

Although the interviewees in Leicester City Council (LCC) did not participate in the development of
the EDSS, they consulted the web page on a frequent basis. At De Montfort University (DMU), one
interviewee participated in the three consultations with members of staff and environmental
champions that fed into the process of developing the website (Leiceser5).

Energy Management Service
In Leicester City Council (LCC), most of the buildings have automated meter readings (AMR) and
building energy management systems (BEMS) that are centrally managed, with the exception of
the original BSF schools that were then substituted with Primary Schools. At the central level, the
Energy, Engineering and Facilities teams work together in the energy management of the
buildings. Traditionally, LCC uses the software called “Dynamat” to monitor the energy
consumption of the buildings, but only the central energy team has access to the system. If there
are anomalies or malfunctions, the staff centrally responsible of monitoring the energy profiles in
Dynamat contacts the local building responsible officers who investigate the problem. According to
one interviewee, sometimes this is a long process (Leicester2).
In De Montfort University (DMU), most of the buildings also have AMR and BEMS centrally
monitored and controlled by the Estates Department. In particular new buildings, the BEMS
includes sub-metering and alarms that are triggered by unusual high consumption.
In both institutions, the main users of the EMS are building professionals with energy management
responsibilities (not necessarily as their main activity). These users consulted the simplified views
of energy performance used in the EDSS (Smiley faces) in the first instance, and if a red frown
face was shown, users accessed the detailed consumption models. Interviewees highlighted that
this quick visual check has allowed them to take immediate action when anomalies arise
(Leicester3, Leicester5).

Page 121 of 338

30/03/2015

SMARTSPACES – D7.2

“The system quickly alerts me that something isn’t right. If I can see only the smiley
faces and if the smiley faces do not change, then I know that everything is normal or
that our energy consumption is stable. Then, I do not have to bother to go and see the
detailed graphs. But if I do see that the smiley faces are going to a red frown, it makes
me see that there is something I need to investigate.” (Leicester3)
“I use it as a quick visual check on how all the buildings are doing. For me, it is very
useful, I can switch it on in the morning and have a quick look and know when things
have come out of control overnight or if a face looks unhappy I can do something
straightaway.” (Leicester5)
Furthermore, one interviewee considered that the EMS provides more intelligent information than
the existing systems with ‘rather crude alarms’, as the consumption model of the EMS understands
the energy profile of the buildings, i.e. when the building should have low or zero consumption on
weekends or overnight (Leicester5).
“…this gives a much quicker view on what is going on in those five buildings and in
many ways it is more intelligent than the alarms rather crude alarms we have in the
energy management systems, because it works on a profile and it knows there should
be zero consumption in certain day and that is the sort of things that is very hard to find
around, there are always behaviours in certain buildings.” (Leicester5)
Interviewees highlighted that the SMARTSPACES services have enabled actual energy reductions
in their buildings through a quick rectification of water leaks (Leicester2, Leicester3) or adjustments
in heating schedules or temperatures while maintaining the thermal comfort of the building users
(Leicester2, Leicester4).
“Yes, last week, there was an issue here, and it showed up in the Smiley faces, so we
addressed it because of that. There was abnormal water consumption and we
discovered there was a leak somewhere, so it was rectified.” (Leicester2)

Energy Decision Support Service
According to interviewees, the main users of the EDSS in Leicester are the energy and facilities
teams in first instance, but also building responsible officers and building users in general
(Leicester2, Leicester5, Leicester6).
“In the first instance, I think that it is the energy team, I would also be because I
represent 16 buildings, but I think that also the building responsible officers on site who
will need to look at all that information.” (Leicester2)
“I do think that people look at it, but we [energy management team] look at it more than
others, but I think it is of interest and people do really like it.” (Leicester6)
In DMU buildings, the Smiley faces were displayed in public screens in two participating buildings.
The interviewees considered that the EDSS can work better for staff than for visitors and students,
because staff members can be more interested and willing to change aspects that can have an
effect on the energy consumption in their buildings (Leicester5, Leicester6).
“I think that the tool works better for staff than for visitors or students, mainly because
staff have more the potential to change it and more interest than the students have.
Yeah, because staff are situated within the buildings and they are using the machinery
that are having an effect on the face, they may feel that they can do more about the
colour of the face rather than students and visitors.” (Leicester6)
Message, channels of communication and exposure
The information in the Smiley faces web portal is provided in two presentations. The first screen
offers a quick, simple and easy to understand view of the energy performance of the buildings
through an “energy savings” league table showing the smiley or frown faces. If building users are
interested to know more about the consumption in particular buildings, they can ‘click’ on the
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specific building and the next screen shows the evolution of the electricity, gas and water
consumption in the previous week in a simplified version (smiley faces). Users can also consult the
detailed graphs that indicate the consumption profiles as well as the predictions of the consumption
model.
Interviewees considered that the message provided in the EDSS is simple, clear, straightforward
and easy to understand (Leicester2, Leicester3, Leicester6, Leicester7).
“It is just really simple. Green smiley face obviously means that the building is doing
well. A red frown face means that it is not. So, in that level, it is really simple really
clear, I think, in terms how it communicates related to electricity, gas and water use.”
(Leicester6)
Furthermore, one interviewee expressed that the message that come across in the tool is that
“people can make a difference if they want to turn equipment off and this can be reflected in the
results” of the Smiley faces (Leicester6). Other interviewee preferred the graphs as she considered
that the “detailed information allows to take specific actions when they show anomalies or large
energy consumption” (Leicester1). However, some interviewees considered that the EDSS does
not reward buildings that are highly energy aware and conducting good standard procedures to
maintain the energy consumption low and constant, as the EDSS would show an “indifferent” face
rather than a “green” smiley face for these buildings (Leicester3, Leicester4).
The SMARTSPACES services were launched as a joint event of Leicester City Council and De
Montfort University in January 2014. At De Montfort University, the EDSS was presented to the
Sustainable Development Task Force constituted by representatives of all faculties and
departments of the university. The web portal has also been communicated to environmental
champions who disseminated the information via emails within their departments and buildings,
and an environmental initiative called “Green Impact” also included a strand of the
SMARTSPACES project for teams working in the Kimberlin Library and the Queens Building. The
main channels of communication are mainly via emails, permanent posters, display screens, word
of mouth (meetings and lectures) and the online forum. Therefore, interviewees considered that the
exposure to the information of the EDSS has been good, particularly within the energy team who
uses it on a daily basis and in some University buildings.
At Leicester City Council, the web portal has been communicated mainly to staff responsible of
energy use in their buildings, where the main channel of communication has been through emails.
At the time of the interviews (March-April 2014), interviewees were the only users of the EDSS in
their buildings who transmit the relevant information to other staff in meeting or by word of mouth
(Leicester1, Leicester3, Leicester4).
It is important to note that the energy consumption detailed graphs and the online forum in the
EDSS are adequately displayed in high speed web browsers, such as Google Chrome, Firefox,
Mozilla, Opera or Internet Explorer 11. Interviewees highlighted that most employees in the City
Council use old versions of web browsers (e.g. Internet Explorer 7 or 8) as an IT standard in all
work computers (Leicester2, Leicetster3, Leicester4). If members of staff need to use a faster web
browser, they need to request it to the IT department. It was highlighted that some individuals have
downloaded high speed browsers making a conscious effort to engage with the information of the
EDSS and the online forum.
Benefits
Compared to the existing monitoring system in the City Council, interviewees considered the EDSS
as a useful tool to raise awareness among staff due to its accessibility and user-friendliness
(Leicester2, Leicester4), to take immediate action when anomalies arise (Leicester3) and it
encourages building professionals to be more proactive (Leicester4).
“This is a very good tool to raise awareness amongst people because it is very user
friendly, very bottom line, smiley faces in the way of traffic light system, all very easy to
talk through with people rather than with Dynamat, which is a lot more intricate and
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which is very difficult to roll out to a very large number of people… it is easily
accessible and user friendly, they [building officers] would be able to see an issue that I
actually highlighted. I could easily ring them up, they could check out in the
Smartspaces about what the issue is, because the data is monitored every half hour”
(Leicester2)
“It is a lot easier because you just take one look and straightaway you can see whether
something is going wrong. If it is a frown face rather than a smiley face, it tells me
immediately that something was left on, such as lights and then I can find where quite
quickly and then have a word with the staff that was working at that time” (Leicester3)
“If I wanted a graph to say ‘this is how much you are using’, I have to email [the energy
team] and request it, and at that point you feel that you are burdening someone,
because then they have to write a report to respond your email. Whereas now you can
look to it yourself and it encourages you to be more proactive.” (Leicester4)
Interviewees in DMU also considered that due to its simplicity and user-friendliness, the EDSS is
an effective tool to communicate with building users, engage with staff and encourage them to take
positive actions to reduce energy use (Leicetser6, Leicester7).
“So with SMARTSPACES, it is being updated every couple of hours. It is a very
effective tool for engaging staff and getting staff to take positive action to reduce
energy and carbon emissions…” (Leicester6)
One interviewee recommended linking the use of the EDSS with other campaigns, such as switchoff campaigns, so staff could observe not only the benefits of using the software, but also energy
and cost savings of their actions before and after the campaigns (Leicester2).
“Because this [Smartspaces] tool is web-based and available to everybody, if we have
actually a campaign and then relate it to the Smartspaces; then, they will actually find
the connection with everything. For example, let’s have a switch off campaign again,
and then, you will be able to see the benefits of how people can use the software to
see how they rank alongside their own performance before and after the campaign,
and then, it would be good if they could see how much money they have saved”
(Leicester2)

Institutional effects
Interviewees considered that the SMARTSPACES project supports the culture and sustainability
policies of the city, the council and the university (Leicester1, Leicester3, Leicester6). Therefore,
the implementation of the project has been supported by key actors, such as the Deputy Mayor in
the City Council and the Director of Sustainable Development in the university.
“I think that given that Leicester, driven by the council, is an Environmental City, so yes,
I think that it is good that the Council is trying to reduce its own energy use”
(Leicester3)
“Yes, it reflects in our Environmental policy and Energy policy, the aims of the
university’s Strategic Plan about reducing energy use and carbon emissions. So, the
whole Smartspaces ethos seems to fit well with the University’s sustainability aims and
objectives” (Leicester6)
Some interviewees believed that expanding the services to other buildings and communicating
their benefits would help to increase the level of awareness and further embed the project into the
organisational culture (Leicester2, Leicester4, Leicester6).
“If every building has got it, then every building can go to the web and see how much
they are using and how much they should be using or how much they have been using
in the past, and that should make people aware.” (Leicester4)
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“I think that communication is probably key. There aren’t so many buildings involved in
Smartspaces so far… Even you promote the service… if those that are reading the
communication can’t see that it is potentially useful to them, then they are not going to
pay attention to it.” (Leicester2)
Interviewees perceived that the main driving factor to further embed the project are the energy and
cost savings, while the barriers are related to limited time and other work related priorities
(Leicester3, Leicester4, Leicester6) as well as the need of more human and financial resources
(Leicester6) .

Social effects
Prior to the SMARTSPACES services, energy-related problems were reported by sending an email
to the energy team or through the helpdesk of the Estates Department at DMU. Through the online
forum, building users can discuss issues the energy management team, they can also report
anomalies or energy saving opportunities within the buildings, ranging from problems with thermal
comfort, water taps or lights left switched on to the discussion about the use of renewable energy
in the buildings. Interviewees considered that this discussion has been useful not only to improve
the communication of users with the energy team, but also to prompt a quicker response to solve
problems when they are not easily detected (Leicester5).
“It is useful to know when people flag up something in the lecture theatres in Queens,
we are able to go there very quickly and see it is very hot and the CO2 is also high, and
we can see if the management system is working and in quite few instances we can
see ‘ahaa’. So, it can help with this sort of things that we are not aware of what is going
on in there.” (Leicester5)
Furthermore, the online forum of the EDSS has particularly improved the communication of the
environmental champions with building users and their cooperation in the university. Interviewees
believed that the online discussions have empowered building users and encouraged them to have
more thoughtful consideration to reduce their energy use (Leicester5, Leicester6). It was also
highlighted that some potential new social networks may have developed through Twitter
(Leicester7).
“Yes, I think that environmental champions have found it as a useful and easy way to
communicate things to their colleagues… in some way the work of the environmental
champions and their communication with colleagues has made it stronger. I think there
has been a good reaction amongst the Students Union…” (Leicester6)
“I think that through the forum, people say what they do really care. For example, this is
bothering me and that means that someone cares. So that is a powerful thing... we
have had discussions of some interesting things in the forum that encourage more care
thinking and discussion. It is part of our job to keep energy consumption stable or to
reduce it.” (Leicester5)
In the City Council, one interviewee highlighted that the use of social media is not permitted in his
particular building, and members of staff prefer the human interaction and an immediate response
rather than through a discussion in the online forum (Leicester4). As mentioned earlier, some
individuals in the council have downloaded high speed browsers making a conscious effort to
engage with the online forum.

Staff and visitors’ surveys
This section focuses on the views of building users about the information provided by the EDSS,
and the changes on attitudes and behaviours to reduce energy use at the individual level as a
result of the implementation of the EDSS.
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Surveys’ data collection
Surveys responses were collected between February and June 2013 for the baseline T1 survey
and between July and September 2014 for the final T2 survey. The majority of responses of the
staff survey were collected online in both surveys with a few paper oddments, while responses
from visitors were mainly gathered in paper.
For the baseline T1 staff survey, LCC contacted their members of staff in the participating buildings
and requested them to complete the survey online. In DMU, the survey was sent out to
environmental champions via email by the University’s Environmental and Sustainability Officer.
Subsequently, the champions distributed the request within their faculties or departments. The
email was also sent out to Green Impact team leads in relevant buildings and interested
individuals. For the final T2 staff survey, DMU contacted T1 staff respondents in July 2014 to invite
them to complete the final T2 survey. Due to the low response received by mid-August,
representatives in LCC and DMU sent an email again to staff and environmental champions
respectively requesting them to complete the survey. A good response rate was achieved in T1
baseline survey (118 responses) and in less extent in the T2 final survey (45). From these
responses, 99 members of staff in the baseline survey and 40 in the final survey were from
participating buildings where the energy consumption is monitored in the EDSS (see Table 24).
Although T1 participants were contacted, 27 respondents from participating buildings completed
the second survey (Figure 45). The analysis of the staff surveys in Leicester examines these 27
responses for a pre-post comparison and highlight trends of change. Analysis of the 99 responses
of the baseline survey and 40 different responses from the final survey is also conducted.
For the visitors’ surveys, staff from LCC went to participating buildings and collected responses in
person through the use of tablets or paper questionnaires for the baseline and final surveys. DMU
only gathered responses from visitors (students) for the final survey. A total of 74 responses were
received in the baseline survey and 72 in the final survey (Table 24). For the subsequent analysis,
only the respondents from participating buildings were considered.
Table 24: Surveys responses (Leicester)
Staff surveys

Visitors surveys

Leicester
Baseline T1

Final T2

Baseline T1

Final T2

Participating buildings

99

40

74

69

Non-participating buildings

19

5

-

3

Total responses received

118

45

74

72
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Figure 45: Staff surveys responses to the baseline and final surveys

Profile of respondents
Staff respondents in the baseline and the final surveys had similar socio-demographic profiles
(Table 25). Almost an equal proportion of male and female respondents completed both surveys,
most of the participants were aged between 30 and 60 years old (above 80%), and nearly two
thirds of staff respondents had at least a university education. Around 27% of respondents stated
they had energy management responsibilities in the baseline survey, while 43% had in the final
survey.
The socio-demographic profiles of the visitors’ respondents varied between the baseline and final
surveys. A larger proportion of female visitors responded the baseline survey (72%), compared to
the final survey (41%). Two thirds of the respondents were aged between 30 and 60 years old in
the baseline survey, whereas in the final survey around one third corresponded to young adults
aged between 15 and 29 years old and 42% to respondents over 60 years old.
Table 25: Profile of respondents in relation to survey participation
Staff surveys

Visitors surveys

Profile
Gender
Age

Education

Energy
Management
responsibilities

Baseline T1

Final T2

Baseline T1

Final T2

Male

50 (51%)

21 (52%)

21 (28%)

41 (59%)

Female
Under 15 years old

49 (49%)

19 (48%)

53 (72%)

28 (41%)

0 (0%)

0 (0%)

2 (3%)

1 (1%)

15–29 years old

10 (10%)

1 (2%)

22 (30%)

24 (35%)

30-44 years old

30 (30%)

6 (15%)

27 (36%)

7 (10%)

45-59 years old

51 (52%)

28 (70%)

8 (11%)

7 (%10)

60 or over

6 (6%)

4 (10%)

15 (20%)

29 (42%)

Prefer not to say

2 (2%)

0 (0%)

0 (0%)

1 (1%)

Not responded

0 (0%)

1 (2%)

0 (0%)

0 (0%)

Lower secondary

5 (5%)

6 (15%)

19 (26%)

17 (25%)

Upper secondary

22 (22%)

8 (20%)

30 (40%)

20 (29%)

University

32 (32%)

13 (32%)

13 (18%)

24 (35%)

Post graduate

39 (39%)

13 (32%)

11 (15%)

7 (10%)

Not responded

1 (1%)

0 (0%)

1 (1%)

1 (1%)

Yes

27 (27%)

17 (43%)

-

-

No

67 (68%)

23 (57%)

-

-

Not responded

5 (5%)

0 (0%)

-

-

The majority of staff responses were from employees working at the LCC 16 New Walk offices
building (Leicester018) (around 28%), DMU Hugh Aston building (Leicester 002) (around 25%),
LCC New Leicester Central Library (Leicester016) (around 10%), and DMU Kimberlin Library
(Leicester003) (around 10%) (Figure 46).
Visitors’ responses varied between surveys. In the baseline survey, all responses were collected in
leisure centres of Leicester City Council: Aylestone (42%, Leicester006), Braustone (27%,
Leicester007) and Leicester Leys (31%, Leicester010). Whereas in the final survey, 37% of the
responses were collected from leisure centres (Aylestone, Braustone, Leicester Leys, Evington,
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Spence Street and Cossington Street), 37% in Belgrave Neighbourhood Centre (Leicester013),
24% in DMU Queens Building (Leicester001), and 1% in the DMU Campus Centre (Figure 47).

Figure 46: Staff responses by participating buildings in the baseline and final surveys

Figure 47: Visitors’ responses by participating buildings in the baseline and final surveys

Impact of the EDSS
In the final survey, all respondents were asked their views about the usefulness of the information
provided by the EDSS. However, in the case of visitors, these particular questions were only
answered if they have heard about the SMARTSPACES project. From the 69 responses received,
22 visitors (32%) knew about the project through word of mouth, posters, display screens and
email. Only the visitors who have heard about the project before answered the questions related to
the EDSS.
Figure 48 shows that staff respondents in Leicester considered energy use in public buildings as a
relevant issue for them (involvement) (mean=4.021); in lesser extent, visitors tended to agree or be
neutral (n=70, mean=3.286). Staff and visitors agreed that LCC and DMU were competent, expert
and knowledgeable to provide the information (source credibility) (staff mean=3.778, visitors’
mean=4.068). Regarding to the EDSS, staff and visitors were inclined to agree that the information
provided is believable and credible (argument quality) (staff mean=3.672, visitors’ mean=3.627) as
well as useful and engaging (ability to process) (staff mean=3.653, visitors’ mean=3.692). As a
result of viewing or using the EDSS, staff responded that they were more likely to think further
about energy use in the buildings or change activities in their work (intention to elaborate)
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(mean=3.820), while visitors’ responses were more disperse either being neutral or likely to think
further (mean=3.455). More details on the descriptive statistics can be found in Table A1.1 in
Annex 1.

n = 40

n = 69 (involvement), n = 22 (argument quality), n=22 (source
credibility), n=22 (ability to process), n=22 (intention to
elaborate)
1 = strongly disagree, 5 = strongly agree

Figure 48: Staff and visitors’ responses regarding the effectiveness of the EDSS

Factors that might increase the thoughtful consideration of changing behaviour to reduce energy
use in buildings (intention to elaborate) were further investigated using correlation analysis.
For the staff survey, the correlation analysis showed moderate correlations between their level of
involvement (ρ=0.608, p=0.000), ability to process (ρ=0.566, p=0.000), argument quality (ρ=0.532,
p=0.001) and source credibility (ρ=0.399, p=0.014) with the outcome variable (intention to
elaborate) (Table A1.2, Annex 1).
The analysis of the visitors’ survey indicated strong correlations between their level of involvement
(ρ=0.707, p=0.000) and ability to process (ρ=0.668, p=0.001) with the outcome variable, and
moderate relationships with the argument quality (ρ=0.495, p=0.019) and source credibility
(ρ=0.487, p=0.021). (Table A1.3, Annex 1).
Results indicate that a key aspect for staff and visitors to consider changing their behaviour to
reduce energy use in the buildings is that this topic is particularly relevant for them and the
information provided by the EDSS is reliable, useful and engaging.

Comparative analysis of the baseline and final surveys
This section examines changes in the attitudes, subjective norms, perceived control, intentions and
behaviour to reduce energy of staff and visitors that could be attributed to the experience of
viewing or using the EDSS.
Staff surveys
Twenty-seven responses from the same identified staff in the baseline were collected in the final
survey. These responses were examined as ‘panel’ data to compare users’ attitudes and
behaviours before and after the intervention. After these individuals had access to the EDSS, the
levels of awareness (-5.4%), knowledge (-3.9%), attitudes (-1.0%), subjective norms (-4.8%) and
perceived control (-3.5%) were lower (see Figure 49 and Table A1.11 in Annex 1 for more details).
These participants showed lower levels of intentions and self-reported behaviour to reduce energy
use in the building (-7.3% and -1.9% respectively).
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Figure 49: Differences of TPB variables from panel data

Visitors’ surveys
Respondents of the final survey were in average less aware than the respondents in the baseline
survey (-16%), had less belief that their actions to reduce energy were effective (attitude) (-9.1%),
perceived less social pressure to reduce energy use (subjective norm) (-17.7%) and showed fewer
intentions to decrease energy consumption (-17.8%) (Figure 50 and Table A1.7 in Annex 1). In
contrast, respondents of the final survey indicated having more intentions to inform energy saving
opportunities (0.4% higher than the respondents in the baseline T1 survey) and their self-reported
behaviour to reduce energy use was also higher (5.2%) (Table A1.9 in Annex 1).
Results from this analysis may be taken with caution as these trends cannot be attributed solely to
the information provided by the EDSS. Only 32% respondents in the final survey (22 out of 69)
knew about the SMARTSPACES project and the EDSS.

1 = strongly disagree, 5 = strongly agree

Figure 50: Box plots of the TPB variables in the baseline and final visitors’ surveys
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4.7

Lleida

Lleida Energy Agency

CIMNE

Buildings 22

Average Surface 32.000m²

Average Age 1950-2003

Services EDSS, EMS

office buildings,
sports halls,
Building Type schools, cultural
centres and
nursing home
Users

Staff 150
Professionals 15
Visitors >200/day

Inergy

Resources covered

Technical staff, office workers
Technical responsible
Various

Energy consumption analysis

In Lleida the evaluation of energy savings considered the medium cost services in buildings at
Lleida City and low cost services in the municipalities’ buildings. The largest electricity and heating
savings were achieved through the medium cost services (13.9% and 30.7% respectively),
whereas the electricity and heating savings in the municipalities’ buildings were in average 3.6%
and 1.5% respectively. The large savings in the buildings using the medium cost savings may be
attributed not only to the decisions and actions quickly prompted by the energy data visualisation
(almost in real time) provided by the EMS, but also intensive energy campaigns related to heating,
electricity use and air conditioning conducted between winter 2013, spring and summer 2014.

Behavioural change analysis
Mid-interviews were only conducted with building professionals using the BEIS software in the City
of Lleida. The target users of the monitoring and control system of the EMS are building
professionals who perceived that the visualisation of energy consumption almost in real time has
allowed them to make quicker decisions and act promptly to solve anomalies or high energy
consumption. In case of the EDSS, all staff in the St Francesc office building and maintenance and
technical staff in the Sports Hall have access to the EDSS. Training and communication were
conducted differently in these buildings. However, in both cases, interviewees agreed that the
EDSS had provided tools and resources (particularly during the implementation of the “energy
savings campaigns” in the Sant Francesc building) to enable actual energy savings, increase the
awareness and engagement of staff members, and improve the communication and cooperation of
users with the energy teams. Interviewees considered that overall the SMARTSPACES project has
increased the knowledge and collaboration from different departments within the City Council,
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while the energy and economic savings as well as the associated emissions reductions achieved
can encourage other departments to further embed the goals of the project into the organisational
culture.
Exemplary quotes from the mid-term interviews are presented in the following table:
“There are several things that have been linked to achieve this: the system, the
Benefits of the
visualisation and the issue of being able to solve faults and high consumption in
EMS
both, space areas and schedules… It has facilitated our work very much.” (Lleida2)
“We have more resources… when we talk with them [staff], we can talk more
Benefits of the
properly, we can say ‘from this hour to that hour’, then we look with them what
EDSS
could have been the problem and now they participate more.” (Lleida2)
“The collaboration of people from different disciplines, summing up efforts and this
Institutional
has produced these results. The unification link has been the project and the
effects
system” (Lleida2)
““The factor that has strengthened the cooperation among users is that it has
Social effects provided benefits to the responsible people in terms of energy reductions, and this
has been transferred to the users and the employees of the facilities.” (Lleida2)

Surveys were completed by 109 staff and 333 visitors in the baseline survey and 44 staff and 76
visitors in the final survey. Regarding their views about the usefulness of the information provided
by the EDSS, staff showed a high involvement in the campaigns and agreed that the information
provided was clear, credible, useful and engaging, while they also considered that the Lleida City
Council and the municipalities were competent and expert institutions to provide the information.
Results indicated that staff members particularly were more inclined to consider changing their
behaviour to reduce energy not only if they found the information of the EDSS reliable, useful and
engaging, but also if they perceived this topic as a relevant issue for them. In the case of visitor,
the credibility of the competency of the institutions in providing the information was more important.
After the staff had access to the EDSS (intervention), levels of awareness, knowledge, attitudes,
subjective norms and perceived control to reduce energy use were similar among the respondents
of the baseline and final surveys. However, results indicate that the respondents of the final survey
self-reported a stronger behaviour to reduce energy use in the buildings. A summary of the
changes trends in the levels of intention and behaviour to reduce energy use for staff is provided in
the table below.
As to the visitors’ surveys, positive differences in the levels of awareness, knowledge and
perceived control and self-reported behaviour were also observed between the participants that
responded the baseline and the final surveys. However, these changes cannot be attributed to the
information provided by the EDSS as only few visitors in the final survey (14 out of 78) knew about
the SMARTSPACES project and the EDSS. Hence, these changes were not considered in the
table below.
Building users
Staff
Visitors
Average change

Self-reported behaviour
to reduce energy use
6.7%
6.7%

4.7.1 Background information
There are 22 buildings in the Lleida pilot, comprised of six office buildings, six sports halls, five
schools, four cultural centres and one nursing home. The biggest office building is Sant Francesc,
used for administration, with 101 staff users and 21,000 visitors per month. Overall savings
planned are 15% for buildings with SMARTSPACES services at medium cost, and 5% for low cost
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model. These buildings are occupied by approximately 700 staff users and 50,000 visitors per
month.

,
On the left: Office building ‘Sant Francesc’; on the right: 3 Sports halls ‘Barris Nord’, ‘Cap Pont’ and ‘Pardinyes’

Inergy and CIMNE have assessed all SMARTSPACES service components in a selection of the
buildings in public occupancy in Lleida and took the viable services on to pilot. The main aim was
to make more advanced energy management of public buildings possible by exploiting relatively
inexpensive ICT solutions intelligently in order to empower the human resources of municipalities
(staff and population) to take control of energy use.
Since 2005, and in collaboration with Inergy, CIMNE have developed and implemented
complementary Software-as –a-service-Solutions (SaaS):
SIE - System for Energy Information: a solution for the management of energy consumption and
control of energy supplies billing for large parks of facilities. It includes functionalities such as:
energy supplies procurement optimization and automatic validation of invoices, benchmarking and
climatic adjustment. SIE it is implemented in over 230 municipalities of NE Spain. It receives data
from 3500 public buildings.
BEIS - Building Energy Information System: is a solution for the control and monitoring of
facilities energy management, which enables the control of energy consumption and analysis of
energy efficiency of all the facilities of the client. It gives a global vision and it focuses on what is
important: fulfilment of objectives, savings verification by the International Performance
Measurement and Verification Protocol (IPMVP) of the EVO methodology, detection on time of
deviations of consumption and energy efficiency by the alarms system. It also has a benchmarking
tool for the comparison of a large number of buildings. It is already implemented in 30
municipalities and receives on-line data from 110 public buildings.
The figure below illustrates the connection between the two ICT services implemented at Lleida
pilot site:

The two services provide more precise, detailed and intelligible information allowing energy
managers to make more informed decisions, detect anomalous operation of energy systems earlier
and react faster, develop reports and arguments to justify investments in further energy efficiency
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improvements. The services also provide benchmarking and normalization enabling performance
to be compared and therefore rated.
Low cost ICT Service: The SIE solution is a web platform programmed in Visual Basic.NET
Framework 3.5. It is linked to a relational model database server (SQL Server 2000). SIE
automatically gather monthly energy billing from the 18 public buildings of municipalities of the
Lleida province, object of this pilot site, in .csv format. The communication protocol follow the
Spanish standard defined by UNESA.
Medium cost ICT Service: The BEIS solution is a web platform with integrated web services
programmed in asp.net/VB.net framework 3.5. It is linked to a relational model database server
(SQL Server 2005). BEIS is compatible with existing media gate in the market (Schneider,
DEXMA, AFEISA etc.). BEIS receive energy consumption and indoor comfort from the previous
described 4 buildings (Sant Francesc, Cappont, Pardinyes and Barris Nord).
Deployment potential for “typical” municipalities (towns and small and medium sized cities) are
guaranteed with optimal solutions with the combination with selected pilot sites: Barris Nord sports
hall is representative of new buildings built with basic construction technology, the Sant Francesc
office building is a typical municipal administration building with inherent limitations for energy
efficiency refurbishment. The other two sport halls, Cappont and Pardinyes, represent medium size
sport halls with a high potential on the introduction of Solar Thermal systems for hot water energy
consumption. These sports facilities are typically the public buildings with the highest public
affluence in municipality and the other municipal administration building is typically the most
emblematic building in small and medium sized towns and cities throughout Europe. These four
buildings were selected as the candidates where the medium cost ICT service, based on BEIS
solution is justified, because their overall annual energy consumption was over 40,000 Euros. In
these building, EMS and EDSS of the SMARTSPACES project have been implemented. These
four buildings have been complemented with a Low Cost ICT Service in 18 buildings, based on
SIE and energy billing management that provide an overall picture of all the municipal buildings in
Lleida province.

Service description
EMS
EMS service in Lleida is based complementation, interaction and use of existing control systems
(previous to SMARTSPACES). EMS systems have been installed SMARTSPACES considering
the features of the pre-existing installation of both the self-facility and the control and regulation
systems. Thus, we have obtained the best results with minimal investment.
The totality of the systems that were previously installed in buildings were not designed for
integrated operation.
The first thing accomplished was to control all the buildings from the same point, which allows that
just one qualified technician perform the control of all facilities in the municipality.
Secondly we found that many of the facilities did not have a calendar to optimize the use of
facilities, or not allow proper operation. The EMS SMARTSPACES Lleida has provided a
substantial improvement incorporating operating schedules for each building and each facility.
Another important improvement is to have available in one EMS the operating data of the facilities
and the general or partial consumption of the building. Processing together this information allow
the maximum optimization of whole building consumption, allow really fast know which are the
energy efficiency effects of different control or regulation strategies and select the best for each
building and facility.
Other specific improvements achieved with EMS SMARTSPACES Lleida were:


Optimizing the temperature set point of the various areas of the building.
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Modulation and programming of different parts of the system: burner valves, mixers,
pumps, etc.
Regulation of hot water system for optimum consumption.
Smart Alerts (mixing operation facilities and consumption)
Continuous calculation of performance parameters.

But also EMS SMARTSPACES Lleida take into account that is essential the human interaction. For
this reason the system always keep informed building managers and service providers of their
operation, and suggest if it's necessary to do some actions to improve the building efficiency.
The implementation of EMS in Lleida also followed the logic of two levels of initial economic
investment. For the case of Medium cost service (based on hourly data) all buildings has received
the complete set of our EMS. In case of Low cost service (based on Monthly data) the
implementation of this type of service is more difficult due to the data granularity. However, some
specific EMS Service has been given in particular Low cost service buildings, optimizing the
regulation and the control system of some buildings, and providing alerts and personalized advice.
The medium cost service can gather all the energy data in one point with internet access, ie,
facilitates centralized control of data.
The building professional can control through the visualized dashboard or alarm system. In some
cases, the alarm signal could be one signal that is necessary to act over some facility of the
building, this actuation can be do it manually or automatic.
The system allows control some parameters of the facility that can be do it in a local level, for
example, some staff building or building manager people can have access to control in only one
zone of the building, whereby the system can give them access to control the temperature, the
electric consumption, etc, only for their own zone.
The Lleida pilot site buildings haven’t renewable facilities, then is not possible to implement REMS
in our pilot.

EDSS
The types of EDSS services available at Lleida pilot site are designed to cover three types of users
that have been detected: the Building Professional, Building Staff and Building Visitors.
It is clear that each user has a different impact in building level and terms of awareness of global
energy efficiency.
An action made over a Building Professional is expected to have a big impact on consumption of
its own building and a limited impact on global awareness on energy saving, on the other side an
action affecting a Building Visitor is expected it have a low impact on the building consumption but
has a great ability to spread global awareness of energy efficiency.
On the other hand, as we have been discussing in previous sections, we have also two different
levels of service level and cost of implementation for both data deal. In this regard the EDSS
services offered in Lleida differentiate by levels of users and within this level are also differentiate
in terms of cost of service. All the necessary adaptations necessary to achieve the objectives of the
project have been developed over two previous software’s. In case of medium cost services Lleida
used BEIS monitoring software developed by CIMNE 4 years ago (see some screen shot in
previous sections). In case of low cost service SIE, software of energetic information created also
by CIMNE 10 years ago (see some screen shot in previous sections) has been used.
The main EDSS services offered can be split in the following parts:



Energy data visualization: to know what is the consumption of our buildings
Comparison between periods in the same building: to know if we are improving or worsening
the consumption of the building.
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Benchmarking between other buildings (same typology): to have some references to know if
the consumption that we have are in the correct range.
Alarms: to control the deviations of the consumptions.
Reports: to processed information of the consumption of the buildings.
Energy coach: communication with energy experts that help the users to implement the
necessary action to improve the building consumption.

The building's visitors is the user group with less impact on the energy consumption so the service
is only informative (low cost). To carry out this kind of service, we used the channels of information
exist in the different buildings like displays, public screens, information panels, municipality web,
etc.

4.7.2 Energy consumption analysis
Table 26 shows the details of the energy consumption change at Lleida. There are many buildings
in Lleida, some making energy consumption reductions, others increasing energy consumption. A
small number of buildings have been removed from the table for data issues (i.e. no data, incorrect
data). Rows highlighted grey have medium cost services, rows highlighted white have low cost
services.
Table 26: Detailed energy consumption change in Lleida
Site

Commodity

Units

Ajuntament (Solsona)

Diesel Fuel

kWh

81204.8

76794.5

-4410.3

-5.4

Casal de Cultura (Agramunt)

Diesel Fuel

kWh

30386.8

39809.3

9422.5

31.0

Casal de Cultura (Solsona)

Diesel Fuel

kWh

101792.7

94248.4

-7544.3

-7.4

Escola Macia - Companys (Agramunt)

Diesel Fuel

kWh

100720.5

93998.7

-6721.8

-6.7

Residencia Mas Vell (Agramunt)

Diesel Fuel

kWh

165080.9

90557.7

-74523.2

-45.1

Ajuntament (Agramunt)

Electricity

kWh

60230.8

49043.8

-11187.1

-18.6

Ajuntament (Mollerusa)

Electricity

kWh

156853.4

135512.6

-21340.8

-13.6

Ajuntament (Cervera)

Electricity

kWh

69672.9

59101.6

-10571.3

-15.2

Ajuntament (Solsona)

Electricity

kWh

63223.8

56347.4

-6876.4

-10.9

Ajuntament (Tarrega)

Electricity

kWh

71889.8

80944.8

9055.0

12.6

Biblioteca Municipal (Cervera)

Electricity

kWh

45199.7

33131.8

-12067.9

-26.7

Biblioteca municipal (Tarrega)

Electricity

kWh

50731.9

45359.9

-5372.0

-10.6

CEIP Arques (Cervera)

Electricity

kWh

71933.8

70924.7

-1009.1

-1.4

Casal de Cultura (Agramunt)

Electricity

kWh

98304.5

71997.9

-26306.6

-26.8

Casal de Cultura (Solsona)

Electricity

kWh

61755.3

54499.9

-7255.3

-11.7

Escola Angel Guimera (Tarrega)

Electricity

kWh

61901.6

61453.4

-448.2

-0.7

Escola Macia - Companys (Agramunt)

Electricity

kWh

36907.6

35390.3

-1517.3

-4.1

Escola Pompeu Fabra (Mollerusa)

Electricity

kWh

25988.9

25737.4

-251.5

-1.0

Escola municipal de Musica - EMMA (Agramunt)

Electricity

kWh

3115.2

2416.8

-698.4

-22.4

Pavello Esportiu (Solsona)

Electricity

kWh

195858.3

152285.0

-43573.3

-22.2

Pavello poliesportiu (Agramunt)

Electricity

kWh

37860.5

33785.1

-4075.4

-10.8

Piscinas Municipales (Mollerusa)

Electricity

kWh

241950.3

257614.6

15664.3

6.5

Residencia Mas Vell (Agramunt)

Electricity

kWh

42051.6

37190.0

-4861.6

-11.6

Oficines Sant Francesc (Lleida)

Electricity

kWh

216607.9

190953.6

-25654.3

-11.8

Poliesportiu Barris nord(Lleida)

Electricity

kWh

232767.2

163073.3

-69693.9

-29.9

Poliesportiu Pardinyes (Lleida)

Electricity

kWh

51412.2

49023.0

-2389.2

-4.6

Poliesportiu Cap Pont(Lleida)

Electricity

kWh

39847.9

36226.0

-3621.9

-9.1
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Ajuntament (Agramunt)

Gas

kWh

53361.2

29468.2

-23893.0

-44.8

Ajuntament (Mollerusa)

Gas

kWh

85911.4

112422.3

26510.8

30.9

Ajuntament (Cervera)

Gas

kWh

168645.4

140455.7

-28189.7

-16.7

Ajuntament (Tarrega)

Gas

kWh

138146.8

137913.3

-233.4

-0.2

Biblioteca municipal (Tarrega)

Gas

kWh

41320.6

23779.2

-17541.4

-42.5

CEIP Arques (Cervera)

Gas

kWh

192491.5

216415.9

23924.4

12.4

Escola Angel Guimera (Tarrega)

Gas

kWh

162588.5

130480.3

-32108.2

-19.7

Escola Pompeu Fabra (Mollerusa)

Gas

kWh

215277.4

192002.2

-23275.3

-10.8

Pavello Esportiu (Solsona)

Gas

kWh

190649.7

194387.6

3737.9

2.0

Pavello poliesportiu (Agramunt)

Gas

kWh

101103.4

81861.6

-19241.9

-19.0

Piscinas Municipales (Mollerusa)

Gas

kWh

666307.2

607917.8

-58389.4

-8.8

Oficines Sant Francesc (Lleida)

Gas

kWh

135658.0

123148.4

-12509.6

-9.2

Poliesportiu Cap Pont(Lleida)

Gas

kWh

117606.3

94796.9

-22809.4

-19.4

Poliesportiu Pardinyes (Lleida)

Gas

kWh

121557.2

184366.7

62809.5

51.7

Poliesportiu Barris nord(Lleida)

Gas

kWh

1119431.4

627258.3

-492173.0

-44.0

The average percentage change is shown in Table 27. It shows the average change in
consumption for each commodity type, expressed as a percentage but calculated by summing all
consumption and savings in kWh, rather than in percentage points.
Table 27: Overall savings in Lleida

Forecast [kWh]
Measured [kWh]
Change [%]

Electricity
Gas+Diesel
1936065.0 4101773.8
1702013.1 3325060.6
-12.1%
-18.9%

Lleida separated there sites according to energy cost. The summary table above is divided into
two, separating out savings according to medium or low cost service. Savings achieved are very
different in the two tables – savings are relatively small in buildings with low cost services (Table
28) compared to the large savings measured in the medium cost services buildings (Table 29).
Table 28: Low cost service savings

Forecast [kWh]
Measured [kWh]
Change %

Electricity Gas+Diesel
1449083
2678498
1396916
2638224
-3.6%
-1.5%

Table 29: Medium cost service savings

Forecast [kWh]
Measured [kWh]
Change [%]
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Peak reductions of 2% for electricity and 10% for gas were measured.
Figure 51 to Figure 57 show consumption graphs for all three commodities for a selected number
of buildings from Lleida. The chosen graphs show buildings where consumption has increased or
decreased significantly.

Figure 51: Decrease in electricity consumption at Casal de Cultura (Agramunt)

Figure 52: Decrease in electricity consumption at Biblioteca Municipal (Cervera)
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Figure 53: Increase in electricity consumption at Ajuntament (Tarrega)

Figure 54: Increase in electricity consumption at Escola Angel Guimera (Tarrega)

Figure 55: Decrease in gas consumption at Ajuntament (Agramunt)
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Figure 56: Decrease in gas consumption at Poliesportiu Cap Pont (Lleida)

Figure 57: Decrease in diesel fuel consumption at Residencia Mas Vell (Agramunt)

4.7.3 Results of behavioural change analysis
This section presents an analysis of the mid-term interviews with building professionals, which
aimed to understand the main benefits of the SMARTSPACES services perceived by the users at
the institutional and social level that may have had an impact of changes in attitudes and behaviour
of building users towards energy savings at the individual level.
Subsequently, changes at the individual-level changes as a result of the implementation of the
EDSS SMARTSPACES services are assessed by analysing differences in awareness, attitudes,
subjective norms, perceived control, intentions and self-reported behaviours of respondents (staff
members and visitors) to the baseline and final surveys. This section also describes respondents’
views about the usefulness of the information provided by the EDSS.

Mid-term interviews
Two semi-structured interviews were conducted by phone with building professionals on April
2014:



Energy officer at the “Sant Francesc” Offices building in Lleida City (Lleida1)
Sports Hall Maintenance Technician in Lleida City (Lleida2)
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These interviews focused only on participating buildings in Lleida City using the BEIS software. No
interviews were conducted with participants in the municipalities using the SIE software.
Both interviewees participated in different stages of the development and implementation of the
services. During the development, interviewees advised on the operation (use, schedules, comfort
temperatures, etc.) for the Offices building as well as for the Sport Halls. They also suggested
changes to the software from the users’ perspective. During the implementation, interviewees
worked close with the users and provide advice on how technical problems or with the users can
be solved.

Energy Management Service
The main users of the EMS (BEIS) are building professionals working in the SMARTSPACES
project and central technical staff responsible of the maintenance of the Offices building and the
Sports Halls.
Prior to the SMARTSPACES services, interviewees commented that the energy management of
the buildings were very difficult from different aspects. Energy consumption data were only
available through invoices provided from the utilities to the administrative department.
Administrative employees were not specifically dedicated to monitor the energy consumption.
Therefore, excessive consumption or anomalies were not reported to technical staff who did not
have access to more detailed information. Both interviewees agreed that the energy information
was inaccessible, and the process was slow and impractical. Energy control of the buildings was
conducted manually by on-site maintenance staff.
Interviewees highlighted that the EMS’ information system and automated controls have facilitated
significantly the energy management of the buildings. The visualisation of energy consumption
data almost in a real time has allowed building professionals to make quicker decisions and act
immediately to solve anomalies or high energy consumption in space areas (switching off lighting
or gas equipment) and schedules.
“There are several things that have been linked to achieve this: the system, the
visualisation and the issue of be able to solve the faults and high consumption in both,
space areas and schedules. It is also helpful that the same people who can visualise
the data can also make the decisions, shorten or switch off lighting, gas equipment,
directly from here from where we operate. It has facilitated our work very much.”
(Lleida2)
Both interviewees emphasised that the EMS’ monitoring and control systems have enabled actual
energy savings in their buildings, where the users’ thermal comfort has been maintained or even
improved. In the Offices building, the systems have been used to analyse the energy consumption
in 2013 and plan the “energy savings campaigns” for staff implemented during 2014 (further
explained in the EDSS section). Actual decrease of energy consumption has been observed
attributed to the successful planning and scheduling of temperatures (Lleida1). In the Barris Nord
Sports Hall, the EMS is centrally controlled and it monitors the sanitary hot water, heating systems
and other elements at an hourly basis. In the first two months of its operation, actual energy
savings of 35% in gas consumption and 15-18% in electricity use were observed (Lleida2).
“Once the monitoring data from 2013 was analysed, the actions to be implemented in
2014 were planned. Some of them were evident, but until then there was not
monitoring, we could not see it. So let’s schedule in such a way that the building is
heated well at the start of the day, I am talking about the ‘heating campaign’, let’s set
the comfort temperature before or when the staff start arriving, and then let’s try to stop
it at some hours in the morning, so the it can be maintained and there are no peaks
that are excessive. I think that it was a successful planning from the technicians that
are conducting this and that have generated actual good results, the comfort has been
maintained or even improved at some points, while the energy consumption has
decreased.” (Lleida1)
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“In the Barris Nord Sports Hall where we have not only the monitoring system but also
the remote automated energy management system, with the visualisation of
consumption and its control, we have reduced in 2 months the gas consumption in
around 35% and the electricity consumption between 15 and 18%. These have been
the results that we had in the first two months and the third months that is starting, we
can observe that the percentages will be similar. I think they are very favourable
results... For us, it is good news to achieve so many savings and that the users of
these facilities have not had disadvantages in terms of thermal comfort of the water
and of environmental indicators, we have had the same values we had previously or
even better.” (Lleida2)
Only at the initial stages of the project, users experienced some problems with the EMS related to
the high level of security of the IT systems in the City Council. The Informatics Department of the
council acted quickly and jointly with the staff participating in the project. Once this problem was
addressed, the service has been working properly (Lleida2).

Energy Decision Support Service
In the Sant Francesc Offices building, all staff have access to the EDSS (BEIS software) using a
user ID and a password (Lleida1). In the Sports Halls, cleaning and maintenance staff at different
shifts located in each facility have access to the energy data through staff computers and printed
reports. Besides their maintenance tasks, these personnel are also responsible of switching on and
off lights, boilers and regulate the temperature of the sanitary hot water under a pre-established
protocol (Lleida2). At the time of the interviewes (April 2014), the EDSS was not shown to visitors
in the offices building, nor in the Sports Halls (Lleida1, Lleida2). Although a video about the
SMARTSPACES project is shown to visitors in a display screen at the entrance of the Sant
Francesc building, it does not provides the information available in the BEIS software related to the
energy consumption and temperature of the building (Lleida1).
Message, channels of communication and exposure
The information in the BEIS web application is provided in two presentations. The first screen
offers a quick, simple and easy to understand view of the energy performance of the building
through a small face. The second screen shows more detail information related to the daily or
monthly energy consumption and their comparison with the consumption of the previous year
(Lleida1). One interviewee considered that this way of presenting the data is good, “not very
technical, nor very simple” (Lleida2).
Training and communication of the SMARTSPACES services were implemented differently in the
Sant Francesc building and the Sport Halls.
In the Sant Francesc offices building, three “energy saving” campaigns were launched at different
times during the energy monitoring period directed to all employees. The first campaign was
related to heating and implemented in the winter 2013, the second campaign associated with
electricity savings was launched in spring 2014 and the third campaign was focused on
“climatisation” (air conditioning) promoted during summer 2014. In each campaign, employees
were reminded about the campaign that was taking place, requested them to access the
information in the BEIS and to notify incidents to the energy staff. Advice on actions that
employees can conduct to save energy was also provided according to the campaigns via emails,
posters and information in the display screen. These campaigns and their communication
attempted to motivate building users to collaborate towards the shared goal of energy savings by
explaining them the measures that were implemented (Lleida1).
In the Sport Halls, training and communication was conducted in a “top-down” approach. Central
staff working in the project explained the services and their operation to local technical staff that
were responsible to train their on-site staff and users within the facilities. Local staff explained the
objectives of the project to the maintenance and cleaning employees and subsequently, provided
them with information on how energy can be saved through “changes on habits” (Lleida2).
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Regarding the exposure to the information of the EDSS, both interviewees (building professionals)
consulted its data on a daily basis. One interviewee believed that the exposure of staff in the Sant
Francesc building was good due to the campaigns and the accessibility of the information, but their
“engagement with the campaigns or with the web application depends in each individual” (Lleida1).
In the case of the Sport Halls, the interviewee explained that not everybody could have the same
exposure due to the different shifts staff members are working, but he requested that at least one
or two employees in each facility visualise the data frequently (Lleida2).
Benefits
Both interviewees believed that the EDSS has provided them tools and resources to engage better
with building users. On one hand, one interviewee highlighted that the web application has been
useful to evaluate the effectiveness of the energy saving campaigns in the Sant Francesc building
through the monitoring of temperatures and the evolution of energy consumption. Staff members
have been able to track this evolution and communicate with the energy team what measures
might work or might not work.
“I think that the ‘heating’ campaign has had a lot of success. One part of the staff has
had access to the BEIS and see its evolution to improve. Others may have used other
mechanisms to make sure that the campaign is successful, but all together I think that
it has had a positive result and the people could express and contribute to detect what
is working and what is not.” (Lleida1)
On the other hand, other interviewee commented that the hourly energy data provided by the
EDSS has helped him to explain to his staff in a more proper manner how the energy has been
used in particular periods and anomalies that have taken place. Subsequently, they examine
potential causes of the problem and his staff became more participative. Furthermore, the
interviewee believed that showing them the energy savings achieved can increase the employees’
satisfaction and reward them for using the tool.
“Currently, all of this have provided us with a tool where we can see the electricity
consumption by hour, so when we talk with them [staff], we have more resources… we
can talk more properly, we can say ‘from this hour to that hour’, then we look with them
what could have been the problem and now they participate more… Once we have
talked with the staff, the next month we can see reflected in a document the savings
that we have had in case that we have achieved it. This also provides some
satisfaction to the employee, to see that the means or tools that have been utilised are
rewarded.” (Lleida2)
Prior to the implementation of the services, if there were complaints from building users about the
thermal comfort or other energy-related aspects, users could report them to their local staff
responsible of the maintenance or to central staff in case of equipment malfunction or breakdown.
One interviewee considered that the communication between users and the energy team have
improved since the launch of the energy saving campaigns and the use of the EDSS. This
interaction has also enhanced the user-friendliness and functionality of the web application.
“I think that the communication between the responsible people in the campaign and
the building users is fluid. If somebody has the need to explain their case or any need
in another aspect, there is a fluid channel through the email… Yes, I think that the
software has been improved due to the interaction with the users and the actors
[energy management team].” (Lleida1)

Institutional effects
The SMARTSPCES project is in line with the local, national and European environmental and
energy policies the City Council is pursuing. Therefore, the project has been well accepted at
different levels of the institution and supported by key actors, such as the Mayor (Lleida1).
Interviewees considered that the project has increased the knowledge and collaboration from
different disciplines and departments within the council (Lleida2), while the energy savings and
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emissions reductions achieved can encourage other departments to further embed the goals of the
project into the organisational culture (Lleida1). Furthermore, the associated economic savings
may enhance the acceptance of the project as well as the awareness of the costs of energy
consumption (Lleida1, Lleida2).
“Here, there was not enough training or people that were responsible about the energy
savings… What this project has done is that all of us collaborate and all put our small
grain of sand. In particular, the collaboration of people from different disciplines,
summing up efforts and this has produced these results. The unification link has been
the project and the system [BEIS]... The results achieved have made people more
aware of the costs of the energy consumption, and these are reported economic
benefits that nobody can ignore… the people that were not aware or they were not
paying attention to this type of project, currently they do because it has reported
economic benefits.” (Lleida2)
However, interviewees also recognised that the implementation of the project has required a large
number of staff and financial resources. They highlighted that the lack of these resources could be
an important barrier to expand the project to other buildings. One interviewee considered that few
staff have allocated tasks related to energy efficiency as their main activities and for the majority of
the staff this task has low priority among their daily activities. Therefore, the interviewee
recommended the development of a protocol to assign people and allocated time for them to
monitor and control the energy consumption of their buildings (Lleida2).

Social effects
Both interviewees believed that the project has increased the cooperation and engagement of
building users. On one hand, staff awareness and engagement have increased as a result of the
visualisation of energy data and the conduction of concrete actions suggested in the energy
savings campaigns (Lleida1). On the other hand, the recognition of the energy savings achieved
and the transferral of their associated benefits to staff and users have also improved their
engagement (Lleida2).
“There was not high awareness. The monitoring and the fact of being able to see the
evolution and the emails telling us ‘are we doing well or are we not doing well?’. This
creates a good environment and creates a good awareness amongst the employees…
In this case, I think that it has been successful because concrete actions are being
carried out. The City Council is conducting things. As actions are being conducted, the
campaign helps to understand them or to engage people, but these are not delinked.”
(Lleida1)
“The factor that has strengthened the cooperation among users is that it has provided
benefits to the responsible people in terms of energy consumption reductions, and this
has been transferred to the users and the employees of the facilities. This has been
positive news. Then, when things are working well, they engage a little bit more, and
the results motivate them.” (Lleida2)

Staff and visitors’ surveys
This section focuses on the views of building users about the information provided by the EDSS in
the City Council and municipalities buildings and the changes on attitudes and behaviours to
reduce energy use at the individual level as a result of the implementation of the EDSS.

Surveys’ data collection
Surveys responses were collected between March and August 2013 for the baseline T1 survey
and between July and September 2014 for the final T2 survey. The majority of responses of the
staff survey were collected online in both surveys with a few paper oddments, while responses
from visitors were gathered online and in paper.
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For the baseline T1 staff survey, the City Council and representatives in the municipalities
contacted their members of staff in the participating buildings and requested them to complete the
survey online. In July 2014, DMU contacted T1 staff respondents and 108 staff members working
in the Sant Francesc office building to invite them to complete to the final T2 survey. Staff in Lleida
City Council also distributed some paper questionnaires in the Sports Halls of the city.
For the baseline T1 visitors’ surveys, staff from the City Council and municipalities approached
participants in the different buildings either with a paper questionnaire or with a tablet. Staff from
the City Council used the same approach to gather responses from visitors in the final T2 survey,
while DMU also invited T1 visitor respondents to complete the second questionnaire.
Table 30 illustrates that 109 staff surveys were received in the baseline T1 survey (94% responses
from buildings in the municipalities and 6% from the Sports Halls in the City of Lleida); while in the
final survey only 44 responses were collected (48% responses from the Sant Francesc building,
16% from the Lleida City Sports Halls and 36% from the municipalities) (see Figure 59). For the
visitors’ surveys, 333 responses were collected for the baseline survey and 76 in the final survey.
Table 30: Surveys responses (Lleida)
Staff surveys

Visitors surveys

Lleida
Baseline T1

Final T2

Baseline T1

Final T2

109

44

333

76

Non-participating buildings

-

-

-

-

Total responses received

109

44

333

76

Participating buildings

Although 109 staff participants of the baseline survey were contacted, only 12 respondents
completed the final T2 survey (Figure 58). Due to this low response rate, a ‘panel’ data analysis
was not conducted. Instead, the staff surveys in Lleida were analysed as independent samples
considering 109 responses from the baseline T1 survey and 44 responses from the final T2 survey.

Figure 58: Staff surveys responses to the baseline and final surveys

Profile of respondents
The staff baseline and final surveys were completed by different groups of 109 and 44 participants
respectively. In both surveys, nearly two thirds of the respondents were female, over 85% were
aged between 30 and 60 years old, and over 50% had a university education. One third of the
respondents have a responsibility for energy management within the organisation (Table 31).
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Differences in the visitors’ profiles in the baseline T1 and final T2 surveys indicate that the
responses were collected from different samples. One main difference with the staff surveys is a
larger proportion of young respondents aged between 15 and 30 years old (nearly 40%).
Table 31: Profile of respondents in relation to survey participation
Staff surveys

Visitors surveys

Profile
Gender

Age

Education

Energy
Management
responsibilities

Baseline T1

Final T2

Baseline T1

Final T2

Male

40 (37%)

18 (41%)

144 (43%)

40 (53%)

Female

65 (59%)

26 (59%)

167 (50%)

34 (45%)

Transgender

0 (0%)

0 (0%)

4 (1%)

0 (0%)

Prefer not to say

3 (3%)

0 (0%)

13 (4%)

1 (1%)

Not responded
Under 15 years old

1 (1%)

0 (0%)

5 (2%)

1 (1%)

0 (0%)

0 (0%)

18 (5%)

1 (1%)

15–29 years old

10 (9%)

1 (2%)

109 (33%)

32 (41%)

30-44 years old

59 (54%)

17 (39%)

116 (35%)

20 (26%)

45-59 years old

37 (34%)

22 (50%)

59 (18%)

19 (24%)

60 or over

3 (3%)

4 (9%)

22 (7%)

4 (5%)

Prefer not to say

0 (0%)

0 (0%)

1 (0%)

0 (0%)

Not responded

0 (0%)

0 (0%)

8 (2%)

0 (0%)

Lower secondary

4 (4%)

2 (4%)

33 (10%)

6 (8%)

Upper secondary

24 (22%)

13 (30%)

119 (36%)

23 (30%)

University

63 (58%)

24 (55%)

127 (38%)

34 (45%)

Post graduate

18 (17%)

4 (9%)

32 (10%)

10 (13%)

Not responded

0 (0%)

1 (2%)

22 (7%)

3 (4%)

Yes

34 (31%)

16 (36%)

-

-

No

75 (69%)

28 (64%)

-

-

There is a large discrepancy in the responses received from the City Council and the municipalities
in the baseline and final surveys. In the baseline staff survey, the majority of responses (94%) were
collected in the municipalities, particularly in the Music School Macia-Companys in Agramunt
(Lleida018), the Solsona Council office building (Lleida009), the Cervera Council Office building
(Lleida011) and the CEIP Arques in Cervera (Lleida012); whereas in the final staff survey, only
36% of the responses were collected from the municipalities. Most of the respondents of the final
survey were from the Sant Francesc office building (Lleida001). Most of the visitors’ responses
were also collected in the buildings at the City of Lleida, 60% in the baseline survey and 96% in the
final survey.
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Figure 59: Staff responses by participating buildings in the baseline and final surveys

Figure 60: Visitors’ responses by participating buildings in the baseline and final surveys

Impact of the EDSS
In the final survey, all respondents were asked their views about the usefulness of the information
provided by the EDSS. However, in the case of visitors, these particular questions were only
answered if they have heard about the SMARTSPACES project. From the 78 responses received,
only 14 visitors (18%) knew about the project through word of mouth, posters, display screens and
email. Only the visitors who have heard about the project before answered the questions related to
the EDSS. Hence, results from the visitors’ survey analyses should be taken with caution as the
number of respondents to these questions was very low.
Figure 61 shows that staff respondents in Lleida were highly involved in the campaign by
considering energy use in public buildings as a relevant issue for them (mean=4.362). Visitors also
considered energy use a valuable issue (n=78, mean 4.093). Staff and visitors were inclined to
agree that the Lleida City Council and the municipalities were competent, and knowledgeable to
provide the information (source credibility) in the EDSS (staff mean=3.789, visitors’ mean=3.940).
Staff and visitors tend to agree that the information provided is believable and credible (argument
quality) (staff mean=3.784, visitors’ mean=3.914) as well as useful and engaging (ability to
process) (staff mean=3.846, visitors’ mean = 3.833). As a result of viewing or using the EDSS, staff
responded that they were likely to think further about energy use in the buildings or change
activities in their work (intention to elaborate) (mean=3.795), whereas visitors were inclined to have
a more neutral response (mean=3.600). More details on the descriptive statistics can be found in
Table A1.1 in Annex 1.
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n = 44

n = 78 (involvement), n = 7 (argument quality), n=14 (source
credibility), n=8 (ability to process), n=8 (intention to
elaborate)
1 = strongly disagree, 5 = strongly agree

Figure 61: Staff and visitors’ responses regarding the effectiveness of the EDSS

Factors that might increase the thoughtful consideration of changing behaviour to reduce energy
use in buildings (intention to elaborate) were further investigated using correlation analysis.
For the staff survey, the correlation analysis showed moderate relationships between the
respondents’ involvement (ρ=0.486, p=0.001) and their ability to process (ρ=0.570, p=0.000) with
the outcome variable (intention to elaborate) (Table A1.2, Annex 1). These results indicate that key
aspects for staff to consider changing their behaviour to reduce energy use in the buildings is that
they perceive this topic as a valuable issue for them and that the information provided by the EDSS
is reliable, useful and engaging. In the case of visitors, it is relevant for them to perceive that the
institutions providing the information are competent and expert (source credibility) (τ=0.694,
p=0.026). (Table A1.3, Annex 1).

Comparative analysis of the baseline and final surveys
The number of same identified staff members in the baseline and the final surveys was low (only
12 out of 44 responses). Hence, a ‘panel’ data analysis was not conducted. Responses from the
staff surveys were analysed as independent samples considering 109 responses from the baseline
T1 survey (mainly from the municipalities) and 44 responses from the final T2 survey (64% from
the City of Lleida, 36% from the municipalities).
In the case of visitors, it was agreed since the development of the evaluation framework that their
responses would be collected from different participants and they would be examined as
independent samples.
Staff surveys
Levels of awareness about environmental problems associated with energy use (3.3%), knowledge
on how to reduce energy use or report energy saving opportunities (5.0%) and the feeling of social
pressure to reduce energy use (subjective norm) (0.3%) were very similar among the respondents
of the baseline and final surveys (see Figure 62 and Table A1.6 in Annex 1). After the staff had
access to the EDSS (BEIS and SIE), respondents from the final survey showed trends of slightly
stronger belief that their actions to reduce energy were effective (attitude) (1.2%), but they do not
tend to agree that they could easily reduce their energy use (perceived behavioural control – PBC)
(-3.7%) or intentions to report energy saving opportunities to colleagues (-2.6%). However, the
self-reported behaviour to minimise energy use of the final survey respondents tended to be higher
(6.7%) than the participants of the baseline survey. This improvement could possibly be attributed
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to the energy savings campaigns conducted in the Sant Francesc building and the visualisation of
the energy data in the Sport Halls at City of Lleida as a large percent of staff in these building
responded the final survey.

1 = strongly disagree, 5 = strongly agree

Figure 62: Box plots of the TPB variables in the baseline and final staff surveys

Visitors’ surveys
Most of the visitors’ responses were also collected in the buildings at the City of Lleida, 60% in the
baseline survey and 96% in the final survey.
Similar to the staff surveys, levels of awareness (3.3%), knowledge (5.0%) and perceived control
(1.4%) were similar among the respondents of the baseline and final surveys (see Figure 63 and
Table A1.6 in Annex 1). Respondents of the final survey in average had less intentions to reduce
energy use in the buildings they visited (-1.6%), but self-reported that they have conducted more
actions to reduce energy compared to the respondents of the baseline survey (2.7%).
Although positive differences were observed, these trends cannot be attributed to the information
provided by the EDSS as only few visitors in the final survey knew about the SMARTSPACES
project and the EDSS.

1 = strongly disagree, 5 = strongly agree

Figure 63: Box plots of the TPB variables in the baseline and final visitors’ surveys
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4.8

Milan
Commune di Milano
Buildings 3

Cisco
Surface 3,724m²

Average Age 1985 - 1930
Police Office,
Building Type Museum,
NurserySchool
Users

Staff >170
Professionals 12
Visitors >68,000/month

BT
Services EDSS, EMS

Resources covered
Police officers
Nursery school, service technicians
Museum visitors

Energy consumption analysis

Large electricity savings of 49.1% in average were observed in Milan. Electricity savings were
mainly related to the Police Station (68.9%), followed by the nursery (27.3%). These savings
should be examined with caution, particularly for the Police Station. In this building, most of the air
conditioning in this building is provided through electric chillers. During the monitoring period,
electricity demand was lower due to weather conditions. Nevertheless, it was perceived that the
EMS and EDSS have enabled reductions through the quicker solution of problems and the
awareness raised by the feedback provided about the energy consumption in the buildings. In the
nursery, electric chillers are not used. Hence, savings in this building could be attributable to an
improved cooperation of users in the building to reduce energy consumption.

Behavioural change analysis
The main users of the EMS are the energy management team in the municipality. However, they
can only access the information and monitor the data. The main benefit highlighted by the
interviewee was the data visualisation. Prior to the service, the facilities were not visible remotely,
so building professionals had to go physically to the buildings. With the EMS, the maintenance and
solution of the problems can be conducted quicker. The target users of the EDSS are building
users and visitors, who can access the information in the website and in display screens. The
interviewee believed that the EDSS has certainly increased the knowledge and skills among
technical and non-technical staff. The interviewee considered that the EDSS has been a useful tool
to provide feedback to the users about the energy consumption in their buildings and making them
aware that their actions reflect on this energy use. Furthermore, he perceived that it has enabled
reductions through the awareness raised, so people interested in the project have conduct
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appropriate actions to reduce energy. The SMARTSPACES project is consistent to the
environmental culture and mission of the municipality of Milan that has committed to the 20/20/20
red. Therefore, he perceives that the project has provided them with a useful instrument to achieve
the goal of the 20/20/20 Act. The main drivers are related to cost savings and to increasing the
knowledge and skills of staff, while the barriers perceived were mainly related to the lack of
resources
Exemplary quotes from the mid-term interviews are presented in the following table:
“If we have a report of something that it is not working well, we have to physically
Benefits of the
go to the building, so this is a very good feature in order to reduce our likely time to
EMS
respond.” (Milan1)
“I think that the EDSS is useful to reduce energy consumption starting from the
Benefits of the
users because you have an instrument to give them feedback. It is important. They
EDSS
can see how their actions reflect on the energy use.” (Milan1)
“I consider Smartspaces as an instrument of the 20/20/20…In this way
Institutional
Smartspaces is an instrument that is useful for the application because the goal
effects
has to be achieved through the practical implementation of experience” (Milan1)
Social effects

“I have noted that in our buildings, there are a lot of people that are interested in
energy savings activities and they have provided a good feedback.” (Milan1)

Surveys were completed by 56 members of staff and 52 visitors in the baseline survey and 25 staff
and 46 visitors in the final survey. Regarding their views about the usefulness of the information
provided by the EDSS, staff and visitors were inclined to agree that the information provided was
clear, credible, useful and engaging, while they also considered that the municipality of Milan was
a competent and expert institution to provide the information. Results indicate that a key aspect for
staff and visitors to consider changing their behaviour to reduce energy use in the buildings is that
this topic is particularly relevant for them and the information provided by the EDSS is reliable,
useful and engaging.
Due to the low number of responses from the same identified staff in the baseline completing the
final survey, the analysis of the staff surveys was conducted as independent samples. Individuals
responding the final survey who had access to the EDSS showed higher levels of subjective norms
(24.7%), intentions and self-reported behaviour to reduce energy use in the building (11.3% and
27.7% respectively).
As to the visitors’ surveys, levels of knowledge (7.7%), perceived control (14.6%) and self-reported
behaviour (38.7%) were higher between the participants that responded the baseline and the final
surveys.
Building users

Self-reported behaviour
to reduce energy use

Staff

27.7%

Visitors

38.7%

Average change

33.2%

4.8.1 Background information
‘Comune di Milano’ aims to fully comprehend energy consumption across the city, by choosing
representative buildings and representative areas of consumption, improve its decision making
process and raise the bar for sustainable, cost-saving building management practices. Working
with BT and Cisco the city authorities will be able to develop building performance models and
analytics using real-time data from sensors, actuators and meters, and dynamic-pricing data along with an innovative Information Management software - to accurately assess, track, forecast,
simulate and optimize energy consumption of its assets. The system will also identify underperforming buildings and the causes of energy inefficiencies.
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Given the variety of sites that are part of the assets, the ‘Comune di Milano’, has chosen the most
significant types, in order to:





identify the best energy efficiency solutions for each type of site, and maximize energy savings
replicate the energy model on every building of the same type
turn efficiency and savings into an optimal image return, both internally and for the public (each
pilot site is a location with several employees, collecting a large number of users).
In particular:
o Local Police Offices: on the basis of the audits conducted the fact that tertiary buildings
contain substantial room for savings has emerged. In this building, air-conditioning is
installed and electric consumptions are particularly high, especially if compared to the
average consumption of other local buildings.
o Museum of the ‘Risorgimento’: This building is perfect for the dissemination activities of
the SMARTSPACES project as a museum/art gallery type of building.
o Nursery School: the site is particularly representative of the municipal assets, where
there are a large number of buildings of this kind. The building has a modular structure
that is repeated in several other sites where SMARTSPACES service can be easily
extended.

A network infrastructure connects the pilot sites together and to the other assets of ‘Comune di
Milano’, allowing a centralized and scalable Energy Management solution.
Local Police Offices: three-floor building, 140 employees (on shift work); 2,400 visitors estimated
per month; the ICT infrastructure is composed by a MAN (provided by BT), a LAN (Foundry
technology for the core and HP for the access) and VoIP network (Siemens technology).
Museum of Risorgimento: four-floor building, 50 employees and 66,000 visitors estimated per
month
Nursery School: two-floor building, 60 permanent users and 130 visitors estimated per month.
The objective of the EMS solution is to gather row information and to elaborate it as to become
intelligent data. EDSS system objective is to analyse data and create intelligent dashboards and
reports able to make predictive analysis and to plan future use and consume of energy.
All sites selected by ‘Comune di Milano’ have been provided by sensors and meters in order to
send information to the aggregators and from here to a BT Central System that will provide to
manage them.
The linkage between data of consumption and internal and external events will be possible thanks
to BT Energy Management platform, provided by Eudata, that will allow the EMS system to monitor
the energy consumption data real-time and in every building selected as a pilot. Predictive
analysis, reports about energy consuming, dashboard for displaying and controlling the energy use
will only be possible by implementing the EDSS system with the BT Business Intelligence platform
Thanks to that platform the Comune di Milano users could create benchmarks among different
buildings, between actual and historical data etc. The analysis of data will make possible to
allocate the right budget for energy expenses or to find out the best energy contract for the profile
of consuming, to understand where peaks occur or which alternative fares could be applied.
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On the left: Local Police Offices; on the right: Museum of Risorgimento

Service description
EMS
The design and communication is orientated on a two layer structure: the field layer, local,
containing metering systems, and the application layer, centrally located. The field layer contains
power meters, heating probes and data concentrators (smart servers). In the Police Office, two
systems are in parallel: the first focusing on the building’s infrastructure such as lightning and
heating (BT); and the second on the ICT domain targeting all appliances such PCs, desktop
switches and IP phones offering more than only energy management services (leveraging CISCO
EnergyWise technology).
The initial plan for the pilot is to concentrate IP-centric EMS, adding a powerful energy
management layer to the buildings using the comprehensive Cisco/BT approach, as depicted in
the following table.
System to be installed
Site
BT

Cisco

Local Police Office

X

X

Museum

X

Nursery School

X

Cisco® EnergyWise is an energy management architecture that allows IT operations and facilities
to measure and fine-tune power usage to realize significant cost savings. Cisco EnergyWise
focuses on reducing power utilization on all devices connected to a Cisco network ranging from
Power over Ethernet (PoE) devices, such as IP phones and wireless access points, to IP-enabled
building and lighting controllers. It uses an intelligent network-based approach, allowing IT and
building facilities operations to understand, optimize, and control power across an entire corporate
infrastructure, potentially affecting any powered device.
At a central level, both solutions send information to the centralised monitoring platform, provided
by BT (developed by Eudata), that integrates IT, physical infrastructure, and facilities energy
management into a full service management platform.
The objective of the monitoring platforms is to take energy-rich data and transform it into an
intelligent format that enables company insight and foresight. The physical infrastructure of the
system architecture is as follows:
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Physical infrastructure of energy monitoring
A simple application is the analysis of the electric consumptions and detection of wrong
heating/cooling pumps settings (on and off), together with a control lighting system in order to save
money and to give users the visual comfort. In the case of the police station the EnergyWise
systems from Cisco will aid further atomisation such as automatic turn-on of electric appliances
linked to a person. For instance, when the police officer swipes his card entering the building, the
IP-phone could be turned on, which again sends signal of occupancy to the other systems.
All information about consumption is gathered and then sent to a centralised system, in order to
analytically classify the information received so as to make it possible to develop specific
dashboards with them. This Central Platform will be hosted in BT Data Center, in Settimo Milanese
(MI).
The core of the CEMS solution is the Greeny platform, that is a powerful enterprise energy
monitoring tool designed to help organizations gain information needed to optimize energy
consumption, minimize risks associated with energy infrastructure, and comply with targets for
reducing environmental impact.
This offering provides a link between the domains of energy management and service
management. This means that energy and environmental issues are closely tied to the business
services that they support.
To help manage energy across the enterprise, this platform ties into information about the physical
infrastructure from a variety of sources, whether that infrastructure is information technology,
building infrastructure, or other assets in the enterprise. This information feeds key dashboards,
reports, and analytics that help to realize benefits to their organizations.
In the figure below is shown the architectural diagram: all the data is received, correlated and
transformed in high level human capable information sending them to the software layer;
transformed data are now stored in the Greeny DB and, via Greeny User Display, can be exposed
to the end user.
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Greeny holds different modules and functionalities. On a high level view there are two main layers,
Backend and Frontend.
On Backend side there are Web Services and the Database Management System (DBMS).
Greeny is a high customizable platform which enables, based on different kind of Enterprise
Database, the integration with the external Business Intelligence modules. The Frontend instead
has a GUI able to control hardware and display measures graphs.
The local energy management service solution tries to transform a common building into an
intelligent building, that is well managed and integrated, with physical and digital infrastructures
providing optimal occupancy services in a reliable, cost effective, and sustainable manner. These
buildings:




Communicate in real-time to supporting infrastructure (i.e. smart grid, broadband, etc.)
Use active and designed-in techniques to achieve efficiency and environmental responsibility
Have the ability to interact with occupants inside them as well as the environment around them.

At a local level, dashboard for monitoring and controlling is available to users.
Greeny User interaction is based on tree navigation experience. This enables the customer user to
manage the following entities:




Users, it’s a collection of users profile for the current building
Sensors, it’s a collection of building’s sensors that you can add, modify and remove
Measures, it’s a collection of measures that you can add, modify and remove.

The logical objects “Sensors” and “Measures” are strictly connected by the Stream Manager
Processor which, as said before, receive, correlate and transform the sensor data in physical
entities like measure.
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Users
Greeny enables user management level agreement, in order to differentiate skills from the
administrator level to end user level. It’s also possible to create “a collection” of users profile for
each building.
There are three main categories:




Admin, it’s an administrator for entire system;
Supervisor, it’s control one or more building and every user in the same group;
User.

For each category there are different restriction roles defined on create or update action. The
profile panel allows to create specific grant roles by customer need. As shown in the figure below:

Sensors
The sensors tab is a collection of logical instance for each sensors and gateways.

The figure above provides an overview of the sensors and gateways placed in a building. This is a
first view of sensors and their common properties. Further on it is possible to perform the
followings:




Create Sensor
Modify Sensor
Delete Sensor

The figure above depicts the following parameters:


Sensor name;
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Tenant reference, default value is “Sensor” and it defines where the new instance will be
placed on tree view;
Sensor type like gateway, multimeter or temperature;
Sensor gateway reference, it’s optional parameter and it sets the gateway reference.

Measure
The measures tab is a feature that allows creating a physical quantity for any sensor so it is able to
refer a real time value with a human concept. This is a critical concept because a sensor retrieves
a value out of scale or it depends on hardware specification.

The figure above illustrates the Measure specifications with technical information for each line, as
Name; Physical quantity; Operation type; Tenant; and Formula.
Energy Wise Integration
It has been already planned for Greeny to integrate with Cisco EnergyWise technology, embedded
in Cisco catalyst switches. Fourth component on menu list, named as “EnergyWise”, consists on a
set of functionalities to check and modify an energy device that supports Cisco EnergyWise
protocol. This feature enables customers to interact with every single consumer and modify their
energy status.
The figure below provides an overview of the sheet named “EnergyWise”: Here, it’s possible to
choose, for example, the sensor and the time to give to the selected sensor (e.g. a level, such as
“hibernate” or sleep): Also, it allows for setting a range of priority for the sensor/device.

The core of the PEMS solution is the Greeny platform. It monitors and reports on key metrics for
physical infrastructure across the enterprise, provides alerts when thresholds are exceeded, and
aids in taking action to improve energy management.
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EDSS
Organizations are constantly pressured to understand and react quickly to information. With a
capable solution, all levels of an organization can receive information how, when, and where they
need it to make faster and better aligned decisions.
Many organizations often satisfy this complexity and these diverse demands with a number of point
solutions. The high capable information exposed by the Greeny platform can be used to answer
key business questions and outperform the competition.
By using the sheet “User Display”, there is the possibility to display, set, and modify the graphs in
the dashboard view, in order to screen the graphs most relevant for the customer’s aim. An
example is shown in the figure below:

Greeny delivers views, creates and administers dashboards and analysis, accessed through web
interfaces: Administration Panel. The web-based administration provides a complete view of
system activity as well as system metrics and thresholds so that organizations can resolve
potential issues before being a business impact.
Greeny Platform is built on a web-based service-oriented-architecture (SOA) that is designed for
scalability, availability, and openness. This kind of platform provides optimized access to all data
sources, including relational data sources and online analytical processing (OLAP). The Greeny
Architecture provides the full integration between the Greeny Platform and external system such as
Business Intelligence and in general for any kind of interaction and integration.
Most organizations have data sitting in different systems and data sources, which makes gaining
access to all data difficult. In addition, methods to ensure that users get complete access to data
can be expensive. The Greeny Platform provides the ability to deliver all information from wherever
it resides and isolates the user from technological complexity. The Greeny Platform provides a
single point to access all data sources.
All the data collected and transformed into human capable information are displayed in the User
Display sheet in the Administration Panel:
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The User Display view allows for the display of many graphics and grouping them into logical
entities by tab view list is possible. For instance, it’s possible to create tabs for each of the
managed buildings or logical modules by double click on the tab add icon (
add a new dashboard entity to display new graphic (right).

).Now it’s possible to

The figure above depicts the common parameters for each dashboard, such as: Dashboard name;
Measure name; Recurrence; Refresh time; Chart type; Aggregation.
Most interesting parameters are recurrence, chart type and aggregation. Recurrence defines if the
graphic has fixed start and end date or it depends from relative time like as last hour, last month,
yesterday, today, etc.
One of the most important parameter that can be set in the Greeny dashboard is the Aggregation.
Aggregation defines the collection time for the selected measure like quarter hour, half hour, hour,
and more; this option is powerful for the user that wants to see a global daily measure trend
without single specific measure or otherwise to see any single detail.
When a user accesses the User display, it’s possible to customize the dashboard or edit an
existing one. Also, it’s possible to choose the chart type (example: Bar, Table, Dial, PieGrid, Line,
Area), the aggregation and other settings to be shown in the graphs.
Following some example graphs:

The figure above shows the current generated calories displayed on a gauge chart, daily
conference room temperature displayed on bar chart and daily measure displayed on a line chart.
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The figure above illustrates an example of the measure comparison between yesterday and today.
One of the main goals that the service aims to achieve is to raise awareness among users about
energy efficiency in buildings and efficient management of resources. The Visitors are provided
with different ways of receiving information through the SMARTSPACES service.
The system displays information and advice on resource (electricity, heating) efficiency for the
building based on the area (e.g. toilet, foyer, waiting room, lift). The information is continuously
displayed through non-stop running messages, video clips on displays in halls, posters, flyers,
images and graphs.

4.8.2 Energy consumption analysis
The table below shows electricity data for the three Milan buildings. These savings should be
examined with caution as it is unlikely that the savings shown in the table are realistic. Electricity
consumption across the three sites fell by almost 50%.

Police Station
Museum
Nursery

Type
Electricity
Electricity
Electricity

Units
kWh
kWh
kWh

Forecast
Measured
Change
% Change
177535
55159
-122376
-68.93
77914
66964
-10950
-14.05
35591
25874
-9717
-27.30

4.8.3 Results of behavioural change analysis
This section presents an analysis of the mid-term interviews with building professionals, which
aimed to understand the main benefits of the SMARTSPACES services perceived by the users at
the institutional and social level that may have had an impact of changes in attitudes and behaviour
of building users towards energy savings at the individual level.
Subsequently, changes at the individual-level changes as a result of the implementation of the
EDSS SMARTSPACES services are assessed by analysing differences in awareness, attitudes,
subjective norms, perceived control, intentions and self-reported behaviours of respondents (staff
members and visitors) to the baseline and final surveys. This section also describes respondents’
views about the usefulness of the information provided by the EDSS.

Mid-term interviews
One semi-structured interview was conducted via Skype in April 2014 with the manager of the
energy management team (Milan1). The interviewee mainly participated at the initial stages of the
project, providing and following up information about the sensors and meters, etc. Currently, the
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interviewee is responsible of supervising and managing heating and electrical services in the
buildings, but not directly involved in the SMARTSPACES project.
The interviewee explained that the municipality manages around 700 buildings and few of these
buildings are managed centrally. At the time of the interview, the interviewee considered that the
SMARTSPACES services can bring energy savings by increasing the knowledge and skills of the
people that are involved in the daily energy management of the buildings, while also increasing the
awareness of users that need and use the energy.

Energy Management Service
The main users of the EMS are the energy management team in the municipality. However, they
can only access the information and monitor the data. The contractor or service provider can
operate the system.
The main benefit highlighted by the interviewee was the data visualisation. Prior to the service, the
facilities were not visible remotely, so building professionals had to go physically to the buildings.
With the EMS, the maintenance and solution of the problems can be conducted quicker.
“If we have a report of something that it is not working well, we have to physically go to
the building, so this is a very good feature in order to reduce our likely time to respond.”
(Milan1)
The EMS and the EDSS use the same data, but a system has been set up in order to
communicate different information to building professionals and users. Users can only see high
level information, while building professionals have access to more detail information. The
information from the EDSS is publicly available, while for the EMS, users require an account and a
password.

Energy Decision Support Service
The main users of the Green Dashboard (EDSS) are people participating in the project from
different teams within the municipality of Milan. At the time of the interview (April 2014), the EDSS
was not shown to the visitors. It was planned to show it in 2 display screens: one in the Museum
Risorgimento and other in a building outside the project, but located in the centre of Milan and that
receives a large number of visitors.
Message, channels of communication and exposure
The information provided in the EDSS is high level and not technical, with some graphs and
figures, while the more detailed and technical information is presented in the EMS. The interviewee
considered that the level of information for building users in the EDSS was adequate and easy to
understand (Milan1). This information is presented in the website and in display screens. The
website provides the information about the project, and it can be accessed by users interested in
the project results.
Although there is not a specific reporting mechanism, the communication is from the users to the
energy management team, and they receive the responses from the team via phone or email.
Training and dissemination were conducted through environmental champions and this training
was delivered by people in the municipality and BT, the project partner. The interviewee
highlighted that there are more than 16,000 employees in the municipality. Therefore, the
environmental champions are the connection between the task force and the users. Introductory
sessions were provided to all staff in the 3 participating building where the objectives of the project
were explained. Environmental champions in each building were identified by the managers of the
buildings in these introductory sessions. Subsequently, these champions received specific training
in 3 different sessions.
As to the exposure to the EDSS, the interviewee commented that users are informed about the
project at least on a quarterly basis through the intranet (Milan1).

Page 161 of 338

30/03/2015

SMARTSPACES – D7.2

Benefits
The interviewee believed that the EDSS has certainly increased the knowledge and skills among
people who do not have energy management as their main of their jobs. The interviewee
considered that the EDSS is a useful tool to provide feedback to the users about the energy
consumption in their buildings and making them aware that their actions reflect on this energy use.
“I think that the EDSS is useful to reduce energy consumption starting from the users
because you have an instrument to give them feedback. It is important. They can see
how their actions reflect on the energy use. So, I think that it [EDSS] is very useful.”
(Milan1)
The interviewee perceived that the EDSS have enabled reductions through the awareness raised,
so people interested in the project have conduct some actions, such as reducing the heating
temperature.
“I have seen that the people interested in the project have understood that they can
reduce energy consumption probably they have done something like reducing the
heating when they receive information related to the project and have noticed energy
saving opportunities” (Milan1)

Institutional effects
The interviewee considered that the SMARTSPACES project is consistent to the environmental
culture and mission of the municipality of Milan that “has signed an Official Act called 20/20/20”
(Milan1). Therefore, he perceives that the project has provided them with a useful instrument to
achieve the goal of the 20/20/20 Act. Therefore, the project has received support from senior
management within the municipality.
“I consider Smartspaces as an instrument of the 20/20/20, because the 20/20/20 Act is
a goal or a point to reach. In this way Smartspaces is an instrument that is useful for
the application because the goal has to be achieved through the practical
implementation of experience” (Milan1)
The main drivers mentioned by the interviewee are related to cost savings and to increasing the
knowledge and skills of staff, while the barriers perceived were mainly related to the lack of
resources.

Social effects
The interviewee commented that he has noticed that several staff in the buildings were interested
in the project and had provided a good feedback about the services to the energy management
team (Milan1).
“I have noted that in our buildings, there are a lot of people that are interested in energy
savings activities and they have provided a good feedback.” (Milan1)
As explained earlier, environmental champions were identified during the introductory sessions of
the project. These champions are the connection between the task force and the building users.
The interviewee was not aware of further communities.

Staff and visitors’ surveys
This section focuses on the views of building users about the information provided by the EDSS,
and the changes on attitudes and behaviours to reduce energy use at the individual level as a
result of the implementation of the EDSS.

Surveys’ data collection
For the baseline T1 staff surveys, the municipality of Milan contacted members of staff in the three
participating building and requested them to complete the survey online. For the final surveys,
DMU contacted T1 staff respondents to invite them to complete the final T2 survey. Due to the low
response received by mid-August, the municipality of Milan requested staff to complete the surveys
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in paper and the representative of the pilot site introduced the responses in the online survey. The
municipality of Milan collected responses from visitors in paper for the baseline and final surveys
and submitted an electronic version to DMU for analysis.
A total of 49 responses from staff in participating buildings and 52 from visitors were received in
the baseline T1 survey, while 25 members of staff and 46 visitors completed the final T2 survey
(Table 32 ). From the T1 staff participants contacted only 7 responded the second survey (Figure
64). The analysis of the staff surveys in Milan examines the 56 responses of the staff baseline
survey and 25 different responses from the final survey as independent samples due to the low
response of the same identified respondents from the baseline T1 survey in the final survey.
Table 32: Surveys responses (Milan)
Staff surveys

Visitors surveys

Milan
Baseline T1

Final T2

Baseline T1

Final T2

Participating buildings

49

25

52

46

Non-participating buildings

7

-

-

-

Total responses received

56

25

52

46

Figure 64: Staff surveys responses to the baseline and final surveys

Profile of respondents
A similar proportion of male and female participants completed the baseline and final surveys (staff
and visitors). Most respondents in the staff baseline survey were aged between 30 and 60 years
old, while most participants in the final survey were aged over 45 years old. The majority of visitor
respondents (above 80%) were aged over 30 years old in both surveys. Most staff and visitors’
respondents had at least a “high school diploma” (above 80%). More than 80% of staff
respondents stated in both surveys that they did not have energy management responsibilities in
the buildings (Table 33).
Table 33: Profile of respondents in relation to survey participation
Staff surveys
Profile
Gender
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Visitors surveys

Baseline
T1

Final T2

Baseline T1

Final T2

Male

22 (45%)

13 (52%)

21 (40%)

20 (44%)

Female

27 (55%)

12 (48%)

27 (52%)

26 (56%)

Prefer not to say

0 (0%)

0 (0%)

4 (8%)

7 (15%)
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Profile
Age

Education

Energy
Management
responsibilities

Staff surveys

Visitors surveys

Under 15 years old

0 (0%)

0 (0%)

2 (4%)

0 (0%)

15–29 years old

1 (2%)

0 (0%)

8 (15%)

7 (15%)

30-44 years old

17 (35%)

4 (16%)

22 (42%)

14 (30%)

45-59 years old

28 (57%)

8 (32%)

9 (17%)

14 (30%)

60 or over

3 (6%)

13 (52%)

9 (17%)

10 (22%)

Prefer not to say

0 (0%)

0 (0%)

2 (4%)

1 (2%)

Lower secondary

8 (16%)

0 (0%)

10 (19%)

5 (11%)

Upper secondary

32 (66%)

25 (100%)

19 (37%)

27 (59%)

University

8 (16%)

0 (0%)

15 (29%)

11 (24%)

Post graduate

1 (2%)

0 (0%)

6 (12%)

3 (6%)

Not responded

0 (0%)

0 (0%)

0 (0%)

0 (0%)

Yes

9 (18%)

1 (4%)

-

-

No

40 (82%)

24 (96%)

-

-

Most of the staff responses in the baseline and final surveys were collected in the Police Station
building (48% and 40% respectively) (Figure 65). In the visitors’ baseline survey, most of the
responses were collected in the Museum “Risorgimento” (40%) followed by the police station
(36%) and the Nursery “De Ruta” (24%). A similar proportion of visitors in each participating
building completed the final survey (Figure 66).

Milan001 = Police Station Settala, Milan002 = Nursery De Ruta, Milan003 = Museum Risorgimento

Figure 65: Staff responses by building in the baseline and final surveys
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Milan001 = Police Station Settala, Milan002 = Nursery De Ruta, Milan003 = Museum Risorgimento

Figure 66: Visitors’ responses by building departments in the baseline and final surveys

Impact of the EDSS
In the final survey, all respondents were asked their views about the usefulness of the information
provided by the EDSS. However, in the case of visitors, these particular questions were only
answered if they have heard about the SMARTSPACES project. From the 46 responses received,
25 visitors (54%) knew about the project mainly through posters and public display screens. Only
the visitors who have heard about the project before answered the questions related to the EDSS.
Figure 84 depicts that staff respondents more than visitors agreed that energy use in public
buildings is a relevant issue for them (involvement). Visitors more than staff agreed that the
municipality of Milan was competent, expert and knowledgeable to provide the information (source
credibility). Staff agreed that the information provided in the EDSS is believable and credible
(argument quality) as well as useful and engaging (ability to process). Responses of visitors to
these questions were also positive, but more diverse. As a result of viewing or using the EDSS,
staff particularly responded that they were more likely to think further about energy use in the
buildings or change activities in their work (intention to elaborate). More details on the descriptive
statistics can be found in Table A1.1 in Annex 1.

n = 25

n = 46 (involvement), n = 25(argument quality, source
credibility, ability to process, intention to elaborate)
1 = strongly disagree, 5 = strongly agree

Figure 67: Staff and visitors’ responses regarding the effectiveness of the EDSS
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Factors that might increase the thoughtful consideration of changing behaviour to reduce energy
use in buildings (intention to elaborate) were further investigated using correlation analysis.
For the staff survey, the analysis showed moderate correlations between their ability to process
(ρ=0.423, p=0.035) and level of involvement (ρ=0.423, p=0.035) with the outcome variable
(intention to elaborate) (Table A1.2, Annex 1). The analysis of the visitors’ survey indicated a
strong correlations between their level of involvement (ρ=0.828, p=0.000), the argument quality
(ρ=0.823, p=0.000), their ability to process (ρ =0.849, p=0.000) and the source credibility (ρ=0.883,
p=0.000) (Table A1.3, Annex 1).
Results indicate that a key aspect for staff and visitors to consider changing their behaviour to
reduce energy use in the buildings is that this topic is particularly relevant for them and the
information provided by the EDSS is perceived as reliable, useful and engaging.

Comparative analysis of the baseline and final surveys
This section examines changes in the attitudes, subjective norms, perceived control, intentions and
behaviour to reduce energy of staff and visitors that could be attributed to the experience of
viewing or using the EDSS.
Staff surveys
When analysing the 49 staff responses from the baseline T1 survey and 25 responses from the
final T2 survey as independent samples, results showed that the levels of awareness (1.4%),
knowledge (0.8%) on how to reduce energy use and self-reported behaviour to report energy
saving opportunities (1.2%) of the final survey respondents were slightly higher than the ones of
the baseline survey. These respondents showed trends of stronger beliefs of social pressure
(subjective norm) (15.8%) as well as intentions and self-reported behaviour to reduce energy use
in their buildings (11.3% and 27.7% respectively). See Figure 68 and Table A1.8 in Annex 1 for
further details.

1 = strongly disagree, 5 = strongly agree

Figure 68: Box plots of the TPB variables in the baseline and final surveys

Visitors’ surveys
Visitors’ respondents of the final survey were in average more aware than the respondents in the
baseline survey (1.7%), had more knowledge on how to reduce energy use (7.7%), stronger belief
that their actions to reduce energy were effective (attitude) (2.5%) and perceived more social
pressure (subjective norm) (9.8%) and control (PBC) (14.6%) to reduce energy use. Their levels of
intention to decrease energy consumption and inform about energy saving opportunities were also
higher (8.1% and 1.9% respectively) as well as their self-reported behaviour to reduce energy use
(38.7%) (Figure 69 and Table A1.7 in Annex 1).
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1 = strongly disagree, 5 = strongly agree

Figure 69: Box plots of the TPB variables in the baseline and final visitors’ surveys
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4.9

Moulins
Moulins
Municipality

Moulins
Habitat (MH)

Buildings 1

EDFOS

Average Surface 1,640m²

Average Age 2013
Building Type Hospital/Nursery
Users

Staff 20
Professionals 20
Visitors >200 / day

Real Project
Partner

Services EDSS, EMS
Resources covered
Nursery and city staff
Directly related to their job
Children, parents, family and childminders

Energy consumption analysis

At early stages of the project, the “Maison de l'Enfance et de la Famille” nursery building was
under construction and start operating on January 2014. Therefore, savings were estimated using
simulated baseline data. Large savings were achieved for the heating and water consumption
(71.8% and 36.9% respectively), but the electricity consumption increased by 9.7%. According to
the interviews, the services have allowed not only building professionals to optimise the energy
consumption in each zone of the participating building improving the thermal comfort for the users
(particularly babies of the nursery), but also raise awareness among users on the relevance of
saving energy. Hence, energy reductions have been enabled through identification of energy
wastage in unusual periods and prompt correction of high consumption anomalies.

Behavioural change analysis
The target users of the EMS are the Moulins Habitat energy team, the EDF Optimal Solutions team
and the responsible people of the associations in the nursery. The benefits of the EMS highlighted
by interviewees were that the system is readily accessible and it is useful to easily detect problems
and solve them. The EMS has also allowed them optimising the energy consumption of the
building and improved the thermal comfort for the users (particularly babies of the nursery). The
target users of the EDSS are staff and visitors (children, parents and families). Interviewees
considered that the EDSS is a very precise tool that has helped to inform and raise awareness
among users on the relevance of saving energy not only through the energy data, but also through
advice on good practices. One of the main benefits of the services is that they have enabled actual
energy reductions through identification of energy wastage in unusual periods and the prompt
correction of the high consumption anomalies (for example, leaving doors opened during the
weekend or adjusting temperatures overnight or weekends). In the City of Moulins, the
SMARTSPACES project is showcased as an innovative project that can combine new technologies
for saving energy with the historical aspects of the city. The project team would like to further
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improve the attractiveness and effectiveness of the information of the EDSS to disseminate it in the
city and use the experience of the Nursery to set an example, and implement similar systems in all
the buildings of the city, such as schools. Cooperation among building users has increased by
showing them that the evolution of the energy reductions have been materialised through
everybody’s efforts.
Exemplary quotes from the mid-term interviews are presented in the following table:
“Because we are managing the EMS, we can have a look every day or every time
Benefits of the
we want. We can have a look to inappropriate data, which could be high energy
EMS
consumption. We can also detect problems…” (Moulins5)
“For us, the message of Smartspaces is to explain to people that we have control
Benefits of the of the energy consumption of the building and that we can decrease this
EDSS consumption…It is not only [energy] information, but also good practices…”
(Moulins2)
“We would like to combine innovative projects with the history of the city… we can
Institutional use the experience of this building to set an example to implement a similar
effects system in all the buildings in the city like schools and other buildings in the city.”
(Moulins3)
Social effects

“It is important that everyone involved at this level have the possibility of seeing the
evolution of this energy consumption to materialise everyone’s effort.” (Moulins2)

Surveys were completed by 34 members of staff and 12 visitors from the “Bellerive” Nursery in the
baseline survey and 24 staff and 20 visitors in the final survey at the “Maison de l'Enfance et de la
Famille” Nursery. Regarding their views about the usefulness of the information provided by the
EDSS, staff particularly agree that the information provided was clear, credible, useful and
engaging, while they also considered that the City of Moulins and Moulins Habitat were competent
and expert to provide the information in the EDSS. Results indicate that a key aspect for staff to
consider changing their behaviour to reduce energy use in the buildings is that the information
provided by the EDSS is clear and useful.
Responses from staff were analysed as independent samples as staff were working in different
buildings in the baseline and in the final surveys. After individuals had access to the EDSS in the
“Maison de l'Enfance et de la Famille” Nursery, levels of awareness (15.8%), knowledge (12.7%),
attitudes (23.5%), subjective norms (24.7%) and perceived control to reduce energy (23.9%) of
staff in the participating building were higher than the levels stated by staff members of the
“Bellerive” Nursery. The final survey respondents also showed higher levels of intention to report
energy saving opportunities (15.2%) and self-reported behaviour to reduce energy use (16.4%).
As to the visitors’ surveys, levels of awareness, knowledge and perceived control were also higher
in participants that responded the final surveys. Their self-reported behaviour to reduce energy use
was also higher than the respondents in the baseline survey (2.0%).
Building users

Self-reported behaviour
to reduce energy use

Staff

16.4%

Visitors

2.0%

Average change

9.2%

4.9.1 Background information
Public buildings such as nurseries and early child-hood facilities are some of the few structures in
which services of public authorities are based on intense co-operation while communication is not
only exchanged over the counter. At the same time, fees are mostly linked to running costs which
are likely to increase as prices for energy supply does. SMARTSPACES helps to limit the impact
on financially limited parents.
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Moreover, parents of young children are extremely sensitive to environment surrounding their
children. This should ensure that staff and parents pay attention to the settings and consumption of
the building. Through guidance by trained staff it is also an opportunity to educate parents,
therefore their children in the future, how to manage attention between children and the families’
energy consumption, resulting in smaller bills, more comfort and better environment for the most
vulnerable. By choosing three representative sites with different partners, Moulins will be enabled
to deploy the most suitable solution in other buildings in the future.
The Moulins pilot is comprised of a nursery building being constructed during the SMARTSPACES
project. It is projected to have 58 staff members and 360 visitors per day. The building is divided in
three parts: Hospital nursery: 300 m²; Association Entraide nursery: 580 m²; and RAM (Childood
coordination of the city): 160 m².

Associative nursery / general hospital nursery / community nurses building

The nursery building respects the thermal regulations 2012. It means the conception and
realization of the building is linked to energy efficiency with solutions to reduce energy
consumption and CO2 emissions. Realization concerns heating, ventilation, air-conditioning,
electricity, building monitoring system, to get a better comfort and environment for users, staff and
visitors. With the thermal regulations 2012, an air-tightness test takes place during and after the
construction site.
The metering technology is implemented by EDFOS. The implemented service is based on and
uses an existing solution from the same company. Data are collected, forwarded and registered to
process them and they are available for users, staff and professional. It is possible to improve the
energetic performance of the building and to communicate on the installations performance.
The solution provided at the site includes a complete service range from metering up to data
publication and analysis::






AMR technology (Automatic Meter Reading) which allows collecting relevant consumptions
data
Optical fibers to optimize data transmission
Data base which stores all collected data from AMR and buildings features (m², equipment…)
Web portal which allows consumptions follow-up and management
TV screens (RPP) for consumptions results publication to City of Moulins

Partners involved in the project include:





Moulins Habitat: Building and construction of crèche buildings; pilot site manager.
City of Moulins: Owner of the buildings with an association and the hospital of Moulins
RPP: IT company specialized in design and implementation of data display in social housing.
Responsible for the publishing of EDSS results on TV screens distributed around the buildings
EDF Optimal Solutions: Engineering consultant specialized in energy and utilities networks.
Leader in utilities services and building management solutions. Implementation of smart
metering technology, EMS and EDSS, Build and Run of HTML pages for public display.
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Service description
EMS
The EMS includes the setting-up of an AMR technology (Automatic Meter Reading) coupled with
an Energy Management IT solution.
The AMR technology captures data in real-time, those data are stored in a database management
system. As part of the EDSS, the web portal of EDFOS (Netseenergy) will enable to visualize the
collected energy consumption data and to analyze them (energy performance diagnostics).
Netseenergy software is a global and integrated solution dedicated to real estate management and
energy performance.
Its module of utilities management enables:











Data restitution (thanks to the setting-up of a smart metering network for the entire building)
Consumptions follow-up
Water, electricity, heating, ventilation, temperature, air quality
Relation between consumptions and activities in the buildings
Data analysis (reports, indicators of energy performance)
A multi-axes data publication
For buildings managers
For energy managers of city of Moulins
For citizens
Alerts solutions for corrective actions

All the sensors data, for energy as well air quality and temperature, are centralized in a box which
enables data communication in the “Netseenergy” software thanks to an IP protocol.
For temperature and air quality, various sensors are located in the rooms of the entire site. For
energy, sensors are positioned on main meters (energy provider) and submeters (in electrical
switchboards).
Consumption peaks are managed in the web portal (« Netseenergy software ») thanks to:



Consumption data reporting
Warning systems (by sms or email)

The system (thanks to a solar thermal metering) allows measuring the heating produced by a
district heating grid (wood-fired power plant).

EDSS
The implementation of an EDSS in the buildings of Moulins nursery enables:





To have an overview of the different energy consumptions
To supervise, control and manage the energy systems in buildings
To inform the visitors and staff members about the level of energy consumption and the air
quality inside the building
To change behavioural habits towards energy savings (information, tips…)

Building managers and technical staff are able to supervise and manage their own energy
consumptions thanks to the access of a dedicated web portal.
Users get access to data thanks to the following interfaces:




Consumptions curves
Analysis reports
Alerts solutions for corrective actions

Parents and public benefit from information and advices about energy management of the building
thanks to the setting-up of a TV screen which transcribes all the data consumptions collected.
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4.9.2 Energy consumption analysis
The table below shows the electricity, gas and water consumption data for the three buildings at
Moulin. The data provided to calculate the forecast was generated by simulation - the change in
consumption therefore is only indicative of what might have been expected.

Electricity
Gas
Water

Units
kWh
kWh
m3

Forecast
Measured
Change
% Change
70238.98
77065.26
6826.28
9.72
120496.31
33964.99
-86531.32
-71.81
552.93
348.98
-203.95
-36.88

4.9.3 Results of behavioural change analysis
This section presents an analysis of the mid-term interviews with building professionals, which
aimed to understand the main benefits of the SMARTSPACES services perceived by the users at
the institutional and social level that may have had an impact of changes in attitudes and behaviour
of building users towards energy savings at the individual level.
Subsequently, changes at the individual-level changes as a result of the implementation of the
EDSS SMARTSPACES services are assessed by analysing differences in awareness, attitudes,
subjective norms, perceived control, intentions and self-reported behaviours of respondents (staff
members and visitors) to the baseline and final surveys. This section also describes respondents’
views about the usefulness of the information provided by the EDSS.

Mid-term interviews
Two semi-structured interviews were conducted in April 2014 with the following building
professionals:






EDF Optimal Solutions (EDFOS) responsible of the implemented services (Moulins1)
Energy and Building Manager of the Moulins Habitat Nursery (Moulins2)
Moulins Minister for Youth (Moulins3)
Energy Manager of Moulins Habitat (Moulins4)
Energy Officer of Moulins Habitat (Moulins5

The second interview was conducted as a group interview.
All the interviewees participated in the development and implementation of the SMARTSPACES
services in Moulins in different stages: in implementation of the services in collaboration with
Moulins Habitat (Moulins1), monitoring the information of the EMS and detect and solve problems
causing high energy consumption (Moulins4 and Moulins5) and responsible of the EDSS, training
staff on its use and explaining the information displayed in TV screens (Moulins2).

Energy Management Service
The Nursery building started operations on January 2014, therefore, interviewees did not comment
on the services prior the SMARTSPACES project.
The target users of the EMS are the Moulins Habitat energy team, the EDF Optimal Solutions team
and the responsible people of the associations in the nursery. The benefits of the EMS highlighted
by interviewees was that the system is readily accessible and it is useful to easily detect problems
and solve them (Moulins5).
“We think that it can give us benefits related to energy consumption. It is good,
because we are managing the EMS, we can have a look every day or every time we
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want. We can have a look to inappropriate data, which could be high energy
consumption. We can also detect problems…” (Moulins5)
It was explained that the EMS has allowed optimising energy consumption in the building and
improved the thermal control for the users, particularly the babies of the nursery, and save energy
(Moulins1).
There are two ways to communicate energy alerts. One is related to automated sensors that report
the alert to Moulins Habitat (the owner) via email, then EDF OS can send an operating staff to the
building and check the problem (Moulins1). If the problem originates from the users, they contact
the energy team in Moulins Habitat or the building manager (Moulins5).

Energy Decision Support Service
The target users of the EDSS are staff of the nursery and visitors (children, parents and families).
One interviewee believed that the EDSS works very well for visitors, particularly for parents and
other family members (Moulins2). In the nursery, they take care of children from babies to four
years old. For them, the building manager and the energy team have prepared playful animation to
educate them on how to save energy and protect the environment (Moulins2).
Message, channels of communication and exposure
One Interviewee considered that the message of the SMARTSPACES is to explain staff and
visitors that “we have control of the energy consumption of the building and that we can try to
decrease this consumption” (Moulins3). The interviewee mentioned that the EDSS not only
displays information about the consumption of energy, hot and cold water, temperature and air
quality, but also good practices in an easy to understand and attractive manner (Moulins3). In
addition to this information, the EDSS also provides information about the activities and events
taking place in the nursery as well as concrete advice to users on how to save energy and money
(Moulins1, Moulins5).
The EDSS is provided through the web portal where staff can consult the information and through
two TV screens: one is located outside the nursery and the other one is inside the entrance of the
nursery (Moulins1).
At the time of the interviews (April 2014), 20 training sessions to staff and people from the
associations had been delivered by the EDF Optimal Solutions and the energy team of Moulins
Habitat (Moulins1). These training sessions consisted on explaining them how to understand the
information displayed in the web portal and TV screens, advice on good energy use and how to
use the building (Moulins5). If new staff arrives to the nursery, training is also provided.
“We have done some small training to explain how to use the building with this new
system and how to understand the information displayed on the TV screens… we do a
small training to them explaining what the good use is, how to use the building, and
what information is displayed on the TV.” (Moulins5)
As to the exposure of the EDSS, interviewees view or uses the information frequently to analyse
the energy consumption in the building and attempt to reduce it (Moulins1, Moulins5). The EDSS
information in the TV screens is available all the time. There are not regular emails to staff, but if
there is new information about changes or updates to the system, this is communicated by word of
mouth (Moulins2).
Benefits
Interviewees considered that the EDSS is a very precise tool that has helped to inform and raise
awareness among users (building professionals, staff and visitors) on the relevance of saving
energy not only through the energy data, but also through advice on good practices (Moulins1,
Moulins2). If over-consumption of energy is noticed, users are informed promptly and try to
respond immediately (Moulins2).
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“The EDSS is very precise tool, so we adapt it to the public and to target visitors and
professionals.” (Moulins1)
“This is a very good way to capture the data and show it to the audience and visitors in
the TV screens … Users should be informed if there is over-consumption of energy in
the building, and try to respond immediately” (Moulins2)
One of the main benefits of the services is that they have enabled actual energy reductions
through identification of energy wastage in unusual periods and the prompt correction of the high
consumption anomalies (for example, leaving one door opened during the weekend or adjusting
temperatures overnight or weekends) (Moulins4).
“After having a look to the actual energy consumption, we found that we could make
some adjustments to the system to reduce, for example, the temperature during the
night and during the weekend. And as I said in a question before, by the system have
detected some high consumption, for example, during a weekend and when we
checked there was a door left opened in a room during all the weekend, so the
temperature in the room decreased and the consumption for the heating increased
during 2 days. We have also detected other leaks of consumption similar to this that
produce high energy consumption.” (Moulins4)

Institutional effects
Interviewees believe that the SMARTSPACES project is consistent with the culture of the City of
Moulins. This project was welcome by the City and by all partners involved, because it was a good
opportunity to introduce innovative technology in the building. Therefore, the team uses the
services as much as possible and disseminate it among users and visitors to showcase good
practices of energy savings in the City and in the sector (Moulins2). It was also explained that the
City of Moulins is a medieval city, and the city would like to combine innovative projects with the
history of the city, in other words, that the city can benefit of new technologies for energy savings
and preserve the historical aspects of the city (Moulins3).
“Moulins is an old city, it is a medieval city, we would like to combine innovative
projects with the history of the city, it is very important for us to show that we are
sensitive to new technology and energy savings, but we want to preserve the historical
aspects.” (Moulins3)
Furthermore, the project team would like to improve the attractiveness and effectiveness of the
information of the EDSS to disseminate it to building managers of companies and social partners in
the city. They would like to use the experience of the Nursery to set an example, and implement
similar systems in all the buildings of the city like schools (Moulins3).
“We can use the experience of this building to set an example to implement a similar
system in all the buildings in the city like schools and other buildings in the city.”
(Moulins3)
It is important to highlight that senior management members of the City of Moulins are involved in
the project. The Mayor of the city and the Director Manager of the Services are aware of the
project. Reflections and implications of the project have been directly discussed with them
(Moulins3, Moulins5).

Social effects
Interviewees commented that unlike large organisations and cities, Moulins is a small city and the
teams are small. Therefore, the communication is easy by word of mouth, and is good among the
users, energy team and partners. If there are enquiries, they are formalised via email as well as
their solutions. Currently, the team does not use social media as a feedback mechanism.
One interviewee highlighted that the information provided by the EDSS is an attractive way to
remind users about the relevance of energy savings and engage them (Moulins2). Cooperation
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among building users has increased by showing them that the evolution of the energy reductions
have been materialised through everybody’s efforts.
“It is important that everyone involved at this level have the possibility of seeing the
evolution of this energy consumption to materialise everyone’s effort.” (Moulins2)

Staff and visitors’ surveys
This section focuses on the views of building users about the information provided by the EDSS,
and the changes on attitudes and behaviours to reduce energy use at the individual level as a
result of the implementation of the EDSS.

Surveys’ data collection
Surveys responses for staff and visitors were collected on paper between February and June 2013
for the baseline T1 survey and between July and September 2014 for the final T2 survey.
At the time when baseline T1 survey responses were collected, the nursery building was under
construction. Therefore, a building with similar characteristics was identified (the Bellerive
Nursery). Table 34 and Figure 70 illustrate that thirty-four staff surveys responses were collected
from different parts of this building (Crèche Multi Accueil à Petits Pas, Relais d'assistantes
maternelles, Multi Accueil Bellerive/s Allier and CCAS). Twelve responses from visitors were
collected mainly from “Creche Bellerive” in the same building.
The House of childhood and family Nursery (Maison de l'Enfance et de la Famille.) started
operating in January 2014. Staff and visitors of this building were contacted to respond the final
survey. Twenty four responses were received from staff working in three different departments:
CCAS, RAM and Petis Pas (Table 34 and Figure 70). Twenty visitors to this nursery completed the
final survey.
Table 34: Surveys responses (Moulins)
Staff surveys

Visitors surveys

Moulins
Baseline T1

Final T2

Baseline T1

Final T2

-

24

-

20

Non-participating buildings

34

-

12

-

Total responses received

34

24

12

20

Participating buildings

Figure 70: Staff responses by building departments in the baseline and final surveys
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The Moulins nursery (Maison de l'Enfance et de la Famille.) final survey results are compared in
the context of the Bellerive baseline survey results (a similar building with similar functions).

Figure 71: Staff surveys responses to the baseline and final surveys

Profile of respondents
Table 35 depicts that mostly female staff and visitors aged between 30 and 60 years old completed
the baseline and final staff surveys. The level of education varied in the different groups of
respondents. More than two thirds of the staff respondents stated in both survey that they did not
have energy management responsibilities in the buildings.
Table 35: Profile of respondents in relation to survey participation
Staff surveys

Visitors surveys

Profile
Baseline T1

Final T2

Baseline T1

Final T2

Male

3 (9%)

0 (0%)

1 (8%)

0 (0%)

Female
15–29 years old

31 (91%)

24 (100%)

11 (92%)

20 (100%)

7 (21%)

3 (12%)

0 (0%)

0 (0%)

30-44 years old

12 (35%)

8 (33%)

11 (92%)

9 (45%)

45-59 years old

13 (38%)

10 (42%)

1 (8%)

11 (55%)

60 or over

2 (6%)

3 (12%)

0 (0%)

0 (0%)

Lower secondary

4 (12%)

2 (8%)

0 (0%)

0 (0%)

Upper secondary

21 (61%)

16 (67%)

4 (33%)

10 (50%)

University

5 (15%)

4 (17%)

2 (17%)

10 (50%)

Post graduate

4 (12%)

2 (8%)

6 (50%)

0 (0%)

Yes

12 (35%)

4 (17%)

-

-

No

22 (65%)

20 (83%)

-

-

Gender
Age

Education

Energy
Management
responsibilities

Impact of the EDSS
In the final survey, all respondents were asked their views about the usefulness of the information
provided by the EDSS. In the case of visitors, these particular questions were only answered if
they have heard about the SMARTSPACES project. From the 20 responses received, 15 visitors
(75%) knew about the project through word of mouth, posters, display screens and email. Only the
visitors who have heard about the project before answered the questions related to the EDSS.
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Figure 72 depicts that staff respondents in the Moulins nursery agreed or strongly agreed that
energy use in public buildings is as a relevant issue for them (involvement) (mean=4.376). Staff
also agreed that the information provided in the EDSS is believable and credible (argument quality)
(mean=4.275) as well as useful and engaging (ability to process) (mean=4.250). In lesser extent,
visitors of the nursery also tended to agree that the information of the EDSS is credible
(mean=3.840) and engaging (mean=3.640). Staff more than visitors considered the City of Moulins
and Moulins Habitat as competent and experts to provide the information (source credibility) (staff
mean=4.146, visitors’ mean = 3.622).
As a result of viewing or using the EDSS, staff and visitors responded that they were more likely to
think further about energy use in the buildings or change activities in their work (intention to
elaborate) (staff mean=4.233, visitors’ mean=3.720). More details on the descriptive statistics can
be found in Table A1.1 in Annex 1.

n = 24

n = 20 (involvement) n=15 (argument quality, source
credibility, ability to process, intention to elaborate)
1 = strongly disagree, 5 = strongly agree

Figure 72: Staff and visitors’ responses regarding the effectiveness of the EDSS

Factors that might increase the thoughtful consideration of changing behaviour to reduce energy
use in buildings (intention to elaborate) were further investigated using correlation analysis.
In both surveys, the correlation analyses showed a moderate linear relationship between the
argument quality and the intention to elaborate (staff: ρ=0.665, p=0.000; visitors: ρ=0.625,
p=0.013) (Tables A1.2 and A1.3, Annex 1). These results indicate that a key aspect for staff and
visitors to consider changing their behaviour to reduce energy use in the buildings is that the
information provided by the EDSS is clear and useful.

Comparative analysis of the baseline and final surveys
This section examines changes in the attitudes, subjective norms, perceived control, intentions and
behaviour to reduce energy of staff and visitors that could be attributed to the experience of
viewing or using the EDSS.
Staff surveys
Thirty-four responses from staff received from the “Bellerive” Nursery in the baseline T1 survey
were compared as independent samples with the 24 responses gathered from the Moulins’
“Maison de l'Enfance et de la Famille” nursery in the final T2 survey. Results showed that the
levels of awareness (15.8%), knowledge (12.7%), attitudes (23.5%), subjective norms (24.7%) and
perceived control to reduce energy (23.9%) were higher (see Figure 73 and Table A1.8 in Annex
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1). The final survey staff respondents also showed higher levels of intention to report energy
saving opportunities (15.2%) and self-reported behaviour to reduce energy use (16.4%).

1 = strongly disagree, 5 = strongly agree

Figure 73: Box plots of the TPB variables in the baseline and final surveys

Visitors’ surveys
Respondents of the final survey in Moulins were in average more aware than the respondents in
the baseline survey (20.0%) and perceived that they can easily reduce energy use (perceived
behavioural control) (3.4%) (Figure 74 and Table A1.7 in Annex 1). Their self-reported behaviour to
reduce energy use was also higher (2.0%). There was no change in the levels of intention to inform
energy saving opportunities, visitor respondents in both surveys agreed that they would report
them.

1 = strongly disagree, 5 = strongly agree

Figure 74: Box plots of the TPB variables in the baseline and final visitors’ surveys
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4.10 Murcia
Buildings 6

City of Murcia – Energy Agency
Surface 11,942m²

Age 1846-1970

Services EDSS, EMS

Administration,
Security Complex
Building Type (Police, Fire
Department, Civil
Protection)
Users

Staff >200
Professionals >10
Visitors 12,000

Resources covered

Heads of department, office workers, security staff
Energy managers, Building responsible, Maintenance
companies ( electricity, HVAC)
Various

Energy consumption analysis

Overall electricity savings in Murcia accounted for 15.5%. Large energy savings were achieved in
the “Ayuntamiento” and “Anexo Ayunatmiento” buildings of around 20% mainly achieved over the
Christmas and summer periods. Significant savings of 13% were also attained in the “Bomberos”
and “Tráfico y Multas” buildings and of 9% in the Police station building. These savings has been
realised through a comprehensive electricity and building management/control systems
implemented in the project that have facilitated in great extent the control of the energy
consumption in the buildings. Although, staff appeared to be supportive to reduce energy use in
most of the buildings, the user engagement was not very successful in the “Protección Civil”
building, where an increase of electricity of 9% was observed. The number of volunteering staff in
this building increased during the monitoring period. High electricity consumption was detected in
the summer period at nights because the air conditioning was left on for the entire day. Despite
efforts conducted by the local energy agency (ALEM) to increase their awareness, these
volunteers were difficult to engage due to the nature of the work they are conducting (temporary
young people working for free in short shifts). They felt justified in having lighting, air conditioning
or heating overnight.

Behavioural change
In Murcia, the target users of the EMS are building professionals responsible of the operation and
maintenance of the buildings as well as the central energy management team. The main benefits
of the EMS highlighted by the interviewees are the continuous and accessible visualisation of the
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data that has help them to timely detect anomalies and excessive energy consumption, which
prompted to solve them quicker. The target users of the EDSS are mainly the staff of the
municipality. Interviewees considered that staff members were already aware of the relevance of
saving energy, but the EDSS is an effective tool to further raise awareness at the central and
individual level resulting in an increased commitment from staff, improved communication between
users and the energy team, increased cooperation among users, and actual energy savings. At the
institutional level, interviewees believed that the fundamental contribution of the SMARTSPACES
project has been raising awareness and knowledge at all levels, from politicians to municipal
employees, through the energy monitoring.
Exemplary quotes from the mid-term interviews are presented in the following table:
“The constant information that it is providing us and the possibility of conducting an
Benefits of the
analysis… With the analysis, we can make conclusions and improve the energy
EMS
management and the energy performance of the building…” (Murcia1)
Benefits of the “I think that the most important issue is that it will allow energy savings and it will
EDSS take place because at the individual level the awareness is raising.” (Murcia3)
““I think that the implementation of the project has helped to have measurements
Institutional
and knowledge at all levels, from the people responsible of the project, such as
effects
politicians, to the users, the municipal employees.” (Murcia3)
“It is clear because there is more competitiveness and more commitment regarding
Social effects energy savings… These comments are a result of an increased awareness
regarding energy savings.” (Murcia1)

A large number of municipal employees responded the baseline and final surveys (208 and 134
respectively). However, the analysis only considered the responses of staff members working in
participating buildings where the energy consumption is monitored in the EDSS (37 responses in
each survey). Visitors’ surveys were completed by 52 participants in the baseline survey and 33 in
the final survey.
Regarding their views about the usefulness of the information provided by the EDSS, staff and
visitors agreed that the information provided was clear, credible and useful, while they also
considered ALEM as a competent and expert institution to provide the information. Results
indicated that staff members particularly were more inclined to consider changing their behaviour
to reduce energy if they found the information of the EDSS reliable, useful and engaging.
After the staff had access to the EDSS (intervention), levels of knowledge, attitudes, subjective
norms and perceived control to reduce energy use were similar among the respondents of the
baseline and final surveys. However, results indicate that the respondents of the final survey selfreported a slight stronger behaviour to reduce energy use in the buildings.
As to the visitors’ surveys, improving trends were observed in the levels of awareness, knowledge,
attitudes, perceived control, intentions and self-reported behaviour to reduce energy use between
the participants that responded the baseline and the final surveys.
Building users

Self-reported behaviour
to reduce energy use

Staff

2.9%

Visitors

34.6%

Average change

4.10.1

18.8%%

Background information

ALEM, the local energy agency of Murcia is a municipal Service of Murcia city Council. It was
created to manage the energy saving, energy efficiency and renewable energy promotion
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municipal policies within the territory of the Municipality of Murcia in terms of sustainable
development.
Murcia participates in SMARTSPACES with two groups of public buildings selected for the pilot.
Nowadays, these buildings are among the largest electricity consumers of the city, are well known
by the citizens, and are used by hundreds of people every day.
In terms of energy control, buildings use analogue metering systems. Therefore no real time
analysis of the energy consumption is possible for to the control of the technical operating
efficiency of the technical equipment. For the same reason, monitoring of the specific energy
consumption is not possible.
In the 10th century, the current site of Murcia City Council was originally the Palace of the Prince. In
1267 the old house of council was built. The current building of Murcia City Council was built in
1846 and has been refurbished many times since then. For decades the building was used by civil
servants and the fire service. During the 20th century, Murcia built many other buildings for civil use
and relocated some services.
The Old Murcia City Council is a 6 storey building of 6,082 m². The majority of the building houses
administrative services and the computing server rooms. Only electricity is used for lighting and airconditioning (heating and cooling). Electricity is provided by a transformer downstairs which also
supplies the Cathedral and some surrounding monuments and public squares. The air-conditioning
equipment is not integral and common to the whole building but there are dozens of small and midsize machines, some older, some newer, depending on the zone of the building. The electricity
distribution in the building is analogue and many electric panels are all along the building. It is
therefore complex to understand and a huge challenge to turn it into an intelligent building in
accordance with the SMARTSPACES framework.
As the City Council needed more space, in the 1990’s the City Council’s annex building was
constructed. It is also known as Moneo, from the name of its architect. In the beginning, this
building was used for exhibitions, meetings, and formal assemblies, but is now used by office staff.
This building is part of SMARTSPACES pilot project as well.
It is a 6 storey building of 3,094 m². As it is a recent building, electric distribution is simple and
schematic. Electricity is provided by the Old City Council’s trafo, and the complete building airconditioning system (for cooling and heating) is centralised and can be controlled by computer.
Although this building is newer and much simpler than old City Council building, it has been
partially refurbished as it is not being used as originally intended: it is used as an administrative
building and was designed for exhibition, meetings and formal assemblies. So, it is not as
comfortable as it should be. SMARTSPACES aims to achieve the challenge of Moneo building
become an energy efficient building where civil servants can work in a comfortable environment.
Public Security Buildings Complex: Local Police, Fire Service, Civil Protection Service and Traffic
Department: Since its construction in the 19th Century, the old Murcia City Council’s building was
used by the local police and the Fire Service too. But during the 1970s as the city expanded and
more space was needed, those services were relocated in the Public Security Complex. Now it
includes the Central Local Police Station, the main Fire Service Station, the Central Civil Protection
Service Station and the Traffic Department.
It is a 9,191 m² large complex made of 4 buildings of 6,788 m². Hundreds of people use the offices
24 hours a day (officers, policemen, firemen, visitors, etc.). As a group of buildings, they are one of
the largest energy consumers in the city. These features made it suitable as pilot site for
SMARTSPACES project.
Its own electric transformer supplies the whole complex and some surrounding public streetlighting. Buildings use electricity for lighting, air-conditioning and water heating. Every building has
its own air-conditioning machines. Hot water is generated in electric boilers.
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On the left: Administration building; on the right: administration – police station

ALEM, the Local Energy Agency of Murcia, takes part in the project as the main Energy Decision
Support and Awareness Service (EDSS) for all the pilot sites. ALEM coordinates the Energy
Managers Services (EMS) in every building in order to implement actions focused on energy
saving. ALEM was in charge of selecting the ICT to be implemented, install the equipment in
cooperation with the Energy Management Professionals (PEDSS), measure the energy consumed
previously and after the ICTs are installed, and disseminate the advances achieved among the
building staff and visitors (SEDSS and VEDSS) so they can participate in the project too.
After a selection process in which actual electric diagrams of the buildings where drawn, energy
audits where studied, and five offers from companies such as Siemens, Schneider, Simon Lighting,
EMTE and Idea + Energy Lab, where studied, selected manufacturer company was IDEA+
ENERGY LAB.
Idea + Energy Lab is the company provider of the IT equipment. Locally based in Murcia, is part of
a wider group of companies whose activity is focused in the sale of electric and HVAC
components, and the manufacturing of energy efficiency components such as air-conditioning
vents, or “Smartjumpers” (used in SMARTSPACES pilot site).
SMARTJUMPER provides all the IT services expected for the pilot project. This device can filter
the electricity, compensate the reactive power, meter the electric and temperature parameters, and
act over the huge energy consumption automatically. Their software is accessible from any
computer or smart phone, permits to visualize electricity parameters in real-time or in historic
tables and diagrams, or even to program: peak consumptions, electricity supply breakdown,
disconnections of air-conditioning systems or lights, etc. Finally, it also integrates in its software the
chance to introduce the complete billing data of all the City Council electricity consumptions (over
2.000 every month) in order to manage them. That allows obtaining the most information about the
energy consumed in a building to achieve the greatest savings

Service description
EMS
The public buildings described above, that are among the top ten City Council’s electricity
consumers, has been provided with an Energy Management Service adapted to allow real time
communication via Internet to a Cloud that can be accessed from smart phones, laptops,
computers or tablet PCs from everywhere in the World.
The service has the following features:





Real-time measurement of central and local electric consumption. Those data are stored in a
database management system.
Correction of reactive energy.
Adjustment of set points, temperature, of HVAC systems.
Control temperature of air-conditioning and heating systems. The service switches off the airconditioning when temperature is over or below the selected ones.
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Web portal is enabling to visualize, adjust and control the collected energy consumption data to
Energy Managers. ALEM plays this role, and also takes actions in order to improve the building
efficiency.
Professionals Buildings have defined parameters adjusting range in cooperation with ALEM
Everything programmed in Smartjumper can be controlled from a PC, tablet, or a Smartphone.

The EMS allows Energy Managers and Service Supplier to get full access of electric consuming
systems and devices. Staff members can manipulate the operation temperature of HVAC local
systems.
The system operates like an operative system for tablets and smart phones concerning the specific
software applications. Depending on what we need to check, those applications were downloaded
and installed in the system for the following purposes:








Voltage Failure: E-mails are sent to the person in charge of solve the problem immediately.
My Energy Invoice: Permits to detect if the Utility Company is invoicing correctly or not.
Zones of Temperatures: Real time temperature of zones and rooms with registration and
alarms. Permits to program actions depending on the pre-programmed temperature ranges.
Consumption and Incidences: For monitoring KWh and € in specific lines or equipments and
incidences in consumption.
Energy Audit: Automatic analysis of energy consumption, reactive energy, over-consumption,
peaks, contracted power suitability, etc.. Software suggests how to improve on them.
Climate Control: Registers and controls air-conditioning and heating systems.

Below some pictures from the pilot site:




Intelligent Central device CENTI




Electricity smart meters




Temperature sensor
 Control of HVAC
Centralised EMS is part of Smartjumper system. The system is composed of different LEMS
equipment inter-connected. All information metered is visualised and controlled from a CEMS
device, the CSL Digital Console.
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Apart from that, data is also uploaded to the Cloud periodically, from where can be accessed by
smart phones, laptops, tablet-PC, etc…
CEMS control all information of the system by a simple interface where every parameter can be
configured and visualised.
Additionally, consumption data from other buildings can be introduced manually in the system so
that energy software is used to compare energy ratios of those non energy managed buildings with
SMARTSPACES Pilot Sites Buildings or program over-consumption alarms.
Locally controlled EMS is implemented as part of Smartjumper system, as well. Energy is also
metered and controlled at area level depending on the building. The system allows knowing how
energy is being consumed by zones and the temperature of the air conditioning in selected areas
of the building. This make possible to act over those consumptions, enabling or disabling the
supply in order to switch air-conditioning machines when they are not being used as expected.
Smartjumper permits to save the peaks on demand of energy because the system integrates
hardware elements to filter the electricity and balance the reactive energy. Furthermore, PEMS
generates alarms when a peak of energy overcome and report by e-mail to the responsible person
in order this will not happen again. General reports are printed periodically with more information
regarding energy audit improvements suggested.
No EMS for the renewable will be used as there are no renewable energies installed in the
buildings. Nevertheless, Smartjumper permits to integrate renewable in the software in order to
control the energy produced. This could be used in the future if any renewable installation is
implemented.

EDSS
The typologies of EDSS services are designed to be implemented in three groups of building
users: Professionals, Staff and Visitors.
Every user makes a different use of the building and has a different role in terms of training and
awareness of energy efficiency.
Building Professionals:
Building Professionals are expected to impact widely on energy consumption but almost have no
impact on awareness on energy saving. The following parameters are managed by professionals:











Cumulative electricity consumption: monthly and instant: Reading the real-time consumption
permits to appreciate its increase in determined machines in order to identify the cause of
these over consumptions. Cumulative energy consumption is also showed in Euro so that can
be previously known the amount of the next bill.
Comparative electricity consumption actual day / previous week same day
Comparative electricity consumption: actual month / previous month
Real time status in every phase: Electric Network Analyser: energy consumption in KWh,
power in KW, Voltage (V), Intensity (A) in every phase (R,S,T). Permits to check the stability of
the network.
Reactive energy indicator per phase: It shows the cosine  in every phase and will coloured in
red when it is below 0.95, because the utility company makes a recharge cost if that happens.
Indicator of active Smartjumper capacitors: It shows the capacitor modules activated.
Historian of consumptions: It is shown graphically by months, years, days or hours.
Energy Audit automatically generated by system and normally managed with devices provider.
Control – action: Professionals program alarms of over-consumptions or machines/lights on
when they should be off, automatic sending of mails to staff in charge of the area to solve
incidences, programming of switching off some equipment when staff does not correct the
problem or when strictly necessary.

There is a building professional responsible in each Administrative Service that will solve any local
irregularity and will involve their colleagues on achieving energy consumptions targets
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Building staff is expected to behave properly in terms of energy efficiency and so they need to be
trained so that reduces their energy consumption. They are reported periodically within the
following issues:







Cumulative electricity consumption: in order to identify the cause of these over consumptions.
Cumulative energy consumption is also showed in Euro so that can be previously known the
amount of the next bill.
Comparative electric consumption: actual month / previous month
Historian of consumptions: It is shown graphically by months and years comparing with
precedent years.
Temperature Indicator: Over selection of temperatures (over 21ºC in winter or below 24ºC in
summer).
Energy Audit: with recommendations to be implemented in order to improve in energy
efficiency.
Control – action: Staff in charge of area receives automatic mails when over-consumptions
occur or when machines/lights are on when they should be off. They must solve incidences.

To sum up, staff periodically receive information about the electric zones consumptions and pilot
site consumption via Intranet or email. Data format representation is easily comprehensible, and
comparison rates between departments are also provided.
Building Visitors can consult consumption data of pilot buildings, and also several materials
informing about global awareness of energy efficiency. They are continuously informed about the
SMARTSPACES project through website: downloading dissemination materials as project
brochures, Energy Decalogue, advice on energy saving.

4.10.2

Energy consumption analysis

Main results
Reduced electricity consumption was realised in five of the six of Murcia’s buildings. Savings
ranged from a minimum of 6% below the forecast to a maximum of 20% below the forecast. In one
building, the electricity consumption increased by 19%. Table 36 shows the results across all six
buildings.
Table 36: Summary table of energy consumption change at Murcia

Site
Edificio Anexo Ayuntamiento
Edificio Ayuntamiento
Edificio Bomberos
Edificio Policia
Edificio Protección Civil
Edificio Trafico y Multas

Units
kWh
kWh
kWh
kWh
kWh
kWh

Forecast
Measured
Change
% Change
177693
144809
-32884
-19%
647995
517636
-130359
-20%
399142
348945
-50197
-13%
249714
228092
-21621
-9%
10232
12179
1946
19%
95886
83633
-12253
-13%

Figure 75 shows the two year period for which electricity consumption data was collected for the
Edificio Ayuntamiento, showing the 20% saving achieved in year two. Much of the saving was
made over the Christmas and summer periods.
A peak reduction of 4% for electricity was measured.
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Figure 75: Energy profile for Edificio Ayuntamiento

Figure 76 shows the two year period for which electricity consumption data was collected for the
Edificio Protección Civil, showing the 20% increase in consumption in year two. Much of the
increase in consumption was across the summer/autumn period, in contrast to the earlier part of
the year where consumption followed the modelled pattern.

Figure 76: Energy profile for Edificio Proteccion Civil

4.10.3

Behavioural change

This section presents an analysis of the mid-term interviews with building professionals, which
aimed to understand the main benefits of the SMARTSPACES services perceived by the users at
the institutional and social level that may have had an impact of changes in attitudes and behaviour
of building users towards energy savings at the individual level.
Subsequently, changes at the individual-level changes as a result of the implementation of the
EDSS SMARTSPACES services are assessed by analysing differences in awareness, attitudes,
subjective norms, perceived control, intentions and self-reported behaviours of respondents (staff
members and visitors) to the baseline and final surveys. This section also describes respondents’
views about the usefulness of the information provided by the EDSS.

Mid-term interviews
Three semi-structured interviews were conducted by phone with building professionals:


Head of services of “Proteccion Civil” building (Murcia1)
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Maintenance Officer responsible for several council buildings (including the participating ones)
(Murcia2)
Environmental champion of the “Trafico y Multas” building (Murcia3)

All interviewees participated in at least one stage of the development and implementation of the
services, such as the development of the EMS in its initial states (Murcia2), the daily operation of
the web application (EDSS) (Murcia1) and in staff training sessions (Murcia3).

Energy Management Service
The main users of the EMS are the building professionals responsible of the operation and
maintenance of the buildings as well as the central energy management team (including ALEM and
the Department of Industrial Engineering).
Interviewees commented that prior to the SMARTSPACES services, the energy management and
control of the buildings was very difficult, because most of the settings needed to be changed
manually and in most of the cases based on the personal experience of staff. There was no
comprehensive and accurate IT system for monitoring and managing energy.
“Before, there was not a quick detection; there was only the visual capacity and the
ability of the person. Now, it is computerised, so there are no more personal
perceptions, we have factual data… they are very punctual, specific, and the
information is provided in a very factual and precise way.” (Murcia1)
Interviewees highlighted that the visualisation of data that is continuously and readily available has
helped them to timely detect anomalies and excessive energy consumption. Consequently, these
incidents can be solver in a quicker manner (Murcia1, Murcia2).
“It has been useful to detect anomalies of excessive energy consumption, we have
analysed where this comes from and why, from which premise this excessive energy
consumption comes from and we could see that there were battery chargers that
caused this… Through the visualisation of data, incidents can be solved in a quicker
manner” (Murcia1)
Building professionals use the EDS in a frequent basis to analyse and improve the energy
management and performance of the building (Murcia1, Murcia2).
“Although not daily, but weekly, we make a query of all the graphs of consumption for
the entire week and we check the peaks and distortions that could have happened
related to the energy management… The constant information that it is providing us
and the possibility of conducting an analysis… With the analysis, we can make
conclusions and improve the energy management and the energy performance of the
building…” (Murcia1)
At the time of the interviews (March-April 2014), the EMS was operating adequately and the
building professionals were working in the adaptation of the system to their needs and in the
coordination between different services (Murcia1, Murcia2).

Energy Decision Support Service
The main users of the EDSS are staff of the municipality. All employees have access to the web
application. However, they acknowledged that this application is particularly useful for building
professionals who are responsible of the energy management of the building (Murcia1, Murcia2,
Murcia3). Only one interviewee mentioned that the EDSS is shown to visitors in his building
(Edificio de Trafico y Multas) in a smart server (permanent tablet) located at the customer service
area (Murcia3).
“Staff can see the web application through their computers, all of them have access
through their ID, they can see the program and visualise how we are doing in the
building, but mainly the responsible people, like in my case, it is me or other
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responsible staff under my service, we are the main users who are up to date and
looking to the program [web application] day by day.” (Murcia1)
Message, channels of communication and exposure
Interviewees considered that the energy information (graphs and data) is presented in a very
effective, direct and intuitive manner, allowing them to conduct an analysis of the energy
performance of the building at a glance and to conduct corrective actions in a timely manner
(Murcia1, Mucia3).
“I think that the graphs and data that are shown are very effective that helps to take
consciousness at a given time of the excessive consumption not only regarding
electricity, but also the temperature levels. In principle, I think that it is adequate how
the information is presented in the web. I think that it is very intuitive… the most useful
aspect for me is the visualisation of information that is so direct, that allow us to quickly
correct the form we use to act so energy savings can take place as soon as possible…”
(Murcia3)
The visualisation of data is mainly conducted in personal computers. All staff can access the web
application using their ID and passwords and visualise the energy performance of the building.
One interviewee mentioned that the content of the web application and the reasons behind the
need to reduce energy use have been explained in a technical manner, while its operation has
been described in a practical manner, emphasising that the energy data needs to be visualise by
staff in a practical manner (Murcia1). However, other interviewee considered that the information is
adequate for technical staff, but the functionalities need to be explained simpler and in more detail
for the general public and staff (Murcia2).
It was noted that training on how to use the web application has been conducted for all staff, but
carried out by groups targeting the responsible people of the departments and consequently
transmitted to their staff (Murcia1, Murcia2, Murcia 3). However, one interviewee considered that
the same training received by him should be provided to all staff (Murcia3).
Regarding the exposure to the information of the EDSS, interviewees considered that building
professionals consult the data at least once a week to check peaks or any anomalies in the energy
management of the buildings, while other staff may consult this information less frequently
(Murcia1, Murcia2).
The main channel of communication between building professionals, building users and central
energy departments is through email and phone (Murcia1, Murcia2, Murcia3).
Benefits
Interviewees considered that staff members were already aware and willing to save energy, but it
was not visible because there was not a method to operationalise it. Through the monitoring
mechanism, measures to reduce energy use have been taken and documented, and actual
savings have been better observed (Murcia1, Murcia2). In addition, one interviewee perceived that
the web application is a very effective tool to further raise awareness at the central and individual
level resulting in an increased commitment regarding energy savings.
“Before the Smartspaces project, users were aware and willing to save energy, but it
was not visible. There was no monitoring mechanism where you can see what is
happening. With this project, we can see it now, we can take measures and it can be
documented. All this, because we have seen it and we are seeing it.” (Murcia2)
“I consider it as a very effective tool, it shows in a very direct manner how the
installations are being used, both at the general level like in a central climatization
device and at the level of personal use in the way that each staff uses the devices that
are directly under his/her responsibility, such as computers, computer monitors,
printers. I think that the application, in this sense, the results that are shown are very
helpful to take consciousness... I think that the most important issue is that it will allow
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energy savings and it will take place because at the individual level the awareness is
raising.” (Murcia3)
It was noted that the communication with central energy team (ALEM) and building professionals
has increased based on the information provided by the EDSS. As a result, building professionals
communicate more effectively with the building users or they can promptly conduct corrective
actions to reduce energy use (Murcia1). ALEM also conducts more frequent visits to the buildings
to check the energy data and resulting savings.
The data visualisation has enabled actual energy reductions by correcting settings and schedules
of the climatization equipment and switching off equipment, such as computers and monitors that
have been left on (Murcia1).
“Since we have been observing the data, we started observing active and reactive
energy in schedules when devices should not be on use. We analysed why, and we
realised that different equipment was left on, such as computers and monitors. We also
observed the climatization equipment switching on at inadequate times. All this
information made us analyse different behaviours and different uses related to the
climatization equipment and it has forced us to make the necessary corrections. It has
been observed in the difference of the percentage of consumption.” (Murcia1)

Institutional effects
Interviewees considered that the fundamental contributions of the SMARTSPACES project have
been raising awareness and increased knowledge at all levels (from politicians and people
responsible of the project to municipal employees) through the energy monitoring (Murcia1,
Murcia3).
“I think that the implementation of the project has helped to have measurements and
knowledge at all levels, from the people responsible of the project, such as politicians,
to the users, the municipal employees. I think this is a change.” (Murcia3)
As to the branding of the project, the web application and dissemination material use the logos of
Murcia City Council, the local Energy Agency (ALEM), the European Union, ICT-PSP and
SMARTSPACES. All interviewees agreed that this branding is appropriate as staff can perceive
commitment from the municipality at the national and European level to increase awareness for
energy savings, provides trust to the general public and provides credibility and support to the
project (Murcia1, Murcia2, Murcia3).
The implementation of the project has been supported by key actors, such as the Mayor,
councillors and senior managers. The support to the project has been in the form of the provision
of economic and other resources to conduct the project (Murcia1). These key actors have also
encouraged staff to support the project. However, two interviewees considered that more support
for the project is needed to achieve its maximum potential as well as a better coordination between
departments and the involvement and a ‘top-down’ approach at the intermediate level (Murcia2,
Murcia3).
One interviewee considered that the main driving factors of the project are energy and cost savings
as well as the compliance with regulation (Murcia3). While interviewees perceived that the main
barriers to further embed the project into the organisational culture were the lack of enough staff
time (Murcia1), the need of a responsible person in each department for the promotion of the
project as well as more departmental coordination at the political level (Murcia2), and other work
priorities, particularly at times of economic recession that do not allow them to prioritise the energy
savings issue (Murcia3).
Social effects
As mentioned earlier, interviewees considered that SMARTSPACES has influenced building users
by raising their knowledge and awareness of energy savings. One interviewee considered that this
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increased awareness have encouraged staff to talk about this topic among users even in different
buildings demonstrating their commitment towards energy savings.
“It is clear because there is more competitiveness and more commitment regarding
energy savings. You can see it in several cases between buildings and between staff,
‘how can you get such a high consumption? How can you get this temperature in this
date?’ These comments are a result of an increased awareness regarding energy
savings.” (Murcia1)
One interviewee highlighted that the participation is usually at the individual level and new social
networks have not been developed as a result of the project. However, he believed that the project
has aimed to increase cooperation among users to correct excessive energy consumption in
winter, summer or festive holidays (Murcia3). Although staff awareness and cooperation among
users has increased, other interviewee considered that further coordination between departments
and at different levels is needed to inform staff about the energy saving actions that are taking
place in their buildings and that these actions improve not only their comfort, but they also save
energy and improve the environment (Murcia2).
Finally, interviewees considered that the impact of the project goes beyond those ones exposed by
the campaign. Once staff members become aware about energy savings, they continue
addressing energy savings when they see any opportunities beyond their workplace and by talking
about it with family and friends (Murcia1, Murcia3).

Staff and visitors’ surveys
Survey responses for staff and visitors in both surveys were collected online. For the T1 staff
surveys, the municipality send an email to all employees inviting them to respond the survey
regardless the staff were located in participating or non-participating buildings. For the T2 surveys,
DMU contacted T1 respondents in June 2014 inviting them to complete the second survey of the
project. Subsequently, the municipality also sent an email to all employees inviting them to respond
to the second survey. A large number of staff responses were collected in T1 baseline survey (208
responses) and in the T2 final survey (134) (Table 37). Unfortunately only 37 responses in the
baseline survey and 37 in the final survey were from participating buildings where the energy
consumption is monitored in the EDSS. Although T1 participants were contacted, only 7
respondents from participating buildings completed the second survey. Therefore, the analysis of
the staff surveys in Murcia only considers the 37 responses for the baseline survey and 37 different
responses from the final survey.
For the visitors’ surveys, staff from ALEM went around different buildings and collected responses
in person through the use of tablets. A total of 58 responses were received in the baseline survey
and 33 in the final survey. For the subsequent analysis, only the respondents from participating
buildings were considered.
Table 37: Surveys responses (Murcia)
Visitors surveys

Staff surveys
Murcia
T1 Baseline

T2 Final

T1 Baseline

T2 Final

Participating buildings

37

37

52

33

Non-participating buildings

171

97

6

22

Total responses received

208

134

58

55
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Figure 77: Staff surveys responses to the baseline and final surveys

Profile of respondents
Table 38 illustrates the profile of the staff and visitors’ respondents. Despite the same number of
responses in the baseline and final staff surveys, it can be observed that the samples are different
based on their profile. These staff responses (37 responses in the baseline survey and 37
responses in the final survey) are analysed as independent samples in the pre-post comparison of
attitudes and intentions. Questions about the EDSS are also analysed based on the 37 responses
from participating buildings who participated in the final survey.
Table 38: Profile of respondents in relation to survey participation
Staff surveys

Visitors surveys

Profile
Gender

Age

Education

Energy
Management
responsibilities

T1 Baseline

T2 Final

T1 Baseline

T2 Final

Male

17 (46%)

20 (54%)

29 (56%)

13 (39%)

Female

20 (54%)

17 (46%)

22 (42%)

17 (52%)

Prefer not to say
15–29 years old

0 (0%)

0 (0%)

1 (2%)

3 (9%)

0 (0%)

1 (3%)

10 (19%)

7 (21%)

30-44 years old

8 (22%)

15 (40%)

21 (40%)

13 (39%)

45-59 years old

28 (76%)

20 (54%)

13 (25%)

8 (24%)

60 or over

1 (3%)

1 (3%)

6 (12%)

2 (6%)

Prefer not to say

0 (0%)

0 (0%)

2 (4%)

3 (9%)

Lower secondary

0 (0%)

3 (8%)

5 (10%)

2 (6%)

Upper secondary

11 (30%)

7 (19%)

19 (37%)

11 (33%)

University

23 (62%)

20 (54%)

19 (37%)

12 (36%)

Post graduate

3 (8%)

7 (19%)

9 (17%)

5 (15%)

Not responded

0 (0%)

0 (0%)

0 (0%)

3 (9%)

Yes

5 (13%)

9 (24%)

-

-

No

32 (87%)

28 (76%)

-

-

The majority of staff responses were from employees working in the “Ayuntamiento” building: 73%
of the responses in the baseline survey and 68% in the final survey (Figure 78). While visitors’
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responses varied between surveys. In the baseline survey, most of the responses (51, 98%) were
collected from the “Anexo Ayuntamiento” building. Whereas in the final survey, responses were
collected mainly from the following buildings: Ayuntamiento (42%); Anexo Ayuntamiento (24%);
and Tráfico y Multas (27%) (see Figure 79).

Murcia001 = Ayunatmiento, Murcia002 = Anexo Ayuntamiento, Murcia003 = Bomberos, Murcia004 = Protección
Civil, Murcia005 = Tráfico y Multas

Figure 78: Staff responses by participating building in the baseline and final surveys

Murcia001 = Ayunatmiento, Murcia002 = Anexo Ayuntamiento, Murcia003 = Bomberos, Murcia004 = Protección
Civil, Murcia005 = Tráfico y Multas

Figure 79: Visitors’ responses by participating building in the baseline and final surveys

Impact of the EDSS
In the final survey, all respondents were asked their views about the usefulness of the information
provided by the EDSS. However, in the case of visitors, they answered these particular questions
only if they have heard about the SMARTSPACES project. From the 33 responses received,
33.3% (11 responses) of the visitors knew about the project through flyers and social media. Only
the visitors who have heard about the project before answered the questions related to the EDSS.
Figure 80 shows that most respondents in Murcia were highly involved in the campaign by
considering energy use in public buildings as a relevant issue for them (staff mean=4.498, visitors’
mean=4.386). Visitors, particularly, considered ALEM as a competent, expert and knowledgeable
source to provide the information (source credibility) (mean=4.533) and in a lesser extent and with
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greater variation, staff also believed this (mean=3.874). Regarding to the EDSS, respondents tend
to agree that the information provided is believable and credible (argument quality) (staff,
mean=3.833; visitors, mean=3.840). Visitors found the information more reliable, useful and
engaging (ability to process) (mean=4.233) than staff respondents (mean=3.711). As a result of
viewing or using the EDSS, participants responded that they were more likely to think further about
energy use in the buildings or change activities in their work or personal life (intention to elaborate)
(staff, mean=3.860; visitors, mean=4.120). See also Table A1.1 in Annex 1.

n = 37, final survey, 1 = strongly disagree, 5 = strongly
agree

n = 33 (involvement), n = 10 (remaining variables, due to
skipped questions), final survey, 1 = strongly disagree, 5 =
strongly agree

Figure 80: Staff and visitors’ responses regarding the effectiveness of the EDSS
These variables were examined to investigate factors that might increase or decrease the
thoughtful consideration of changing activities to reduce energy use in the buildings (intention to
elaborate).
For the staff survey, results of the correlation analysis showed a strong linear relationship between
the ability to process (ρ=0.750, p=0.000) and the intention to elaborate; and moderate correlations
between the source credibility (ρ=0.646, p=0.000) and the argument quality (ρ=0.540, p=0.003)
(Table A1.2, Annex 1).

Comparative analysis of the baseline and final surveys
The analysis of the staff surveys in Murcia examines the 37 responses of the staff baseline survey
and 37 different responses from the final survey as independent samples due to the low response
of the same identified respondents from the baseline T1 survey in the final survey (7 responses).
Staff surveys
When analysing the 37 staff responses from the baseline T1 survey and 37 responses from the
final T2 survey as independent samples, results showed that the levels of perceived control (5.5%),
intentions to report energy saving opportunities (1.8%) and self-reported behaviour to minimise
energy use (2.9%) of the final survey respondents were higher than the ones of the baseline
survey. See Figure 81 and Table A1.8 in Annex 1 for further details.
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a

Questions related to awareness, knowledge, attitude, subjective norm, perceived control, intention to reduce energy used a five –point
anchored Likert-scale from 1=strongly disagree to 5=strongly agree.

Figure 81: Box plots of the TPB variables in the baseline and final staff surveys
Visitors’ surveys
There was a substantial trend of improvement in the level of awareness (15.5%), knowledge
(23.9%), and attitudes (6.9%) of the visitors that responded the baseline and final surveys (Figure
82). In particular, their intentions to reduce energy use (82.6%) and report energy saving
opportunities (43.0%) as well as their self-reported behaviour to minimise energy consumption
(34.6%) appeared to be higher (Tables A1.7 and A1.9 in Annex 1).

1 = Strongly disagree, 5 = Strongly agree

Figure 82: Box plots of the TPB variables in the baseline and final visitors’ surveys

Page 194 of 338

30/03/2015

SMARTSPACES – D7.2

4.11 Venlo
City of Venlo
Buildings 1

Surface 10,000m²

Age 2011
Building Type

Office, Exhibition
Space

Users

Staff >80
Professionals 3
Visitors >150/day

Services EDSS, EMS
Resources covered
Office workers
Office workers
Consumers (shopping)

Energy consumption analysis

Large hot water and electricity savings were observed in Venlo (57.8% and 28.8% respectively).
Interviews highlighted that the EMS and EDSS have predominantly benefited building
professionals who have utilise the services to improve the energy efficiency of equipment, react
quickly to faults or consumption anomalies and test energy- and cost-efficient innovative control
strategies.

Behavioural change analysis
The EMS is mainly used by the energy management team, but staff can also change locally the
settings of heating and cooling through thermostats. The main benefit of the EMS is the
visualisation of data that has allowed the energy management team to improve the energy
efficiency of equipment, such as heat pumps; to detect faults or anomalies in the operation of some
energy uses; and to test energy- and cost-efficient innovative control strategies (such as the
activation of the building mass). The main challenge that the team faced during the implementation
of the project, particularly at the initial stages, was the calculation of the disaggregated energy use
for different end uses (e.g. heat pumps, elevator, lighting, etc.) or spaces areas (e.g. heating in the
entrance area). All members of staff in Villa Flora have access to the EDSS and visitors can also
see its information in a display screen at the entrance of the building. Interviewees commented on
the usefulness of the tool according to the target audience. For example, the EDSS is very useful
for building professionals to monitor the energy consumption and look for ways on how to improve
it, while it also aims to ‘showcase’ the design and operation of the low energy building to staff and
visitors. The interaction with building users is conducted specifically through the energy coach and
the operational management of the building. Building users can ask questions about the energy
consumption of the building, and the energy coach instructs the users.
Exemplary quotes from the mid-term interviews are presented in the following table:
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““The main benefit is that the view of the energy use is done, the main system of
Benefits of the
heating supply and cooling generation has improved achieved through the heat
EMS
pump…” (Venlo1)
Benefits of the “It is very important that they can see that what we are designing use less energy
EDSS consumption, so they can change.” (Venlo1)
“Our aim is to develop green building, provide green energy, and improve efficiency
Institutional
in buildings, so I think it is the same. It is our goal to keep doing this for the coming
effects
years.” (Venlo2)
“In the new system, it is more user friendly and every time you start your web
Social effects browser you will see the new system, so people will be more involved in the project”
(Venlo1)

Surveys were completed by 30 staff and 20 visitors in the baseline survey and 20 staff and 14
visitors in the final survey. Regarding their views about the usefulness of the information provided
by the EDSS, staff and visitors were inclined to agree that the information provided was clear,
credible, useful and engaging, while they also considered that the City of Venlo was a competent
and expert institution to provide the information. Results indicate that a key aspect for staff and
visitors to consider changing their behaviour to reduce energy use in the buildings is that this topic
is particularly relevant for them and the information provided by the EDSS is reliable, useful and
engaging.
Thirteen responses from the same identified staff in the baseline were collected in the final survey.
After these individuals had access to the EDSS, they perceived that they could reduce their energy
use or report energy saving opportunities to colleagues easier than before the services were
implemented. Favourable trends were also observed in their levels of awareness, knowledge, and
attitudes. These participants also showed higher levels of intentions and self-reported behaviour to
reduce energy use in the building (8.1% and 6.6% respectively) in the final survey.
As to the visitors’ surveys, levels of awareness, knowledge, attitudes, subjective norms, perceived
control and self-reported behaviour to reduce energy use were higher between the participants that
responded the baseline and the final surveys.
Building users

4.11.1

Self-reported behaviour
to reduce energy use

Staff

6.6%

Visitors

6.1%

Average change

6.4%

Background information

The Venlo region is one of the Netherlands’ largest glasshouse horticulture areas, second only to
the Westland area. The Venlo region has been designated one of the Netherlands’ Greenports.
Having already adopted the principles of the Green City, Venlo has added a new dimension. Venlo
was actually the first region worldwide to embrace the cradle-to-cradle (C2C) philosophy, a
concept for sustainability based on the reuse of raw materials, which renders products completely
recyclable and turns waste into raw materials.
Villa Flora has been developed within the framework of the European Commission’s 2020 strategy
in the Netherlands, which indicates that all new buildings need to be energy neutral and current
buildings reduce energy consumption by 30%. Villa Flora was one of the main eye catchers at
Floriade and allows placing the city on the map as the centre of an area for innovative greenhouse
industry, providing thus an important economic impulse. The Municipality of Venlo is the contractor
for the building.
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Villa Flora

Villa Flora is also known as 'the greenest office in the Netherlands'. But before the building
becomes home to cutting-edge companies in Venlo GreenPark, visitors can admire Villa Flora for
the first time at Floriade 2012. Villa Flora house the changing flower and plant exhibition.
Villa Flora is an impressive glass building more than 30 metres in height and simply oozes
innovation. This is because the transparent edifice is much more than just a conventional building,
with a striking design and great iconic value. With its combination of state-of-the-art environmental
technologies it is also a landmark of sustainability and the epicentre of the Cradle-to-Cradle
philosophy. It will help to set the standard for sustainable building for years to come.
Villa Flora provides a base for cutting-edge companies in Venlo GreenPark. Employees for these
high-tech businesses are at home in a modern office environment like this. Office space provides
staff with digital connectivity and IT services for all aspects of computer related activity. The
building also provides meeting space.
The objective of the EMS solution is to gather rough data and to transfer it into intelligent data. The
objective of the EDSS system is to analyse data and create intelligent dashboards, reports and
steering information for the building systems.

Service description
EMS
The EMS allows building users (in this case workers and staff members) to set and modify controls
for energy use for the parts of the building they are occupying. While building managers have full
access, normal staff members are able to manipulate local systems such as lighting, heating,
ventilation and cooling per room. The energy service ICT application (EMS but also EDSS) run
from a web application providing insight into the actual energy use and other parameters of the
space in which the users are located. It also offers the possibility to adjust these parameters. The
application provides feedback on the user’s energy consumption and for which purpose this energy
is consumed. The system offers functions for viewing and / or controlling:






Heating, Ventilation and Air-conditioning (HVAC)
Room climate
Central generation of heat and cold through Fiwihex solution
Biomass energy generation
Re-use of water

The performance is monitored by approximately 300 data points. These 300 data points will
generate data sets relating to heating, cooling and ventilation (HVAC) that will be stored and used
for in-depth analysis. This is illustrated in the following schema describing the installations for
heating with various data points and controls.
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Another important aspect of the EMS development is the monitoring features of the innovative
control strategy. This strategy is innovative because uses forecasting methods for the
determination of the heating and cooling load and offers options for reducing peak loads by
activating the mass of the building during the night. The overall goal is to achieve an optimal
balance between comfort, energy use and peak loads.
All data are gathered and stored in a centralised system, an example of which is depicted below.

Dashboards for monitoring and controlling are available on a local level.
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At a central level, data about peak usage is available. This data is analysed and a control strategy
based on this analyses is developed to cut the peaks.
Furthermore, the concrete mass of the building is heated or cooled during the night. The heat or
cold will then be released during the day which eases the energy consumption of the building.

At a central level data about renewable electricity is available.

EDSS
The EDSS is accessible by building users by web browser. The building user can log in to their
own account which gives information about the energy use of their own zone. Also information is
provided about the comfort. One of the screens is displayed in the next figure.

The electricity utilization index shows the goal of energy use per square meter for that month and
the actual use. For our building the goal is always to use less than label A.
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The energy breakdown shows the use of energy per category. It can be used for heating, cooling
and electrical appliances.
The Energy performance shows the categories. If the value is less than 0%, less is used than the
goal.
The green box is the savings counter. In this case, Volantis has saved up to 6592 kWh. It will be
coloured red if there is no savings.
At the bottom the comparison of the energy use of the last month and the same month in the last
year.
Reports are generated to give a weekly overview. These reports are shown at the information
screen in the office space about energy usage of the whole office.
Visitors are made aware of the green image of Villa Flora through different methods. Throughout
Villa Flora the QR-codes can be scanned. This links the user of the scanning device (cell phone,
tablet) directly to the website of the portal (http://smartspaces.volantis.nl:4900/). On this website
users can view up-to-date information about energy consumption and get information about saving
energy. They are also made aware of the SMARTSPACES project and can obtain a link to the
project on the intranet. An example of a visitors screen is displayed in the next figure. This screen
is exposed at the entry of the office of Volantis.

4.11.2

Energy consumption analysis

The table below shows the electricity and heating consumption changes for the Venlo building.

Units
kWh
kWh

Electricity
Heating

4.11.3

Forecast
Measured
Change
% Change
634937.42
452212.95
-182724.47
-28.78
922674.78
389006.71
-533668.07
-57.84

Results of behavioural change analysis

This section presents an analysis of the mid-term interviews with building professionals, which
aimed to understand the main benefits of the SMARTSPACES services perceived by the users at
the institutional and social level that may have had an impact of changes in attitudes and behaviour
of building users towards energy savings at the individual level.
Subsequently, changes at the individual-level changes as a result of the implementation of the
EDSS SMARTSPACES services are assessed by analysing differences in awareness, attitudes,
subjective norms, perceived control, intentions and self-reported behaviours of respondents (staff
members and visitors) to the baseline and final surveys. This section also describes respondents’
views about the usefulness of the information provided by the EDSS.

Mid-term interviews
A group interview was conducted with building professionals responsible of the energy
management in Villa Flora on April 2014, interviewees include:
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Energy manager (Venlo1)
Electrical Engineer (Venlo2)
Energy coach (Venlo3)

All interviewees participated in the development and implementation of the SMARTSPACES
services at different stages: the data collection system, adaptation of the building management
system for showing the energy consumption to users in the web (Venlo1), in the calculation of
energy consumption in a more disaggregated manner (Venlo1, Venlo2, Venlo3) and in the training
and communication with building users.

Energy Management Service
Interviewees commented that prior to the SMARTSPACES project the information of the energy
consumption was available from the utilities only once a year and for the entire building. Although
sub-metering was available in different areas of the building, the system did not calculate
automatically the energy consumption for each user area.
The EMS is mainly used by the energy management team, but staff can also change locally the
settings of heating and cooling through thermostats. One interviewee perceived that the main
benefit of the EMS is the visualisation of data that has allowed the energy management team to
improve the energy efficiency of equipment, such as heat pumps; to detect faults or anomalies in
the operation of some energy uses; and to test energy- and cost-efficient innovative control
strategies (such as the activation of the building mass) (Venlo1).
“The main benefit is that the view of the energy use is done, the main system of
heating supply and cooling generation has improved achieved through the heat
pump… By implementing this system we have already seen some faults in the
operation of some energy uses, for example, cooling and heating was working in one
area at the same time… Right now we are conducting some experiments with the expo
[area], which is now empty. There are no users in the main part of the building and we
use the [activation of the building mass] for heating during night and we switch off the
heating during the day, so we can save energy and save costs. During the night, the
energy cost is relatively cheaper in the Netherlands, for each kilowatt-hour is almost
15%, so for heating it is more energy efficient, but also cost efficient. So, we use this to
be more efficient in costs.” (Venlo1)
In addition, the energy team is also able to provide the energy use information on a monthly basis
to the owner and users of the building (Venlo1).
The main challenge that the team faced during the implementation of the project, particularly at the
initial stages, was the calculation of the disaggregated energy use for different end uses (e.g. heat
pumps, elevator, lighting, etc.) or spaces areas (e.g. heating in the entrance area) (Venlo1). These
calculations have been optimised, and interviewees believed that they are reliable.

Energy Decision Support Service
All members of staff in Villa Flora have access to the EDSS and visitors can also see its
information in a display screen at the entrance of the building. Interviewees commented on the
usefulness of the tool according to the target audience. For example, the EDSS is very useful for
building professionals to monitor the energy consumption and look for ways on how to improve it,
while it also aims to ‘showcase’ the design and operation of the low energy building to staff and
visitors (Venlo1).
Message, channels of communication and exposure
Interviewees considered that the message displayed in the EDSS is presented that users can
reduce energy consumption through measurement (Venlo1). These reductions result in cost
savings and in benefits to the environment (shown by the CO2 reduction) (Venlo3).
The SMARTSPACES services were launched around November 2013 in a kick-off meeting for the
Villa Flora Academy. In this meeting, the project was explained and an introduction on how to use
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the EDSS was provided (Venlo3). Since then, monthly sessions take place where the energy
coach provides further description of the EDSS, the techniques used and activities or events
(Venlo1).
In addition to the display screen at the entrance of the building, all employees have access to the
EDSS through a web browser in staff’s computers. In terms of exposure, interviewees mentioned
that they consult the information at least once a week to operate and change settings in the energy
management system (Venlo1). In the case of building users, the frequency on viewing the web
page depended on each individual (Venlo1). At the time of the interviews (April 2014), the access
was only through the intranet, but a new system was being introduced so users could see the
SMARTSPACES page when they opened their web browsers. Interviewees expected that this
change would increase the exposure to the EDSS information and raise the awareness of staff
(Venlo1). In addition, this pilot site also has a Twitter account, where the energy team
communicates information about the services inside and outside the building almost on a daily
basis (Venlo3).
Benefits
Interviewees perceived that building professionals (energy team) are the ones who have benefited
the most from the SMARTSPACES services (Venlo2, Venlo3) to save energy and costs. As
mentioned above, the visualisation of data was enabled the energy team to improve the efficiency
of equipment and also to change settings of the schedule of heaters only during working hours
(Venlo1, Venlo3).
“There was an electric heater in the entrance that was running 24 hours a day, so there
was a lot of energy that was been used consistently, so we switched it off.” (Venlo3)

Institutional effects
Interviewees believed that the SMARTSPACES project is consistent with culture of their
organisation which is driven by innovation, sustainability values and the ‘cradle-to-cradle’
philosophy (Venlo1). Their organisation is committed to design green buildings, provide green
energy and improve the efficiency of buildings (Venlo2).
“Our aim is to develop green building, provide green energy, and improve efficiency in
buildings, so I think it is the same. It is our goal to keep doing this for the coming
years.” (Venlo2)
The main barriers perceived by the interviewees were small technical problems, such as the
communication of the energy management system with the web browser (Venlo1). However, these
problems can be overcome.

Social effects
At the time of the interviews, the energy team did not receive too much feedback from building
users (Venlo1). The interaction with building users is conducted specifically through the energy
coach and the operational management of the building. Building users can ask questions about the
energy consumption of the building, and the energy coach instructs the users (Venlo3). One
interviewee expected that with the introduction of the new system, the access to the EDSS would
become more user-friendly and staff members would get more involved in the project (Venlo1).
“The current system gives you a display of the consumption in the last month, but it is
not direct, it is on the web browser. In the new system, it is more user friendly and
every time you start your web browser you will see the new system, so people will be
more involved in the project” (Venlo1)

Staff and visitors’ surveys
This section focuses on the views of building users about the information provided by the EDSS,
and the changes on attitudes and behaviours to reduce energy use at the individual level as a
result of the implementation of the EDSS.
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Surveys’ data collection
Surveys responses for staff and visitors were collected online between February and June 2013 for
the baseline T1 survey and between July and September 2014 for the final T2 survey.
For the baseline T1 staff surveys, Volantis contacted members of staff in Villa Flora and requested
them to complete the survey online. For the final T2 staff surveys, DMU contacted T1 staff
respondents in July 2014 to invite them to complete the final T2 survey. Due to the low response
received by mid-August, Volantis requested staff to complete the surveys via email and also
reminded them in their monthly sessions. Volantis collected responses from visitors in person
through the use of tablets for the baseline and final surveys. DMU also contacted T1 visitors’
respondents in September 2014 inviting them to complete the final survey.
A total of 30 responses from staff and 25 from visitors were received in the baseline T1 survey,
while 20 members of staff and 14 visitors completed the final T2 survey (Table 39). From the T1
staff participants contacted, 13 responded the second survey (Figure 83). The analysis of the staff
surveys in Venlo examines these 13 responses for a pre-post comparison. Analysis of the 30
responses of the staff baseline survey and 25 different responses from the final survey is also
conducted.
Table 39: Surveys responses (Venlo)
Staff surveys

Visitors surveys

Venlo
Baseline T1

Final T2

Baseline T1

Final T2

Participating buildings

30

25

20

14

Total responses received

30

25

20

14

Figure 83: Staff surveys responses to the baseline and final surveys

Profile of respondents
Table 40 depicts that mostly male participants completed the baseline and final staff surveys. Most
respondents were aged between 30 and 60 years old, and had at least a university education
(above 80%). Half of staff respondents stated in both surveys that they had energy management
responsibilities in the building.
The socio-demographic profiles of the visitors’ respondents varied between the baseline and final
surveys. More than half of male visitors responded the baseline and final surveys. Around two
thirds of visitors’ respondents in both surveys were young adults aged between 15 and 45 years
old.
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Table 40: Profile of respondents in relation to survey participation
Staff surveys

Visitors surveys

Profile
Gender

Age

Education

Energy
Management
responsibilities

Baseline T1

Final T2

Baseline T1

Final T2

Male

23 (77%)

19 (76%)

13 (65%)

10 (72%)

Female

7 (23%)

6 (24%)

7 (35%)

3 (21%)

Not responded
15–29 years old

0 (0%)

0 (0%)

0 (0%)

1 (7%)

6 (20%)

6 (24%)

6 (30%)

2 (14%)

30-44 years old

15 (50%)

13 (52%)

8 (40%)

6 (43%)

45-59 years old

8 (27%)

6 (24%)

3 (15%)

3 (22%)

60 or over

1 (3%)

0 (0%)

3 (15%)

2 (14%)

Not responded

0 (0%)

0 (0%)

0 (0%)

1 (7%)

Lower secondary

5 (17%)

3 (12%)

3 (15%)

2 (14%)

Upper secondary

5 (17%)

1 (4%)

2 (10%)

1 (7%)

University

15 (50%)

14 (56%)

7 (35%)

5 (36%)

Post graduate

5 (17%)

7 (28%)

8 (40%)

5 (36%)

Not responded

0 (0%)

0 (0%)

0 (0%)

1 (7%)

Yes

13 (43%)

12 (48%)

-

-

No

17 (57%)

13 (52%)

-

-

Not responded

0 (0%)

0 (0%)

-

-

Impact of the EDSS
In the final survey, all respondents were asked their views about the usefulness of the information
provided by the EDSS. However, in the case of visitors, these particular questions were only
answered if they have heard about the SMARTSPACES project. From the 14 responses received,
9 visitors (64%) knew about the project through word of mouth, posters, display screens and email.
Only the visitors who have heard about the project before answered the questions related to the
EDSS.
Figure 84 depicts that staff and visitors’ respondents in Venlo considered energy use in public
buildings as a relevant issue for them (involvement) (staff mean=4.090, visitors’ mean=4.417).
Visitors more than staff tended to agree that the City of Venlo was competent, expert and
knowledgeable to provide the information (source credibility) (staff mean=3.625, visitors’
mean=3.759). Similarly, visitors were more inclined to agree than staff that the information
provided in the EDSS is believable and credible (argument quality) (staff mean=3.533, visitors’
mean=3.800) as well as useful and engaging (ability to process) (staff mean=3.528, visitors’
mean=3.815). As a result of viewing or using the EDSS, visitors responded that they were more
likely to think further about energy use in the buildings or change activities in their work (intention
to elaborate) (mean=4.067), while staff responses were either neutral or likely to think further
(mean=3.758). More details on the descriptive statistics can be found in Table A1.1 in Annex 1.
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n = 25

n = 14 (involvement), n = 9 (argument quality, source
credibility, ability to process, intention to elaborate)
1 = strongly disagree, 5 = strongly agree

Figure 84: Staff and visitors’ responses regarding the effectiveness of the EDSS

Factors that might increase the thoughtful consideration of changing behaviour to reduce energy
use in buildings (intention to elaborate) were further investigated using correlation analyses.
For the staff survey, the correlation analysis showed strong correlations between their ability to
process (ρ=0.762, p=0.000) and level of involvement (ρ=0.686, p=0.000) with the outcome variable
(intention to elaborate); and moderate correlations with how respondents perceived the argument
quality of the EDSS (ρ=0.625, p=0.001) and the source credibility (ρ=0.441, p=0.014) (Table A1.2,
Annex 1). The analysis of the visitors’ survey indicated a strong correlation between their level of
ability to process (τ=0.762, p=0.008) and a moderate relationship with the argument quality
(ρ=0.536, p=0.049) (Table A1.3, Annex 1).
Results indicate that a key aspect for staff and visitors to consider changing their behaviour to
reduce energy use in the buildings is that this topic is particularly relevant for them and the
information provided by the EDSS is perceived as reliable, useful and engaging.

Comparative analysis of the baseline and final surveys
This section examines changes in the attitudes, subjective norms, perceived control, intentions and
behaviour to reduce energy of staff and visitors that could be attributed to the experience of
viewing or using the EDSS.
Staff surveys
Thirteen responses from the same identified staff in the baseline were collected in the final survey.
These responses were examined as ‘panel’ data to compare users’ attitudes and behaviours
before and after the intervention. After these individuals had access to the EDSS, the level in which
they perceive they could easily reduce their energy use or report energy saving opportunities to
colleagues (perceived behavioural control – PBC) (23.1%) showed a higher trend (see Table A1.11
in Annex 1 for more details). Favourable changes were also observed in their levels of awareness
(7.4%), knowledge (11.6%) and attitudes (8.7%) (Figure 85). These participants also showed
higher levels of intentions and self-reported behaviour to reduce energy use in the building (8.1%
and 6.6% respectively).
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Figure 85: Differences of TPB variables from panel data

Visitors’ surveys
Respondents of the final survey were in average more aware than the respondents in the baseline
survey (14.8%), had more knowledge on how to reduce energy use (6.2%), stronger belief that
their actions to reduce energy were effective (attitude) (4.2%) and perceived more social pressure
to reduce energy use (subjective norm) (16.5%) (Figure 86 and Table A1.7 in Annex 1). Their selfreported behaviour to reduce energy use was also higher (6.1%).

1 = strongly disagree, 5 = strongly agree

Figure 86: Box plots of the TPB variables in the baseline and final visitors’ surveys
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5

Conclusions

The evaluation of the project showed that the use of ICT was effective in reducing energy and
water consumption in buildings. However, the effectiveness differed depending on the




previous engagement with ICT
level of support from the local authorities
type of information presented

The surveys showed that different types of building users are able to engage with energy
consumption in buildings and that this engagement will result in consumption reductions.
Combining the measured utility meter data and the behavioural survey data, suggests that different
approaches need to be implemented in different places, depending on local circumstances. There
is not a ”one size fits all” solution. It is much more complex and SMARTSPACES has identified the
different type of approaches that could be used in different European public buildings.

EMS
The analysis of the data highlighted common problems associated with building control systems.
Buildings are relatively complex and modern building energy management systems can be
particularly complex. The analysis of short time series data from the pilot buildings highlighted
many potential control problems. These include heating provided when buildings are unoccupied;
poor temperature control; water leaks and poor frost protection. This was particularly evident with
more recently constructed buildings. The operation of the control systems on new buildings are not
always as good as they should be. SMARTSPACES helped improve many aspects of these
controls through automated meter readings and readily accessible data visualisation. It also
identified opportunities for further improvement.
SMARTSPACES provided useful engagement at different levels. It provided useful tools to building
professionals to correct building control issues and to staff and the general public to increase their
knowledge and awareness of energy and water consumption of their building users by sharing their
knowledge and experience with other building users. Finally, SMARTSPACES helped to engage
with decision makers through been able to present energy savings in a more interactive, fun way.
The services provided a simple way to present relatively complex short time series (typically half
hourly) consumption profiles and highlight savings achieved through engagement with building
users.
A top-down approach (with senior management actively encouraging energy efficiency) was also
seen to be effective but a relatively aggressive approach to this can reduce the potential for
behavioural change.

EDSS
The SMARTSPACES approach is an effective communication and engagement tool at the different
levels of building users, professionals and decision-makers. The different aspects of the project
were disseminated across a wide range of different local, national and European events and
feedback from these events was very supportive, with other organisations wishing to replicate the
approach.
The project has demonstrated that short time series energy and water data can be beneficial in a
number of different ways.
1. To present consumption profiles through simple and easy to understand, but also attractive
and engaging displays, such as smiley/unsmiley faces, time-slotted colourful monthly
reports, tachometers, etc. to building users
2. To understand the detailed daily, weekly and annual energy consumption of a building to
then identify energy efficiency investment opportunities or detect high consumption
problems
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3. To help set electricity, gas and water budgets for individual cost centre managers. For cost
centre managers to then take action to reduce the consumption, based on the regular
feedback from half hourly metering. That is, providing an incentive (a reason) for staff to
take electricity, gas and water consumption seriously
4. The use of half hourly electricity, gas and water consumption data to show the
effectiveness of actions taken to successfully reduce energy use in public buildings. This
can be particularly useful to engage with decision makers.
The provision of meter reading data and the better understanding of the behaviour of building
users can enable energy managers to more effectively implement European energy climate policy.
Energy managers can also use this information to inform policy makers. Installing automatic meter
reading in buildings and making the resulting information available to building users should result in
savings if supported by campaigns and regular engagement. User engagement through “energy
coaches” or “energy champions” was particularly effective in reducing energy and water
consumption. Energy managers engaging with building users to discuss the energy use in their
buildings and to take their feedback on how to both reduce consumption and improve comfort
conditions. ICT can be used in a number of different ways. Collecting and analysing the short time
series data, presenting this data in exciting ways using computers, electronic display screens and
online discussion forums. However, data collection and interoperability issues are still prevalent
and mechanisms need to be put in place to deal with these.
The greatest savings were achieved by those pilots with relatively low numbers of buildings. This
was because the pilots could concentrate on engaging with building users more effectively than
pilots with very large numbers of buildings.
Those buildings with relatively complex control systems were able to show substantial savings
once control problems were overcome. SMARTSPACES provided the necessary advice guidance
and knowledge to improve control strategies in these buildings, through the interventions and the
energy visualisations.
SMARTSPACES was able to show energy consumption reductions through technical measures,
reducing base load, peak and time of day. It was also able to reduce peak and base load through
behavioural changes.
All pilots had buildings that showed significant savings. These were overall savings peak savings
and time of day savings.
Overall all pilot sites showed savings, with the pilots with larger number of buildings also showing
some increases. All pilots showed examples of how engaging with buildings users, improving
controls and proving feedback helped reduce consumption. Overall carbon dioxide emissions were
reduced by an estimated 2,227 tonnes across all pilots

Lessons Learnt
There are issues with local authorities and use of “up to date” technology such as new web
browsers. SMARTSPACES tried to use latest web browser technologies, however, some local
authorities did not allow staff to access these new browsers for security reasons.
Data quality remained an issue through the project. Initially this was collecting metered data and
mapping utility meters to buildings and electricity, gas or water consumption. Often, meters were
incorrectly labelled and the mapping exercise identified these previously unknown errors. Data
compatibility was addressed early on in the project to ensure the data structure could be imported
automatically into the analysis tool. Substantial work was involved in checking and verifying these
data. However, there were still issues with changes in the format and names of data. Data
collection changes with time, ICT systems are updated and meters are changed. Projects such as
SMARTSACES need to allow for, and cope with, such changes.
Those pilots with well-established automatic meter reading systems had minimal data issues.
These systems were already collecting data from several hundred utility meters. However, there
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were data collection issues with sites that were just introducing automatic meter reading or those
reliant on obtaining data from third parties, such as Combined Heat and Power suppliers.
Difficulties were also encountered with accessing survey data and with ensuring adequate sample
sizes across all the partners. This was for both samples of both building users and visitors. Ideally
we would have liked before and after samples of the same people, but this was not always
possible, due to changes in staff and changes in building use. Despite these difficulties, it was
possible to analyse data from all the pilot sites and draw conclusions based on their experiences
relevant to EU local authorities.
These types of difficulties are often encountered in projects researching real data in real buildings.
As such, the project management allowed for expected difficulties and took action to ensure data
quality and the regular provision of both metered and survey data from all pilot sites. Despite this,
data was still often provided relatively late, resulting in delayed analysis and feedback. However,
the analysis was completed and was able to show progress for most buildings in all the pilots.
The project has produced a comprehensive set of data on real buildings with real people in
different pilot Cities. This data has been analysed in this report, but further, more detailed analysis
could be undertaken on this and similar datasets the future.
The experience with the pilots with large numbers of buildings suggests that the automated data
collection, analysis and feedback could be very effective to help manage energy and water
consumption in local authorities with many buildings. There is great potential to engage with
building users via an on line forum, however, mechanisms need to be in place to ensure good
quality and timely collection and storage of data.
Overall the methodology worked well and this type of approach could be used in the evaluation of
future projects.
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Annex 1 – Statistical analysis tables of the staff
and visitors’ surveys
The following tables present the statistical analyses for the staff and visitors’ baseline and final
surveys, referred in each pilot site section.
Table A.1 Descriptive statistics of the Elaboration Likelihood Model variables (final T2 staff
and visitors’ surveys)
ELM variable
n
Involvement
Argument quality
Source credibility
Ability to process
Intention to elaborate

60
60
60
60
60

Involvement
Argument quality
Source credibility
Ability to process
Intention to elaborate

11
10
10
10
10

Involvement
Argument quality
Source credibility
Ability to process
Intention to elaborate

46
47
47
47
47

Involvement
Argument quality
Source credibility
Ability to process
Intention to elaborate

25
22
22
22
22

Involvement
Argument quality
Source credibility
Ability to process
Intention to elaborate

9
9
9
9
9

Involvement
Argument quality
Source credibility
Ability to process
Intention to elaborate

40
39
39
37
37

Involvement
Argument quality
Source credibility
Ability to process
Intention to elaborate

44
43
42
41
43

Involvement

25
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Final T2 staff survey
Mean
S.D.
Variance
Belgrade
4.075
0.640
0.410
4.117
0.381
0.145
4.472
0.515
0.265
4.381
0.490
0.240
4.223
0.575
0.331
Birmingham
3.500
1.084
1.175
3.260
0.731
0.534
3.400
0.699
0.489
3.267
0.534
0.285
3.440
0.788
0.620
Bristol
3.978
0.838
0.702
3.494
0.613
0.375
3.486
0.633
0.401
3.206
0.593
0.352
3.272
0.840
0.705
Hagen
4.070
0.631
0.399
3.573
0.680
0.462
3.652
0.929
0.862
3.402
0.849
0.721
3.464
0.815
0.664
Istanbul
4.694
0.349
0.122
4.089
0.609
0.371
4.222
0.589
0.347
4.222
0.250
0.063
4.089
0.708
0.501
Leicester
4.021
0.629
0.396
3.672
0.760
0.578
3.778
0.707
0.500
3.653
0.661
0.437
3.820
0.730
0.532
Lleida
4.362
0.567
0.322
3.784
0.547
0.299
3.789
0.739
0.547
3.846
0.635
0.403
3.795
0.905
0.818
Milan
4.550
0.500
0.250

n

Final T2 visitors’ survey
Mean
S.D.
Variance

63
58
58
58
58

3.944
4.300
4.532
4.397
3.238

0.289
0.323
0.451
0.420
0.953

0.084
0.104
0.203
0.176
0.907

12
8
8
8
8

4.396
3.950
4.521
3.500
3.800

0.579
0.949
0.710
1.172
1.269

0.335
0.900
0.503
1.373
1.611

49
45
45
45
45

4.133
3.809
3.900
3.713
3.609

0.713
0.594
0.789
0.587
0.772

0.508
0.353
0.622
0.345
0.596

52
4
6
7

3.635
4.300
3.778
3.743

1.001
0.258
0.574
0.458

1.016
0.067
0.330
0.210

61
56
56
55
55

4.402
3.486
3.607
3.597
3.487

0.673
0.657
0.768
0.776
0.662

0.453
0.432
0.589
0.603
0.438

70
22
22
22
22

3.286
3.627
4.068
3.692
3.455

1.015
0.590
0.549
0.877
1.142

1.030
0.348
0.302
0.770
1.304

78
7
14
8
8

4.093
3.914
3.940
3.833
3.600

0.592
0.598
0.572
0.802
0.855

0.351
0.358
0.327
0.643
0.731

46

4.391

0.493

0.243
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ELM variable
Argument quality
Source credibility
Ability to process
Intention to elaborate

n
25
25
25
25

Involvement
Argument quality
Source credibility
Ability to process
Intention to elaborate

24
24
24
24
24

Involvement
Argument quality
Source credibility
Ability to process
Intention to elaborate

37
30
29
30
30

Involvement
Argument quality
Source credibility
Ability to process
Intention to elaborate

25
24
24
24
24

Final T2 staff survey
Mean
S.D.
Variance
4.376
0.452
0.204
4.053
0.208
0.043
4.120
0.332
0.110
4.784
0.311
0.096
Moulins
4.365
0.532
0.282
4.275
0.562
0.316
4.146
0.490
0.240
4.250
0.508
0.258
4.233
0.226
0.051
Murcia
4.498
0.634
0.402
3.833
0.730
0.533
3.874
0.777
0.604
3.711
0.777
0.603
3.860
0.895
0.800
Venlo
4.090
0.653
0.426
3.533
0.651
0.423
3.625
0.600
0.361
3.528
0.948
0.898
3.758
0.867
0.751

n
25
25
25
25

Final T2 visitors’ survey
Mean
S.D.
Variance
4.432
0.427
0.182
4.333
0.469
0.220
4.307
0.463
0.215
4.488
0.483
0.234

20
15
15
15
15

3.575
3.840
3.622
3.640
3.720

0.453
0.348
0.285
0.253
0.281

0.205
0.121
0.081
0.064
0.079

33
10
10
10
10

4.386
3.840
4.533
4.233
4.120

0.761
0.506
0.429
0.394
0.627

0.578
0.256
0.184
0.156
0.393

14
9
9
9
9

4.417
3.800
3.759
3.815
4.067

0.398
0.529
0.646
0.496
0.678

0.158
0.280
0.417
0.246
0.460

Exclude pairwise

Table A1.2 Correlation coefficients between ELM predictors and Intention to elaborate
(outcome) – staff T2 final surveys
n

Involvement

Argument Quality
Belgrade
ρ = 0.090
p = 0.496

Intention to elaborate

60

ρ = -0.138
p = 0.294

Intention to elaborate

10

τ = 0.543*
p = 0.040

τ = 0.407
p = 0.139

Intention to elaborate

47

ρ = 0.359*
p = 0.014

ρ = 0.433**
p = 0.002

Intention to elaborate

22

ρ = 0.323
p = 0.142

ρ = 0.628**
p = 0.002

Intention to elaborate

9

τ = -0.101
p = 0.733

Intention to elaborate

39

ρ = 0.608**
p = 0.000

ρ = 0.532**
p = 0.001

Intention to elaborate

39

ρ = 0.486**
p = 0.001

ρ = 0.328*
p = 0.032

Intention to elaborate

25

ρ = 0.468*
p = 0.018

ρ = 0.348
p = 0.088

Intention to elaborate

24

ρ = -0.071
p = 0.743

ρ = 0.665
p =0.000

Intention to elaborate

30

ρ = 0.172
p = 0.363

ρ = 0.540**
p = 0.003

Source Credibility

Ability to process

ρ = 0.209
p = 0.110

ρ = 0.511**
p = 0.000

τ = 0.231
p = 0.424

τ = 0.330
p = 0.253

ρ = 0.717**
p = 0.000

ρ = 0.575**
p = 0.000

ρ = 0.444*
p = 0.039

ρ = 0.768**
p = 0.000

τ = 0.716*
p = 0.010

τ = 0.732*
p = 0.010

ρ = 0.399*
p = 0.014

ρ = 0.566**
p = 0.000

ρ = 0.357*
p = 0.020

ρ = 0.570**
p = 0.000

ρ = 0.100
p = 0.635

ρ = 0.423*
p = 0.035

ρ = 0.332
p = 0.113

ρ = 0.381
p = 0.067

ρ = 0.646**
p = 0.000

ρ = 0.750**
p = 0.000

Birmingham
Bristol
Hagen
Istanbul
τ = 0.303
p = 0.280

Leicester
Lleida
Milan
Moulins
Murcia
Venlo
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Involvement
Argument Quality
Source Credibility
Ability to process
ρ = 0.686**
ρ = 0.625**
ρ = 0.441*
ρ = 0.762**
p = 0.000
p = 0.001
p = 0.031
p = 0.000
Spearman’s (ρ) rank order non-parametric correlation was used for most of samples; Kendall’s tau (τ) was used when
the sample had a small data set with a large number of tied ranks.
** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
Intention to elaborate

n
24

Table A1.3 Correlation coefficients between ELM predictors and Intention to elaborate
(outcome) – visitors’ final T2 surveys
n

Involvement

Argument Quality
Belgrade
ρ = 0.056
p = 0.674

Intention to elaborate

58

ρ = 0.153
p = 0.252

Intention to elaborate

8

τ = 0.538
p = 0.074

Intention to elaborate

45

ρ = 0.621**
p = 0.000

Intention to elaborate

7

τ = 0.111
p =0.746

Intention to elaborate

55

ρ = 0.066
p = 0.634

Intention to elaborate

22

ρ = 0.707**
p =0.000

Intention to elaborate

8

τ = 0.333
p =0.288

τ = 0.514
p = 0.137

Intention to elaborate

25

ρ = 0.828**
p = 0.000

ρ = 0.823**
p = 0.000

Source Credibility

Ability to process

ρ = -0.042
p = 0.753

ρ = 0.083
p = 0.534

τ = 0.666*
p = 0.040

τ = 0.615*
p = 0.041

ρ = 0.520 **
p = 0.000

ρ = 0.625**
p = 0.000

-

τ = 0.833*
p =0.034

ρ = 0.598**
p = 0.000

ρ = 0.715**
p = 0.000

ρ = 0.487*
p = 0.021

ρ = 0.668*
p = 0.001

τ = 0.694*
p = 0.026

τ = 0.400
p = 0.193

ρ = 0.883**
p =0.000

ρ = 0.849**
p =0.000

ρ = -0.449
p =0.093

ρ = 0.210
p =0.453

τ = 0.052
p = 0.848

τ = -0.232
p = 0.419

Birmingham
τ = 0.538
p = 0.074

Bristol
ρ = 0.267
p = 0.076

Hagen
τ = -0.913
p = 0.071

Istanbul
ρ = 0.657**
p = 0.000

Leicester
ρ = 0.495*
p = 0.019

Lleida
Milan
Moulins
ρ = -0.625*
p =0.013

ρ = -0.014
p =0.961

Intention to elaborate

Murcia
Intention to elaborate

10

τ = 0.219
p = 0.425

τ = -0.205
p = 0.447

Venlo
τ = 0.536*
τ = 0.762**
τ = 0.065
τ = 0.303
p = 0.049
p = 0.008
p = 0.823
p = 0.282
Spearman’s (ρ) rank order non-parametric correlation was used for most of samples; Kendall’s tau (τ) was used when
the sample had a small data set with a large number of tied ranks.
** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
Intention to elaborate

9

Table A1.4 Multiple regression analysis of ELM variables for the staff final T2 survey
Unstandardized coefficients

Standardized coefficients

Model
B

Standard error

Sig.

Belgrade
Constant
Involvement
Argument quality
Source credibility
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0.980
-0.004
0.052
-0.076

0.940
0.100
0.179
0.189

-0.004
0.034
-0.068

0.302
0.970
0.773
0.691
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Unstandardized coefficients

Standardized coefficients

Model
B

Standard error

Sig.

Ability to process
2
R
2
Adjusted R

0.772
0.385
0.341

0.190

0.658

0.000

Constant
Involvement
Argument quality
Source credibility
Ability to process
2
R
2
Adjusted R

2.533
0.311
0.811
-0.507
-0.343
0.343
-0.183

Birmingham
1.806
0.330
0.810
0.823
0.814

0.428
0.752
-0.450
-0.233

0.217
0.389
0.363
0.564
0.691

Constant
Involvement
Argument quality
Source credibility
Ability to process
2
R
2
Adjusted R

-0.817
0.202
0.104
0.753
0.094
0.531
0.485

0.653
0.122
0.188
0.230
0.236

0.202
0.076
0.567
0.066

0.218
0.105
0.585
0.002
0.693

Constant
Involvement
Argument quality
Source credibility
Ability to process
2
R
2
Adjusted R

0.963
0.055
-0.212
-0.026
0.920
0.649
0.567

0.993
0.205
0.373
0.164
0.273

0.042
-0.177
-0.030
0.959

0.346
0.792
0.577
0.876
0.004

Constant
Involvement
Argument quality
Source credibility
Ability to process
2
R
2
Adjusted R

-3.404
-0.163
0.017
0.419
1.521
0.723
0.447

4.431
0.537
0.347
0.514
1.197

-0.080
0.014
0.349
0.537

0.485
0.776
0.964
0.460
0.273

Constant
Involvement
Argument quality
Source credibility
Ability to process
2
R
2
Adjusted R

-0.323
0.579
0.129
-0.120
0.491
0.573
0.520

Leicester
0.683
0.150
0.134
0.146
0.169

0.499
0.135
-0.116
0.445

0.639
0.001
0.343
0.417
0.007

Constant
Involvement
Argument quality
Source credibility
Ability to process
2
R
2
Adjusted R

-2.174
0.725
-0.077
0.185
0.624
0.521
0.466

1.064
0.198
0.226
0.210
0.256

0.454
-0.046
0.151
0.438

0.049
0.001
0.737
0.385
0.020

Constant
Involvement

2.892
0.192

1.313
0.125

0.309

0.040
0.141

Bristol

Hagen

Istanbul

Lleida

Milan
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Unstandardized coefficients

Standardized coefficients

Model
B

Standard error

Sig.

Argument quality
Source credibility
Ability to process
2
R
2
Adjusted R

0.150
-0.039
0.126
0.197
0.037

0.161
0.348
0.243

0.219
-0.026
0.134

0.362
0.912
0.610

Constant
Involvement
Argument quality
Source credibility
Ability to process
2
R
2
Adjusted R

3.428
-0.037
0.454
-0.001
-0.227
0.579
0.490

0.354
0.083
0.127
0.091
0.141

9.693
-0.449
3.586
-0.016
-1.606

0.000
0.658
0.002
0.987
0.125

Constant
Involvement
Argument quality
Source credibility
Ability to process
2
R
2
Adjusted R

-0.272
0.041
0.337
-0.077
0.810
0.578
0.501

1.272
0.208
0.336
0.295
0.292

0.029
0.168
-0.067
0.703

0.833
0.845
0.327
0.797
0.011

Constant
Involvement
Argument quality
Source credibility
Ability to process
2
R
2
Adjusted R

-0.111
0.496
0.034
-0.001
0.489
0.733
0.677

0.997
0.226
0.271
0.242
0.244

0.374
0.026
-0.001
0.534

0.913
0.041
0.901
0.997
0.060

Moulins

Murcia

Venlo

Table A1.5 Multiple regression analysis of ELM variables for the visitors’ final T2 survey
Unstandardized coefficients

Standardized coefficients

Model
B
Constant
Involvement
Argument quality
Source credibility
Ability to process
2
R
2
Adjusted R
Constant
Involvement
Argument quality
Source credibility
Ability to process
2
R
2
Adjusted R
Constant
Involvement
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Standard error

Belgrade (n = 58)
2.316
2.383
0.258
0.462
0.003
0.434
-0.538
0.379
0.529
0.419
0.052
-0.020
Birmingham (n = 8)
2.130
3.228
-0.384
0.825
-0.547
0.706
0.275
1.345
1.221
0.532
0.811
0.558
Bristol (n=45)
-0.111
0.706
0.396
0.151

Sig.

0.078
0.001
-0.254
0.233

0.336
0.579
0.994
0.162
0.212

-0.175
-0.409
0.154
0.154

0.556
0.674
0.495
0.851
0.105

0.365

0.876
0.012

30/03/2015

SMARTSPACES – D7.2

Unstandardized coefficients

Standardized coefficients

Model
B

Standard error

Argument quality
Source credibility
Ability to process
2
R
2
Adjusted R

-0.134
-0.116
0.820
0.504
0.454

0.189
0.199
0.253

Constant
Involvement
Argument quality
Source credibility
Ability to process
2
R
2
Adjusted R

-

Sig.
-0.103
-0.118
0.624

0.482
0.564
0.002

-

-

0.111
0.158
-0.082
0.723

0.351
0.232
0.340
0.669
0.000

0.458
0.026
0.038
0.413

0.603
0.020
0.891
0.846
0.088

0.254
0.431
0.431
0.035

0.112
0.304
0.189
0.184
0.910

0.502
0.298
-0.438
0.568

0.682
0.009
0.462
0.613
0.523

-0.864
-0.690
-0.601
0.854

0.000
0.003
0.026
0.038
0.000

Hagen (n = 7)

Constant
Involvement
Argument quality
Source credibility
Ability to process
2
R
2
Adjusted R
Constant
Involvement
Argument quality
Source credibility
Ability to process
2
R
2
Adjusted R
Constant
Involvement
Argument quality
Source credibility
Ability to process
2
R
2
Adjusted R
Constant
Involvement
Argument quality
Source credibility
Ability to process
2
R
2
Adjusted R
Constant
Involvement
Argument quality
Source credibility
Ability to process
2
R
2
Adjusted R
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-

Istanbul
0.474
0.503
0.108
0.089
0.166
0.172
-0.070
0.163
0.616
0.109
0.592
0.560
Leicester (n = 22)
-0.721
1.362
0.515
0.200
0.051
0.368
0.078
0.396
0.536
0.296
0.670
0.592
Lleida (n = 7)
-3.690
1.355
0.366
0.267
0.794
0.406
0.644
0.322
0.038
0.296
0.962
0.886
Milan (n = 25)
0.240
0.577
0.492
0.171
0.337
0.450
-0.451
0.879
0.593
0.911
0.749
0.698
Moulins (n = 15)
6.469
1.237
-0.536
0.137
-0.556
0.213
-0.592
0.249
0.948
0.128
0.883
0.837
Murcia (n = 10)

30/03/2015

SMARTSPACES – D7.2

Unstandardized coefficients

Standardized coefficients

Model
B

Standard error

Sig.

Constant
Involvement
Argument quality
Source credibility
Ability to process
2
R
2
Adjusted R

6.332
0.166
-0.453
0.443
-0.758
0.221
-0.402

4.582
0.336
0.555
0.769
0.916

0.202
-0.365
0.303
-0.477

0.642
0.452
0.590
0.446

Constant
Involvement
Argument quality
Source credibility
Ability to process
2
R
2
Adjusted R

-0.122
0.085
-0.122
-0.047
1.430
0.878
0.757

Venlo (n = 9)
2.534
0.401
0.459
0.264
0.506

0.050
-0.095
-0.045
1.046

0.681
0.843
0.803
0.868
0.048

Table A1.6 Independent samples (staff surveys) - Descriptive statistics of TPB variables
N
Awareness
Knowledge
Attitude
Subj. Norm
PBC
Intention_energy
Intention_report
Behaviour_energy

60
60
60
60
60
60
60
60

Awareness
Knowledge
Attitude
Subj. Norm
PBC
Intention_energy
Intention_report
Behaviour_energy

33
33
33
33
33
31
31
31

Awareness
Knowledge
Attitude
Subj. Norm
PBC
Intention_energy
Intention_report
Behaviour_energy

205
205
205
205
205
201
201
201

Awareness
Knowledge
Attitude
Subj. Norm

34
34
34
34
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Baseline T1 staff survey
Mean
S.D.
Variance
a
Belgrade
4.375
0.7626
0.582
3.833
0.7678
0.589
3.817
0.5559
0.309
3.250
0.9320
0.869
3.456
0.7835
0.614
4.180
0.4964
0.246
1.940
1.739
0.030
1.600
0.3357
0.113
Birmingham
4.136
0.773
0.598
3.636
0.719
0.516
3.348
0.798
0.636
2.850
0.870
0.758
2.980
0.964
0.930
3.071
0.799
0.639
1.613
0.393
0.154
1.565
0.266
0.071
Bristol
4.259
0.773
0.597
3.648
0.698
0.488
3.361
0.477
0.227
3.300
0.808
0.653
3.067
0.818
0.669
3.230
0.697
0.487
1.700
0.367
0.134
1.494
0.266
0.071
Hagen
4.074
0.676
0.457
4.049
0.533
0.284
3.684
0.655
0.429
3.440
0.786
0.618

N

Final T2 staff survey
Mean
S.D.
Variance

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

11
11
11
11
11
9
9
9

3.864
3.455
3.477
3.090
2.879
2.840
1.733
1.583

1.142
1.195
0.898
1.044
1.344
0.970
0.361
0.354

1.305
1.428
0.806
1.091
1.806
0.941
0.130
0.125

46
46
46
46
46
43
43
43

3.674
3.790
3.668
3.150
3.123
3.256
1.716
1.459

0.871
0.725
0.683
0.816
0.856
0.766
0.350
0.250

0.758
0.525
0.467
0.665
0.773
0.587
0.122
0.062

25
25
25
25

4.060
4.067
3.740
3.640

0.961
0.653
0.610
0.700

0.923
0.426
0.372
0.490

30/03/2015
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PBC
Intention_energy
Intention_report
Behaviour_energy

N
34
32
32
32

Awareness
Knowledge
Attitude
Subj. Norm
PBC
Intention_energy
Intention_report
Behaviour_energy

54
54
54
54
54
54
54
54

Awareness
Knowledge
Attitude
Subj. Norm
PBC
Intention_energy
Intention_report
Behaviour_energy

99
99
99
99
99
89
89
89

Awareness
Knowledge
Attitude
Subj. Norm
PBC
Intention_energy
Intention_report
Behaviour_energy

109
109
109
109
109
105
105
105

Awareness
Knowledge
Attitude
Subj. Norm
PBC
Intention_energy
Intention_report
Behaviour_energy

49
49
49
49
49
49
49
49

Awareness
Knowledge
Attitude
Subj. Norm
PBC
Intention_energy
Intention_report
Behaviour_energy

34
34
34
34
34
34
34
34

Awareness
Knowledge
Attitude
Subj. Norm
PBC
Intention_energy

37
37
37
37
37
31
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Baseline T1 staff survey
Mean
S.D.
Variance
3.765
0.611
0.374
3.694
0.772
0.596
1.653
0.319
0.102
1.617
0.262
0.068
Istanbul
4.407
0.607
0.369
4.352
0.559
0.312
4.060
0.585
0.342
4.560
0.604
0.365
4.099
0.650
0.422
4.235
0.595
0.354
1.919
0.222
0.049
1.792
0.232
0.054
Leicester
4.101
0.678
0.459
4.089
0.614
0.377
3.773
0.670
0.449
3.530
0.825
0.680
3.370
0.808
0.653
3.395
0.726
0.527
1.762
0.345
0.119
1.577
0.232
0.054
Lleida
4.161
0.593
0.351
4.095
0.635
0.403
4.069
0.495
0.245
3.540
0.834
0.695
3.894
0.683
0.466
4.091
0.590
0.348
1.949
0.152
0.023
1.595
0.289
0.083
Milan
4.122
0.673
0.453
4.075
0.554
0.307
4.122
0.485
0.235
3.490
0.869
0.755
3.905
0.631
0.398
4.343
0.576
0.332
1.976
0.145
0.021
1.566
0.367
0.135
Moulins
3.544
0.527
0.278
3.784
0.808
0.652
3.449
0.388
0.151
3.440
0.960
0.921
3.676
0.482
0.232
4.106
0.615
0.379
1.700
0.266
0.071
1.522
0.381
0.145
Murcia
4.297
0.559
0.312
3.919
0.669
0.447
4.169
0.540
0.292
3.270
0.962
0.925
3.279
0.796
0.633
4.252
0.546
0.299

N
25
22
22
22

Final T2 staff survey
Mean
S.D.
Variance
3.813
0.617
0.380
3.673
0.613
0.375
1.718
0.336
0.113
1.636
0.215
0.046

9
9
9
9
9
9
9
9

4.500
4.407
4.139
4.670
4.148
4.578
2.000
1.944

0.250
0.521
0.417
0.500
0.412
0.543
0.000
0.167

0.063
0.272
0.174
0.250
0.170
0.294
0.000
0.028

40
40
40
40
40
39
39
39

4.038
4.138
3.906
3.750
3.550
3.374
1.800
1.551

0.654
0.581
0.681
0.809
0.620
0.634
0.337
0.251

0.428
0.337
0.464
0.654
0.385
0.402
0.114
0.063

44
44
44
44
44
42
42
42

4.091
4.182
4.119
3.550
3.750
4.152
1.899
1.702

0.693
0.573
0.621
0.901
0.663
0.656
0.223
0.242

0.480
0.328
0.385
0.812
0.440
0.431
0.050
0.059

25
25
25
25
25
25
25
25

4.180
4.107
4.080
4.040
3.787
4.832
2.000
2.000

0.430
0.488
0.461
0.539
0.440
0.373
-

0.185
0.238
0.212
0.290
0.193
0.139
-

24
24
24
24
24
24
24
24

4.104
4.264
4.260
4.290
4.556
4.392
1.958
1.771

0.489
0.311
0.386
0.464
0.457
0.267
0.083
0.194

0.239
0.096
0.149
0.216
0.209
0.071
0.007
0.038

37
37
37
37
37
31

4.014
3.865
4.101
3.190
3.459
4.045

0.583
0.660
0.594
0.938
0.825
0.610

0.340
0.435
0.352
0.880
0.681
0.373

30/03/2015
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Intention_report
Behaviour_energy

N
31
31

Awareness
Knowledge
Attitude
Subj. Norm
PBC
Intention_energy
Intention_report
Behaviour_energy

30
30
30
30
30
30
30
30

Baseline T1 staff survey
Mean
S.D.
Variance
1.716
0.416
0.173
1.629
0.240
0.058
Venlo
3.633
0.890
0.792
3.867
0.635
0.403
3.625
0.748
0.559
3.500
0.861
0.741
3.111
0.729
0.531
3.327
0.665
0.443
1.847
0.300
0.090
1.475
0.257
0.066

N
31
31

Final T2 staff survey
Mean
S.D.
Variance
1.747
0.372
0.138
1.677
0.275
0.076

25
25
25
25
25
23
23
23

4.120
4.280
3.950
3.360
3.507
3.409
1.891
1.598

1.034
0.506
0.658
0.860
0.758
0.927
0.188
0.299

1.068
0.256
0.432
0.740
0.575
0.860
0.035
0.089

Pairwise
n.a. Not applicable
a
Questions related to awareness, knowledge, attitude, subjective norm, perceived control, intention to reduce energy used a five –point
anchored Likert-scale from 1=strongly disagree to 5=strongly agree.
b
Questions related to intention to report energy saving opportunities and self-reported behaviour to reduce energy were responded
using a dichotomy response, 1=no, 2=yes.

Table A1.7 Independent samples (visitors’ surveys) - Descriptive statistics of TPB variables
N
Awareness
Knowledge
Attitude
Subjective norm
PBC
Intention_energy
Intention_report
Behaviour_energy

52
52
52
52
52
40
53
41

Awareness
Knowledge
Attitude
Subjective norm
PBC
Intention_energy
Intention_report
Behaviour_energy

44
44
44
44
44
22
44
22

Awareness
Knowledge
Attitude
Subjective norm
PBC
Intention_energy
Intention_report
Behaviour_energy

61
61
61
61
61
30
59
27

Awareness
Knowledge
Attitude
Subjective norm
PBC

53
53
53
53
53
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Baseline T1 visitor survey
Mean
S.D.
Variance
Belgrade
3.875
0.828
0.685
4.144
0.681
0.464
3.962
0.746
0.557
2.923
1.007
1.014
3.356
1.031
1.062
3.788
1.031
1.063
1.849
0.361
0.131
1.463
0.453
0.205
Birmingham
4.148
0.661
0.437
3.352
0.712
0.507
3.580
0.835
0.697
3.091
0.936
0.875
2.625
0.793
0.629
3.795
1.065
1.135
1.614
0.493
0.243
1.409
0.426
0.182
Bristol
3.984
0.774
0.600
3.721
0.642
0.413
3.680
0.639
0.409
3.607
1.005
1.009
3.057
0.786
0.617
3.600
0.803
0.645
1.576
0.498
0.248
1.611
0.487
0.237
Hagen
3.877
0.871
0.759
3.981
0.759
0.577
3.198
0.729
0.532
3.660
0.980
0.959
3.708
0.896
0.802

N

Final T2 visitor survey
Mean
S.D.
Variance

63
63
63
63
63
31
63
39

4.262
4.540
4.595
4.349
4.476
4.742
2.000
1.410

0.668
0.340
0.457
0.699
0.341
0.406
omitted
0.395

0.812
0.115
0.209
0.489
0.116
0.165
omitted
0.156

12
12
12
12
12
9
12
8

4.583
3.750
3.583
3.667
2.875
3.667
1.667
1.688

0.417
0.754
1.041
0.651
0.980
0.866
0.492
0.372

0.174
0.568
1.083
0.424
0.960
0.750
0.242
0.138

49
49
49
49
49
41
49
33

4.245
3.776
3.796
3.429
3.204
3.805
1.755
1.636

0.569
0.715
0.549
0.890
0.728
0.798
0.434
0.420

0.324
0.511
0.301
0.792
0.530
0.636
0.189
0.176

52
52
52
52
52

3.883
3.649
3.394
3.340
3.309

0.861
0.773
0.853
1.069
0.763

3.883
0.597
0.728
1.142
0.582

30/03/2015
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Intention_energy
Intention_report
Behaviour_energy

N
22
52
20

Awareness
Knowledge
Attitude
Subjective norm
PBC
Intention_energy
Intention_report
Behaviour_energy

60
60
60
60
60
57
60
49

Awareness
Knowledge
Attitude
Subjective norm
PBC
Intention_energy
Intention_report
Behaviour_energy

74
74
74
74
74
68
74
63

Awareness
Knowledge
Attitude
Subjective norm
PBC
Intention_energy
Intention_report
Behaviour_energy

331
331
331
331
331
265
336
268

Awareness
Knowledge
Attitude
Subjective norm
PBC
Intention_energy
Intention_report
Behaviour_energy

52
52
52
52
52
31
53
26

Awareness
Knowledge
Attitude
Subjective norm
PBC
Intention_energy
Intention_report
Behaviour_energy

12
12
12
12
12
12
12
12

Awareness
Knowledge
Attitude
Subjective norm
PBC
Intention_energy
Intention_report

52
52
52
52
52
20
52

Page 219 of 338

Baseline T1 visitor survey
Mean
S.D.
Variance
3.273
1.378
1.898
1.788
0.412
0.170
1.575
0.467
0.218
Istanbul
4.417
0.708
0.501
4.133
0.791
4.133
4.417
0.612
0.374
4.667
0.601
0.362
4.017
0.781
0.610
4.175
0.894
0.799
1.983
0.129
0.017
1.745
0.308
0.095
Leicester
4.149
0.629
0.395
3.865
0.713
0.509
3.777
0.777
0.604
3.784
0.955
0.912
3.541
0.810
0.656
3.478
1.045
1.093
1.784
0.414
0.172
1.262
0.390
0.152
Lleida
3.967
0.793
0.629
3.841
0.988
0.976
4.163
0.715
0.511
3.628
0.949
0.901
3.849
0.752
0.565
3.942
0.949
0.901
1.890
0.314
0.098
1.627
0.442
0.195
Milan
4.019
0.834
0.696
3.846
0.764
0.584
4.137
0.693
0.481
3.385
0.973
0.947
3.567
0.934
0.873
4.081
0.549
0.302
1.962
0.192
0.037
1.442
0.455
0.207
Moulins
3.417
0.557
0.311
4.333
0.492
0.242
3.917
0.875
0.765
3.583
1.084
1.174
3.917
0.733
0.538
4.292
0.542
0.294
2.000
1.667
0.444
0.197
Murcia
3.779
0.795
0.632
3.240
0.807
0.652
4.154
0.500
0.250
4.308
0.781
0.609
3.606
0.800
0.641
2.350
1.053
1.108
1.250
0.437
0.191

N
17
52
11

Final T2 visitor survey
Mean
S.D.
Variance
3.471
0.892
0.796
1.577
0.499
0.249
1.773
0.344
0.118

61
61
61
61
61
59
61
60

4.295
4.000
4.156
4.295
4.369
4.111
1.967
1.842

0.829
0.917
0.722
0.823
0.730
0.836
0.180
0.312

0.686
0.842
0.521
0.678
0.533
0.699
0.032
0.097

69
69
69
69
69
68
67
58

3.486
3.696
3.435
3.116
3.370
2.860
1.791
1.328

0.989
0.583
0.840
1.022
0.657
1.187
0.410
0.435

0.978
0.340
0.705
1.045
0.431
1.409
0.168
0.189

76
76
76
76
76
46
77
38

4.099
4.033
4.072
3.487
3.901
3.880
1.857
1.671

0.748
0.596
0.710
0.902
0.949
0.914
0.352
0.439

0.560
0.356
0.505
0.813
0.900
0.835
0.124
0.193

46
46
46
46
46
17
46
15

4.087
4.141
4.239
3.717
4.087
4.412
2.000
2.000

0.463
0.430
0.480
0.720
0.399
0.507
-

0.214
0.185
0.230
0.518
0.159
0.257
-

20
20
20
20
20
20
20
20

4.100
3.875
4.225
3.350
4.050
4.100
2.000
1.700

0.308
0.222
0.343
0.489
0.154
0.308
0.340

0.095
0.049
0.118
0.239
0.024
0.095
0.116

33
33
33
33
33
12
33

4.364
4.015
4.439
3.758
3.667
4.292
1.788

0.742
0.815
0.570
0.969
0.982
0.753
0.415

0.551
0.664
0.324
0.939
0.964
0.566
0.172
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Behaviour_energy

N
24

Awareness
Knowledge
Attitude
Subjective norm
PBC
Intention_energy
Intention_report
Behaviour_energy

20
20
20
20
20
16
19
14

Baseline T1 visitor survey
Mean
S.D.
Variance
1.167
0.351
0.123
Venlo
3.825
0.634
0.402
3.800
0.523
0.274
3.600
0.661
0.437
3.250
0.639
0.408
3.350
0.727
0.529
4.000
0.548
0.300
1.737
0.452
0.205
1.571
0.385
0.148

N
14

Final T2 visitor survey
Mean
S.D.
Variance
1.571
0.475
0.225

14
14
14
14
14
12
14
6

4.393
4.036
3.750
3.786
3.500
3.833
1.857
1.667

0.526
0.820
1.088
1.122
0.832
0.888
0.363
0.516

0.276
0.672
1.183
1.258
0.692
0.788
0.132
0.267

Pairwise
a
Questions related to awareness, knowledge, attitude, subjective norm, perceived control, intention to reduce energy used a five –point
anchored Likert-scale from 1=strongly disagree to 5=strongly agree.
b
Questions related to intention to report energy saving opportunities and self-reported behaviour to reduce energy were responded
using a dichotomy response, 1=no, 2=yes.

Table A1.8 Independent samples (staff surveys) - Significance of differences between the
TPB variables in the baseline (T1) and final (T2) staff surveys (Mann-Whitney T-tests)
TPB predictor variables

Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
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Difference in
means (T2-T1)

T-test
statistics

Z score

Belgrade
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
Birmingham [nT1 = 33, nT2 = 11]
-0.272
162.5
-0.529
-0.181
164.5
-0.469
0.129
168.0
-0.370
0.240
163.0
-0.528
-0.101
177.5
-0.109
-0.360
132.0
-0.952
0.120
127.0
-1.027
0.018
132.5
-0.375
Bristol [nT1 = 205, nT2 = 46]
-0.585
2837.0
-4.360
0.142
4238.5
-1.081
0.307
3568.5
-2.612
-0.150
4146.5
-1.391
0.056
4576.0
-0.315
0.026
4622.5
0.054
0.016
4488.0
-0.141
-0.035
4029.5
-0.959
Hagen [nT1 = 34, nT2 = 25]
-0.014
389.0
-0.568
0.018
414.5
-0.165
0.056
405.0
-0.310
0.200
370.5
-0.912
0.048
400.5
-0.381
-0.021
382.5
-0.219

a

Significance
(p)

Effect size

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

0.595
0.649
0.721
0.599
0.920
0.350
0.317
0.733

-0.080
-0.071
-0.056
-0.079
-0.016
-0.145
-0.154
-0.056

0.000
0.281
0.009
0.164
0.754
0.958
0.890
0.340

-0.275
-0.068
-0.165
-0.088
-0.020
-0.003
-0.009
-0.060

0.575
0.873
0.761
0.363
0.708
0.831

-0.074
-0.021
-0.040
-0.119
-0.049
-0.028
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TPB predictor variables

Intention to report ESO
Behaviour to reduce energy
Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
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Difference in
means (T2-T1)

T-test
statistics

0.065
347.5
0.019
345.5
Istanbul [nT1 = 54, nT2 = 9]
0.093
242.5
0.055
227.0
0.079
212.0
0.110
225.0
0.049
240.0
0.343
158.5
0.081
202.5
0.152
149.5
Leicester [nT1 = 99, nT2 = 40]
-0.063
1874.0
0.049
1881.0
0.133
1745.5
0.220
1712.0
0.180
1725.0
-0.021
1772.5
0.038
1725.0
-0.026
1749.5
Lleida [nT1 = 109, nT2 = 44]
-0.070
2331.5
0.087
2256.0
0.050
2242.5
0.010
2364.0
-0.144
2104.5
0.061
2217.5
-0.050
2095.0
0.107
1802.5
Milan [nT1 = 49, nT2 = 25]
0.058
621.5
0.032
593.5
-0.042
560.0
0.550
382.5
-0.118
493.0
0.489
284.0
0.024
600.0
0.434
162.5
Moulins [nT1 = 34, nT2 = 24]
0.560
88.5
0.480
116.0
0.811
10.5
0.850
90.0
0.880
29.0
0.286
152.0
0.258
30.0
0.249
136.0
Murcia [nT1 = 37, nT2 = 37]
-0.283
507.5
-0.054
644.0
-0.068
635.5
-0.080
653.0
0.180
623.0
-0.207
571.0
0.031
625.0
0.048
461.5

Z score

a

Significance
(p)

Effect size

-0.824
-0.318

0.416
0.761

-0.107
-0.041

-0.010
-0.323
-0.622
-0.415
-0.060
-1.676
-1.308
-2.024

0.994
0.762
0.547
0.759
0.956
0.096
0.335
0.048

-0.001
-0.041
-0.078
-0.052
-0.008
-0.211
-0.165
-0.255

-0.506
-0.469
-1.100
-1.333
-1.197
-0.393
-0.541
-0.664

0.617
0.641
0.273
0.186
0.233
0.696
0.590
0.511

-0.043
-0.040
-0.093
-0.113
-0.101
-0.034
-0.047
-0.057

-0.365
-0.667
-0.721
-0.147
-1.276
-0.434
-1.447
-2.212

0.718
0.507
0.473
0.884
0.203
0.666
0.159
0.027

-0.029
-0.054
-0.058
-0.012
-0.103
-0.035
-0.118
-0.180

-0.041
-0.386
-0.745
-2.842
-1.523
-4.022
-1.007
-5.602

0.967
0.705
0.461
0.004
0.129
0.000
0.550
0.000

-0.005
-0.045
-0.087
-0.330
-0.177
-0.468
-0.117
-0.651

-3.365
-2.523
-5.296
-3.714
-4.810
-1.552
-5.118
-0.200

0.000
0.011
0.000
0.000
0.000
0.122
0.000
0.048

-0.442
-0.331
-0.695
-0.487
-0.632
-0.203
-0.672
-0.262

-1.975
-0.443
-0.339
-0.362
-0.674
-0.672
-0.502
-0.703

0.048
0.662
0.738
0.724
0.504
0.506
0.960
0.487

-0.230
-0.052
-0.040
-0.042
-0.078
-0.080
-0.006
-0.088

30/03/2015

SMARTSPACES – D7.2
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Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy

Difference in
means (T2-T1)

T-test
statistics

Venlo [nT1 = 30, nT2 = 25]
0.457
234.0
0.413
234.5
0.325
263.5
-0.140
339.5
0.396
261.0
0.082
323.5
0.044
369.5
0.123
259.5

Z score

a

-2.438
-2.475
-1.903
-0.638
-1.944
-0.875
-0.119
-1.591

Significance
(p)

Effect size

-0.014
0.013
0.057
0.523
0.052
0.382
0.902
0.115

-0.329
-0.333
-0.256
-0.086
-0.262
-0.118
-0.016
-0.215

n.a. Not applicable
a
Exact significance (2-tailed)

Table A1.9 Independent samples (visitors’ surveys) - Significance of differences between
the TPB variables in the baseline (T1) and final (T2) visitors’ surveys (Mann-Whitney or
Kolmogorov-Smirnov T-tests)
TPB predictor variables

Difference in
means (T2 - T1)

T-test
a,b
statistics

Z score

c

Significance
(p)

Effect size

0.002
0.000
0.000
0.000
0.000
0.000
0.001
0.676

-0.284
-0.329
-0.472
-0.633
-0.653
-0.570
-0.295
-0.053

0.037
0.125
0.793
0.070
0.606
0.694
1.000
0.125

-0.284
-0.205
-0.036
-0.246
-0.071
-0.060
-0.44
-0.213

0.109
0.651
0.355
0.300
0.181
0.183
0.067
1.000

-0.153
-0.044
-0.089
-0.099
-0.128
-0.159
-0.187
-0.003

0.787
0.032
0.154
0.111
0.010
0.870
0.034
0.304

-0.027
-0.214
-0.143
-0.159
-0.251
-0.028
-0.226
-0.198

a

Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
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Belgrade [nT1 = 52, nT2 = 63]
0.387
1241.0
-3.119
0.396
1077.0
-3.556
0.633
805.0
-5.108
1.426
497.5
-6.817
1.120
483.0
-7.178
0.954
221.5
-4.803
0.151
1417.5
-3.182
-0.053
753.5
-0.473
a
Birmingham [nT1 = 44, nT2 = 12]
0.435
162.0
-2.111
0.398
189.0
-1.535
0.003
250.5
-0.275
0.576
177.0
-1.843
0.250
238.0
-0.530
-0.128
89.0
-0.444
0.053
250.0
-0.333
0.279
56.0
-1.593
a
Bristol [nT1 = 61, nT2 = 49]
0.261
1237.5
-1.603
0.055
1420.0
-0.459
0.116
1345.5
-0.929
-0.178
1331.5
-1.042
0.147
1276.0
-1.342
0.205
502.5
-1.340
0.179
1187.0
-1.941
0.025
444.0
-0.025
a
Hagen [nT1 = 53, nT2 = 47]
0.006
1336.0
-0.273
-0.332
942.0
-2.139
0.196
1042.5
-1.428
-0.320
1024.5
-1.594
-0.399
984.0
-2.568
0.198
181.0
-0.174
-0.211
1066.0
-2.306
0.198
86.0
-1.100
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TPB predictor variables

Difference in
means (T2 - T1)

T-test
a,b
statistics

Z score

c

Significance
(p)

Effect size

-0.670
-0.775
-2.011
-2.876
-2.762
-0.646
-0.568
-2.087

0.505
0.441
0.044
0.004
0.005
0.520
1.000
0.039

-0.061
-0.070
-0.183
-0.261
-0.251
-0.059
-0.052
-0.190

-4.305
-1.498
-2.350
-4.044
-1.602
-3.106
-0.105
-0.755

0.000
0.135
0.018
0.000
0.109
0.002
1.000
0.479

-0.360
-0.125
-0.196
-0.337
-0.134
-0.266
-0.009
-0.069

-1.227
-0.587
-1.180
-1.342
-1.036
-0.714
-0.808
-0.606

0.221
0.558
0.239
0.180
0.301
0.477
0.432
0.561

-0.060
-0.029
-0.058
-0.067
-0.051
-0.040
-0.040
-0.035

-0.393
-2.159
-1.014
-1.552
-3.309
-1.696
-1.324
-3.925

0.696
0.031
0.309
0.121
0.001
0.094
0.497
0.000

-0.040
-0.217
-0.102
-0.156
-0.333
-0.245
-0.133
-0.613

2.054
1.369
0.685
0.867
0.913
1.324
0.000
0.411

0.000
0.002
0.304
0.144
0.018
0.060
1.000
0.622

0.363
0.242
0.121
0.153
0.161
0.234
0.000
0.073

-3.462
-3.974
-2.317
-2.654
-0.366
-3.988
-4.821
-2.729

0.000
0.000
0.020
0.008
0.717
0.000
0.000
0.009

-0.395
-0.431
-0.251
-0.288
-0.040
-0.705
-0.523
-0.443

0.943

0.090

0.162

a

Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
Awareness
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Istanbul [nT1 = 61, nT2 = 60]
-0.122
1706.5
-0.133
1684.0
-0.261
1460.0
-0.372
1347.0
0.352
1312.0
-0.064
1568.0
-0.016
1800.5
0.097
1187.0
a
Leicester [nT1 = 74, nT2 = 69]
-0.663
1506.0
-0.169
2224.5
-0.342
2014.5
-0.668
1619.0
-0.171
2198.5
-0.618
1608.0
0.007
2461.0
0.066
1702.0
a
Lleida [nT1 = 331, nT2 = 76]
0.132
12070
0.192
12669
-0.091
12122
-0.141
11403
0.052
12247
-0.062
5702
-0.033
12513
0.044
4816
a
Milan [nT1 = 52, nT2 = 46]
0.068
1116.5
0.295
903.0
0.102
1085.5
0.332
1012.0
0.520
764.5
0.331
190.5
0.038
1173.0
0.558
67.5
b
Moulins [nT1 = 12, nT2 = 20]
0.683
-0.458
0.308
-0.233
0.133
-0.192
0.000
0.033
a
Murcia [nT1 = 52, nT2 = 33]
0.585
462.5
0.775
423.5
0.285
618.0
-0.550
581.5
0.061
818.0
1.942
19.5
0.538
396.5
0.404
91.0
b
Venlo [nT1 = 20, nT2 = 14]
0.568
-
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TPB predictor variables

Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy

Difference in
means (T2 - T1)

T-test
a,b
statistics

0.236
0.150
0.536
0.150
-0.167
0.120
0.096

-

Z score

c

0.943
0.738
1.045
0.758
0.491
0.342
0.634

Significance
(p)

Effect size

0.071
0.189
0.080
0.220
0.775
0.670
0.475

0.162
0.127
0.179
0.130
0.093
0.065
0.120

a

Mann-Whitney (M-W) t-test (for sample sizes > 25 per group)
Kolmogorov-Smirnov (K-S) t-test (for sample sizes < 25 per group)
c
Exact significance (2-tailed)
b

Table A1.10 Paired samples (staff surveys) – Descriptive statistics of TPB variables
N
Awareness
Knowledge
Attitude
Perceived control
Subjective Norm
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy

60
60
60
60
60
60
60
60

Awareness
Knowledge
Attitude
Perceived control
Subjective Norm
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy

6
6
6
6
6
6
6
6

Awareness
Knowledge
Attitude
Perceived control
Subjective Norm
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy

29
29
29
29
29
29
29
29

Awareness
Knowledge
Attitude
Perceived control
Subjective Norm
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy

9
9
9
9
9
9
9
9

Awareness
Knowledge
Attitude
Perceived control

6
6
6
6
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Baseline T1 staff survey
Mean
S.D.
Variance
Belgrade
4.375
0.763
0.582
3.833
0.768
0.589
3.817
0.556
0.309
3.456
0.784
0.614
3.250
0.932
0.869
4.180
0.496
0.246
1.940
0.174
0.030
1.600
0.336
0.113
Birmingham
2.583
1.158
1.342
3.611
1.020
1.041
3.458
1.030
1.060
2.833
1.410
1.989
2.830
1.169
1.367
3.067
0.977
0.955
1.567
0.427
0.183
1.625
0.306
0.094
Bristol
4.086
0.955
0.912
3.724
0.557
0.310
3.431
0.443
0.196
3.057
0.643
0.413
3.000
0.707
0.500
3.078
0.765
0.585
1.634
0.367
0.134
1.431
0.210
0.044
Hagen
4.556
0.464
0.215
4.222
0.624
0.389
3.889
0.674
0.455
3.815
0.689
0.475
3.560
0.882
0.778
3.867
0.625
0.390
1.733
0.300
0.090
1.611
0.333
0.111
Istanbul
4.333
0.753
0.567
4.444
0.502
0.252
3.875
0.306
0.094
4.278
0.443
0.196

N

Final T2 staff survey
Mean
S.D.
Variance

60
60
60
60
60
60
60
60

4.375
3.844
3.813
3.456
3.250
4.183
1.940
1.600

0.763
0.770
0.555
0.774
0.932
0.496
0.174
0.336

0.582
0.593
0.309
0.599
0.869
0.246
0.030
0.113

6
6
6
6
6
6
6
6

4.083
3.556
3.667
2.944
3.330
2.967
1.667
1.450

0.736
1.277
1.092
1.497
1.211
1.155
0.413
0.326

0.542
1.630
1.192
2.241
1.467
1.334
0.171
0.106

29
29
29
29
29
29
28
28

3.672
3.885
3.690
3.103
3.000
3.179
1.721
1.455

0.837
0.668
0.647
0.918
0.707
0.784
0.366
0.216

0.701
0.447
0.418
0.842
0.500
0.615
0.134
0.047

9
9
9
9
9
9
9
9

4.278
4.148
3.917
3.815
3.560
3.489
1.867
1.639

0.618
0.556
0.586
0.444
0.726
0.558
0.200
0.221

0.382
0.309
0.344
0.198
0.528
0.311
0.040
0.049

6
6
6
6

4.500
4.278
3.958
4.111

0.000
0.574
0.246
0.455

0.000
0.330
0.060
0.207
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Subjective Norm
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy

N
6
6
6
6

Awareness
Knowledge
Attitude
Perceived control
Subjective Norm
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy

27
27
27
27
27
27
27
26

Awareness
Knowledge
Attitude
Perceived control
Subjective Norm
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy

12
12
12
12
12
12
12
12

Awareness
Knowledge
Attitude
Perceived control
Subjective Norm
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy

7
7
7
7
7
7
7
7

Awareness
Knowledge
Attitude
Perceived control
Subjective Norm
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy

-

Awareness
Knowledge
Attitude
Perceived control
Subjective Norm
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy

7
7
7
7
7
7
7
7

Awareness
Knowledge
Attitude
Perceived control
Subjective Norm
Intention to reduce energy

13
13
13
13
13
13
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Baseline T1 staff survey
Mean
S.D.
Variance
4.670
0.516
0.267
4.467
0.393
0.155
2.000
0.000
0.000
1.750
0.224
0.050
Leicester
4.111
0.670
0.449
4.235
0.721
0.520
3.833
0.744
0.553
3.568
0.891
0.793
3.740
0.813
0.661
3.437
0.800
0.640
1.770
0.367
0.134
1.538
0.231
0.053
Lleida
4.125
0.644
0.415
3.861
0.870
0.757
4.083
0.326
0.106
3.639
0.745
0.555
3.500
1.000
1.000
4.100
0.563
0.316
1.950
0.124
0.015
1.583
0.246
0.061
Milan
4.000
0.866
0.750
4.000
0.817
0.667
4.107
0.627
0.393
3.976
0.796
0.634
3.710
0.951
0.905
4.229
0.743
0.552
1.971
0.076
0.006
1.750
0.250
0.063
Moulins
Murcia
4.357
0.627
0.393
3.952
0.951
0.905
4.357
0.627
0.393
3.238
0.460
0.212
3.290
0.951
0.905
4.107
0.705
0.497
1.857
0.378
0.143
1.550
0.209
0.044
Venlo
3.654
0.718
0.516
3.974
0.739
0.546
3.769
0.616
0.380
3.000
0.745
0.556
3.460
0.877
0.769
3.215
0.700
0.490

N
6
6
6
6

Final T2 staff survey
Mean
S.D.
Variance
4.670
0.516
0.267
4.433
0.625
0.391
2.000
0.000
0.000
1.917
0.204
0.042

27
27
27
27
27
27
27
27

3.889
4.068
3.796
3.444
3.560
3.185
1.726
1.509

0.670
0.519
0.589
0.634
0.641
0.444
0.377
0.255

0.449
0.270
0.346
0.402
0.410
0.197
0.142
0.065

12
12
12
12
12
12
12
12

4.208
3.944
4.208
3.917
3.330
3.867
1.963
1.646

0.582
0.490
0.450
0.495
0.778
0.611
0.882
0.225

0.339
0.239
0.203
0.245
0.606
0.373
0.008
0.051

7
7
7
7
7
7
7
7

4.214
3.952
4.000
3.810
4.000
4.571
2.000
2.000

0.393
0.488
0.354
0.466
0.577
0.534
0.000
0.000

0.155
0.238
0.125
0.217
0.333
0.286
0.000
0.000

-

-

-

-

7
7
7
7
7
7
7
7

3.857
4.143
4.071
3.524
3.000
3.971
1.629
1.500

0.476
0.634
0.313
0.424
0.577
0.637
0.454
0.323

0.226
0.402
0.095
0.180
0.333
0.406
0.206
0.104

13
13
13
13
13
13

3.923
4.436
4.096
3.692
3.150
3.477

1.289
0.459
0.704
0.739
0.987
0.985

1.660
0.211
0.495
0.546
0.974
0.970
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Intention to report ESO
Behaviour to reduce energy

N
13
13

Baseline T1 staff survey
Mean
S.D.
Variance
1.877
0.252
0.064
1.462
0.267
0.071

N
13
13

Final T2 staff survey
Mean
S.D.
Variance
1.854
0.218
0.048
1.558
0.341
0.116

Table A1.11 Paired samples (staff surveys) - Significance of differences between the TPB
variables in the baseline (T1) and final (T2) staff surveys (Wilcoxon Signed Ranks T-Test)
TPB predictor variables

Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
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Means difference
(T2 - T1)

Z score

Belgrade [N = 60]
0.000
0.000
0.011
-1.000
-0.004
-1.000
0.000
0.000
0.000
0.000
0.003
-0.272
0.000
0.000
0.000
0.000
Birmingham [N = 6]
0.500
-1.300
-0.056
-0.184
0.208
-0.535
0.500
-1.732
0.111
0.000
-0.100
-0.535
0.100
-1.732
-0.100
-0.557
Bristol [N = 29]
-0.414
-2.540
0.161
-1.801
0.259
-2.591
0.000
0.000
0.046
-0.247
0.102
-1.062
0.100
-1.963
0.027
-0.480
Hagen [N = 9]
-0.278
-1.633
-0.074
-0.317
0.028
-0.345
0.000
0.000
0.000
-0.171
-0.378
-1.757
0.133
-1.604
0.027
-0.577
Istanbul [N = 6]
0.167
-0.378
-0.167
-0.378
0.083
-1.000
Constant
-0.167
-1.732
-0.033
0.000
0.000
0.000
0.167
-0.163
Leicester [N = 27]

Significance (p)

Effect size

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

-

0.375
1.000
0.750
0.250
1.000
0.750
0.250
0.750

-0.375
-0.053
-0.154
-0.500
0.000
-0.154
-0.500
-0.161

0.005
0.078
0.008
1.000
0.819
0.296
0.055
0.028

-0.303
-0.235
-0.337
0.000
-0.032
-0.138
-0.258
-0.063

0.250
0.844
0.781
1.000
1.000
0.094
0.250
1.000

-0.385
-0.075
-0.081
0.000
-0.040
-0.414
-0.378
-0.136

1.000
0.625
1.000
0.250
1.000
1.000
0.250

-0.109
-0.109
-0.289
-0.500
0.000
0.000
-0.471
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TPB predictor variables

Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
Awareness
Knowledge
Attitude
Subjective Norm
Perceived control
Intention to reduce energy
Intention to report ESO
Behaviour to reduce energy
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Means difference
(T2 - T1)

Z score

-0.222
-1.667
-0.167
-1.676
-0.037
-0.259
-0.185
-1.147
-0.123
-0.787
-0.252
-1.555
-0.044
-0.279
-0.019
-0.486
Lleida [N = 12]
0.083
-0.816
0.083
-0.504
0.125
-0.997
-0.167
-0.513
0.278
-1.411
-0.233
-1.491
0.013
-0.272
0.062
-0.604
Milan [N = 7]
0.214
-0.425
-0.048
0.000
-0.107
-0.776
0.286
-1.000
-0.167
-0.604
0.343
-0.850
0.029
-1.000
0.250
-2.121
Moulins [N = 0]
Murcia [N = 7]
-0.500
-1.382
0.191
-0.315
-0.286
-1.289
-0.286
-0.816
0.286
-1.372
-0.136
-0.742
-0.229
-1.604
-0.050
-0.184
Venlo [N = 13]
0.269
-0.762
0.462
-1.859
0.327
-1.500
-0.308
-1.633
0.692
-2.820
0.262
-0.847
-0.023
-0.406
0.096
-0.997

Significance (p)

Effect size

0.112
0.104
0.805
0.363
0.444
0.123
0.823
0.793

-0.227
-0.228
-0.035
-0.156
-0.107
-0.212
-0.38
-0.067

0.688
0.694
0.359
0.789
0.148
0.172
1.000
0.672

-0.167
-0.103
-0.203
-0.105
-0.288
-0.304
-0.056
-0.123

0.813
1.000
0.469
0.625
0.656
0.531
1.000
0.063

-0.114
0.000
-0.207
-0.267
-0.161
-0.245
-0.289
-0.612

-

-

0.219
0.813
0.375
0.750
0.172
0.531
0.250
1.000

-0.369
-0.084
-0.345
-0.218
-0.367
-0.198
-0.429
-0.053

0.489
0.074
0.151
0.219
0.002
0.424
0.750
0.422

-0.149
-0.365
-0.294
-0.320
-0.553
-0.245
-0.117
-0.288
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Annex 2 – Mid-term interviews with building
professionals: summary and quotes per pilot site
A2.1 Belgrade
A2.1.1Participation in SMARTSPACES and services prior to its
implementation
Question

Responses

Participation in the
development of the
Smartspaces
project



Energy
management in the
building(s) prior to
Smartspaces






Independent consultants, Head of Department, Head of Department of
Construction Affairs (in the development of the EMS)
Head of the Department of Maintenance (definition of parameters for the
monitoring system)



No centralised system to collect regularly energy consumption data
No automated data collection
Only calorimeters that have to be read manually
Dependence on data provided by the public utilities related to electricity and cold
water consumption
Very difficult to control or to have a major influence in the energy consumption of
the building
BEMS available in the building
Reporting mechanism: through building maintenance officers





A2.1.2 Energy Decision Support Service (EDSS)
Question

Responses

Quotes

Target users





Staff and building
professionals


Benefits of the EDSS



Timely and easy access to all
information








Usefulness
communicate
building users

to
with
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As a constant reminder to
reduce unnecessary
electricity consumption
Gives insights of the energy
consumption in the building
and provide
recommendations to save
energy

Users can easily see the
energy consumption in the
building
Helpful to increase
awareness, skills and
knowledge of building users




“In my opinion only professionals”
(Belgrade3)
“Staff and professionals and everyone on
their level.” (Belgrade4)
“It is the best way to access all
information… they now have right
information on time.” (Belgrade1)
“Best way to reach every user.” (Belgrade3)
“You can find all the necessary information
about building energy consumption easily”
(Belgrade5)
“Constantly reminding them of the need to
reduce unnecessary power consumption”
(Belgrade3)
“It is very useful because it gives insight in
energy consumption, and recommendations
on how to save energy.” (Belgrade3)
“I think that it is very helpful because the
information on the web portal can intrigue
all users to think about energy consumption
in the building.” (Belgrade5)



“Users can easily see the energy
consumption in the building” (Belgrade1)



“Workshops for staff members were very
useful” (Belgrade1)
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Question

Responses

Quotes


through workshops



Is the EDSS shown
to visitors?





Yes, in kiosks in the lobby
Yes, providing education
material to visitors
More useful for staff members
and professionals






Channel
communication

of

Message










Display screens
Emails
Posters
Web portal for staff
“SMARTSPACES can save
you money”
Short and clear message
Explicit
Convincing









Branding

Exposure
EDSS

to

the



Official SMARTSPACES logo
Sponsored by the Mayor’s
office
All interviewees (daily basis
for energy analysis, energy
management and control,
communication and feedback
with building users)









Good exposure of the users
of the building (screenshots
and weekly reminders,
monthly emails, posters and
kiosks in the lobby)

“Education of staff members is very useful
through workshops and lectures for users”
(Belgrade2)
“It is helpful for changing user awareness…
with this project, we made staff think about
their daily energy consumption.”
(Belgrade3)
“It is better for staff members and
professionals… Very useful for staff
members, visitors are encouraged to use
the kiosks in the lobby” (Belgrade1)
“It is better for staff members and
professionals, because visitors are
generally not interested in building energy
consumption” (Belgrade4)
“It is better for all employees” (Belgrade5)

“SMARTSPACES will save your money”
(Belgrade1)
“I like this message it is short and clear.”
(Belgrade2)
“This message is very convincing in our
case” (Belgrade3)
“I think that this message is explicit enough,
and I would not change anything… It is very
convincing for our audience” (Belgrade4)

“Use of the tools on daily basis for energy
analysis, communication and feedback with
building users” (Belgrade1)
“For communication, collecting information
from users and professionals” (Belgrade3)
“For energy management and control and
for interaction and feedback to building
users.” (Belgrade5)
“They have regular emails on monthly basis
and, they have posters and kiosks in the
lobby” (Belgrade3)

Recommendations
from improvement

A2.3 Energy Management Service (EMS)
Question

Responses

Quotes

Target users



Only building professionals





Visualisation of the energy
consumption data
All data in one place/server,
and it is easier to control
energy consumption



Benefits
EMS

of

the
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“Before SMARTSPACES it was very difficult to
monitor and control energy consumption. Now
we have all data in one place/server, and it is
easier to control energy consumption”
(Belgrade4)
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Question

Responses

Problems
experienced with
the EMS



Yes, related to the data
visualisation but it has already
been addressed.

Reporting
mechanism



Through the Head of the
Technical Department

Quotes

A2.4 Institutional effects
Question

Responses

Quotes

Smartspaces and
the organisational
culture





Compatible with the City’s
Energy Policy






Highly energy aware previous
to the project






SMARTSPACES approach is a
new experience

it
the



Increasing knowledge of staff
members about energy
efficiency and IT.



Support from key
actors



Endorsed by the Mayor’s
Office
Senior management is highly
supportive



Embedding
more
to
organisation









Drivers

Barriers

Dissemination
beyond
the
organisation
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Energy savings
Cost savings
Reputation
Increasing staff IT skills
Aversion to new things,
technology and commitment







Newspaper
TV
Newsletters
Word of mouth
Belgrade University




“SMARTSPACES is compatible with Energy
efficiency policy in our city.” (Belgrade 1)
“SMARTSPACES coincides with the
tendency for saving energy through the
implementation of energy efficiency in
buildings used by the City of Belgrade”
(Belgrade3)
“We have been aware of energy efficiency
importance before” (Belgrade1)
“We have been aware that energy efficient
usage of all sources was very important
before the start of the SMARTSPACES”
(Belgrade3)
“We were fully aware of energy consumption
importance in terms of budget and
environmental protection even before
SMARTSPACES.” (Belgrade5)
“We were aware of some aspects of efficient
energy consumption before, but
SMARTSPACES approach is relatively new
experience” (Belgrade4)
“Increasing knowledge of staff members
about energy efficiency and IT.” (Belgrade3)

“They gave green light to the
SMARTSPACES project.” (Belgrade2)
“Senior management is highly supportive.”
(Belgrade3)
“Yes, without their support, realisation of
SMARTSPACES project would be
impossible.” (Belgrade4)
“Of course, their support was crucial for
SMARTSPACES project realisation.”
(Belgrade5)

“… because of the aversion with respect to
new things, technology and commitment”
(Belgrade3)
Impact: “rising public awareness in energy
efficiency” (Belgrade 1, Belgrade3)
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Question

Responses



Quotes

Secretariat for Environmental
Protection
Ministry of Science and
Education

A2.5 Social effects
Question

Responses

Building
or
strengthening
existing or new
social networks




Increased
cooperation with
building users





Increased
interaction
energy team


with

Impacts
beyond
those exposed the
campaign



Quotes

Stronger networks with
governmental institutions:
Department of Energy,
Department for Environmental
Protection, Secretariat for
Utilities and Housing Services.
At some extent with building
users
Yes, enhanced through emails
and word of mouth
Yes, through the ability for
employees to visualise energy
savings
Raised awareness among
building users and increased
the insight into energy
consumption
Yes, through education of the
building users
Maybe through visitors



“Maybe, only through visitors.” (Belgrade5)

A2.6 Implementation
Question
How
was
implemented
mobilised?

Responses
it
or

Enabled
actual
reductions?
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Through environmental
champions
Environmental champions have
regular emails on monthly basis
and they have posters and
kiosks in the lobby.
Yes, reduction of fuel for heat
consumption and cold water
consumption
Yes, to some extent, but it is
too early to say, building users
have not had enough exposure
to the services yet.

Quotes



“Some, but it is too early to see, users do not
have enough exposure to the services”
(Belgrade4)
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A2.2 Birmingham
A2.2.1 Participation in SMARTSPACES and services prior to its
implementation
Question

Responses

Participation
of
interviewees in the
development of the
Smartspaces
project



To look at technicalities of the IT system and the appropriateness of using a
universal modelling language (UML)
To provide advice on the development of the website (how the data is presented)
and in the implementation of its open data side.
STARK reads the main electric meters at the three sites for the Birmingham
SMARTSPACES Project.
STARK will install Smart devices on the water, gas and heat metering on the three
sites
STARK collects the information from the automated meter readings (AMR) and
provides it to the Birmingham City Council
Several restrictions on Birmingham City Council’s ability to install energy efficiency
measures on the participating buildings. Reductions on energy consumption rely
significantly on behavioural change.
Previously, the STARK system was used to visualise data, but people who used it
had little training and in some times it was filled out with wrong and inconsistent
data.
The three participating buildings have BEMS.
The BEMS are controlled centrally by Acivico, a privatised body that was
previously part of the City Council. Acivico manages the BEMS and they have
contracts with STARK and Schneider in order to provide the systems that they
manage. Building managers have some control over what happens on the day to
day running of their own buildings, whereas Acivico have a more managerial role
over the whole of the city’s estate of buildings.
Potentially the BEMS control will be partially transferred to each building manager
Reporting mechanism: Acivico has a helpdesk, so they centrally receive the
reports and make the necessary changes in the BEMS.






Energy
management in the
building(s) prior to
Smartspaces









A2.2.2 Energy Decision Support Service (EDSS)
Question

Responses

Quotes

Target users







Energy managers, staff,
counsellors and their teams,
Very strongly oriented to
visitors (general public)
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“The main building users of the Council
House range from permanent and temporary
staff to counsellors and their teams.
However, the Council House receive a wide
range of visitors that hire rooms, from
community groups to politicians.”
(Birmingham1)
“SMARTSPACES is for the public I believe
and Save Energy Online is more of an end
user i.e., energy managers within the
building, engagement tool.” (Birmingham2)
“The people who can view the website,
which could be anyone, a member of the
general public, and specifically users of the
building who will see the service on digital
screens when they go in.” (Birmingham4)
“The Birmingham Smart, Energy Smart
Birmingham interface is specifically designed
for building visitors to give an easy view. It is
to some extent meant for building staff as
well, building users, so staff users basically
but it has been designed very strongly with
visitors in mind.” (Birmingham5)
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Question

Responses

Quotes

Benefits of the EDSS



Appropriate selection of
participating buildings for the
project due to their
restrictions to install energy
efficiency measures on
these buildings, energy
reductions rely significantly
on behavioural change





Raising staff awareness to
act locally






Usefulness
communicate
building users

to
with
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Attractive and dynamic
website due to tips of the
day and RSS feeds (see
also social effects)



“It means that there are different things when
people come back, and that’s important
when you’ve got a website. A website whose
home page doesn’t change is not one that
people come back to, typically. It’s one of a
number of things that we’ve put in place to
make sure that things change, along with the
tip of the week. There should be things in
there that either we’re actively changing or
things that we’ve put in place that means that
it looks different when people come back.”
(Birmingham4)



“It’s about Energy Smart, it’s about the
website because the internal system
essentially manages the site and the people
who need to have access can access the
system directly… It’s about giving them
access to the right information first of all”.
(Birmingham5)



“I think if you’re going to go to non-technical
end users, then it needs to be as easy to
understand as possible and like I said the

Providing access to the right
information to building
managers on site

Simple and easy to
understand in a glance for
non-technical audiences

“The pilot buildings for the SmartSPACES
project were selected appropriately. Due to
the nature and age of these buildings, there
are several restrictions on Birmingham City
Council’s ability to install energy efficiency
measures on these buildings. Therefore,
reductions on energy consumption rely
significantly on behavioural change. It is well
documented that behavioural change can
achieve between 10 and 20% of energy
reduction, and the services implemented in
the SmartSPACES project may facilitate
this.” (Birmingham1)
“I think it’s interesting to do this sort of work
and interesting to understand what are the
things that will motivate people to change
their behaviour as well as what are the things
that people are able to do... the challenge
with the buildings that we use in the city
centre have been altered so much that you
can’t make any difference, but that they are
leased so you cannot make the sort of
adaptations in order to automatically manage
it. So I think it is going to be interesting to
see just how you do both those things; does
this motivate people to change their
behaviour, and if so what it is that they can
do… It should raise people’s awareness but
people are still going to have to act locally”
(Birmingham4)
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Question

Responses



Quotes

Smiley faces: Good way to
show if there is an over- or
under- energy consumption
Useful tool for a call to action
so start turning things off
(when showing an unhappy
face)





Is the EDSS shown
to visitors?
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Due to changes in the smiley
faces, building users will be
able to see changes over
time, leading to
conversations between
people and conduct
improvements by
themselves



Useful to show that the
Council is working towards
energy savings or in the
opposite, to receive valuable
feedback from users to
prompt actions




Yes, display screens
Works well for visitors as
some viewers may get
interested on the topic.

Smiley faces is a good way of doing it. We
use traffic lights on our own system. It’s a
very simple way of just saying good, bad or
indifferent really. The Smiley faces do that.
So yes, it’s a very good way and a very easy
way of saying you’re over consuming or
you’re under consuming… I mean it’s very
useful, because it shows people when they
are over-consuming so... It should basically,
an unhappy face should be a call to action to
start turning things off” (Birmingham2)
“I think for the public interface the smileys
are there, we probably need to get a second
round of feedback on it, but all the users said
they liked the simplicity. They liked
something that is easy, it’s in your face and
you can see in ten or whatever seconds and
understand it to some extent. It gives you a
good impression.” (Birmingham5)



“I think that the advantage for people who
are users of the building is that they will see
change over time. They will see different
things and they’ll see different tips, but they’ll
also see a change in the face, so it’ll give
them an indication of whether things are
getting better, things are improving with
regards to energy efficiency or whether
they’ve got worse… So that might actually
generate some conversation between people
and it might lead them to try and investigate
further how they can improve things
themselves” (Birmingham4)



“People can walk past and they can think,
‘oh actually the Council is doing something
about energy. Good on them.’ Or if the
dashboard show everything in red, they
would put in somewhere to say ‘I spotted
this; I have been in X building and it always
looks really bad in terms of energy
consumption, are you doing anything about
it?’ The moment you get that type of
interaction through a citizen, which goes in
officially as complaint, comments into our
system through an officer or it goes in via a
Councillor or someone writing directly to their
local Ward Councillor saying, ‘hey I’ve seen
this or what are you doing about this?’ It
becomes an official thing that needs a
response and that I think is very valuable.”
(Birmingham5)



“As the EDSS communication campaign is
mainly conducted through the display
screens, EnergySMART works better for
visitors, in the sense that it provides a
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Question

Responses

Quotes
snapshot of the energy performance in the
building, and some of the viewers may get
interested on the topic.” (Birmingham1)







Channel
communication

of

Showing the smiley faces
and a tip to reduce energy

Testing the ability of
anybody (staff or visitors) to
make a change in the
energy consumption of
public buildings
Staff may have a long-term
motivation to do things to
make them more
comfortable



“A visitor into the museum and art gallery,
they are not going to see the sort of graphs
that you can see through Stark. They are
going to get a smiley face and a tip as to this
is what you can do to reduce energy when
you are visiting a building.” (Birmingham4)



“I think we’re testing for both, aren’t we? And
as I said earlier on, what is the ability for
anybody to make a change in a public
building and will there be any difference for
people who are there just once and the
people who work there? Because obviously
the people who work there have got a longterm investment in that building so they’re
much more likely, much more motivated, to
do things that make them more comfortable.”
(Bimringham4)



EnergySMART Birmingham
web page



“It’s web based so as long as you can get the
Internet on your phone or your tablet or a
PC, as long as you can bring up a webpage
you can access Save Energy Online.”
(Birmingham2)



Display screens in the
participating buildings



“The EnergySMART is mainly displayed in
the Foyer of the participating buildings and in
the web page.” (Birmingham1)
“The purpose of the display screens is to
give people something as simple as possible
that they can see as they are walking
through. Because we don’t expect people to
stop and read a digital display screen that’s
in those places particularly.” (Birmingham4)



Message
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Smiley faces (based on a
plus or minus 5% variance
on historic data)



“We read the meters, and we pass the
metering data over. Our system will basically
analyse to see whether there is a plus or
minus 5% variance on historic data. And that
will basically, will just control the Smiley
face.” (Birmingham2)



Smiley faces: a
straightforward message to
raise awareness and change
behaviour



“On the basis that somebody walking into the
building has got something like a five to ten
second window in which they are likely to
even look at the digital display. Presenting
somebody with a graph, they will just switch
off. So you need to give them something
really, really straightforward. The idea with
the smiley faces is that if it’s somebody who
works in the building then the smiley faces
will change and when you see a red and a
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sad then you might at that point question
think ‘well, wait a second, why is that?’ And
look to what you can do to change things.”
(Birmingham4)

Branding



Smiley faces is a prompt to
action, while the tip of the
day provides advice to act
upon energy savings of the
building



EnergySMART web page
shows the logos of
Birmingham City Council,
Digital Birmingham,
Smartspaces and ICT PSP
Clear relationship between
the Smartspaces project, the
pilot site, the organisation
and the EU





Exposure
EDSS

to
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the

Being an EU project may
provide reassurance to
building users about the
methodology and project
management of the project









Interviewees: some of the
them use the EnergySMART
website on a regular basis





Users: limited exposure and
its use depends on the
interest at the individual level




“I think the information puts the context of
why Birmingham are doing it, what people
can do themselves, and then there’s the
changing of the tip of the day that gives
people different tips and hints as to how they
can affect the energy consumption of the
building, whereas the smiley faces are much
more of a prompt to action and much more of
a ‘Okay so this is what’s happening right
now’. But if all you saw was a smiley face
without anything next to it then you haven’t
got anything to act on, have you?”
(Birmingham4)
“Any digital website that hasn’t got any logos
on it, then they’re in danger of having their
EU funding taken away from them… One
thing that the EU projects are very good at is
specifying the branding that you have to use
of theirs, so I think it’s very clear to people
that it’s an EU project... I think the
SmartSpaces site is quite clear that this is an
EU project that Birmingham is involved in
and that Digital Birmingham are one of the
partners within Birmingham…”
(Birmingham4)
“I would have thought in general that we
would have a group of people who are fairly
positive about the European Union and...
would have been involved in projects
themselves… They’ve got that involvement
and that closeness. So yes, I think that would
give people a reassurance because they’ll
know how strict the EU is when they
commission projects and they’ll realise that
there’s a methodology that must be behind it
and a project management that’s very firm.”
(Birmingham4)
“I’m using the EnergySmart website in the
sense that I’m going back to see that the
changes that have been made are what we
want. So it’s really looking at it because I’m
involved in the development of it rather than
being a user of it.” (Birmingham4)
“At the moment, users have not been
exposed in great extent to the
SmartSPACES campaign.” (Birmingham1)
“I say limited because the system simply
wasn’t ready. It took us a while to get it to a
point where it was actually working…
Experience in other projects is that if you
show people a prototype that has faults in it
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they simply turn their backs on it and never
come back… So there wasn’t much point in
publicising it other than to the test users
before it was fully operational. Now it is time
that we have to go out and take it wider
basically.” (Birmingham5)

Recommendations
from improvement



(For all pilot sites) To have a
similar IT architecture for all
pilot sites using an open
source solution and following
industry standards. Benefits:
less time to develop and
start running the services
and make the systems more
portable and mobile.



Need a mix of detailed: highlevel for non-technical
viewers and semi-technical
section for keen amateurs



Need a mixed approach to
engage staff and be
supported through a
comprehensive
communication strategy:
sending them the web link,
e-mails, articles in
newsletters, posters, leaflets,
etc.
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A website with pure
information is hard to attract
people unless they are
already interested. The
website could become more
attractive, for example, using
games









“The best solution is not having 11 different
services in 11 pilot sites in different
countries. Instead it may have been more
useful to have a similar IT architecture in all
pilot sites using an open source solution and
tying into industry standards for the software
and the hardware, once the type of services
and the messages have been agreed. The
benefits of doing this are that it will take less
time to develop and start running the
services. This may also allow the systems to
make them more portable and mobile.”
(Birmingham1)
“We need a mix of detail – high-level for nontechnical viewers and a semi-technical
section for keen amateurs.” (Birmingham1)

“It (display screens) is one channel to
communicate with building users. I think in
my experience communicating with people in
a building, so yes it is office staff you have to
have a mixed approach. If you really want to
achieve something but you need a
communication strategy. You can send
people a link and some people will go
straight on there and think it is really
interesting, you know, and do stuff with it.
And then you need something like, by the
way here’s an e-mail that explains that
because some people just read e-mails and
they never go on the web. And then you
need something maybe, that, oh and you put
an article in our internal little newsletter,
which some other people read. And by the
way you should also put up a poster or put
something in print out that people can pick
up. I think without that, you know, without
this mix a website on its own is never good
enough. It will not achieve much and that is
simply because there are too many websites
out there, people have lots of other things to
do in their working day and making a website
that attractive” (Birmingham5)
“I mean if it was a gaming website where
they could shoot down, I don’t know, little
black energy wasters and collect green
points so that your building gets money or
whatever it is, you would probably attract a
few more because there would be a fun
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element. But if it is purely for information I
think unless people have already an interest
in it, it is very hard to get many people to it.”
(Birmingham5)

A2.2.3 Energy Management Service (EMS)
Question

Responses

Quotes

Target users








Currently, some staff in
Birmingham City Council and
in Acivico, the centralised
energy management company
Sustainability and Climate
Change team of Birmingham
City Council
In the future, potentially the
building managers







Benefits
EMS

of

the



Visualisation of historical data
in an accurate and at a low
cost manner





Automated meter readings and
its analysis





Improvement of the energy
management of the buildings
Making sure that the
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“Currently, the main user of the STARK
system is Acivico who controls the BEMS. In
the future, building managers may be able to
access this service” (Birmingham1)
“At the moment, I deal with sort of two
principle people within Birmingham City
Council… and a gentleman from Acivico
whose name fails me for the moment… So
effectively my two main end users are… from
Birmingham City Council” (Birmingham2)
“The managers will have access to the Stark
graphs that you have spoken about for their
building because they’re the ones that are
going to be interested in that level of detail.”
(Birmingham4)
“Acivico are the people I think who have most
access, then the Sustainability and Climate
Change team also have access to it and this
is the part that, there is a project we are
working on is to increase the number of
people who have access to the project, which
would be the people in building management
because when we started the project they
didn’t have access.” (Birmingham5)
“The visualisation of historical data in an
accurate and at a low cost manner. At the
moment, STC (a brokerage company) collects
invoicing data, validates the data and
provides an online dashboard showing the
validated data. The improved accuracy of the
data may also help to reduce costs.”
(Birmingham1)
“All meters are automatic meter readings
(AMR). Yeah, they are all AMR and Stark only
does AMR. We typically would collect a meter
once a day and we would expect forty-eight,
thirty minute values from the meter on a daily
basis. Part of our job is to give the meter
readings to the supplier. As well as show the
energy consumption to end users via our web
portal ‘Save Energy Online’. And there is over
four hundred reports in the library where you
can profile or you can get raw data or you can
do three day analysis on that, after you’ve
selected your reports and stuff… At the
moment we only read main meters for
Birmingham City Council but we can do submetering as well.” (Birminham2)
“I think the importance for me more is to
improve your energy management system
and you start to work with the people that
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information is available for
people managing the buildings
and use the information
correctly
User friendly

Energy data from the EMS is
being used to develop a
Sustainable Energy Strategy
for all buildings and for other
energy-related projects

Quotes





operate that to make sure that information is
used correctly or available by them… I think
working with the engineers, the building
managers, etc. is bound to make a
difference.” (Birmingham5)
“Through the project we have upgraded the
system to the Stark Save Energy System
online, which is an awful lot more user friendly
than the old server based version that we had
and we showed it to some of the building
managers.” (Birmingham5)
“It is creating a benefit simply because the
Sustainability Team, which now has access to
it, have been taking the figures, the data and
have cleansed the data and are starting to
use that data to start to look at the strategy for
all buildings… So the data can be used on
those terms very directly and the City of
Birmingham has access to the data and it has
given access to other people in another
project to do something with the data, which is
also a good thing.” (Birmingham5)

Problems
experienced with
the EMS


Reporting
mechanism

Same as before the
implementation of
Smartspaces services



“But I don’t think that it [reporting mechanism]
would change any of those systems as part of
the EnergySmart Birmingham project because
what that’s doing is visualising things back to
people; it doesn’t provide a way for you to go
back and contact anybody through it…, but if
they [staff] have got a problem with
something, they are still going presumably to
the building manager.” (Birmingham4)

A2.2.4 Institutional effects
Question

Responses

Quotes

Smartspaces and
the organisational
culture



Fits well with the culture of the
organisation, particularly with
the forthcoming Energy
Strategy. SmartSPACES is
only a small part of this
comprehensive strategy.





Previously highly aware



Clearly supports the aim and
objectives of the Sustainability
Plan of the Council and other
related policies (e.g.
awareness raising and
engagement with citizens,
reduction of fuel poverty,
climate change adaptation,
etc.)





Through the Energy Strategy



Embedding

it
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“The SmartSPACES project fits very well with
the culture of the organisation, particularly its
link with the forthcoming Energy Strategy
covering energy efficiency and renewable
energy aspects. However, SmartSPACES is
only a small part of this comprehensive
Strategy” (Birmingham1)
“Highly aware previous to the SmartSPACES
project.” (Birmingham1)
“We have a very clear policy, we have
strategic aims through the sustainability plan,
which means yes we want to increase, well
engagement with citizens and awareness of
citizens with all things to do with energy
saving regarding fuel poverty for instance.
There is climate change adaptation, so over
all this is just one of many initiatives that will
help us engage with citizens.” (Birmingham5)
“Through the Energy Strategy.”
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the

(Birmingham1)






By linking and supporting with
other priorities and initiatives
the council is conducting

The project has helped to
opened conversations with
different teams within the
council



“The point of all this project is what we do,
they support ideas or aims that we already
have otherwise it wouldn’t do them. So of
course we want to embed a cultural resource
saving or I don’t know avoidance of resource
waste in any shape or form into our Council
employees because overall that is a very good
thing and very specifically for certain
professions. They need to basically do the
right thing.” (Birmingham5)



“I know they have had an enormous amount
of difficulty as some of the other Councils
have because the responsibilities are unclear.
You have to involve many different teams who
sometimes compete with each other or feel
like you are choosing with each other and this
project has given us a chance to at least open
conversations with many people.”
(Birmingham5)



“I hope that eventually that will lead to
probably a demand driven embedding of the
service because the building manager will
know that there is that information there and
they desperately want it and even though they
might not be fully, you know, even though they
have given everybody involved all the access
and all of that I think they will start to demand
it and then at that stage eventually we will
overcome these institutional barriers. So that I
think that in the long term it will lead to
embedding, which may be a completely
different issue at that stage... Now again it
might not be maintained in the form it currently
is because if we come up with something
much better, but it is going in the right
direction. So I think in the short, middle or
longer term there will be one thing or another.”
(Birmingham5)

Demand driven embedding of
the services by building
managers and other teams



Support from key
actors



Drivers



Energy cost reductions



“It supports directly kind of two things that the
Council always wants to do. One is bring our
own energy bills down. There is a massive
amount of money going through there and
even a 1% saving on that is still significant.”
(Birmingham5)



Strong professional drive to
manage buildings with better
efficiency



“I think for Birmingham, because you have
deliberately split it in two ways. I think the
professional one, it doesn’t matter if the
maintained space energy online is from Stark
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or if eventually it will move to another system.
I think there will be a strong professional drive
to simply make sure that our buildings are
managed with better efficiency. And one way
or another that will eventually find its way
through.” (Birmingham5)

Barriers

Energy is only one aspect of
many services provided by
the City Council
Keeping energy efficiency and
energy savings in people’s
minds and incorporate the
knowledge into the daily
behaviour and operations,
particularly building managers



“Energy is only one aspect of many several
services provided by the City Council.
Birmingham City Council has more than 1,300
properties to manage, the largest in the
country or even in Europe. Therefore, one of
the main barriers is keeping energy efficiency
and energy savings on people’s minds and
that they incorporate this feedback or
knowledge into their day to day behaviour or
operations, particularly building managers.”
(Birmingham1)



Visitors and general public:
Raise interest of people who
may not be interested due to
large number of existing
media information streams









Staff: lack of time due to
pressures and priorities of
their own jobs
Difficult to make people (staff)
to look at it if there is not a
direct benefit to either their job
or to their personal lives

“I think one is you have got to raise the
interest of the people in the first place. Not
everybody is interested… I think the barrier
here, or the potential barrier is there are lots of
different media information streams that
people can subscribe to if they so wish and
giving them a reason to look at a specific one
is difficult.” (Birmingham5)



Some press releases





Impact: not particularly related
to energy savings, but it may
be potential recognition and
reputation, potential extra
funds for further projects,



“I think the other reason is lack of time. At this
point in time shall we say since 2010 or 2011
and probably for the next one or two years
Birmingham City Council and many other local
authorities in the UK have all undergone
incredibly savage budget cuts and that does
mean that the vast majority of the employees
have probably to do double their amount of
work they used to do five years ago. Looking
at something that isn’t directly related to your
job or has a direct benefit to either your job or
maybe your personal life – something like a
free brochure for the breakfast you might well
look at but things that are less direct are
things that people are under an enormous
amount of pressure to get through the day, do
the right thing that their managers say this is
your priority, you’ve got to do this. So outside
of that I think it’s hard you know to get them to
look at things.” (Birmingham5)
“I think we had a press release and one or the
other events, you know, internal kind of you
know meeting event that was marketed.”
(Birmingham5)
“the main impact of disseminating and talking
about Smart Spaces is international and
probably to some extent recognition and
reputation. It is going out and marketing
Birmingham City Council as doing something




Dissemination
beyond
the
organisation
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good and that comes back to us in various
forms. Invites to speak or just people
mentioning us and that is something we have
to do because eventually it will give us
possibly extra funds, more finance from
Government, other project partners inviting us
– it is that type of virtual circle, by
disseminating one project you then get
interest from others.” (Birmingham5)

potential partnerships.
Virtuous circle.

A2.2.5 Social effects
Question

Responses

Quotes

Building
or
strengthening
existing or new
social networks



Existing social network:
environmental champions,
known as “BEST Leaders”



See implementation

Increased
cooperation with
building users



Increased dialogue, exchange
of ideas, and collaboration
among teams within the
council



“I think yes. I mean it is far from perfect but it
certainly has, it has opened up conversation
and dialogue with people but before who were
not really willing to talk to us. They are talking
to us; they are more responsive. There are a
lot of things that still could be more practical
and we could improve things also with other
things but overall it has led to three or four
teams working, well exchanging more
information and on some things working
together and that can only be a good thing.”
(Birmingham5)

Increased
interaction
with
energy team



Potentially through Twitter,
where the tweet goes to the
appropriate manager of the
building. At the time of the
interview, this function was not
in operation.



“Basically the interaction is you can tweet and
we can respond to your tweets because we
are monitoring the Twitter streams and those
open data parts that you can download
basically for the three pilot buildings. There is
another feed there that you can subscribe
to…There is no direct contact function as yet
and I will find out whether, if that is going to
come upon stage or not. Because the point is
it has got to go per building to the right
manager. They can step in there, they have a
feedback function” (Birmingham5)



Informative, but limited
interactivity: not enough staff
in the council to respond to all
queries
Need that building managers
adopt the services to make it
more interactive and very
responsive service



“The biggest problem we have, why this is so,
well has limited interactivity, is simply that
there is not staff that can react to everything.
We know from other websites, I mean we
already maintain the Digital Birmingham
website, a blog and a twitter stream, which
gets monitored every single day, well basically
every hour so people can respond to tweets
and questions that come to us. And we have
an inbox. We also have one for the Smart City
blog that we are monitoring and making sure
that there is stuff on there. We can’t do this for
every single project on the Council. We have
to find a way of working with the building
managers to adopt this. If they don’t want to
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Impacts beyond
those exposed the
campaign





Followers of the Digital
Birmingham Twitter account
(potentially thousands of
followers)
RSS feeds in the
EnergySMART Birmingham
web page may encourage
people to look for further
information about energy- or
carbon-related subjects

Quotes



adopt this then this is why this is at the
moment basically informative rather than
interactive… If they were willing to look at this
and respond and if as a building user you
could actually say something that is going to
be picked up by the building manager or a
civic person, to say ‘hey I’ve just noticed this
or anything. It could be good or bad comment
or just a question.’ This is the bit we’ve got to
work on I think.” (Birmingham5)
“It [the website] is typically pulling in a Twitter
feed from Digital Birmingham… It makes more
sense for the Digital Birmingham account,
which has I don’t know how many thousand
followers now, but it has a considerable
amount of people following it that by including
messages within that you are going to get
more impact… So we did some work in
identifying so if somebody was interested, can
we pull in a changing list of links to articles
that talk about related subjects? I don’t know
how many there are, there’s probably eight or
a dozen sitting in there. So all of those RSS
feeds are pulled into one place and then
pushed out as one RSS feed, and that gets
pulled into the home page… also if they are
coming back and they are interested then they
might be looking for, okay, so the Carbon
Trust have... probably something, let’s have a
look at that” (Birmingham4)

A2.2.6 Implementation
Question
How
was
implemented
mobilised?

it
or

Responses

Quotes





“We have, right so, through the building
managers, we are working directly with the
building managers for those buildings, which is
– effectively that is the responsible person
who can do something about how the building
is being set up and operated… We are then
working with the Climate Change and
Sustainability Team, which is looking across
the City at all the buildings, not just the pilot
buildings to look at the Energy Strategy. They
have just written an energy strategy for the
City Council and they engage directly with
schools on energy education that can – this
type of data is then being helpful… It is
basically those two teams specifically deal
with this.” (Birmingham5)



“Presentations have been provided to a type
of ‘environmental champions’ in the Council,
known as ‘BEST Leaders’. Within these
presentations, it is explained the relevance of
taking action to reduce global warming, advice
on how staff can reduce energy consumption
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Working directly with the
building managers, who are
the responsible people who
can do something about how
the building is set up and
operated
Working with the Climate
Change and Sustainability
Team, who are developing the
Energy Strategy for the council

Presentations from the
Climate Change and
Sustainability Team provided
to the “BEST Leaders” groups
providing advice to reduce
energy consumption in the
workplace and explaining how
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to analyse the graphs of the
STARK system to maximise
energy use while buildings are
occupied.
“BEST Leaders” disseminate
the content of the presentation
with their departments or
buildings
If requested by the “BEST
Leaders”, presentations can
be provided in their
departments or buildings

Quotes
in the workplace and explaining the graphs
shown in the STARK system related to the
energy profiles in buildings and occupancy
patterns to be able to maximise energy use
while occupied and reduce base loads when
the building is not in use (overnight)… The
team asked “BEST Leaders” to disseminate
the content of the presentations within their
departments or buildings, and request his
team if they would like that the presentations
are delivered in their buildings” (Birmingham1)

Enabled
actual
reductions?
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A2.3 Bristol
A2.3.1 Participation in SMARTSPACES and services prior to its
implementation
Question

Responses

Participation
of
interviewees in the
development of the
Smartspaces
project



School: Examine the monthly energy reports with the care-taker, communicating
with Central Energy Services when necessary, headline monthly reports to staff
and eco-monitors.
Library: Provide monthly meter readings for the building, monitor the energy profile
of the Central Library as well as spot check the energy use of 28 branch library
buildings and look for anomalies and try to solve them.
Looking at the environmental performance and improvement of the stock in the
City Council and the implementation of the Eco-Management Audit Scheme
(EMAS), looking internally to the teams and operations across the entire council to
support them, ensuring legislative compliance and driving continuous
improvement. In the Smartspaces project, providing feedback in the development
of the Smartspaces monthly energy reports, providing training sessions and
explaining facilities managers on how to use the Smartspaces services (monthly
reports and dashboard).
School: Energy monthly readings done manually by the care-taker, graphs of
energy use developed manually. Heating is still currently controlled through a
basic thermostatic regulator.
Library: No access to energy data, only about costs. Reporting mechanism:
suggestions or complaints comes to the Facilities manager
Environmental management: Previously using the Energy Management System
(Systems Link), but the interviewee did not find it clear and easy to understand




Energy
management in the
building(s) prior to
Smartspaces





A2.3.2 Energy Decision Support Service (EDSS)
Question

Responses

Quotes

Target users



School: care-taker and
interviewee
Library: Managers and staff
Environmental Officer for
buildings across the council





Increased technical
knowledge on how the
energy system in the building
works (through
communication with energy
coach about the monthly
reports)





Raising awareness around
the services provided in the




Benefits of the EDSS
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“I think that the information from the EDSS
is for both, managers and staff. I think that
there is a role for managers to be aware of
the energy use that their decisions or their
actions may involve, but I think there is also
an awareness for staff about their impacts
of their decisions and their actions or their
inactions, because very often we will find
that we are using energy that we do not
need to because people are not switching
things off rather than because they switch
something on that they are actually using.
So, I think there is an awareness across the
board that is useful.” (Bristol4)
“It was through Smartspaces that we
started the communication with the energy
coach, there was nothing like that before.
So in that sense, the technical knowledge is
greater, even though it is only located in me
and the care-taker, but we have a much
better understanding on how our energy
systems work now that we did before, which
can only be a good thing.” (Bristol1)
“Yes, the Smartspaces project is certainly
useful to reduce energy consumption in [the
building] and we also use it to raise

30/03/2015

SMARTSPACES – D7.2

Question

Responses




Page 246 of 338

Quotes
awareness around the library service, and
also to encourage people to manage the
energy that they are using on their sites as
well.” (Bristol4)

building
Encourage people in other
buildings to manage their
energy on their sites
Potentially enabling energy
reductions by being
constantly aware of turning
things off



Reports tailored to specific
audiences



Time-slotted energy usage in
visual format to know when
the energy is being used and
what the building is doing



Detect or investigate
anomalies and solve them



“But in terms of the monthly reports we are
still at our target level, so it must be
because the target is a reduction, so it must
be happening... I just think constantly being
aware makes people to turn things off when
they do not need them.” (Bristol1)



“I think they’re useful, I think different parts
of the report get through to different people
and that’s why I think having a variety is
quite good. And some people will home on
some things more than others and I think
the way people take in things, some people
think these, I mean I love these because to
me it’s very visual, other people prefer lines
or bar charts. So I think the fact that it’s got
a variety on there is quite good, but I just
see this as this has come a huge way from
what was available when the project
started” (Bristol3)



“We could take meter readings, so we could
know how much energy was used, but the
greater advantage of the [Smartspaces
tools] is that because it comes in a visual
format and because everything is timeslotted, we know when energy is being
used and this is the great advantage that it
is actually giving us, so we know what the
buildings are doing all the time and that is
the big advantage. Before we had
Smartspaces, I do not think we could do
that... The fact that we get a visual
representation, that is the ‘biggy’ for us, that
is really, really good. I think that also that
we get a record of energy use through the
day as supposed to a quarterly reading,
which is perhaps what we had before, that
is also very useful, because it means that
we can track back to work out why maybe
energy is being used at a certain point, and
we can link the energy usage with what are
actually doing inside the building… So
when I get something like this, we can go
back and compare it to check what activities
we were doing at that particular period of
time. It is never the same in two months
running, it is never consistent like that.”
(Bristol4)



“I was through going out and talking to
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Dashboard (web portal):
allows comparison of
electricity and gas, current
and previous year as well as
24-hour energy profile for the
month

people about their energy consumption
went on site and asking them what are the
office hours in this office, so why have we
got the heating coming on at four o'clock in
the morning? Or if you’re not open at the
weekends why is it heated all weekend? Do
you know it’s heated all weekend even?”
(Bristol3)
“Yes, we did find some issues when we
received the first reports, these visual
reports of energy usage. We found that we
have a lot of stuff switching on at about 4
o’clock in the morning and I could not work
out what it was… These (reports) are very
helpful because they give you an indication
of whether it is energy or it is gas, and when
it is being used. You just have to go and
investigate the cause.” (Bristol4)



“So one thing that I think a lot of people
have benefited from is the dashboard, so
now you can go straight into the web portal,
and particularly at a site where they’ve got
quite a few meters you get to see one page
which has got comparison of electricity and
gas, this year and last year comparison, as
a bar chart so you’ve got a quick thing, and
then what I particularly like on the
dashboard is you’ve got the 24 hour
footprint which is the consumption usually
for that month, from now for the month.”
(Bristol3)



“You get a dashboard which shows the gas
and the electric footprint for the current
month that you’re looking at. And at that
level it’s what I call high up here in the
helicopter level, it’s combining, if you’ve got
a site like the one I was at this morning, the
crematorium, they’ve got several gas
meters and they’re on separate sites, but
some sites they’ve got several meters of
electric and gas and so on the dashboard
they’re all combined into, all the gas ones
are in one and the electric ones are in
another, so it’s really good because you can
have a quick scan and you can see and
think oh hang on a minute, what is all this
use here.” (Bristol3)



“So the tool is a lot more accessible, it’s
also helped people with their budgeting and
so it’s helped sites as I say that are letting,
but then I think another example we had
recently when we were doing the last
training session…” (Bristol3)

Dashboard: aggregation of
AMRs’ data allowing to
understand the energy profile
and potential problems in a
quick scan

Accessible tools that helps
with budgeting
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Very specific, comprehensive
and basic enough
Easy to understand for a nontechy person

Regular reminders to think
about energy use, turn off
equipment, remind to other
staff and eco-monitors, or to
adjust things to the
appropriate settings





“…so you come into a point where you
understand and record the data more
effectively and then, you can make
decisions or try to influence behaviour. And
because it is a regular reminder, it comes
constantly through email, it is a constant
reminder that every day we use energy and
we need to be thinking about it every day.
We don’t think about every day, because
we have too many other things to think
about, but it reminds me to remind people
either staff or a group of eco-monitors to
think about turning things off and talking to
the care-taker, for example, when we come
in and it is spring and it is so hot because
the thermostat is not at the right level, just
remind us to think about it.” (Bristol1)



“So I was starting to meet individuals who
actually once engaged and talked to were
sort of interested to find out more and to
know about how they could access this
data… So that was sort of one element I
was involved in, and then because I was
meeting individuals at sites who were
interested we started running training
sessions.” (Bristol3)



“I always think of it a little bit like a
helicopter, so you’re sort of here looking at
it from this level and saying look, we can
see on this one there might be issues, you
know, you’ve got your heating on right
through till such and such a time so now we
need to find that meter and actually helping
people to see how then you get to the next
layer and drill down and get down to oh, it’s
this meter and I can see that gas is actually
being on which is probably our heating, and
that’s fine because we’ve got a class in our
school every Wednesday night so it’s

Once individuals understand
the energy data, they are
interested to access the data
and become more engaged

Easy to explain when and
where energy is used to site
managers as well as potential
problems

Engaging managers to get
more involved in managing

“The reports are very specific,
comprehensive and basic enough if you
want to take it just as a sort of reminder.”
(Bristol1)
“But they wanted to see, that’s why this got
developed, so actually we’ve got it all,
we’ve got the kilowatt hours, we’ve got the
carbon and the cost, and this came out of
discussions and also this summary here. So
I think this one page makes it really easy for
a non-techy person to look at that and
realise that there is, and this isn’t a good
example but often you can see that there’s
consumption here.” (Bristol3)
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supposed to be on, whereas he gave other
examples where people could see that
there were potential problems.” (Bristol3)

their energy consumption
through a quick overview of
accessible energy data

Is the EDSS shown
to visitors?




School: no
Library: no, but there is a
potential for increasing
awareness among building
users

Channel
communication




Monthly reports by email
E-mails exchange with
energy coach
Web portal (Dashboard and
information in the intranet)
Library: regular staff
newletters and meetings
Monthly reports hourlyenergy use colour codes and
graphs: Very visual and user
friendly, help to locate high
energy use at particular time

of



Message
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“I think that’s very useful for busy
managers, so I’m trying to encourage
managers to get involved with managing
their energy consumption and they’ve got a
lot of other priorities, they’re busy, so
having something that they can quickly look
at if you show them I think’s a real bonus.
So I think Smart Spaces has enabled the
Systems Link that was there when I started
to become a much more accessible thing to
me, but also to a lot of other people who are
non-energy specialists and more
meaningful reports that I think people can
really understand.” (Bristol4)



“We just use the information internally. At
the moment, we only use it internally, we
have our DEC (display energy certificate),
we have that on display on our public
space, but not public displays… I think that
it is very early days, the potential is there, to
present something like this to the public, i.e.
to present this information widely perhaps
on a television screen in a public space, so
people become aware of their energy
impact on what they are doing. So, it is
more like an awareness raising thing with
building users.” (Bristol4)
“I do all of those, it depends on who I’m
talking to, when and where really.” (Bristol3)





“I think the message is user-friendly, I
cannot see how it can be less technical
because it is very visual and you can read it
at different levels. You can look at it and
you can see the red and the green, and this
can give you some general overview or you
can look into the specific, so it depends
what you want to do with it, doesn’t it? For
me, it works well, it is just a reminder and it
is pointing to those peaks, because I think
that is where our focus is on what we can
do about flattening out those peaks... So, it
helps to ask the question and locate it in a
particular time. In this sense, I think it has
been useful.” (Bristol1)
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Branding



Logo of the Bristol City
Council and Smartspaces
Credibility of the information:
process within the building
energy team and
communication with energy
coach rather than logos



School & library: once a
month through the monthly
reports
Across the council: exposure
is not clear, but the services
has reached a lot of people
and had quite an impact





Research questions: Is the
culture changed by the data
or does the culture helps the
data to be useful? What
brings the changes? How
bring these changes?





Including costs information
for the buildings in the web
portal to increase awareness



Exposure
EDSS

to

the




Recommendations
from improvement
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“The thing that helped me to perceived it as
credible is the process we when through
that I described right at the beginning. The
reports were coming through and we
started the discussion that it did not add up
to our experience, and going through that
process, and teasing out what was
happening, so it became closer to our real
experience, or our experience became
closer to the data, that is what convinced
me that the information was credible... So,
that is what established the credibility,
knowing that there was somebody there
who was interested to make this thing
accurate and useful. Not really whose logo
is there.” (Bristol1)
“It depends what you mean by exposed, I
mean I think Smart Spaces as a project has
taken the data that was there before and I
think, I mean I know you used to try and
engage people before you had the funding
with SmartSpaces and it was before I was
really working with [Project Energy
Manager] , so I don’t know how successful
and how many people engaged at that time,
but I think through the consultation that he
did to develop with the caretakers I think
that reached a lot of people and I think the
caretakers actually passed information
amongst themselves and I think that had
quite an impact and I think that reached
quite a lot of people… it’s definitely reached
a lot more people, I couldn’t quantify and I
would say that as with most things some of
them are incredibly engaged and they love
it and they’re involved.” (Bristol3)
“It will be really interesting if the research
reveals whether the culture is changed by
the data or whether the culture helps the
data to be useful… It will be interesting to
know what brings the changes or how to
bring these changes. Do you have to be
interested to making the change? Do you
prompt somebody to make the change by
showing them data?” (Bristol1)
“I still see it as an area for development and
I know [Project Energy Manager] is still
working on it, so I think being able to
access with some costs on the web portal
might be quite useful, because I can’t run
this report at the moment. So when I want
to say to people this is very useful having
the costs because I’ll use reports like this,
I’ll go to a site, I’ll see the heating’s on, well
at the site they say well we’re not in
control… So being able to actually say, do
you realise this particular building is costing
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£250 every weekend with you leaving that
heating on?... Because often when you tell
people, oh well actually you’ve used so
many kilowatt hours more than you did the
other day or this other weekend, it doesn’t
mean a lot to ordinary people. So being
able to say that, and that is costing you at
the moment this amount of money, that sort
of puts lights on in people’s heads.”
(Bristol3)

A2.3.3 Energy Management Service (EMS)
Question

Responses

Target users



Mainly Central Energy
Management Unit



Improvement on the quality of
data due to the installation of
automated meter readers
(AMRs)
Reports have become more
meaningful
Data have become more
accessible to a non-specialist
audience (see also benefits of
EDSS)



“I was just looking at Systems Link and it
wasn’t that user friendly, it was very much for
energy specialists… I think from what I can
see there’s been quite a lot of improvement’s
in the quality of the data that’s there. I don’t
know how much that is due to Systems Link
and how much that is due to the fact that
we’ve now got all of the meters on, or nearly
all of them, and they’ve been running on
AMRs for a while, so the reports have become
more meaningful. [Beforehand] they weren’t
particularly helpful reports, whereas now
because they’re mostly AMR meters and
they’ve been there a while you can do your
reports. So it’s better quality data, it’s also
much more accessible, so he’s changed the
way some of it looks and added quite a lot
more reports.” (Bristol4)



Helpful to prepare the internal
environmental audits





Allows quick response from the
Central Energy Management
Unit

“If I’m going to go and do an audit, before I go
to a site I tend to prepare by looking at a
number of things, so I look to see if there are
flood risk areas, I consider a lot of things and I
go on to Systems Link and I look at their
energy and their water consumption, and I
look to see if there are any things that surprise
me and I will normally print off a couple of
reports for them. Then when I get there I ask
them, because again the other thing that’s
actually being introduced to Smart Spaces is
these regular monthly reports, so when we
started we were trying to engage people to
get them to be interested and to log into the
web portal, which busy people, it’s not high on
their agendas so I don’t think happens.”
(Bristol3)



“I’m often able to feed back to [Project Energy
Manager] things that are issues, so for
example I hadn’t been aware you were

Benefits
EMS

of

the




Page 251 of 338

Quotes

30/03/2015

SMARTSPACES – D7.2

Question

Responses

Quotes
starting to work on getting management level
reports, but I was down at the Harbour Estate
talking to the harbour master and they’ve got
loads of meters all over the place, so he
would get so many of these that it’s just not
manageable and when I was talking to him
about that I thought ah, I’m sure [Project
Energy Manager] can do something about
that. So I contacted him and he was saying
he’s going to do these, and has already
responded very quickly to this man who’s
expressed an interest that yes, I can now
provide you with this management report
which again, a bit like a dashboard I think is a
quick overview…” (Bristol3)

Problems
experienced with
the EMS

Reporting
mechanism



School: At the initial stage,
there were problems with the
recorded data. The problem
was eventually solved through
communication between onsite team and the central
energy management team





Library: Not experienced any
problem





Good communication with
energy coach (see also EDSS
benefits and social benefits)

“The action that we took at the beginning is to
make it accurate because the reports were
showing high energy use at the weekend and
we could not understand why that could be,
that led us to investigate… Because [the
energy coach] asked us to look at the
thermostats and the regulators, which are
quite an old fashion. The regulator was
switching on and off as we thought it was, so
there were some sort of hiccups with the way
the data has been recorded. It seems more in
line with what we expect now.” (Bristol1)
“No, I have not experienced any problem. I
find it as a whole very straightforward and it
gives me straightforward information”
(Bristol4)

A2.3.4 Institutional effects
Question

Responses

Quotes

Smartspaces and
the organisational
culture



School: consistent to the EcoSchool philosophy





Eco-monitors (young
students): Strong culture to
protect and look after the
environment
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Library: consistent with the
culture, but there is currently a
stronger context due to the
information available





“Yes, it (reduction of energy and emissions) is
an aspiration for the school, because we are
part of the Eco-Schools network and energy
use has a very high profile part of that and
reducing energy usage.” (Bristol1)
“I cannot say that it is all the school, we have
16 eco-monitors, but there is quite a strong
culture of trying to reduce waste and protect
the environment and look after the
environment.” (Bristol1)
“Yes, as far as I can tell, it fits well… I do not
think that I was personally less aware, I think
that it was less of the context, I think. Now,
we have more information, it is presented in a
different way, it is a stronger context, so I
think I can take that to other people and raise
their awareness.” (Bristol4)
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it
the



Keep working on trying to
raise awareness and
encouraging flexibility of
thought



I think that it feels it is more about keeping
working on trying to raise awareness, and try
to encourage people to think about how they
do, what they do and whether they actually
need to do it in the way they are currently
doing it because we are very good in get
stuck into a habits… And maybe it is about
encouraging that flexibility of thought, and this
applies to energy usage in the same way it
applies to absolutely everything else.”
(Bristol4)

Support from key
actors



Not exactly in high level
management, but from
engaged senior managers
when they get involved



Drivers




Costs
Reducing energy cost and
keep control of the budget or
corporate savings



“I haven’t seen any high level managers get
behind this and say right, we’ve now got this
information and I expect everyone in my
department to be mindful and use this
information. Because data is just data isn’t it,
if you don’t do something with it it’s a bit
meaningless. I haven’t experienced anybody
in the council high level doing that, I have like
I say at some sites where like I said at
Harbour Estates, once the manager there,
and he wasn’t a very top, he was pretty
senior, third or fourth tier, once he’d got the
information yes he did, but I don’t think it’s
come from the very top but I might have
missed it… It’s always difficult in very large
institutions isn’t it?” (Bristol3)
“But obviously at some point, that might be an
issue in terms of controlling the budget, so by
reducing energy costs is important to kind of
keeping control of the budget.” (Bristol1)
“Yes, cost savings, indeed. Although the way
that council’s budgets has been structured
this year, it means that we do not necessarily
see the benefit about this, that would be a
corporate saving rather than a building
saving, so possibly that is not the stronger
driver as it might be.” (Bristol4)
“A lot of people are motivated by money but
of course we all know that the gas price
changes so it’s not always helpful to be using
financial as comparisons.” (Bristol3)

Embedding
more
to
organisation
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Staff and young students
(children) highly motivated by
sustainability and the
environment



“…what motivates people in the school is not
really about costs, it is about the other issues,
about sustainability and the environment. I
have a meeting with the eco-monitors today
‘why do you want to do this? Why do you
want to display?’ and all of them have very
grand visions about why not throwing away
the pen or leaving the lid of the pen or how it
actually helps the environment, so they have
a much bigger view of it than saving a few
pounds…” (Bristol1)
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Barriers





“… because data is always overwhelming,
isn’t it? Because whatever user-friendly the
design is, when you first look at it, it looks like
‘oh God! Have I got time? Can I immerse on
this or not?’ But maybe the culture of the
school helps to do that… Because it can be
just one more thing coming into your email
every week. But anyway, you have to be a
little bit motivated, don’t you? Because we are
overwhelmed with things. Because
sometimes I think ‘should I be looking at the
data or should I be reading?’” (Bristol1)



“The difficulty that we have is that because
we are a public service, we advertise that we
have services available to the public within
given hours, we can’t switch things off within
that period of time if somebody happens to be
not using them because 2 minutes later
somebody else will want to use that piece of
equipment, and we cannot reasonably expect
them to wait for 10 minutes while it logs on
and sorts itself out. All public libraries will
have computers for public use, they are
almost always heavily used and if we try to
switching them off between people using
them, the people will then be delayed by
probably 5 or 10 minutes while they fired up
again. So, it is not reasonable for us to do
that, but there are other things, such as fans,
electric heaters and other bits and bops that
people use.” (Bristol4)



“I think the biggest barrier that I’ve come
across is the fact that a lot of building users
don’t pay the energy bills, they’re paid
centrally and recharged. So before
SmartSpaces they had absolutely no idea of
what the costs were, SmartSpaces has
enabled them to see what the costs are which
I think is a step forward but because it’s not
coming out of their budget that’s a barrier…
quite a few of our big buildings are used by
teams from different departments and so in a
way nobody in that building feels any
ownership of it, they don’t have any control
over the heating or of the lighting.” (Bristol3)



“And one really big barrier is they don’t seem
to see managing the energy consumed in
those buildings as part of their job... There’s
been some changes at the higher director
level so I still have hope that this will change,
but at the moment they don’t seem to see that
as part of their job, they get paid a fee to take
care of the building and that’s what they do…
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Sometimes, too much data is
overwhelming
Lack of time

Nature of the service provided
in the building

Lack of ownership when
buildings do not pay their
energy bills (paid centrally)

Perception that energy
management is not part of
their jobs
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Dissemination
beyond
the
organisation

Installation of high-tech and
highly automated technologies
in small buildings (e.g.
children’s homes) that are too
complicated for the users to
understand and control

Quotes
and if they’re not paying for it either, if it’s not
coming through their budget, they just get
paid £30,000 a year to manage that budget
by this department and there’s nothing in that
agreement that they have to keep within
certain energy boundaries. So I think that’s a
barrier but I think there’s ways of dealing with
it” (Bristol3)


“I mean another real development that I hope
will come out of this data because I think
that’s another thing that’s a bit of a barrier is
that we’ve got, I might be wrong, but we seem
to have engineers and people who go to sites
and think right, you need heating, so they put
in this super-duper really fancy… I mean I
went to a children’s home that had two
massive boilers and pipes and just so much
stuff and a separate special gas box and I’ve
never seen anything like it, and it’s only a
children’s home, it’s not a massive building.
And I think hopefully this data will enable us
to have conversations with the engineers to
sort of say look, this is just a children’s home
why have we got such a complex thing? We
need to have systems in the homes,
particularly places like a home, where people
can actually adjust the heating and manage it
themselves locally, it’s not a massive building,
but they’ve got such complicated controls that
they have no idea how to adjust it... And I
think that’s one thing Smart Spaces is
flagging up and now we’re starting to see
where heating is out of control, and
sometimes being able to identify it’s because
people on sites don’t understand the controls
because somebody’s come in and upgraded
the system and whacked in something really
hi-tech and complicated that then the people
who are left there on the site have no idea
how to operate and adjust, even when they
realise it’s wrong.” (Bristol3)





A2.3.5 Social effects
Question

Responses

Quotes

Building
or
strengthening
existing or new
social networks
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Positive feedback from the
training sessions to different
directorates

“I think anyone who has come has really
gained a lot from it and can use the Smart
Spaces service a lot better because they’ve
had that training. Certainly that’s the feedback
we’ve had, and through discussing it with
[project energy manager] we decided we’d
have an evaluation sheet, so at every session
he’s got valuations back from people so he
can see what people have liked, what they
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haven’t liked and any suggestions for
improvements. So I think that’s been really
positive.” (Bristol3)


Increased
cooperation with
building users



As a reminder to keep talking
about energy use to staff,
colleagues and students




Increased
interaction
with
energy team
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Positive responses from staff
Visual plan of the energy used
in the building helps staff to
be more careful and aware



On-site staff workshops and
monthly energy reports to
managers helps people to
become more aware of their
energy use and try to reduce
it



Increased interaction due to
the availability of data



Emails communication with
energy coach have helped to
understand better the energy
data and relate it to energy
use in the building

“Yes, it has increased communication,
because it is a reminder to me to keep talking
about it, yeah.” (Bristol1)
“It is always good to remind people ‘if you are
not using it, switch it off, if you are the last
person leaving the office, switch the lights off,
open the windows, radiators on, radiators off,
there is a lot of things that you can do that can
regulate the amount of energy that you use’
and that is the sort of constant interaction.”
(Bristol4)



“Yes, the response from my team has been
positive… I think that the factors that have
help are the visualisation. I think that if you
can show somebody this is a visual plan of the
energy that we are using in this building, which
is full of red squares and not as many green
squares. It is very difficult to find out the
energy we are using and I think it does make
them think twice about switching things on,
and the way they use the equipment and the
resources around the building. Just that is very
valuable.” (Bristol4)



“I could have been doing that before or without
Smart Spaces, but I think it really adds value
and meaning so that I can show people this
thing and sort of say look, this is your central
heating, look, look, look how much energy it
was using… So I also think them knowing their
managers are getting this now is also kind of
helping people to become more aware of the
energy consumption and to try to reduce it.”
(Bristol3)



“The communication with the Energy
Management Unit is not regular, it tends to be
when I’ve got a question or a problem or just
an area of concern, but yes, I email or phone. I
think that after the Smartspaces, there is more
contact now as it has been before, mainly
because the information that I have available
now.” (Bristol4)



“The emails, for example, the energy coach
has been very good on responding, because I
do not have any expertise in the area, I am a
teacher, a classroom teacher, and I have the
same limits on understanding the data and
relating it to real life, but whenever I have
raised a question, he is very happy to
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Identifying contact people
within the central Energy
management team that can
help to interpret the energy
data makes a big difference
and feels they are more
accessible







Impacts beyond
those exposed the
campaign



respond.” (Bristol1)
“… when I have had queries, I ask usually to
the energy coach, and he has been very
helpful to coming up with sensible answers in
a simple way and short sentences that I am
able to understand.” (Bristol4)
“Certainly there is more communication with
the central Energy management team. It
makes us feel they are more accessible, I am
sure they were there before, but now you have
a name, because it comes every month. That
makes such a big difference to have people
there, because it is fine to getting the data, but
actually to interpret that and relate it to things.
If you are not familiar with what the data is
showing you, you need someone to do that
interpretation for you. That is the new thing,
isn’t it? That has been achieved.” (Bristol1)
“I think another thing that’s really helped the
council through the SmartSpaces project is
that [Project Energy Manager] and [Energy
Coach] have been very good at listening to
how people want to use it and help them get
what they need from it. So I think they’re
realising that now they’ve got their own
budgets he could dig behind what we could
see on that level at Systems, they can come
out with some more accurate data and actually
help her get something that was going to
better meet her needs” (Bristol3)

Quick and meaningful
responses from the Energy
management unit gets people
on board



“Because our sites are so varied, so I’ve just
talked about the harbour, so we’ve got bridges
using energy, we’ve got mess huts, we’ve got
offices, and it’s all under the same one person,
so there’s multiple meters. So I think being
able to respond quickly and provide him with
the data in the way that he needs it makes all
the difference really of getting them on board
or not actually in my opinion.” (Bristol3)

Families and friends



“I think so. We have the central library and 28
branch libraries, and we try to raise awareness
there as well. And I am hoping that all those
people have taken that awareness to their
homes and taken them to their friends and
family. And yes, I hope it has, I think it has.
With conversations I have had with people, I
think it has.” (Bristol4)

A2.3.6 Implementation
Question
How
was
implemented
mobilised?

it
or
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Responses

Quotes





Schools: interviewee and caretaker receive the monthly
reports, then the information is

“I would be reluctant to show all the
information, because we have to deal with so
much data in the school. What I do is that I
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Question

Responses

Quotes
might say in the meetings: ‘Why are we using
more electricity on Wednesday than any
other day?’, because this is something I
might have picked out of it [monthly reports].
So I kind of headline it and I will use it to
influence behaviour as much as I can. So, I
say to people: ‘why when I get this thing
[report] it is so much redder?’ and if we can
look at it, perhaps there might be a reason,
and sometimes just mentioning it, people
become more conscious of it and they do, for
a while, change behaviour… Each class has
2 eco-monitors, so they have responsibility
for encouraging their classmates to make the
school operate under a sustainable line, so
they encourage them to recycle the paper,
use all the paper, put it in the recycling box,
not leaving it with pens, switching off lights,
remind the teachers to switch the projector
off. So that’s their job, and there are around
16 juniors. The care-taker will also report to
the Head and the Governors, and with the
Governors there is someone that is in charge
of these issues. This discussion happens at
that level as well.” (Bristol1)

communicated to staff and ecomonitors (young students) to
influence behaviour. Care-taker
will inform to the board of
Governors.
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Library: monthly reports
communicated in regular staff
newsletters to the entire library
service and occasional staff
meetings

Training sessions and
interactive workshops to
particular directorates or
forums about the energy data
and the dashboard so users
can look for the information of
their own buildings
Running workshops for schools
(care-takers), care homes, etc.
Dissemination and training by
engaged managers to
colleagues in similar positions
or departments (e.g. caretakers, Harbour Estates)



“I get the monthly reports, and I would then
take that information and put it into a regular
staff newsletter that will just be aimed to raise
awareness among staff, and every so often,
we have big staff meetings in fairly regular
intervals and every so often I actually talk
about energy use and just remind people the
do’s and the don’ts about energy usage, in
other words, to switch things off… So as I
have said, I use staff newsletters and this
applies to the whole library service, not just
my building, and occasional staff meetings
trying to refresh the message and keep it in
people’s minds that they need to be aware of
the consequences of their actions.” (Bristol4)



“I was working with that particular directorate
so I was able to explain that there is a
caretaker’s forum and some linking
up.[Project energy manager] went and ran
some workshops for a number of the forums
which I think was really successful in terms
of, because a lot of them are quite interested
and I think it was taking really useful
information out to them… So he would do
that presentation and take questions and it
was really good, although it was a
presentation you do it very much in a style
where you welcome people to kind of interact
and get what they need from the session and
then we would have some laptops. So it was
a very short, succinct session because
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Question

Responses

Quotes



Enabled
actual
reductions?



Library: detection and reprogram of wrong time settings
for water heaters



Crematoriums: using the
energy data to make a more
efficient use of cremators
Example of where energy data
has empowered people to take
more control
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people were very pushed for time, they could
come along, participate, and then there was
an option to stay afterwards and actually
hands on have a go, go to their own site,
start looking at their own data.” (Bristol3)
“I think the caretakers actually passed
information amongst themselves and I think
that had quite an impact and I think that
reached quite a lot of people… it’s definitely
reached a lot more people, I couldn’t quantify
and I would say that as with most things
some of them are incredibly engaged and
they love it and they’re involved. And one
person down in the Harbour Estates, when
he realised after coming on one of the
training sessions what this could do he went
back and did about a day’s work, got together
all these spreadsheets, then went and did a
presentation to the rest of his team, got a
three line whip and actually said to them all,
right you’re now going to look at this data on
a monthly basis, this is going to happen,
that’s going to happen, he’s just picked it up
and run with it, totally engaged.” (Bristol3)



“Yes, we did find some issues when we
received the first reports, these visual reports
of energy usage. We found that we have a lot
of stuff switching on at about 4 o’clock in the
morning and I could not work out what it was,
and it turned out that there was a large bunch
of water heaters that for some reason they
were programmed to switch on at 4 in the
morning, so they were re-programmed to not
switch on at 4 in the morning. So, we have
made a reduction already… It is difficult to be
too precise, because the way the building is
use changes from day to day and from week
to week, so we know they cannot compare
like with like. All what I can do is make sure
that we are not using energy that we do not
need to be using for the service we are
providing at the time.” (Bristol4)



“… like a crematorium uses vast amounts of
gas and I was up at the crematorium talking
to the man in charge of the cremators and he
was saying that actually he looks at this data
every month when it comes through. He
spent some time trying to work out what in
kilowatt hours it costs him per cremation,
because I’ve been saying to them the
cremators are most efficient if they work hard
for a long period so if you’ve only got four
cremations to do you don’t turn on all four
cremators and burn one body in each and
then go home at ten o'clock, you don’t turn
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Responses



Quotes
the others on, you have one on and you
make it work hard all day. And he’s been
starting to use this data to look at it to see
now… but the fact that he is using this data
to actually see how he changes things and
he’s starting to use his cremators and trying
different things to see actually what
difference it makes on the consumption. So I
think that’s a great example of where this
data’s empowered people really to take more
control... I’ve just suddenly thought, one thing
I haven’t mentioned is having this level of
information has been really helpful, because I
was just thinking back to the crematoriums
where you expect to see vast amounts of gas
consumption, but for the first time really now
we get these reports they’re able to see the
difference between the central heating and
the cremators. So one thing that I think we
might be able to start to improve is we can
now see when central heating at a
crematorium is out of control because we can
see heating running, whereas before there
was just massive gas consumption and you
just think oh, it’s a crematorium, they’re going
to be using vast amounts of gas and
obviously the central heating in comparison
to the cremators is almost, it’s not quite
negligible but it’s tiny in comparison. But this
data is now letting us see that we’ve got
central heating running in crematoriums at
night and at weekends and it can’t be the
cremators, and that’s the first time we’ve
been able to unpick that so I think that’s a
real positive that we’ve got.” (Bristol3)

Schools: care-takers turning off
heating on holidays
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“What are other good examples? I’ve noticed
schools who have had their central heating
on in school holidays and now quite a lot of
caretakers are… I mean one of the things
with caretakers is a lot of them actually aren’t
that literate so complicated things like data in
grids and things is actually hard for some of
them but I’ve noticed that quite a few,
because for example this one it is colours
and patterns, they can look at that and they
understand and they are now checking that
they haven’t got their heating on at holidays.”
(Bristol3)
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A2.4 Hagen
A2.4.1 Participation
implementation

in

SMARTSPACES

and

services

prior

its

Question

Responses

Participation in the
development of the
Smartspaces
project



Interviewee (Building professional) worked with the City of Hagen and Envi to
develop the software program

Energy
management in the
building(s) prior to
Smartspaces



Measurements for temperature, heat and electricity consumption were conducted
frequently, but only delivered to the energy team in paper once a month
Some degree of control (time, temperature)
No automated measurements
BEMS controlled centrally for 36 buildings
Reporting mechanism: staff from the City Hall or teachers phone the energy
management team






A2.4.2 Energy Decision Support Service (EDSS)
Question

Responses

Quotes

Target users



Building professionals
(interviewee)
Pilot site representative
2 staff in the Council House





Benefits of the EDSS




Very good tool
Energy consumption is
shown in graphs very close
to the time when it occurs



Usefulness
communicate
building users



Have prompted positive
action from staff
Higher staff awareness since
the deployment of the
program



to
with





Is the EDSS shown
to visitors?




Channel
communication



of

Message



Branding
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No
Useful for staff, but perhaps
not for visitors as they may
not have the insight of the
energy consumption in the
building
Web portal interface
(checked in staff computers
only)
For buildings professionals,
the technical data is fine



Only uses the Smartspaces






“The main users are myself [building
professional], [pilot site representative] and
in the Council House we have 2 staff that
they look every day at least once to this
program.” (Hagen1)
“It is a very good tool, because you can see
the energy consumption. On the computer,
we can see the graphs and in these graphs,
we can see if the consumption is high or low,
showing it in a time very close when it
happens.” (Hagen1)
“Staff, who have worked for many years in
these buildings, can see if there is a high
energy consumption. For example, if the
lights or other equipment are on. They ask
us ‘what is the reason for this? Can we turn
this off or should it be left on?’” (Hagen1)
“On one side with the program, we are able
to see more. On the other side, we talk with
staff and the awareness of staff is higher
than before since we have the program.”
(Hagen1)
“At the staff level, I think that the
communication of the EDSS is good, but for
visitors I think it is not useful because the
visitors may not have the insight of the
energy consumption in the building.”
(Hagen1)
“It is mainly in our own computers where we
can see it.” (Hagen1)
“For the professionals, I think that the
technical data is OK, but when we will show
it to visitor, a less technical message is
appropriate, and also as easy as possible for
them to understand it.” (Hagen1)
“We do not use specifically the logo of our
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Responses

Quotes

logo
Credibility will depend on
each individual




Exposure
EDSS

to

the



Above mentioned users look
to the EDSS at least once
every day
For visitors, it may be
recommendable to provide
them less technical data,
easy to understand



Recommendations
from improvement




city, we use the Smartspaces logo and in the
intranet, the staff can click on the logo and
then they can see some of the information.”
(Hagen1)
“I do not know, I think it [credibility] will
depend on the individuals.” (Hagen1)
“Yes, if I have time, I look the program every
morning and I look what is happening with
the energy consumption.” (Hagen1)
“For the professionals, I think that the
technical data is OK, but when we will show
it to visitor, a less technical message is
appropriate, and also as easy as possible for
them to understand it.” (Hagen1)

A2.4.3 Energy Management Service (EMS)
Question

Responses

Quotes

Target users

Building professionals, staff and
software developers

“Both staff and professionals have access to the
energy management service as well as staff from
the software.” (Hagen1)

Automated measurement and
observation of energy and water
consumption of the buildings

“Some of the main benefits of the EMS are the
early and quick detection of mistakes. Another
important feature is that I can see the energy and
water consumption data of the buildings.”
(Hagen1)

Benefits
EMS

of

the

Early and
mistakes

quick

detection

of

EMS linked to the EDSS (web
portal interface)
Technical data is available for staff
and building professionals, but
more data available for the latter

“Yes, the energy management service is linked to
the EDSS. I open the EDSS, there is a link and
then I click a button that provides me access to the
service. Then, I am in the web portal and from
there I can see the energy data. This technical
data is the same for all staff. However, as a
building professional I can see more data than
normal staff.” (Hagen1)

Very good tool to control energy
consumption

“It is a very good idea because we have the
chance to look at what the energy consumption is
in the building and we also have the energy
consumption control, which is a very important
thing to have.” (Hagen1)

Problems
experienced with
the EMS

None

“No, we have not experienced any problem.”
(Hagen1)

Reporting
mechanism

Similar to the existing mechanism
(i.e. phone calls to the energy
management team)

A2.4.4 Institutional effects
Question

Responses

Quotes

Smartspaces and
the organisational
culture



Fits well with the policy of the
organisation of saving energy
and their daily work



Embedding



Part of their daily jobs



it
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“I think it is a very good project in our culture
because we have in our policy the goal to
save energy and it is what we do every day.”
(Hagen1)
“This has been part of our policy. We have 5
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Question

Responses

more
to
organisation

Quotes

the

Support from key
actors




Yes, very good communication
with Envi and the City
Hagen City allows time to
building professionals to work
on the EMS & EDSS
Energy savings
Cost savings





Drivers




Barriers



Need appropriate technical
skills to learn and use the
program



Dissemination
beyond
the
organisation



Disseminated by word of
mouth
Not aware of dissemination in
newspaper or TV





building management systems here since
1999. Before this, there was a good
controlling. In the last ten years, this is my
daily job.” (Hagen1)
“Yes, on one side we have Envi, there is a
good communication between this company
and the city. From the city, they also allow us
time to work with this program.” (Hagen1)
“We work every day to reduce energy
consumption because we want to reduce
energy and cost savings.” (Hagen1)
“I think that the only barrier could be human,
in the sense, that when you get a new
program you need to learn how to use it.”
(Hagen1)
“No, I am not aware that the Smartspaces
message have been disseminated in
newspaper or in TV, but it has been
disseminated by word of mouth… I really do
not know the impact of the dissemination.”
(Hagen1)

A2.4.5 Social effects
Question

Responses

Quotes

Building
or
strengthening
existing or new
social networks




Existing: Task force group
Not aware of new social
networks

See below


“Related to new social networks, I am not
aware of any.” (Hagen1)

Increased
cooperation with
building users



Positive: Temperatures and
energy consumption in some
parts of the building have
been reduced
Negative: Complaints of some
staff over the temperature in
the offices



“We have a task force, we get positive and
negative information. The positive is that we
have reduced the temperature in some parts
of the buildings, and we have seen that the
energy consumption gets lower. The negative
is that sometimes we receive telephone calls
with complaints from staff over the
temperature in the offices.” (Hagen1)



Increased
interaction
energy team

with




No change
Interaction is mainly
conducted over the phone

Impacts
beyond
those exposed the
campaign

A2.4.6 Implementation
Question
How
was
implemented
mobilised?

Enabled

it
or

actual
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Responses

Quotes








Task force group constituted
by GWH and Envi
EMS & EDSS have been
shown to this task force group
and been trained.
Museum: 30% reduction on
energy consumption through




“We have a task force group here in Hagen,
between us (GWH), and Envi” (Hagen1)
Services have been shown to this task force
and being trained (LOM)
“Yes, we have reduced the energy
consumption. In the museum, we have
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Question

Responses

reductions?
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changes in heating settings
City Hall offices: 10%
reduction
Attributed to both: better
control of energy
management in the building
and higher staff awareness

Quotes



reduced already 30% because we made
several changes in the heating settings. In the
offices of the City Hall, we reduced 10%.”
(Hagen1)
“Through both of them. On one side with the
program, we are able to see more. On the
other side, we talk with staff and the
awareness of staff is higher than before since
we have the program.” (Hagen1)
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A2.5 Istanbul
A2.5.1 Participation in SMARTSPACES and services prior to its
implementation
Question

Responses

Participation in the
development of the
Smartspaces
project



Energy
management in the
building(s) prior to
Smartspaces




In different stages of the project: situation analysis, specifying the components of
the EMS, working and designing the work required for the website, etc.
At the time of the interviews, working with the Smartspaces services was part of
their daily work activities: monitoring the energy data for energy management and
controlling; taking preventive or corrective action if there were anomalies, writing
the sections for the Green Monitoring building, communicating with building users
and staff regarding the energy saving targets, collaborating with other partners of
the project.
Utilities’ provided the energy invoices on a monthly basis.
There was no automation in the measurement or control of energy consumption.
There were not measurements of outdoor or indoor temperatures, air conditioning
system, etc.
The analysis was done in spreadsheets manually. There were not comparisons,
nor reporting.





A2.5.2 Energy Decision Support Service (EDSS)
Question

Responses

Quotes

Target users





Building professionals
Users
Visitors



Benefits of the EDSS



Increased awareness from
staff, visitors and other users
Attractive, so it keeps the
interest
Improving awareness day by
day







More useful for building
professionals who monitor
and analyse the data.
Staff and visitors may have
less interest in the data, so
brochures and emails are
used instead.

Is the EDSS shown
to visitors?



Yes, in TV screens

Channel
communication






Website
Posters
Stickers
Emails




Usefulness
communicate
building users

to
with

Page 265 of 338

of








“Our target group are building professionals,
users and visitors. But building users and
appointed personnel for the project can see
more details than other groups”
“Both project team and staff were happy of
the results. Thus, the awareness among
staff, visitors and users have increased”
“The Green Building monitor is very
attractive and keep the interest alive of the
tool.”
“I think EDSS is very helpful system because
we can communicate with building users and
with the project team. The awareness is
improving day by day with reducing values.
Thus, they take a lot of responsibility of the
planned [reduction] targets.”
“I can say that the EDSS is more beneficial
than other system for the management team,
who follow up the short-term malfunctions,
get feedback, analyse the visual data.
Building users and visitors are not interested
in the data, they are interested in the results
of the analysis. Therefore, simple and short
information is provided to visitors and
building users, because technical terms can
reduce their attention. The visuals are
provided to the target groups by poster,
brochure and email”

“At the moment, the system is not connected
to the web portal, so we created another web
portal. But lot of information, data and
energy consumption is released on the
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Responses




Brochures
Twitter
Facebook



Feedback (energy data)
mechanism is more
interesting in the visual
screen. Using social media
is not sufficient.

Quotes







Key messages to save
energy are sent to all staff
Short and simple information
with the analysed data is
provided to users and
visitors
Weather data and other
helpful information is
provided to make it more
attractive to users
More technical messages
are provided to building
professionals





Only uses the Smartspaces
logo





Through emails, brochures,
leaflets, posters, etc. See
also channels of
communication





Colourful designs for the
EDSS to attract users and
visitors
Giving the information in an
understandable and daily
language to users, with
animation and graphics





Message







Branding

Exposure
EDSS

to

the

Recommendations
from improvement
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company web portal. Positive results
regarding energy consumption are informed
via email”
“Simple and short information is provided to
visitors and building users, because
technical terms can reduce their attention.
The visuals are provided to the target groups
by poster, brochure and email”
“We are sending a lot of emails. We are
releasing some information regarding the
project via the official web portal of our
company. This kind of information is also
sent by the project team on the social media
like Twitter and Facebook in order to
increase awareness of the project”
“Feedback mechanism is more interesting
with the visual screen. Using social media is
not sufficient now, we do not have sufficient
participation in this platform. This channel is
more suitable for technical staff who fancy
technical terms. Feedback is usually coming
from these staff members rather than
building users and visitors”
“Also, some key messages, such as turn off
the lights, close the door when air
conditioning is working, etc. are sent to all
staff. We believe that energy consumption is
being reduced”.
“We can share the value of monitoring
energy consumption data with building users
and visitors through the Green Building
monitor. In order to increase the attention to
the project, we are sharing some helpful
information, such as weather conditions.”
“Technical messages are more
understandable among building
professionals. Less technical messages
could be more interesting for users and
visitors.
“We do not use any other logo apart from the
one of the Smartspaces project. We are
using the project logo in every
communication”
“Building users are viewing the system
through the Green Building Monitor. Also,
successful results are being sent to staff. In
order to achieve the project targets, the
course of action is reminded by the project
team through emails, posters and routine
meetings”
“It is not a very interesting subject for users
and staff, but colourful designs may rise the
interest in these groups. Giving more daily,
understandable terms messages to building
users and visitors may increase their interest
and awareness of the project. This message
can also contain graphics and animation.”
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A2.5.3 Energy Management Service (EMS)
Question

Responses

Quotes

Target users



Technical staff





Half-hourly automated data
collection saved into one
server
Energy management and
control of the building
Quick solving of malfunctions
in the energy performance of
the building.
Less staff time required to
conduct these tasks
At the time of the interview,
there was some problems
with the EMS and EDSS
Difficult adaptation of the
technical staff to the new
system



There are two different
reports formats: emails and
website
To report problems, the
reports are sent to technical
staff via the project team. The
appropriate unit take action
by visiting the area where the
malfunction was reported. If it
cannot be fixed internally, an
external source is contacted.



Benefits
EMS

of

the




Problems
experienced with
the EMS






Reporting
mechanism



“The main users are technical staff. We can say
that the building users are the main users of the
system”
“We did not have this kind of system in this pilot
site. We could not fix malfunctions or monitor
energy consumption without this system. Now,
we can easily monitor and control all the
building thanks to the EMS. Malfunctions, such
as filter pollution, belt breakage, etc. can be
fixed with remote control on time. Besides, we
can profit from time and labour hour.”



“The monitor is not working very well due to
circumstances out of our control”
“Technical staff was not able to adapt to the
new system. We have some problem about
using the system because staff who have not
adopted the system were still doing thing
through the manual controls.”
“We can take two different report formats. One
is email, another is online. Appointed staff can
see all these reports… “
“Malfunctions can be reported to technical via
the project team. The necessary unit take
actions after the exploration of the
malfunctioning area. If the problem is solved
with the action, the system continues working
properly. But if not, we ask help to an external
source”





A2.5.4 Institutional effects
Question

Responses

Quotes

Smartspaces and
the organisational
culture



Yes, as a non-profit
organisation, it is important to
reduce energy use and
emissions for future
generations
Project is consistent with the
vision and values of the
organisation



The project was a new
enterprise, and therefore, well
accepted and adopted by the
organisation





Embedding
more
to
organisation

it
the
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“Our corporation which is non-profit
organisation wants to reduce the high energy
costs, by reducing energy consumption. In
order to have less CO2 emissions for the
future generations, we need to take actions
and also our approach is through new
technologies”
“The project is consistent with our company
culture. Our company was established in
order to increase healthy generations and
get citizens to adopt the sports habit. Social
responsibility and environmental protection
are very important in our company. For this
reason, Smartspaces was very easy to adopt
in our company… The aim of being
productive using less energy resources and
reducing CO2 releases are perfect matching
of company vision”
“Our company was not very aware of the
energy savings, however it has struggled
with high energy costs. When the
Smartspaces came into the company, it was
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Responses

Support from key
actors



Drivers






Barriers







Dissemination
beyond
the
organisation







Quotes

Supported by top
management, who had made
great efforts to overcome
problems concerning the
projects and provided a good
work environment
Energy cost savings
Awareness raising
Increase of staff experience
The fact that it is an European
project



Difficult to convince users that
energy efficiency does not
have bad implications to a
comfortable lifestyle
Too technical terms used make
it difficult to disseminate the
project at the start. This
problem was also present
when completing the staff
surveys







Heavy workload of staff
working in the participating
building due to customers’
demands



innovative so staff adopted it in order to
reduce energy consumption”
“Top management has supported the project
since the beginning of the project. They have
made great efforts to overcome the problem
concerning the project. They have delegated
the authority to the project team and offered
a very comfortable work environment”
“If the project is successfully completed, the
energy costs will be down. Therefore, it is
beneficial for our company. Also, the
awareness is increasing due to the
information of renewable energy resources.
Also, the Smartspaces is the first European
project, so the top management gave
importance to the project. Our technical staff
experience level and environmental
awareness are increasing thanks to the
project”
“We are facing that the energy sources are
depleting, and people unfortunately do not
take necessary action about this situation
because they do not want to leave their
comfortable lifestyle. We need to tell them
that energy efficiency does not mean leaving
a comfortable lifestyle, on the contrary, we
are leaving a better word for the future
generation with energy efficiency”
“Some staff did not involve in the project
because it was too complicated for them.
After the informative meeting, this problem
was overcome. We also had similar
problems especially in the staff surveys,
because they did not want to spend time to
complete it. The main reason of this problem
is that the questionnaire included very
technical information”
“Staff working in the Fatih Sports Complex
are under heavy workload to meet
customers’ demands”

Information meetings and
presentation
Interview about the project
published in iBB Tube
Vinyl posters hanged out in the
34 sports facilities operated by
SPOR A.S.
Advertisement video published
in the official video channel
You Tube
New and some press releases
on the SPOR A.S. official
website.

A2.5.6 Social effects
Question

Responses

Quotes

Building or
strengthening
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There are no volunteering
groups or eco-teams

“We have no volunteer groups or eco-teams in
our pilot site. We made a lot of
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Question

Responses

existing or new
social networks



Increased
cooperation with
building users



Increased
interaction with
energy team



Sharing the data with building
users at an individual level, by
email, Twitter and Facebook



Impacts beyond
those exposed the
campaign



As the first European project
in the company history of
SPOR A.S. the project team
disseminated widely the
project among municipal
bodies and created stronger
networks with them
Staff working in the facility are
also communicating it with the
neighbourhood raising interest
of other companies, such as a
retirement house corporation





Efforts were made through
Twitter and Facebook, but the
participation is not high
Not very easily due to little
understanding from users
about ICT and energy savings

Quotes





announcements towards the staff in Twitter
and Facebook. But we could not attract
enough attention”
“At the beginning of the project, staff and
users did not understand the project, because
almost all people did not understand how the
project will make energy savings with ICT.
Building users did not understand the project
very well, because they did not know ICT”
“EDSS is usually giving communication and
negotiation between building users and energy
management team on the basis of individual
level. We share the energy data of the building
in Twitter and Facebook.”
“Other reason that attract people in the project
is that it is the first European project in the
SPOR A.S. history. We contacted a lot of
municipal bodies and shared our project
experience with them. We created strong
networks among the municipal bodies and the
project team”
“Staff working in the project are also telling to
their neighbourhood. Lots of people got
interested in the project and approach us to
learn more about the project. They can always
find us thanks to the webpage. For example, a
retirement house corporation find us with our
webpage.”

A2.5.7 Implementation
Question
How
was
implemented
mobilised?

it
or

Responses

Quotes





“Smartspaces has been more efficient to raise
awareness of technical staff and professionals.
The project needs to be advertised wider
among staff.”



“The project awareness is increasing among
building users because we share with them the
values of reducing energy consumption, and
they are more careful using the energy.
However, it has just been in the short term and
we do not have sufficient data about the
awareness among building users and we have
had some obstacles among the building users
to understand the EDSS. However, when the
heating or cooling systems are in operation,
building users and visitors are more careful to
not open the windows, not using extra heating,
turning off the lights, etc.”


Enabled
actual
reductions?
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Mainly disseminated to
technical staff and building
professionals
Still working in the wider
dissemination to staff
Too early to see, but it seems
that through the awareness
of users, they are more
careful in the energy use
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A2.6 Leicester
A2.6.1 Participation in SMARTSPACES and services prior to its
implementation
Question

Institution

Responses

Participation in the
development of the
Smartspaces
project

LCC

None of the interviewees participated in the development of the
Smartspaces website.

DMU



Energy
management
in
the
building(s)
prior
to
Smartspaces

LCC

Three consultation sessions with members of staff and environmental
champions feeding into the process of developing the website and
understanding how it works
 Three teams communicating and working together: the Energy Team,
the Engineering Team and the Facilities Team.
 Only the LCC Energy team has access to Dynamat
 Most buildings have BEMS and are centrally managed, with the
exception of the schools
 BEMS are controlled by the Engineering team
 Reporting mechanism: dual way, either the Energy team raises the
issue to the building officers or vice versa.
New Walk Museum


Reviewing energy reports in regular meetings (daily in case of urgent
issues or monthly meetings) and discussion between team members
on how to reduce energy consumption
New Leicester Central Library


Switch Off standard procedures to ensure that everything is turned off
at the end of the day.
Coleman Primary School

DMU

Energy management is done manually, i.e. moving the controls of the
boilers and switching on and off lighting.
Most of the buildings have BEMS controlled centrally by the Estates
Department
In buildings with sub-metering (e.g. Hugh Aston), they have alarms.
Alarms will be triggered with unusual high consumption.
Reporting mechanism. Through the helpdesk or sending an email to
the Energy Team





A2.6.2 Energy Decision Support Service (EDSS)
Question

Institution

Responses

Quotes

Target users

LCC



The energy team, the
Facilities team and
the building
responsible officers



DMU



Energy management
team and building
users
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“In the first instance, I think that it is the
energy team, I would also be because I
represent 16 buildings, but I think that
also the building responsible officers on
site who will need to look at all that
information.” (LEICESTER2)
“Yes, it is us, but as well the people in
the buildings.” (LEICESTER5)
“I think there is a quite big interest on it.
I know the Faculty Manager in Hugh
Aston, Business and Law, has it on
every day, so she has it on her screen
and she always has a look at it to see
how the building is performing, so that is
really good. I do think that people look at
it, but we [energy management team]
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Question

Benefits
EDSS

Institution

of

the

LCC

Responses



Easily accessible and
user-friendly

Quotes









Useful to raise
awareness




Take specific action
when anomalies arise
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Straightforward / easy
to interpret

look at it more than others, but I think it
is of interest and people do really like it.”
(LEICESTER6)
“The way that the Smartspaces is
constructed, because it is easily
accessible and user friendly, they would
be able to see an issue that I actually
highlighted. I could easily ring them up,
they could check out in the Smartspaces
about what the issue is, because the
data is monitored every half hour”
(LEICESTER2)
“We work very closely and I think that at
the moment, Dynamat is one of the
things that link us all together. But
Smartspaces could actually replace that
in a very user-friendly way, because we
would all have access to that, whereas
with Dynamat it is only [the Energy
team] who has the monitoring and
reporting ability.” (LEICESTER2)
“It is a lot easier because you just take
one look and straightaway you can see
whether something is going wrong. If it
is a frown face rather than a smiley face,
it tells me immediately that something
was left on, such as lights and then I
can find where quite quickly and then
have a word with the staff that was
working at that time” (LEICESTER3)
“… this is a very good tool to raise
awareness amongst people because it
is very user friendly, very bottom line,
smiley faces in the way of traffic light
system, all very easy to talk through with
people rather than with Dynamat, which
is a lot more intricate and which is very
difficult to roll out to a very large number
of people.” (LEICESTER2)
“The Smiley faces may be good for
raising awareness, but I find more useful
the detailed graphs that show the peaks
and valleys and the overall profile of the
energy consumption in the building. The
graphs allow us to take specific action
when they show anomalies or large
energy consumption” (LEICESTER1)
“With Smartspaces, I got an icon on my
desktop and I can easily find the
[building] and see whether the smiley
faces are in orange and if our energy
use is increasing or decreasing. If it is
increasing, it tends to mean that
something is going wrong because our
energy use tends to be still and because
we have good standard procedures to
make sure that equipment is turned off.
So if I can find that something is going
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Question

Institution

Responses



Motivation to be more
proactive

Quotes





DMU



Simple, clear and
easy to understand







Attractive and
interesting





Engaging
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wrong I can investigate it and see what
is happening. It usually tends to be that
somebody by mistake left the light on or
left the tab running.” (LEICESTER3)
“I would not use the word ‘attractive’. I
think that ‘straightforward’ is the
appropriate word or ‘easy to interpret’. If
we decide to show it to our customers, I
think that it is easy to understand what it
does and what it means. Very
straightforward.” (LEICESTER3)
“If I wanted a graph to say ‘this is how
much you are using’, I have to email [the
energy team] and request it, and at that
point you feel that you are burdening
someone, because then they have to
write a report to respond your email.
Whereas now you can look to it yourself
and it encourages you to be more
proactive.” (LEICESTER4)
“It is just really simple. Green smiley
face obviously means that the building is
doing well. A red frown face means that
it is not. So, in that level, it is really
simple really clear, I think, in terms how
it communicates related to electricity,
gas and water use.” (LEICESTER6)
“It is very simple when you look at it,
certainly it is very quickly and easy to
understand… Even the detailed graphs
are quite easy to understand, even
without not being very
acknowledgeable, you can find them
easy to understand as easy to
understand as the smiley face.”
(LEICESTER7)
“I think that people like them, people like
the faces, because they do different
things. People particularly like the
winking, the fact that the faces actually
do something. So, when you are looking
over there, then you catch a wink with
the corner of your eye which I think is
quite good. I think that opens up other
opportunities of what you can do with
the faces that will be rather interesting”
(LEICESTER6)
“But it is through tests and through the
people that are interested on energy
particularly that may find it engaging and
because we have a marginal interest
that the rest of the employees because
we are involved in this kind of things.
You can also see in the Kimberlin
Library that there is a lot of enthusiasm
over there, and beside their jobs they
are quite supportive and there are
several groups interesting on it.”
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Question
Usefulness
communicate
building users

to
with

Institution

Responses

Quotes

LCC



Good, if it is
connected to other
initiatives





Good, if the faces
reflects the right
context of the
buildings





To be able to raise
awareness among the
staff

DMU




Is the EDSS shown
to visitors?

LCC
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Sort of up to date and
instantaneous energy
reports
Engaging staff and
encouraging to take
positive action to
reduce energy use



No (16 New Walk)
No (New Walk
Museum)
No (New Leicester
Central Library)



(LEICESTER5)
“Because this [Smartspaces] tool is
web-based and available to everybody,
if we have actually a campaign and then
relate it to the Smartspaces. Then, they
will actually find the connection with
everything. For example, let’s have a
switch off campaign again, and then,
you will be able to see the benefits of
how people can use the software to see
how they rank alongside their own
performance before and after the
campaign, and then, it would be good if
they could see how much money they
have saved” (LEICESTER2)
“The nature of this building is different to
other buildings, and perhaps it is not set
in the right context… Sometimes we
have other aspects that influence the
energy consumption happening this
year, but that they did not happen last
year, for example, several areas are
being refurbished this year… The main
impact of the web portal is that it is very
user-friendly. The usefulness depend if
it is used in the right context.”
(LEICESTER1)
“The only way I can see that being
useful is that a couple of teachers in
particular seem to be cold, but we
cannot increase the temperatures for
them. So, what they do is that they got
portable heaters and they plug it in in
their classrooms, and then you have the
electricity going up because they have
the heaters plugged in. Then, I can see
it useful if I took the heaters off for a
week, and then show them ‘now we
have a smiley face, we are using a lot
less, you can physically see that you
have an impact in the consumption of
the school so, can you consider it
please?’ “ (LEICESTER4)
“So with SMARTSPACES, it is being
updated every couple of hours. It is a
very effective tool for engaging staff and
getting staff to take positive action to
reduce energy and carbon emissions… ,
I think that those reports were very
useful, but SMARTSPACES is much
more up to date, much more
instantaneous.” (LEICESTER6)
“Providing the energy information or the
SMARTSPACES energy communication
to the general public is difficult. If you do
not portrait an appropriate image to the
public, it is very difficult to change.”
(LEICESTER1)
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Question

Institution

Responses

Quotes


DMU




Channel
communication

of

LCC






DMU
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Yes, display screens
in the participating
buildings
Work better for staff
than for students and
visitors





“… it is very easy to understand. Having
said that, it is easy for me to understand
because I know where it is coming from,
but if you are presenting to customers
and they saw that we were never good
or bad but stable [in the league table], I
think that they would assume that we
are not particularly good. If they see the
very green faces with the big smiles,
they will assume that they are great, if
they see the red faces, they will assume
that they are poor, but if they see a
standard face, a sort of not committed
face, they may think that it is not
particularly good… I think that our
customers would understand that our
energy use is among average, neither
good nor bad. In fact, it doesn’t change,
it is good, but I don’t think that the
customer will understand that.”
(LEICESTER3)
“I think that the smiley faces can also
work well for visitors, they are quite
quick, aren’t they? But, how they can
engage people to do things, I do not
know.” (LEICESTER5)
“I think that the tools works better for
staff than for visitors or students, mainly
because staff have more the potential to
change it and more interest than the
students have. Yeah, because staff are
situated within the buildings and they
are using the machinery that are having
an effect on the face, they may feel that
they can do more about the colour of the
face rather than students and visitors.”
(LEICESTER6)

 “At the moment, it is only displayed or
Mainly by email
communicated in our computers. There
and/or meetings with
is a thought so we could actually
building responsible
promote the energy consumption in the
officers when the
building but we haven’t done it yet.”
service is extended to
more buildings (16
(LEICESTER3)
New Walk)
By email (New Walk
Museum)
By email and
computers (New
Central Library)
Emails around the university communicated by the Sustainability
team in the University to environmental champions
Emails from environmental champions to staff in the participating
buildings. In addition
Display screens of the Smiley faces in participating buildings
(Queens, Hugh Aston, Campus Centre)
Permanent posters (Kimberlin Library)
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Question

Institution

Responses

Message

LCC
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Quotes

Green Impact teams (Kimberlin Library and Queens Building)
Preference of detailed  “The message is fine. However, I prefer
the graphs that provide more detailed
graphs to take action
information which allow us to take
actions in energy use. I also find the
graphs more credible to show how
energy is used.” (LEICESTER1)
Considering stable
 “The table league is a little bit peculiar,
energy consumption
because the ones with the Smiley faces
as a good energy
means that their energy consumption
management
has changed dramatically, which
indicates that they have possibly gone
from a higher level to a lower level,
which means that perhaps they have
done something… Because ours does
not change, because we are pretty
energy conscious anyway, we make
sure that things are turned off. So, I do
not think that we will ever be in the top
of the table, unless we suddenly go very
far down and then rectifying whatever is
wrong to make us going so down and
suddenly it will go up again. I think that
stable is the best way because it means
that you are energy conscious and that
you are not doing too many changes.”
(LEICESTER3)
 “I think that the people that would really
look at it are my boss, the Head Master
of the school, the Board of Governors,
and the people that have an input in the
school and what they would be looking
at is in the case that they are not
smiling. If the faces are neutral, they are
in yellow without expression, they will
not see that as good that means that
you are maintaining the same, they
would ask ‘why are they not smiling?’
That is the only thing I could say,
maintaining the same as you got last
year, if you got to that point and then
you maintain it should be taken as good.
Perhaps having that face, but adding
thumbs up or something like that. Just to
show that is good rather than just a
yellow face. If it is frowny it means you
are using more, but if it is the same as
you used last year and the year before,
that is the way your site runs. That is a
good sign, because it means that the
site is running well. This is the only
criticism I have got.” (LEICESTER4)
 “… then you have an indifferent face
that implies that you are not happy, and
I really do not know what the best way
to go is… Personally I’d try to find
different ways of saying ‘you are using
more than you should be or you are
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Question

Branding

Institution

DMU



LCC

Most
LEICESTER
interviewees considered
that the LCC logo should
be included, for the
following reasons:

DMU
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Responses

People can make a
difference reflected in
the results of the
Smiley faces



Ownership



Recognition as a
council service



For credibility



No logos, potentially
to avoid a
complicated web

Quotes











using less than you do or you are using
the same amount of energy, well done,
try to keep it’, so saying that using the
same is good. You can differentiate
between the two, but anyone else does
not know what they are looking at,
again, saying that using the same is a
good thing rather than a bad thing.
Because we are trying really hard to
keep the same consumption, but when
you see the league table and you see
the green smiley faces, you feel that you
will never get there.” (LEICESTER4)
“I think that we do not have a tag line or
something like that, but the message
that we would like to come across is that
the tool is updated every couple of
hours and that people can make a
difference if they want to turn equipment
off and that this can be reflected in the
results.” (LEICESTER6)

“I think that definitively having the
Leicester City Council logo will help for
credibility, but also because it is also for
ownership. If you feel that it is your
exercise and it is not just something that
somebody has just brought in as a
package from outside”
“I think that including them will also be
good as a kind of recognition as a
council service or that it is a joint
initiative.” (LEICESTER3)
“I’d leave the website as it is, but when
you go to the School page, perhaps add
the Leicester City Council logo on there,
so whoever runs that building can know
it, because it needs to show that it is
backed by the Leicester City Council.
Because if it is seen by the teacher, they
will probably say ‘how do they get our
information?’ They would not think that
you are working on behalf of Leicester
City Council because their logo is not
there, whereas if I show them our page
and say ‘yesterday, we used more gas,
less water and less electricity’ and when
showing them this page and the
Leicester’s City Council logo is there, it
just re-confirms that this is run or this is
a project supported by the City Council.”
(LEICESTER4)
“I think that the decision was taken so
the logos do not clutter the web page
and also in order that people can see it
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Question

Institution

Responses

Quotes
that it belongs to one or to the other.”
(LEICESTER6)

page and to see joint
ownership (LCC &
DMU)
Exposure
EDSS

to

the

LCC



Very little exposure







DMU





Recommendations
from improvement

LCC



All interviewees from
the energy
management team
responded that they
look the web page on
a daily basis
Good exposure in
Kimberlin Library and
Hugh Aston
Extending the service
to more buildings and
make it accessible to
the people managing
the buildings
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Adding a cost
element



“This is the second time that we have
heard about the SMARTSPACES
project. The first time was through an
email sent by the Energy team… we
have only seen the web portal once
through an email, and I have forwarded
the email to all staff. I think it is too early
to comment about the project, as we
have not used it enough.”
(LEICESTER1)
“I am probably the only user in the
building. We do not put them in the
screen. But it is relatively new, it has just
been there for a few weeks. I made
some staff aware, but I think that is it… I
try to look at it at least once a week or
sometimes twice a week. I really do not
have a set time to do it. It is quite likely I
view it on Monday morning, because
then I can see how the energy usage
has been over the weekend”
(LEICESTER3)
“I am the only person in the school that
look at it and the exposure to other
people has been through what I have
said about it and what I have shown
them. They are not going and have a
look at it” (LEICESTER4)
“Yes, it is usually in the background.”

“I do not have access to the Dynamat
information, whereas this tool is
available to me, but it is also available to
people on site as long as their building
become available at some stage…”
(LEICESTER2)
“If every building has got it, then every
building can go to the web and see how
much they are using and how much they
should be using or how much they have
been using in the past, and that should
make people aware.” (LEICESTER4)
“The good thing of involving the cost
element is that it makes people realise
the extent of the problem… Because a
dripping tap from my point of view is
some type of wastage and I need to get
it rectified, but it wouldn’t necessarily

30/03/2015

SMARTSPACES – D7.2

Question

Institution

Responses

Quotes



Need of an alerting
system



Real time data





DMU



Provision of energy
saving tips



Participation of more
buildings users





register in the same way if you do not
mention how much it cost, because if it
costs some money it will give it a little bit
more profile.” (LEICESTER2)
“The only one thing that I can think of is
that, as I mentioned, to use it means
that I have actively to go and check it
once or twice a week at least, which
means remembering when I also have a
lot of things to do. It may be useful to
have more active mean of
communication, so when our energy
consumption has increased if
Smartspaces can give some type of
trigger, an email to the responsible
officer here, saying ‘have a look at
Smartspaces, there is something
wrong’. Then, if I forgot about the
Smartspaces for a week or two,
because I am busy on other things
which quite often happen, at least I got
an email I will take a look and see what
is going on here… To me, the way I
work, an email alert is more likely to get
through me.” (LEICESTER3)
“If it were in real time, I think that the
people would see it more. For example,
if it is shown in the lobby and it shows in
real time, where the kids can see like
when you have got a green light with the
things that you were using and you have
an amber light when you use more, and
then teachers can say to the children ‘go
around and see if there are places that
you can turn the lights off for making
that light going green’. I can see that
being of use here, but when it shows
one day behind, I cannot see much the
benefit.” (LEICESTER4)
“I think it is easy to get a quick
understanding of what is going on, it
could become more efficient to become
more engaging if it tells you a few tips,
but this is an initial interface and this is a
good starting point.” (LEICESTER7)
“I just wanted to add that it may have an
impact with more building users
participating.” (LEICESTER7)

A2.6.3 Energy Management Service (EMS)
Question

Institution

Responses

Quotes

Target users

LCC

Mainly the Operations
team and curators (New
Walk Museum)

“Curators for the temperature of the ‘objects’
and the Operations teams. Both teams are the
main users and have access to the service,
meaning control of temperature and heating.”
(LEICESTER1)

Mainly
Officer
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the

Premise
(Coleman
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Question

Institution

Responses

Quotes

Primary School)
Mainly
Librarian
DMU

Benefits of the
EMS

LCC

the

Senior



Energy management
team
 The EDSS and EMS
sits together
Potentially achieving a
quicker response and
increased
cooperation
among users



“It sits together I think. I use it slightly
different” (LEICESTER5)

“If I have something that is available to me that I
can just look to it through the day and if it
appears that there is a problem… so I can look
to it as well as [the energy team], and then, as
well as me and [the energy team], also the
people on site, and there might be also users
that might be also looking at it, so all it does is
that it can bring a lot of people together,
whereas with Dynamat there is only one person
who can actually access it who let us know and
then, it stops with us or I might tell the building
responsible officer and then, they can get
somebody else to investigate, but by the time it
actually permeates down to where it really
matters because it may be related to the people
that use the utilities, it is a long, long way and it
might take short, i.e. a quicker response.”
(LEICESTER2)
“The system quickly alerts me that something
isn’t right. If I can see only the smiley faces and
if the smiley faces do not change, then I know
that everything is normal or that our energy
consumption is stable. Then, I do not have to
bother to go and see the detailed graphs. But if I
do see that the smiley faces are going to a red
frown, it makes me see that there is something I
need to investigate. In a way, it is just
convenience.” (LEICESTER3)

DMU







Quick visual check
on the buildings’
energy performance
Immediate action
when anomalies
arise
More intelligent that
current alarms
because it works on
the buildings profiles



Easy to use
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“I use it as a quick visual check on how all
the buildings are doing. For me, it is very
useful, I can switch it on in the morning and
have a quick look and know when things
have come out of control overnight or if a
face looks unhappy I can do something
straightaway. So although while it sits on the
back of the energy management systems
data, because it is where it is produced, this
gives a much quicker view on what is going
on in those five buildings and in many ways
it is more intelligent than the alarms rather
crude alarms we have in the energy
management systems, because it works on
a profile and it knows there should be zero
consumption in certain day and that is the
sort of things that is very hard to find
around, there are always behaviours in
certain buildings” (LEICESTER5)
“I think that out of the three different
systems that we have got, this one is
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Question

Institution

Responses

Quotes
probably the easiest, it is very visual and
easy way to look at something”
(LEICESTER5)

Problems
experienced
with the EMS

LCC

Transparency in the
methodology behind the
Smiley faces

Related to the browser

“What percentage changes are behind the
Smiley Faces colours? This needs to be
transparent. In addition, the methodology may
not take into account other factors that may
influence the energy consumption, for example,
an increase number of bookings for night
events. So if we have more night event
bookings (after the museum is closed to the
general public), we will have higher energy
consumption during the period. I do not think
that these factors are reflected in the smiley
faces.” (LEICESTER1)
“We realised that we need another faster
software for the tool, because we got Internet
Explorer 7, so I asked them for Chrome, but
what they said is that it is not the standard
agreement, but what they will do is that they will
upgrade my browser to Internet explorer 10, so
that should make it faster” (LEICESTER2)
“Well, there is an issue because the council has
a standard of using IE 8 on Council computers.
If we need to use IE 10 or higher, we need to
request it to the IT staff. Perhaps that is why I
have not seen everything that Smartspaces
does because I have an older version of IE. But
that is something that is the Council standard.
Perhaps it was a lack of communication
between DMU and Leicester City Council,
because they should have informed you about
that there is a specification that needs to be
attained in the sense that the systems needs to
be optimised to the version or browser that is
the standard in the Council… They should be a
way where staff PCs can use at least the
minimum standard to use these systems.”
(LEICESTER3)

Lack of
(heating)

Lack
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of

local

control

metering

for

“The only thing I have experienced and that I
have put out in the forum is that when I opened
it in the internet explorer the graph was tiny and
I was trying to open up the screen to be able to
see it. Then, [the energy team] told me that if I
open it in Chrome, the tool works better. So, it
forced
me
to
download
Chrome.”
(LEICESTER4)
“The only control we have here is in some of
individual radiators that we have radiators all
around the building. We can turn them up or
down to a certain extent, but we cannot
completely turn them off. So the main heating in
the building, which is district heating, we have a
lack of local control. This is our issue… It is in
spring and autumn when it tends to stay on
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Institution

Responses

Quotes

energy consumption

throughout the day or most part of the day. It
seems to be a waste because we have the
heating on and the windows wide open. We
have talked about this with the energy team, but
it seems that they have not been able to solve it
yet.” (LEICESTER3)
“It is a very old school, and then, if I take you to
the other end of the school, it is very new.
We’ve got like an eco-building, so in that part of
the building, we’ve got solar panels, we’ve got a
wind turbine. There are some meters that can
tell how much energy is produced there, but
apart from that that is the only real
measurement you got here and it is just in the
new part of the building. It is not measured what
you are using, it is measuring what we are
gaining from the solar panels and the wind
turbine, and you have to go and read that every
three months. Nothing is done automatically, all
is done manually or bills.” (LEICESTER4)

DMU

Reporting
mechanism
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Lack of time to sort
out small things



Changes of the use
of space within the
buildings

LCC

Through a health and
safety folder (School)

DMU



Prompt quick
reaction from the
energy management



“You could be there all the time and respond
all people’s queries, but in reality we do not
have the time to do that. So, it gives us a
rough view of what is going on. But some
things such as computers left on or lights
kept on, we think ‘oh well, then go and turn
them off’, or something like that because
people do not have enough time to go
around, because that would be too much for
us to sort out and it would be rather
extreme.” (LEICESTER5)
 “It is one of the main things about
Smartspaces, people get upset about this or
that building is performing too well, but it will
be important to say that the whole picture is
based on historical consumption, but the
way that the building is used have changed
and ask how we can move forward because
these changes imply extended hours and
more people using the building and all this
sort of things, and then we see the faces,
but actually it is not the same type of things.
It is more because the way we use the
buildings rather than the efficiency and the
performance of the energy consumption in
the buildings.” (LEICESTER5)
“The reporting mechanism when something is
not working well is a Health & Safety folder at
the front of the school, and if there is something
that is wrong is written in that book. I check the
book daily and then I find out from there.”
(LEICESTER4)


“It is useful to know when people flag up
something in the lecture theatres in Queens,
we are able to go there very quickly and see
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Question

Institution

Responses

Quotes
it is very hot and the CO2 is also high, and
we can see if the management system is
working and in quite few instances we can
see ‘ahaa’. So, it can help with this sort of
things that we are not aware of what is
going on in there.” (LEICESTER5)

team

A2.6.4 Institutional effects
Question

Institution

Responses

Quotes

Smartspaces
and
the
organisational
culture

LCC



Highly aware and
improvements have
been made where
possible
(LEICESTER1)
Within Council’s and
Mayor’s priorities
Not aware (school)






Embedding
it
more to the
organisation

Support
from
key actors

DMU



Fits well with the
University’s aims and
objectives



LCC



Communication



DMU



Through increasing the
level of awareness



DMU



Presented to top
management
Endorsed by the
Director of
Sustainability
Cost reduction





Drivers
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LCC





“I think that given that Leicester, driven by
the council, is an Environmental City, so
yes, I think that it is good that the Council
is trying to reduce its own energy use”
(LEICESTER3)
“I am very energy aware, so therefore the
school is, but I am the only person of
around 700 kids that is energy aware,
so… I feel that sometimes I am losing
battles on the ground.” (LEICESTER4)
“Yes, it reflects in our Environmental
policy and Energy policy, the aims of the
university’s Strategic Plan about reducing
energy use and carbon emissions. So,
the whole Smartspaces ethos seems to fit
well with the University’s sustainability
aims and objectives” (LEICESTER6)
“I think that communication is probably
key. There aren’t so many buildings
involved in Smartspaces so far… Even
you promote the service, I know that the
Energy team has started promoting the
service through various Council’s
resources, but those that are reading the
communication can’t see that it is
potentially useful to them, then they are
not going to pay attention to it.”
(LEICESTER3)
“It is already mainstreamed, but I think it
could be mainstreamed more. As I
mentioned, there is a level of awareness
about it, but not as high as it could be.”
(LEICESTER6)
We did presented it to our top
management, they endorsed it and the
Director of Sustainability really likes it.”
(DMU 2)
“…let’s face it, we are living in time of
austerity so we need to find ways, in
some ways or another ways, we need to
ensure that we are not spending too
much money and too much energy… but
as I have said, given the fact that we
need to save money because the funding
has been drastically reduced over recent
years.” (LEICESTER3)
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Institution

Responses

Quotes

Barriers

LCC



Lack of time and space





Other priorities and be
able to promote
improvements

“It may be something that we could look
at to promote to our customers, but
currently we wouldn’t. We do have limited
time and our priority is to promote our
services to our customers, not so much
the energy usage of the building. We also
have very limited spaces.”
(LEICESTER3)



“It does not mean that we would not
promote what we have done to our
customers if we are in the position to
show them that we had made
improvements or if we are in the position
to display something that they can easily
understand, but as I said, the priority here
in the limited space we got is more the
things that we are doing related to [our
service].” (LEICESTER3)
“The only thing they care about is that the
school is warm and that we have hot
water and that the kids are happy. The
main priority here is educating the kids
and make sure that they are comfortable.”
(LEICESTER4)
“…time, resources, money. Resources, I
mean staff that can disseminate the
project and promote it among staff and
students.” (LEICESTER6)



DMU








Dissemination
beyond
the
organisation
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DMU



Money
Human Resources
Time
Need to disseminate it
to average staff and
students
Need more guidance
and policy response
from the institution

Local newspapers
during the launch





“Yes, it is important to disseminate it for
the average DMU staff and students.”
(LEICESTER7)



“We cannot heat just bits of the building,
so if we have a few academics working
on the top corner, we still have to heat
16,000 square meters of the building are
still heated, so it is one of thing we need
to learn how we are going to deal with
that, so it needs to be researched and
need some guidance on how we need to
respond to the out of hours, so if
someone is working on one room of that
building and just get a fan heater for that
room and so on. So, in that sense, we
need to get a policy response in order to
deal with this type of things.”
(LEICESTER5)
“In the launch of the Smartspaces in
DMU, there was a good coverage in small
line journals and it also appeared in the
local newspaper. So, yes, there was a bit”
(LEICESTER6)



30/03/2015

SMARTSPACES – D7.2

A2.6.5 Social effects
Question

Institution

Responses

Building
or
strengthening
existing or new
social networks

LCC





DMU

Existing network:
“Environmental
network” chaired by
the Environment
team with a set of
environmental
champions
No use of social
media in schools



Yes, particularly
environmental
champions



Potential building new
networks through
Twitter
Empowering people



Quotes








Increased
cooperation with
building users

Increased
interaction with
energy team
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LCC



No, prefer immediate
response and human
interaction



DMU



Yes, encouraging
more care thinking
and discussion
through the forum



LCC



No, prefer direct
contact.



“They do not use social media here, they
have banned the social media from the
internet because if the kids get on there,
there could be bulling or other aspects that
happen with the children on social media.
No, there is no social media here and it is
not an option to incorporate any of that.”
(LEICESTER4)
“Yes, I think that environmental champions
have found it as a useful and easy way to
communicate things to their colleagues. I
think that this is quite good. I think it has
been useful in that respect… Yes, in some
way the work of the environmental
champions and their communication with
colleagues has made it stronger. I think
there has been a good reaction amongst
the Students Union. There have been a
few people over there that particularly like
it and they have had a good look at it.”
(LEICESTER6)
“People have started to tweet about it and
perhaps groups are forming.”
(LEICESTER7)
“But I think that through the forum, people
say what they do really care. For example,
this is bothering me and that means that
someone cares. So that is a powerful
thing.” (LEICESTER5)
“No, I don’t think it will work here. Because
if the teachers are unhappy with it, they will
not sit down and write about it in the
internet, they would immediately come
directly to me…, I have to immediately go
and sort it. They like that immediate
response rather than wait for my reply in
the internet… In a museum or a leisure
centre, it might work, but here, the people
is more social and they would not like to
take the human interaction out and replace
it with a computer” (LEICESTER4)
“Yes, we have had discussions of some
interesting things in the forum that
encourage more care thinking and
discussion. It is part of our job to keep
energy consumption stable or to reduce it.”
(LEICESTER5)
“When I am communicating with the
Energy team, I do not find it as useful,
because when I am communicating with
[the team] or anyone else, I would contact
them directly through my email, and when I
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Question

Institution

Impacts beyond
those exposed
the campaign

Responses

DMU



DMU



Quotes

sign up to the Smartspaces, I didn’t use my
work email, I used my personal email, and
I check that about once every four days…
What I do, as I said, I usually email [the
energy team] and respond to the problem.
Then, I copy and paste it into the forum, so
you can have a record, because obviously
it is a project that is going on, and I would
like to keep in the loop, but I found myself
emailing or phoning [the energy team] and
then putting a summary of what I have
done after four or five days I have done
that. So, I am making my best to keeping
you guys in the loop if you know what I
mean.” (LEICESTER4)
Yes, the forum in the Smartspaces (Smiley faces) web portal. Building
users can discuss issues with the energy management team, they can
also report anomalies or energy saving opportunities within the
buildings, ranging from problems with thermal comfort, water taps or
lights left opened or turned on to discussion about the use of renewable
energy within the buildings.
 “Yes, I think that this example can be
Potentially to other
easily duplicated in other big institutions as
universities
well, for example, in other universities.”
(LEICESTER6)

A2.6.6 Implementation
Question

Institution

Responses

Quotes

How was it
implemented
or mobilised?

LCC







DMU






Enabled actual
reductions?

LCC
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“I think it takes a while, I mean, it is only a
few weeks that it has been launched
anyway, but once it actually gets
embedded, people will start practising
things that are needed. So, overall I think it
is an ongoing situation that develops.”
(LEICESTER2)
 “We do not have enough time to do that,
maybe it is something that we will think of
in the future, but at the moment, I just tell
Only the interviewees
the staff how we are doing.”
know about the
(LEICESTER3)
EDSS in their
respective buildings
 “Just me. No, there are no environmental
champions within teachers.”
(LEICESTER4)
The Smiley faces web portal was communicated to the environmental
champions who disseminate the emails amongst their departments and
buildings.
Green Impact environmental initiative included the strand of
“Smartspaces” project for teams that have already achieved the
Excellence award in previous years: Kimberlin Library and the Queens
Buildings.
Presented to the Sustainable Task Force Group in January 2014. This
group is formed by representatives of all faculties of the university as
well as staff from Marketing, Research and ITMS.
 “Yes, last week, there was an issue here,
Rectification of leaks
and it showed up in the Smiley faces, so
(16 New Walk)
we addressed it because of that. There
Launched in 16 New
Walk around
February 2014,
including some
displays, computers
and leaflets
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Switching off heating
one hour earlier in
weekdays (16 New
Walk)



Rectification of
anomalies (New
Central Library)



Adjustments of boiler
control settings
(Coleman Primary
School)





DMU

Quotes



Difficult to say,
several things
happening
simultaneously



Difficult to say,
constant and



was abnormal water consumption and we
discovered there was a leak somewhere,
so it was rectified.” (LEICESTER2)
“We have this thing in our buildings of
switching off the heating an hour earlier
because there is residual heat… Mondays
mornings is always the worst time, the
buildings have been cold over the
weekend, blah, blah, blah… so what we
decided to do is to bring the heating on one
hour earlier in Monday morning, but every
other day we turn the heating off one hour
early, so we have five days of turning off
the heating early against one extra hour on
Monday, so you are still make four hours of
net gain. And very few people complain
about that.” (LEICESTER2)
“There were two weeks, as an example,
one was when the water consumption was
higher, one was that our power
consumption was higher, and in both
cases, I did remind staff. Prior to that, the
energy team would send us an email alert
to notify us that the consumption has gone
up.” (LEICESTER3)
“I did a little experiment on the boilers to
see if I can get the gas consumption down
and it turned out that I get the gas
consumption a lot higher than it really
needed to be. But in that period when I was
trying to get everything lower… Certainly it
has been useful to see how it is done, how
we are doing, how I am doing impacts on it.
I am not sure if we have reduced energy.
When I find the right setting, I let you know.
I am still testing it.” (LEICESTER4)
“There are too many variables that are
changing and allow us to specifically say
that ‘that is due to that’. For example, in
Hugh Aston we know that we manage to
get some of the lights to be turned off, we
have solar PVs on the roof, and we also
get that the Smiley faces are shown in the
display on the reception. So all those things
seem to have an impact to see a better
electricity consumption and perhaps that is
why this building have almost always a
green smiley face on electricity. So having
the Smartspaces on top of that is good, but
there is still the question whether which
things are leading on the other various
things that are going on. The positive
outcome is that the building is performing
better and we know about it. The smiley
face say so. So whatever it is, it is still part
of the message that good things are
happening in Hugh Aston and the best way
to communicate this is to show that the
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Question

Institution

Responses
changing flow of
people on a daily
basis
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Quotes



building is happy or it is not happy.”
(LEICESTER5)
“It is also important to mention that there is
a constant flow of building users that
change on a daily basis, so it is difficult to
know which ones have been enabled by
Smartspaces and which ones could have
been disabled.” (LEICESTER7)
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A2.7 Lleida
A2.7.1 Participation in SMARTSPACES and services prior to its
implementation
Question

Responses

Participation in the
development of the
Smartspaces
project

Offices

Energy
management in the
building(s) prior to
Smartspaces



Software development: suggesting changes to the software developers from the
users’ experience
 Finding out the sensitive places within the building regarding temperatures and
comfort with the goal of reducing energy consumption without affecting thermal
comfort.
 Providing advice on how problems (technical or with the users) can be solved.
 Making sure that the goals of the project are followed and met
Sports Halls
 Provide advice regarding the operation of the Sports Halls (use, schedules, etc.)
Offices


Very difficult. Access to the energy information was only through invoices. The
previous system was slow, not practical and inaccessible. Energy management is
conducted manually.
 Reporting mechanisms: Conducted in a very informal manner by informing the
Head of Maintenance
Sports Halls


Very difficult. Relatively low importance of energy among other tasks. Lack of staff
exclusively dedicated to monitor and control energy consumption. Information
were only available through invoices. If anomalies were not flag up by staff in the
Administrative Department or the utilities, the Maintenance Department would not
know more details about energy data. Locally, the adjustment of settings is done
by on-site maintenance staff in a personal manner.
Reporting mechanism: When users have any suggestion or complaint, they are
directed to the maintenance staff at the particular shift. Municipality staff also
collected the complaints and suggestions. They were checked and if there was
actually an issue, the responsible person made the decision. If there was a
complaint due to a malfunction or a breakdown, the protocol dictates that staff
need to alert the central maintenance team.



A2.7.2 Energy Decision Support Service (EDSS)
Question

Responses

Quotes

Target users
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All the staff within the
building (offices) have
access (through an user ID
and password)
Central and local
maintenance staff, and
central environmental staff
(sports halls)



“All the staff in the building have the user ID
and password, each of them have their
password.” (Lleida1)
“We have cleaning and maintenance
personnel at different shifts in most of the
halls, who sometimes they also function as
caretakers. They not only do maintenance
tasks, in the opening hours for the users,
these people do also these tasks of
switching on and off lights, connect the
sanitary hot water, boilers, and do all the
relevant tasks under a small protocol where
these tasks are assigned in a general
manner… The maintenance personnel
located in the sports halls as well as one
person from the environmental team, they
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Responses

Benefits of the EDSS

Usefulness
communicate
building users

to
with

Is the EDSS shown
to visitors?

Page 289 of 338

Quotes



Useful to track temperatures
and the evolution of energy
consumption





Provides good resources to
explain to staff who conduct
the energy management
locally





Allowing a fluid
communication between
users and responsible
people in the campaign to
notify incidents





Allows users to express what
is working and what is not



Increased participation from
staff and employee
satisfaction

Offices


No. The results of the BEIS
are not shown in display







currently have a direct responsibility on the
energy consumption of the facilities as I do.
So, the main users are the maintenance
staff located in the facility, the environmental
staff and myself from the offices.” (Lleida2)
“We are within a campaign, because we are
not finishing a “heating” campaign, the tool
has been very useful in order to track the
temperatures and the evolution of the
consumption.” (Lleida1)
“Up to now, we only had data from the
invoices which provided general
consumption, but it was difficult to explain or
to define exactly in which hours we were
spending more or how we can save energy.
Currently, all of this have provided us with a
tool where we can see the electricity
consumption by hour, so when we talk with
them we have more resources. When we
talk with them, we can talk more properly,
we can say ‘from this hour to that hour’, then
we look with them what could have been the
problem and now they participate more.”
(Lleida2)
“The BEIS application has allowed us, as I
am based in the building, to contact the
responsible people in the campaign to notify
incidents… I think that the communication
between the responsible people in the
campaign and the building users is fluid. If
somebody has the need to explain their
case or any need in another aspect, there is
a fluid channel through the email.” (Lleida1)
“I think that the ‘heating’ campaign has had
a lot of success. One part of the staff has
had access to the BEIS and see its
evolution to improve. Others may have used
other mechanisms to make sure that the
campaign is successful, but all together I
think that it has had a positive result and the
people could express and contribute to
detect what is working and what is not.”
(Lleida1)
“When we talk with them, we can talk more
properly, we can say ‘from this hour to that
hour’, then we look with them what could
have been the problem and now they
participate more… Once we have talked
with the staff, the next month we can see
reflected in a document the savings that we
have had in case that we have achieved it.
This also provides some satisfaction to the
employee, to see that the means or tools
that have been utilised are rewarded.”
(Lleida2)
“What we have is that in the entrance
screen, where there are approximately
20,000 users per month, people that come
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Responses

Quotes

screens of the main hall, but
some videos of the
Smartspaces project (about
the project, its goals,
mechanisms and tools) with
some explanation about the
BEIS and the results that
have been achieved are
shown. There is no public
access to the BEIS web
application.

Sports halls


Channel
communication

Message
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of

No, only internally, central
and local staff



for the services of the building, there is a
display screen that shows videos, and one
of the videos is related to the Smartspaces
and there is some explanation about the
BEIS and the results that have been
achieved. But there is not a public access to
the BEIS… The basic message that it is
provided… is an idea of what Smartspaces
is, what is the project about, the goals that
are being attempted to achieve, the
mechanisms and the tools to achieve these
goals, and within them, there is the BEIS,
but the details are not provided, in other
words, there is no access to internet from an
outside user and see the temperature in the
building or the consumption in that moment.”
(Lleida1)
“At this moment of time, the information is
not shown to the public. Only working staff
can see the web application internally. The
users [public] cannot see it.” (Lleida2)

Offices


Staff computers using their
user ID and password for the
BEIS application (offices)
 Emails
 Reminder emails, messages
in display screens and
posters according to the
campaign being conducted
(heating, electricity and air
conditioning) [see
implementation]
Sports Halls




Printed reports
Emails
Intranet



Two presentations: one view
quick and easy to
understand about the
general energy performance
and one more detailed view
that shows the energy
consumption daily or monthly
and compares it with last



“There is a constant flow of communication
through email, because it is a mean that is
convenient and accepted between the staff.”
(Lleida1)



“I print a lot of reports [from the BEIS] to
show them to staff who are working in the
sports hall. So they become more engaged
and they can see the results, so they can
also see the schedules… We communicate
externally from the BEIS system. We have
internal means, such as email or a sort of
internal Whatsapp to communicate
collectively with the staff. Then, we
communicate internally. We visualise the
data the BEIS, the monitoring platform, and
the consultation is done through periodic
meetings, emails or intranet.” (Lleida2)
“There are different presentations in the
BEIS: one quick view that is the small face
with the percentage that provides you a first
reading that you can see if we are good or
not in a quick manner and everybody can
understand it. Then, the application give you
the possibility to see more detail in the form
of consumption day by day, monthly, the
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year consumption




Branding





Exposure
EDSS

to

the



Shows the logos of the
Lleida Municipality, CIMNE,
inerGY, Smartspaces and
ICTPSP
Important for knowing who
are the main actors of the
project and where the
information comes from
Recognition that the
municipality is participating in
the project
Interviewees: Frequent use











Recommendations
from improvement
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Building users (offices): all
staff have access and have
been informed about the
campaigns, but their use of
the EDSS depends on the
individuals



Building users (sports hall):
Different exposure according
to shifts, but a minimum of
two people per facility work
with it in a regular basis





More direct access with an
interesting and user-friendly
initial screen that guide you
to the different tabs



Training for non-technical
staff





comparison with last year’s consumption”
(Lleida1)
“I find it [the information] good. I think it is in
a middle point, it is not very technical, nor it
is very simple. Sufficient enough to show
visually the data. I find it good.” (Lleida2)
“I think that it is correct that the sources of
information that provide the program [BEIS]
are documented, in order to be able to
compare and to know who the actors are. In
this case, as part of the City Council
[Ayuntamiento] it is good to know that the
council has collaborated in the
implementation of the campaign.” (Lleida1)
“I think that it [the branding] is well done and
it is explained very well.” (Lleida 2)
“The tool has been very useful in order to
track the temperatures and the evolution of
the consumption. We use it frequently.”
(Lleida1)
“I consult the BEIS application daily more
than once, and I make a lot of use of their
tools. Yes, I look to it every day and more
than once.” (Lleida2)
“I think that the exposure has been good
and most of the employees have been
informed about the campaigns. I think that in
a building like this, where there are about
108 employees, staff is very diverse. The
information is accessible to everybody, the
way it is used and the engagement with the
campaign or with the web application
depends in each individual.” (Lleida1)
“Not everybody is exposed in the same
manner. In each facility, there is staff in
different shifts. Sometimes there are
different staff in different schedules. I cannot
request them to use it in the same way…
But as minimum, one or two people in each
facility, work regularly with it or visualise the
monitoring of the system.” (Lleida2)
“Personally, I think that it could be improved,
for example, the access could be more
direct. Currently, to enter into the BEIS there
is a screen, where you have different tabs
and perhaps it would be more interesting if
the initial screen could show you the screen
with the small face, in other words, to the
global evaluation, and other similar aspects
could be improved so it becomes more userfriendly.” (Lleida1)
“For the staff in the sport halls, it depends
on the facility. Here, we perhaps a more
technical qualification, but the employees
that we have as caretakers in the facilities,
in some cases, their technical qualification
may be very low or null. Therefore, some
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Question

Responses

Quotes
training had to be done and explain them
very well how to look at the data and how to
conduct any action.” (Lleida2)

A2.7.3 Energy Management Service (EMS)
Question

Responses

Target users

Offices



Staff responsible of the
maintenance of the building
Staff responsible of the
Smartspaces project

Quotes


“The person responsible of the maintenance of
the building is the one who manages the
settings and programming of the heating
system, but there are also some people
responsible of the monitoring of the
Smartspaces program who know how the
facility is doing and the data that is sent to the
BEIS” (Lleida1)



“Regarding the remote automated energy
management system, only 2 people have the
control of this system: one of them is me and
the second person is the employee from the
environmental department… Currently, we are
the only ones that have access to
modifications and management” (Lleida2)
“The fact that monitoring equipment has been
installed and the consumption information can
be seen almost in an instantaneous manner is
very good. The monitoring of the consumption
for the year 2013 has been vital to be able to
compare with the consumptions of this year
and evaluate if the actions that are taking
place are conducive or not to the energy
saving.” (Lleida1)
“First, the ability to visualise the consumption
data in real time… Despite the amount of
communication and visits we did, perhaps the
information they provided us was not very real.
Therefore, it was difficult for us to make
decisions and to find the appropriate actions to
save energy. Currently, we skip these steps
and we visualise the consumption in real time.
Based on the historic data, we can see what
actions have been taken in the building. This
has helped us very much.” (Lleida2)
“In Barris Nord, we have a remote energy
management system. We do not have any
other similar system. What we do with it is the
hourly control where we can control the
sanitary hot water, the heating system and
over other things that we did not have before.
In the other sports halls, we do not have any
other automated control systems.” (Lleida2)

Sports Halls



Benefits
EMS

of

the




Central maintenance technical
staff for all sports halls
Staff from the environmental
department

Able to see energy
consumption information
almost in a real time
Vital to evaluate if actions
taking place are conducive to
energy savings







Hourly control of sanitary hot
water, heating system and
other elements through a
remote automated energy
management system (Barris
Nord Sports Hall)



Quicker decision-making and
immediate action (changing
schedules) according to the
energy profile
Facilitates the energy
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“In very direct manner with the remote
automated energy management system we
can act immediately, make the decision and
change the schedules for particular profiles. It
has been very useful.” (Lleida2)
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Question

Responses



Quotes

management in the facilities



Improved user comfort and
other environmental indicators
and decreased energy
consumption



Problems
experienced with
the EMS



Only at the beginning, high
level of security that did not
allow staff to use it properly.
Quick action from the
informatics department and
currently working adequately



Reporting
mechanism



Fluid communication between
users and energy
management team through
email for notifying incidents



“There are several things that have been
linked to achieve this: the system, the
visualisation and the issue of be able to solve
the faults and the highest consumption in both,
the space areas and the schedules. It is also
helpful that the same people who can visualise
the data can also make the decisions, shorten
or switch off lighting, gas equipment, directly
from here from where we operate. It has
facilitated our work very much.” (Lleida2)
“For us, it is good news to achieve so many
savings and that the users of these facilities
have not had disadvantages in terms of
thermal comfort of the water and of
environmental indicators, we have had the
same values we had previously or even better.
Then, they would not congratulate us because
of the savings, but we do not receive
complaints in the sense that we have achieved
this savings, but without reverting the user
comfort.” (Lleida2)
“Just in the time of the first tests… there was a
lot of security in the system in such a way that
in the initial stage, it did not allow us to work
with it properly. Subsequently, the Informatics
Department of the City Council acted very
quickly and jointly with the responsible people
of the project. It has been addressed now and
we do not have any problems” (Lleida2)
“I think that the communication between the
responsible people in the campaign and the
building users is fluid. If somebody has the
need to explain their case or any need in
another aspect, there is a fluid channel
through the email... [In the campaigns] we
remind them that they can access the BEIS,
consult the information and notify incidents.”
(Lleida1)

A2.7.4 Institutional effects
Question

Responses

Quotes

Smartspaces and
the organisational
culture



Suits perfectly with
environmental and energy
saving policies at the local
level and European level





Increased knowledge
amongst local staff and
collaboration between
Council departments
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“It goes in the same direction at the European
and local level. Locally, there are several
policies that are in line with this. Therefore,
Smartspaces suits perfectly with the
environmental and energy saving policies.”
(Lleida1)
“There were some gaps because the institution
is divided in Departments. I can give my own
example… Here, there was not enough
training or people that were responsible about
the energy savings. Perhaps it was not taken
into account here, it was left to other
departments, and they were not very
knowledgeable of the facilities. What this
project has done is that all of us collaborate
and all put their small grain of sand. In
particular, the collaboration of people from
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Question

Responses

Quotes

it
the



Useful to other departments
to improve monitoring and
control of energy
consumption and to reduce
emissions



Support from key
actors




From the Mayor
Well accepted at different
levels





Presented to operational
staff, relevant aspect in the
success of the project






Economic savings
Emissions reductions



Embedding
more
to
organisation

Drivers



Barriers




Financial resources
Human resources (assigned
staff for energy-related tasks
or allowing staff time of these
tasks)
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different disciplines, summing up efforts and
this has produced these results. The
unification link has been the project and the
system [Smartspaces services].” (Lleida2)
“I am talking specifically about the Department
of Economy, but I suppose that other
departments, such as the Buildings
Maintenance, the fact that there is an
improvement in the monitoring and control of
the consumption, will also look at it positively.
For the department of Environment, this also
helps for the reduction of emissions, for
example.” (Lleida1)
“In the case of Lleida, the Mayor is interested
in the topic of Information Communication
Technologies (ICT). The Mayor is interested
and supports this topic. Therefore, it has been
well accepted at different levels” (Lleida1)
“What I have experienced is that the project
was presented to different people, mainly to
operational people, not so much to politicians,
such as mayors, governors or councillors… I
think this is part of the success, because
sometimes the information gets lost… Based
on the results, perhaps there will be more
engagement from other parties due to the
results and the awareness of the citizens and
how it would impact.” (Lleida2)
“I think that the economic savings are the main
factor, we like it or not, the fact that by saving
energy and also money can help that some
part of the responsible people can look at it
positively (with good eyes)” (Lleida1)
“The results achieved, the economic recession
in the country has made people more aware of
the costs of the energy consumption, and this
is reporting economic benefits that nobody can
ignore. In addition, the people that is already
aware can see that the energy consumption is
decreasing, we are eliminating CO2 emissions
and other pollutants. But, the people that up to
date were not aware or they were not paying
attention to this type of project, currently they
do because it has reported economic benefits.”
(Lleida2)
“Within the barriers, I think that here in [this
building], it is very intensive and it is only one
building. If you have to extrapolate this to the
other buildings that the City Council has, I
suppose that it requires more resources and
more staff involved… If the campaign is
successful, it is recommendable. But the
things that could stop it now could be the
human and economic resources.” (Lleida1)
“Perhaps one of the barriers that we may face
is the lack of people responsible for these
tasks or the allocation of these tasks. Nobody
has assigned these tasks or this goal as their

30/03/2015

SMARTSPACES – D7.2

Question

Dissemination
beyond
the
organisation

Responses




Regional TV
Local newspapers

Quotes





main activity. For everybody, this task of
energy efficiency and behaviour related to their
consumption is one small task additional of
their usual activities. Perhaps what is needed
is to develop a protocol and people
responsible for this project are assigned… In
order to continue this, there has been
investment in technical resources, but it must
also be accompanied with human resources…
Because everybody have achieved a result,
our municipalities, our departments should
make conscious and say ‘I have seen what I
can save, so I will put more staff or I will say
institution-wide that these people dedicate
within their workday, not beyond the workday,
one hour every day or one day every week to
the control and all these activities.” (Lleida2)
“Yes, I have watched some news about it in
the television, a channel from the Catalan
region came, and I think they made a
coverage of this. There have been different
news.” (Lleida1)
“Yes, I have seen it in the television, not only
local, but also at the level of all Cataluña. I
have seen a coverage of this in ‘Telenoticias’
which covers all the region. It was a long
coverage in the news about the benefits. In
addition, I have also seen some report in the
local press… I think that it has had a good
impact to set Lleida as an example, because
perhaps in bigger cities, it could have gone
unnoticed due to the level of news they have.
In contrast, we are a medium size city
compared to others in the region, and this has
had a good impact in both, the local and
regional press.” (Lleida2)

A2.7.5 Social effects
Question

Responses

Quotes



Increased staff awareness
through the monitoring and
viewing the results achieved





Engagement because of the
implementation of concrete
actions resulting in energy
savings

Building
or
strengthening
existing or new
social networks
Increased
cooperation with
building users
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“I think that the project is helping. As
mentioned earlier, there are many employees
and many realities, but overall, I think that
yes, it has helped. There was not high
awareness, the monitoring and the fact of
being able to see the evolution, and the
emails telling us ‘we are doing well or we are
not doing well’. This create a good
environment and creates a good awareness
amongst the employees.” (Lleida1)
“In this experience, I think that it is interesting
because we are using actual data. In other
campaigns that have been conducted, they
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Question

Responses





Good acceptance due to the
recognition of savings
achieved

Provision of energy saving
benefits to the responsible
people of facilities and
transferred to users and
employees

Quotes





Increased
interaction
with
energy team



Yes, improved communication
and interaction with the energy
team



Impacts beyond
those exposed the
campaign



Staff training on how to save
energy at home





Large number of sports halls’
users carrying the energy
saving message to their
homes



are campaigns for raising awareness, but
there is no action besides them. In this case, I
think that it has been successful because
concrete actions are being carried out. The
City Council is conducting things. As actions
are being conducted, the campaign helps to
understand them or to engage people, but
these are not delinked.” (Lleida1)
“After a while, we met with them again,
explained them and even congratulated them
about the savings that we were achieving
particularly in this time of recession, all this
recognition as they were part of this
achievement. Therefore, they have accepted
the project very well.” (Lleida2)
“The factors that have strengthen the
cooperation among users is that it has
provided benefits to the responsible people in
terms of energy consumption reductions, and
this has been transferred to the users and the
employees of the facilities. This has been
positive news. Then, when things are working
well, they engage a little bit more, and the
results motivate them.” (Lleida2)
“I think that the communication between the
responsible people in the campaign and the
building users is fluid. If somebody has the
need to explain their case or any need in
another aspect, there is a fluid channel
through the email… Yes, I think that the
software has been improved due to the
interaction with the users and the actors
[energy management team].” (Lleida1)
“Yes, I think that one of the actions that has
been proposed is that there is some training
for the employees about how to save energy
at home. If this takes place, I think that yes, it
will help to take the program beyond the
building” (Lleida1)
“The fact of people can see that there are
actions for improving energy efficiency and
energy consumption savings, the citizens or
the users receive this, and this is something
that they can carry to their homes. In our
facilities, there is a large flow of people. We
are a city where there is no family that do not
use a Sport Halls for their young or elder
people. It is a very sportive city. We are the
only city in Spain where the use of Sport halls
are free of charge. Everybody can do sports
and everybody can freely enter to our
facilities. This project can have an impact in
the people.” (Lleida2)

A2.7.6 Implementation
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Question
How
was
implemented
mobilised?

it
or

Responses

Quotes

Offices:



“In the implementation, the organisation has
been acting through campaigns. First, the
‘heating’ campaign was launched. Currently,
the electricity campaign is starting and the next
one that is planned is the ‘climatization’
campaign in the summer. Then, through
emails we receive the proposals or the actions
that will be developed, in other words, what we
ask to the building employees, and if I
remember well from the ‘heating’ campaign,
we remind them that they can access the
BEIS, consult the information and notify
incidents. So, there has been emails, as the
communication channel, also posters has been
hung up depending on the campaign,
previously about ‘heating’, now about
electricity and they change accordingly. In the
display screen downstairs, there is also some
information about the campaign… The
campaigns are directed to all users. The
intention of the campaign is to share with
building users the goal of energy savings,
motivate and explain which measures will be
implemented or in which they ask us
collaboration with.” (Lleida1)



“It has been done in a, let’s say, hierarchical
manner… For example, in some sports halls
we have different clubs, users and spectators
or meetings with other entities, so we were the
people in charge… The people from the
project explained it to us, and we were the
people in charge to explain it to people that
have more or less trust on us, who are both
the staff and the users.” (Lleida2)
“After we explained them the data and
documents, firstly about what the project is
about and then we followed it up providing
small amount of information and the
explanations of some changes on habits.”
(Lleida2)







Through awareness raising
and action campaigns
directed to all building users –
“heating campaign” around
December and January,
“electricity campaign” around
April-May, and “climatization
campaign” around June-July.
Reminder emails about
accessing the BEIS,
consulting the information and
notify incidents. Emails also
explain the measures that are
been implemented in each
campaign and request
collaboration to buildings
users.
Posters and information in
display screens about the
respective campaigns

Sports Hall




Enabled
actual
reductions?
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In a hierarchical manner (topdown): from the project
responsible people to the
central technicians and then
to staff and users.

Explaining to local staff about
the project, the data and
reports, and possible changes
in habits

Yes, through the monitoring,
analysis and schedule of
systems, the thermal comfort
has been maintained and the
energy decreased





“… Once the monitoring data from 2013 was
analysed, the actions to be implemented in
2014. Some of them were evident, but until
then there was not monitoring, we could not
see it. So let’s schedule in such a way that the
building is heated well at the start of the day, I
am talking about the ‘heating campaign’, let’s
set the comfort temperature before or when
the staff start arriving, and then let’s try to stop
it at some hours in the morning, so the it can
be maintained and there are no peaks that are
excessive. I think that it was a successful
planning from the technicians that are
conducting this and that have generated actual
good results, the comfort has been maintained
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Question

Responses
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In the Barris Nord sports hall:
35% reduction in gas
consumption and 15-18%
reduction in electricity
consumption in 2 months

Quotes



or even improved at some points, while the
energy consumption has decreased.” (Lleida1)
“In the Barris Nord sports hall where we have
not only the monitoring system but also the
remote automated energy management
system, with the visualisation of consumption
and its control, we have reduced in 2 months
the gas consumption in around 35% and the
electricity consumption between 15 and 18%.
These have been the results that we had in the
first two months and the third months that is
starting, we can observe that the percentages
will be similar. I think they are very favourable
results.” (Lleida2)
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A2.8 Milan
A2.8.1 Participation in SMARTSPACES and services prior to its
implementation
Question

Responses

Participation in the
development of the
Smartspaces
project



Energy
management in the
building(s) prior to
Smartspaces



At the initial stages of the Smartspaces project, in the project development
following up the information about the sensors and meters, etc.
Currently the interviewee works in the supervision and management of some
services such as heating and electrical services, but he is not directly involved in
the Smartspaces services.
Energy management is centralized and it is carried out by a central energy
management team.
Municipality buildings are billed for the heating and electrical services by the
utilities
There are systems that control the working of the heating services in the buildings.
There are around 700 buildings with a very few cases managed from a central
point of view. It is a very low level service from this point of view.
Reporting mechanism: There is reporting system, but for other services, not
particularly related to Smartspaces.







A2.8.2 Energy Decision Support Service (EDSS)
Question

Responses

Quotes

Target users





Building professionals
Staff
Visitors



Benefits of the EDSS



Increasing skills and
knowledge of staff,
particularly those that are
not involved in energy
management as part of their
daily job





Useful tool to provide
feedback to users related to
the energy use in the
buildings, particularly in the
initial phases of the project.
Need to find ways to keep
attracting the attention of
building users



Usefulness to
communicate with
building users
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Yes, but it is important to
use the communication
channels appropriately so
users are not overwhelmed





“Users are mainly colleagues who participate
in the project and some of them are from
other team, such as colleagues related to
maintenance, which also have seen the
working of the dashboard.”(Milan1)
“Yes, the idea is very good, because perhaps
the largest energy savings can be done
directly from people that need and use
energy. For me, the Smartspaces services is
a useful project is to reduce energy in
buildings, surely it increases knowledge and
skills among people that are not involved
every day with the energy problems and
energy savings.” (Milan1)
“I think that the EDSS is useful to reduce
energy consumption starting from the users
because you have an instrument to give
them feedback. It is important. They can see
how their actions reflect on the energy use.
So, I think that it [EDSS] is very useful. I think
that it is very useful in the first phases of the
project. I do not know that if the feedback
that the users receive can be a good
instrument for the future, because it is
difficult. You notice things when something is
new, but then you do not know if the interest
would change with time. You do not know if
users will keep noticing the behaviour of the
energy consumption of the building.” (Milan1)
“It is useful to communicate but one thing
that we have seen that every time you have a
meaningful communication channel you do
not always use it in a correct way. It can be
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Question

Responses


Is the EDSS shown
to visitors?




Channel of
communication






with too much information
Important to have an
instrument that can show
that the services and efforts
conducted aim to reduce
energy consumption

Quotes



Not at the time of the
interviews
Planned for the museum
and a building located in the
centre of Milan with a large
number of visitors



Official website
TV screens
Email
Phone







Message




Branding
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Simple and easy to
understand for users
Less technical



Smartspaces logo
Municipality of Milan
BT and CISCO (project
partners)
Important to present these
logos, to provide credibility
of the activities





possible that you provide a lot of information
to the users that are not interesting for them
or receive many questions.” (Milan1)
“I think that the usefulness is more related to
users and visitors. Staff look at this
information at different way. The staff
[building professionals] is mainly focused that
the system is working rather than the energy
consumption, but it is important to have an
instrument that makes you see if the system
works to reduce energy consumption.”
(Milan1)
“No, not yet. We have to install 2 screens to
show the energy consumption to visitors.
This would be in the museum and in other
building outside of the project, but this
building is in the centre of Milan that receives
a large number of visitors, so we decide to
the energy data to all the people that comes
to this building.” (Milan1)
“We mainly use 2 channels: TV screens, as I
said previously, and we have a page on our
official website that gives information on the
project. The access to our website is related
to people that are interested. There is not a
lot of technical data for users. When, the
people are interested in the project results,
they can access to the page. The screens
provide information that everyone can
understand” (Milan1)
“The portal is publicly available for the
general information. For detailed information,
you need an account and password.”
(Milan1)
“The communication is more or less in one
way from the users to the energy
management team, and the feedback from
the energy management team to the users is
given directly via email or phone depends on
the media that is chosen.” (Milan1)
“I think that the information is well given to
people because of the two levels split of
information: one high level for users, it is very
simple, you can see some graphs and some
numbers, basically you can see two graphs
and 3 numbers without giving a lot of
information and with less technical content
for the users. So I think that the information
given to the users is a good level.” (Milan1)
“We use the project logos and they are also
hosted in our website. The website provides
a good overview of the project. We also have
the logos of our partners, BT and CISCO that
have participated and given some
dissemination to the activities, but in a more
technical way.” (Milan1)
“I think that the presence of the logos of the
municipality and the main partners is
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Question

Responses



Exposure to the
EDSS





Recommendations
from improvement

Quotes

Official communications via
intranet at least in a
quarterly basis
Training sessions



Developing specifications to
transform the plants
(facilities) into a selfanalysing program, but the
variety of plants is too large.



important because it gives credibility to the
activities. Yes, I think that it is very
important.” (Milan1)
“The users are informed constantly by official
communication in our intranet. They have
received more or less, around every 3
months, some information about the project.
This is for general information… Users have
also received specific training on the system
in different 3 sessions and one for each
building.” (Milan1)
“For the maintenance or solving a problem,
we tried that with the Smartspaces project we
could develop specifications that will
transform our plants into a self-analysing
program. We have noticed that although
there are the possibilities, the variety of
plants and the possible forms are too large,
so we have to work in this way. So we have
relied any construction that could do the
solving for us, but it is not in place or related
with the project.” (Milan1)

A2.8.3 Energy Management Service (EMS)
Question

Responses

Quotes

Target users







Staff participating in the project
Building professionals
Contractors within the
SMARTSPACES project



Benefits
EMS

of

the
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Data visualisation (previously
the energy team had to go
physically to each building)
Reducing the likely time to
respons to problems or
anomalies



“We have set up the system in order to
communicate different information to staff and
to users. Users can only see high level
information, for example, the energy
consumption in the day and so on. Staff need
more detailed information so they have
access to all the system’s information”
(Milan1)
“I do not have a direct access to this
information, but colleagues of mine, who take
care of the maintenance of our plants, have
access to this information. Other people that
also have access to this information is our
contractor because our contract with our
energy provider that directly operates on our
system. We are only viewer or supervisors on
how it is working… the provider sign the
contract which have to look to our plants and
do everything that is necessary in order to
make it work. So they directly see all the
related parts to make it work. But the system,
the feedback from our colleagues is given
directly from the municipality, so we control
the contractor.” (Milan1)
“The first one related to the data visualisation
because our plants are not directly visible
from a remote point of view. If we have a
report of something that it is not working well,
we have to physically go to the building, so
this is a very good feature in order to reduce
our likely time to respond.” (Milan1)
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Question

Responses

Quotes

Problems
experienced with
the EMS



Only at the initial stages, which
is normal with new solutions
Currently, the equipment and
program have been set up
correctly



Reporting
mechanism



For heating and electrical
services, users can continue
reporting problems through the
traditional mechanism
Users can also report through
the Smartspaces account







“No, I have not directly experienced many
problems related with the operation, we only
had some little problems in the first days of
working but it is normal with new solutions,
some things do not work well, some things
have to set up correctly, normal things.”
(Milan1)
“We have been working on the reporting of
our services, but the building users can report
problems only by email to the Smartspaces
account.” (Milan1)

A2.8.5 Institutional effects
Question

Responses

Quotes

Smartspaces and
the organisational
culture



Consistent with the policy of
the organisation



Embedding
more
to
organisation

it
the



Instruments and activities that
supports the municipality
energy and environmental
commitments at local, national
and European level.



Support from key
actors



Support from the political
management of the
municipality



Drivers




Energy cost savings
Increasing staff skills and
knowledge



Barriers




Lack of resources
Recent budget constraings



Dissemination



TV
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“Our organisation has signed an official Act
that is called 20/20/20. This Act is related to
reducing energy consumption and reducing
environmental pollution. So the Smartspaces’
activities are in the correct place in this way.
We have the responsibility to make the
municipality environment cleaner. So,
Smartspaces focuses in a right way in our
culture and in our mission.” (Milan1)
“Yes, in this way, I consider Smartspaces as
an instrument of the 20/20/20, because the
20/20/20 Act is a goal or a point to reach. In
this way Smartspaces is an instrument that is
useful for the application because the goal
has to be achieved through the practical
implementation of experience.” (Milan1)
“Yes, activities have been supported directly
from the political management of the
municipality. In our internal procedures, senior
management did all the action that we need,
so it has had a good support from the
municipality.” (Milan1)
“Yes, the main internal driver is probably
related to cost savings because we have a
large energy bill. This is problem well know at
the high level staff. Related to staff skills,
because the building professionals deal
everyday only with the plants working or not
working, the focus is to reduce energy
consumption. So, we have two different
aspects, one is the cost that is probably the
most visible, and the more technical one
related to staff and the increase of their skills”
(Milan1)
Perhaps, the main, not barrier, but limitation is
related to the lack of resources, because at
the moment our administration has less
money to use for everything. So, this is a limit.
It is probably the only limit.
“We have disseminated the project
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Question

Responses

beyond
organisation

the





Quotes
information mainly through 2 channels: in TV
and in newsletters. Besides, it is also featured
in our website. We have also disseminated
the information by word of mouth between the
people that works in the project and in the
newspaper.” (Milan1)

Newsletter
Word of mouth
Newspaper

A2.8.5 Social effects
Question

Responses

Quotes

Building
or
strengthening
existing or new
social networks



No use of social media in the
municipality (Council policy)
Environmental champions
identified in the introductory
sessions of the project by
building managers. They are
the link between the task force
[project team] and the building
users



The interviewee did not
perceive this because he is not
working directly with the energy
management staff



Increased
cooperation with
building users







“I do not know if from our systems, people
can use a social network like twitter or
Facebook or something else, because we
have some policies in the council. At the
moment, only the display of information can
be available, other things may be in the
future.” (Milan1)
“Our activities’ structure has mainly involved
the group of people in the project and some
environmental champions in the building,
they are the connection between the task
force and the building users. We are more or
less 16,000 employees, so it is not possible
to include all the staff.” (Milan1)
“No, I have not seen it, but probably it
depends on the fact that I do not work
directly with the energy management staff.”
(Milan1)

Increased
interaction
with
energy team
Impacts beyond
those exposed the
campaign

A2.8.6 Implementation
Question
How
was
implemented
mobilised?

it
or

Responses

Quotes



Introductory sessions in each
building regarding the
Smartspaces project
Environmental champions in
each building were identified
Training sessions delivered by
the project team and BT were
provided to environmental
champions



Probably reducing heating






Enabled

actual
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“First there was an introduction of the project
to all the staff in the building, so we went to
all the participating buildings and asked the
staff to attend to this introduction, where [the
project team] and people from BT gave. So,
everyone in the building knew about the
project. Then, when the environmental
champions were identified for each building.
They came here to our building and they
received the specific training on the system
provided by the BT staff mainly. So, this was
the way that we implemented the project.
First, we invite all the staff in the building in a
general introduction and then, we trained the
users, the champions that the managers of
the building have identified to be the
connection” (Milan1)
“Yes, I have seen that the people interested
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Question
reductions?
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Responses
settings

Quotes
in the project have understood that they can
reduce energy consumption probably they
have done something like reducing the
heating when they receive information related
to the project and have noticed energy saving
opportunities. I do not have other examples.”
(Milan1)
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A2.9 Moulins
A2.9.1 Participation in SMARTSPACES and services prior to its
implementation
Question

Responses

Participation in the
development of the
Smartspaces
project



EDF Optimal Solutions: implementation of the services in collaboration with
Moulins Habitat
Moulins Habitat building manager: responsible for the EDSS, to explain its
information displayed in the TV screen to users and visitors, and educate them in
energy use and good practices
Moulins Habitat energy management team: monitor the information from the EMS
to detect any problems causing high energy consumption in the building and solve
technical problems as required. The team monitors how the information is
displayed in the TV screens, and have also participated in training sessions to
staff and associated partners.
Not applicable, the building opened on January 2014




Energy
management in the
building(s) prior to
Smartspaces



A2.9.2 Energy Decision Support Service (EDSS)
Question

Responses

Quotes

Target users






Staff
Visitors (children, parents,
families)



Benefits of the EDSS



To raise awareness among
visitors about energy
consumption and savings





To inform users about good
practices of energy
consumption
To inform is there is overconsumption of energy and
respond immediately
Very precise tool to target
professionals and visitors of
the building
Very good tool to capture
data and show it to audience
and visitors as well as other





Usefulness
communicate
building users

to
with
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“The target is mainly users and visitors,
because they can manage the energy
consumption in the nursery and at home
after the day.” (Moulins1)
“The users of the Smartspaces EDSS are
my team, which are the people who works
with the children and their families,
facilitators, childcare partners, which are
children minders, and of course, the children
and their families, grandparents and their
extended family.” (Moulins2)
“About raising awareness among users, yes,
of course, on one hand the public, which are
the children and their parents can be aware
about the energy consumption by the
message that appears in the TV screen, but
also to allow the message to be achieved
through events and activities organised
during the year, because to develop the
awareness of energy savings, we need to do
some activities with the children and family
to explain what is the good use.” (Moulins2)
“People should pay more attention to good
practices of energy consumption... Users
should be informed if there is overconsumption of energy in the building, and
try to respond immediately” (Moulins2)
“The EDSS is very precise tool, so we adapt
it to the public and to target visitors and
professionals.” (Moulins1)
“Yes, this is a very good way to capture the
data and show it to the audience and visitors
in the TV screens, and in addition to this, we
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Question

Responses

Quotes
can also display other information of public
interest like animation, information about
planning and other useful information.”
(Moulins2)

relevant information

Is the EDSS shown
to visitors?

Yes, in 2 TV screens
EDSS works well for visitors,
particularly parents and
visitors
For children, some animation
of playful activities are
shown related on how to
save energy



“It is better for parents and visitors, more
than the children because this is a building
that receives a lot of young children,
between baby and four years old, so they
are a bit young to understand what is shown
in the screen. That is why it is better for the
parents and the visitors, but sometimes with
the young children we do some animation to
show how to save energy and the
environment. By displaying some… we can
also sometimes… with the children
displaying playful pictures or playful
information in the TV screens.” (Moulins2)




Web portal
Two TV screens in the
nursery





“We have control of energy
use in the building and we
can try to decrease this
consumption”
Easy to understand and
playful message (through
animation)



“The web portal is used by the users and
there is also communication through 2 TV
screens, one is outside the nursery and the
other is inside the nursery in the entrance.
These are the main way to communicate the
energy savings.” (Moulins1)
“For us, the message of Smartspaces is to
explain to people that we have control of the
energy consumption of the building and that
we can try to decrease this consumption…It
is not only information, but also good
practices… What we did is, for the public,
was to try to do the EDSS easy to
understand and playful.” (Moulins3)





Channel
communication

Message

of
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Information about the
consumption for energy, hot
and cold water, temperature
and air quality
General information of
initiatives/events conducted
in the building
Advice to save energy and
good practices



“In our building, we have two TV screens, in
which we display the energy consumption for
electricity, hot water, cold water,
temperature, and air quality with live data.
We also display general information for the
users about the weather and initiatives in the
building to inform people about the activities
that we are doing and also messages to the
people on how to save energy, so we display
some messages which are done to inform
people about the good use and save energy”
(Moulins5)



“The message is explicit, for today it is ok.
We need to talk about concrete things that
can save energy and money for users, but
today, it is just fine and it is working, so
people have to take care of this to be sure to
do it and use it at home. I repeat that, to be
careful at home, and maybe we just need to
be aware of the energy cost because users
have to be interested on this.” (Moulins1)

Concrete advise to users to
save energy and money
Explicit
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Question

Responses

Quotes

Branding





Exposure
EDSS

to

the



Partners’ logos and
Smartspaces logo
Experts



As a guarantee of quality



EDF OS: frequent use to
analyse energy consumption
of the building with the aim
of reducing it.
Users: although there are
not regular emails to staff,
new information about the
project (changes or updates
to the system) is
communicated by word of
mouth.
EDSS information in the TV
screens is available all the
time.
Planning that the message
of the EDSS becomes easier
to understand and more
attractive (playful) for the
public






Recommendations
from improvement

“Yes, because EDF Optimal solution,
Moulins Habitat and Moulins RPP, we are
experts in our jobs, so showing this to the
users and visitors, we have a good
organisation to explain something with
experts in each department, so we think that
yes.” (Moulins1)
“I think that they may not be perceived as an
expert, but as a guarantee of quality.”
(Moulins2)
“There are not regular what we can call
campaign, we do not send daily or weekly
emails or screenshots or something like that,
but we inform when there is new information,
changes or updates of the system or of
interest for the European project, for
example, when there are interviews, like
today, or when there is a development of
new ideas to implement in the nursery.”
(Moulins2)
“The information in the EDSS in the TV
screens is shown all the time.” (Moulins5)








“This is the first building in the city that has
this kind of message and pedagogical
practice. So, it is difficult to say.” (Moulins3)
“Our system just started to be in operation
since January this year, so we have only 4
months of operation. For the moment, what
we display looks a bit difficult and a bit too
technical for the public, so we are working
on something more playful than what we
currently have.” (Moulins5)



A2.9.3 Energy Management Service (EMS)
Question

Responses

Quotes

Target users





Moulins Habitat energy team
EDF Optimal Solutions
Responsible people of the
associations in the nursery






Readily accessible
Useful to detect problems and
solve them



Benefits
EMS

of

the
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“Moulins Habitat and EDF Optimal solutions
were the users, and 20 sessions for users
were organised. Since these 20 sessions,
each responsible of the Association, because
there is two buildings in the nursery, one
association per building. Each responsible of
each association have access to the EMS.”
(Moulins1)
“We think that it can give us benefits related to
energy consumption. It is good, because as
we are managing the EMS, we can have a
look every day or every time we want. We can
have a look to inappropriate data, which could
be high energy consumption. We can also
detect problems… The EMS is working well,
by the EMS we have detected some problems
in the building, some high energy
consumption, for example, some doors that
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Question

Responses

Quotes
were left opened and we saw a decrease on
the temperature, therefore, a high energy
consumption in the heating... We can check
where the high energy consumption is and
where we can have some problems. Then, we
can ask (the manager) to check if the doors
were left opened.” (Moulins5)




Optimisation of energy
consumption
Improvement of thermal
comfort for the babies in the
nursery

Problems
experienced with
the EMS



Reporting
mechanism

Two ways to communicate energy
alerts:



Initially with the sensors, but it
was solved very quickly

Automated with sensors sent
via email to Moulins Habitat
Checked through the system
by staff operating in the
building



“It is very important, the way to optimise
energy is very important today for us. We
need better insulation in buildings and
especially in the nursery in Moulins, better
heating for the babies, for example, and more
much efficiency and better energy
management on each building. When all
these functions are well done, users have
good energy consumption… Up to day, it has
improved the babies’ thermal comfort, we
adjust the temperature. After this, Moulins
Habitat and EDFOS have set a good
temperature in each building to save energy,
low temperature when there is nobody in the
building, for example.” (Moulins1)



“We did not have any problem now with the
EMS, but during the first week, we had some
problems with the sensors connection and we
found a solution very quickly. So, now it is ok
and everything is working.” (Moulins1)



“We have two ways to communicate over the
energy alerts: one is automated with sensors,
when there is an alert and it reaches the
owner by email or we have an operator staff in
the building, and they check maybe every day
or every week if it is ok and then they send an
email to the owner of the building.” (Moulins1)
“In the case of problems, the users should
contact Moulins Habitat, (energy management
team), for the technical problems through (the
building manager), because (the building
manager) is not responsible of the technical
problems.” (Moulins5)



A2.9.4 Institutional effects
Question

Responses

Quotes

Smartspaces and
the organisational
culture



Highly aware, part of the job





Great opportunity to work with
innovative technology in a
modern building and share it
with visitors and users
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“(The institution) is aware of energy savings
as well as the city that is why the other
partners wanted to participate in the
Smartspaces project, we just stay yes,
because it is our activity.” (Moulins1)
“It is a great opportunity for us and the energy
team to work in this building with innovative
technology. We use it as much as possible,
and we want to share it with visitors and users
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Question

Responses


Embedding
more
to
organisation

it
the






Support from key
actors





Important for the city to show
good practice in the sector
about energy savings through
the innovative use of new
technology, while preserving
historical and cultural aspects

Quotes



Use the experience gained in
the participating building and
set an example to implement
similar systems in other
buildings in the city, such as
schools.
Planning to disseminate it to
all managers of the city,
companies and social partners
Need to improve the message
and its effectiveness by
making the information more
playful for children and their
families



Small team, senior
management is involved in the
development and
implementation of the project
Mayor is aware and supports
the project







Drivers

because it is very important for us and for the
city to show the good practice in the sector
about energy savings.” (Moulins2)
“Moulins is an old city, it is a medieval city, we
would like to combine innovative projects with
the history of the city, it is very important for
us to show that we are sensitive to new
technology and energy savings, but we want
to preserve the historical aspects.” (Moulins3)
“We can use the experience of this building to
set an example to implement a similar system
in all the buildings in the city like schools and
other buildings in the city. For now, this is only
an idea, but there is nothing in the buildings.”
(Moulins3)
“We would like to disseminate it so all
managers know about this project,
companies, social partners, but we need to
improve a little bit more the playful
information. It is important to us to work in the
animations for the children and families, and
work together to improve the message and
the effectiveness of the message.” (Moulins3)
“I think that this question is more appropriate
for large institutions, because this is a small
city... We are a small team and senior
management is involved, therefore, we do not
need too much support of the top of the
authorities. The Mayor is aware about this
project.” (Moulins5)
“We have direct and several reflections and
implications discussions with the Mayor of the
City and the Director Manager of the
Services, and she supports this project.”
(Moulins3)




Compliance with the system
Minimise operating costs



“It is important to focus on compliance with
the system and minimise the operating costs
of the infrastructure.” (Moulins2)






National seminars
Institution’s newsletters
Partner’s website
Newsletter for local authorities



“(The institution) has communicated through
national seminars, on newsletter and on our
website. We had a communication displaying
for local authorities in a newspaper that is
published only for them, and our society has a
lot of questions from our colleagues asking us
what the Smartspaces project is and what the
Smartspaces services are.” (Moulins1)

Barriers
Dissemination
beyond
the
organisation
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A2.9.5 Social effects
Question

Responses

Quotes

Building
or
strengthening
existing or new
social networks



Communication works well at
the moment
No use of Twitter, forum or
blogs







Increased
cooperation with
building users



Attractive way to remind users
about energy savings and
engaging them, by showing the
evolution of energy
consumption reductions
materialised through everyone’s
efforts



Increased
interaction
with
energy team



Good communication due to the
small size of the team
Enquires and their solutions are
formalised via email






Frequent contact of building
users with the energy team or
with EDFOS if required.


Impacts beyond
those exposed the
campaign



“No, there is not a special feedback
mechanism used between the energy team
and the building users. We do not use
Twitter, forum or blogs.” (Moulins2)
“I think that it is working well at the moment,
I do not think it will be useful to implement
something like Twitter, blogs or a forum.”
(Moulins5)
“What is shown in the TV screen is an
attractive way to remind users and interest
them in energy saving, and show them with
modern and innovative system that we
control this consumption. It is important that
everyone involved at this level have the
possibility of seeing the evolution of this
energy consumption to materialise
everyone’s effort.” (Moulins2)
“Each team knows everyone very well. Each
team is very small, i.e. there are few people,
so it is easy to communicate together, but if
there is some important demand, the staff
and users use the email just to formalise the
demand, and then to find the solution and
then to answer this email and say ‘we find
the solution, now everything is ok’.”
(Moulins1)
“Yes, I am frequently in contact with the
energy team in Moulins Habitat. When I
detect variations of energy consumption, I
contact him directly, for example,
overheating. I tell (the energy manager) and
(the energy manager) can have a look if he
can solve the problem himself, or if he needs
to contact the company, for example
EDFOS.” (Moulins2)

Children and their families

A2.9.6 Implementation
Question
How
was
implemented
mobilised?

it
or

Responses

Quotes







20 training sessions to staff
and to responsible people
from the associations
Training sessions consist on
how to understand the
information displayed on the
TV screens, good energy use
and how to use the building
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“They (users) need to know the good use of
the facility that is why we organised some
training sessions to show how the installation
is improved... Since these 20 sessions, each
responsible of the Association, because there
is two buildings in the nursery, one association
per building. Each responsible of each
association have access to the EMS.”
(Moulins1)
“We have done some small training to explain
how to use the building with this new system
and how to understand the information
displayed on the TV screens. So, we did some

30/03/2015

SMARTSPACES – D7.2

Question

Enabled
actual
reductions?

Responses
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Building and the system only
started operations in January
2014
Through comparisons with
the actual energy
consumption, some
adjustments has been made,
e.g. temperatures overnight
or during weekends
High consumption (heating)
was detected due to one door
left opened over the
weekend. The systems have
helped to detect similar
energy wastage in other
periods.

Quotes



training. We also explain it if there are new
staff in the building, we do a small training to
them explaining what the good use is, how to
use the building, and what information is
displayed on the TV.” (Moulins5)
“The system is only in operation since
January, we cannot compare with another
building, but with the previous building,
because this building was not in operation, but
we can compare it with a theoretical energy
consumption. After having a look to the actual
energy consumption, we found that we could
make some adjustments to the system to
reduce, for example, the temperature during
the night and during the weekend. And as I
said in a question before, by the system have
detected some high consumption, for example,
during a weekend and when we checked there
was a door left opened in a room during all the
weekend, so the temperature in the room
decreased and the consumption for the
heating increased during 2 days. We have also
detected other leaks of consumption similar to
this that produce high energy consumption.”
(Moulins4)
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A2.10 Murcia
A2.10.1 Participation in SMARTSPACES and services prior to its
implementation
Question

Responses

Participation in the
development of the
Smartspaces
project

From the different interviewees:

Energy
management in the
building(s) prior to
Smartspaces



Not in the development, but in the daily maintenance and operation of the web
application (EDSS)
Mainly in the development of the Energy Management System in the initial stages
Involvement in the training sessions and visits from ALEM to the building
Very difficult, because there was not a comprehensive system for monitoring and
managing energy
No informatics system or process for energy control, most settings change had to
be done manually
Reporting mechanism: If an incident or an anomaly is detected, building users
contact the “Industrial services” Department to get the problem solved.







A2.10.2 Energy Decision Support Service (EDSS)
Question

Responses

Quotes

Target users








Central energy management
(Energy Agency)
Building professionals
Building users



Benefits of the EDSS



Increased awareness and
commitment regarding energy
savings
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Analysis of the energy

“There is only staff, so they can see the
web application through their computers, all
of them have access through their ID, they
can see the program and visualise how we
are doing in the building, but mainly the
responsible people for some staff, like in my
case, it is me or other responsible staff
under my service, we are the main users
who are up to date and looking to the
program [web application] day by day.”
(Murcia1)
“I think that each of us should make use of
this application, and within the responsibility
each of us have, we act as a result of the
information that we are observing in the
application, because I, as a user, can
observe the information in the form of
graphs, comparisons of devices,
temperatures. But, there is up to a decision
point, where decisions come from other
people in other levels who have to complete
carrying out those decisions.” (Murcia3)
“It is clear because there is more
competitiveness and more commitment
regarding energy savings. In several cases,
you can see it between buildings, between
staff, ‘how can you get such a high
consumption? How can you get this
temperature in this date?’ and they are
comments as a result of an increased
awareness regarding energy savings.”
(Murcia 1)
“I think that the most important issue is that
it will allow energy savings and it will take
place because at the individual level the
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Question

Responses
performance of the building at
a glance due to its
effectiveness and clear
information

Quotes






Usefulness
communicate
building users

to
with

Is the EDSS shown
to visitors?

Clear information in the data
visualisation allowing quick
action





Very effective tool to raise
awareness at the central and
individual level





Visualisation of graphs to talk
with the Head of Services
within the building or with
ALEM (Energy Agency)





Provides an energy
awareness criteria






Do not have visitors (Edificio
Protección Civil)
Shown in a smart server (like
a permanent tablet) in the
“Edificio de Tráfico y Multas”







Important topic for employees
and for visitors
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awareness is raising.” (Murcia3)
“For analysing the energy efficiency, it is
very brief, the visualisation of this program
is very quick and for the visualisation it can
be dedicated very little time.” (Murcia1)
“I think that the graphs and data that are
shown are very effective that helps to take
consciousness at a given time of the
excessive consumption not only regarding
electricity, but also the temperature levels. I
think that it is very helpful, at a glance it is
very clear the profile we use to operate”
(Murcia3)
“I think that the most useful aspect for me is
the visualisation of information that is so
direct, that allow us to quickly correct the
form we use to act so an energy saving can
take place as soon as possible.” (Murcia3)
“I consider it as a very effective tool, it
shows in a very direct manner how the
installations are being used, both at the
general level like in a central climatization
device and at the level of personal use in
the way that each staff uses the devices
that are directly under his/her responsibility,
such as computers, computer monitors,
printers. I think that the application, in this
sense, the results that are shown are very
helpful to take consciousness.” (Murcia3)
“I mainly use it to visualise the graphs, to be
able to obtain comparisons of energy
consumption, of temperatures. I usually
translate this information to the Head of
Services, the main responsible of this within
the building, or when we have a meeting
with ALEM regarding the energy use we
have.” (Murcia3)
“Before the implementation of the project,
the topic of the temperatures or the
electricity use was within the individual
awareness of the employees, but there
were not any criteria, like the one that exists
now, of how it could be carried out.”
(Murcia3)
“I think it is more useful for the technical
staff.” (Murcia2)
“In our building, we have a section that is
for the attention to the public, in that zone,
there is a smart server where it is showing
the consumption data that is taking place.
However, it is not a display screen that
properly shows or is visualised by all the
people that attend the building, but it is
located in the area for customer services.
This smart centre is like a permanent
tablet.” (Murcia3)
“I think that it is, it is an important topic for
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Question

Responses

Channel
communication

of




Mainly shown in the staff
computers
Communication with the
Energy Agency (ALEM)
through email and phone calls

Quotes







Message

Branding

EDSS content has been
explained to staff in a
practical manner



Very intuitive to raise
awareness of excessive
energy consumption



Perception of commitment
from the municipality at the
national and European level
to increase awareness for
energy savings
Provides trust to the general
public
Provides credibility and
support to the project





Interviewees: At least once a
week





Technical staff: frequently, but
slightly less than a week




Exposure
EDSS

to
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the













both, the employees working in the
buildings and for the people that visit us, so
this practice can be extended to their own
workplaces as well as to the domestic level
in their own households.” (Murcia3)
“… they can see the web application
through their computers, all of them have
access through their ID, they can see the
program and visualise how we are doing in
the building” (Murcia1)
“At the moment, the main interaction is
through emails. I think that other means of
social media does not function well within
the municipality”. (Murcia2)
“The communication is through email and
phone with ALEM. The consultation of the
web application is fundamentally done in
the personal computers.” (Murcia3)
“Technically, it has been explained how the
application is for. The operation of the web
application has been explained in a more
practical manner than technical. Obviously,
what staff needs is to visualise it in a
practical manner. Technically, only the
reasons are explained why you need to
increase the awareness of energy savings,
but the application is eminently practical.”
(Murcia1)
“I think that the graphs and data that are
shown are very effective that helps to take
consciousness at a given time of the
excessive consumption not only regarding
electricity, but also the temperature levels…
In principle, I think that it is adequate how
the information is presented in the web. I
think that it is very intuitive.” (Murcia3)
“Within the environment that we are living,
we can see the commitment of the
municipality at the national level and at the
European level to increase this awareness.”
(Murcia1)
“I think that for the general public, the
presentation of the logos provides them
some trust that we are taking measures,
and also the commitment.” (Murcia2)
“I think that the institutions that appear in
the web page provide that credibility and
support the project.” (Murcia3)
“Although not daily, but weekly, we make a
query of all the graphs of consumption for
the entire week and we check the peaks
and distortions that could have happened
related to the energy management.”
(Murcia1)
“I think that the technical employees the
ones that have been more exposed… I
cannot tell you immediately the frequency,
but I think that perhaps weekly or monthly.
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Question

Responses



Recommendations
from improvement

Quotes



More dissemination and
coordination at all levels





Explaining the functionalities
of the EDSS in more detail



Having a responsible person
in each building responsible
of monitoring and reporting
incidents



Extending the training to all
staff







Perhaps the frequency is less than weekly,
but we have some exposure.” (Murcia2)
“It is necessary to disseminate it better, we
still need to raise awareness more with the
users, but also with the energy
management staff, which also involves
technicians. Here, there is not only one
team, we need to be more coordinated, but
also target the political level.” (Murcia2)
“… the communication with users is mainly
done through the Human Resources
Department, but we are trying to coordinate
it better, both the part of the energy
management and the communication with
the user.” (Murcia2)
“I think that the information is presented
more for technical staff. For the general
public and for staff, it may be better to
explain the functionalities in more detail. In
other words, how to use the screen.”
(Murcia2)
“I think that one of the paths to follow is to
have a person responsible in the building,
and that responsible person report the
incidence that is occurring, responsible of
the monitoring and to inform what is
happening.” (Murcia2)
“For the people that are participating like
me, I think that the exposure [training] has
been quite complete, but it may be
advisable that it could be extended to all the
staff the same chat or training course that
the responsible people in the building had,
but the same could be held with all the
users of the building in order to bringing
them this information.” (Murcia3)

A2.10.3 Energy Management Service (EMS)
Question

Responses

Quotes

Target users







Central energy management
(Energy Agency and the
Department of Industrial
Engineering)
Building professionals



Benefits
EMS

of

the
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Visualisation of data
Quick detection of excessive
energy consumption and



“Me and the users of my building, we only
have access to the information. We do not
have access to the modification of the
parameters, which I think is appropriate, so
users cannot vary them according to their
personal parameters or in each office. So, the
parameters can be only changes from the
Centre of Energy, from this office, so the
general parameters have been adopted and
not the particular ones.” (Murcia1)
“In effect, all my team have access to this
service. Besides, the Department of Industrial
Engineering also have access, they are the
ones that have the energy management
control.” (Murcia2)
“Energy monitoring helps us to detect the
cause of excessive energy use, it has also
allowed us to detect anomalies, and they can
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Question

Responses

Quotes

anomalies





Allows a continuous control



Constant information and the
ability to conduct energy
analysis based on factual and
precise data






Readily accessible



Problems
experienced with
the EMS





Reporting
mechanism
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None, at the beginning only
the adaptation of few
parameters and improvement
of sensors
None, progressing in the
delivery of services through
better coordination



Through email in both
directions from building users
to the Energy Agency and vice





be detected through the revision of the
graphs. It is totally useful.” (Murcia1)
“It has been useful to detect anomalies of
excessive energy consumption, we have
analysed where this comes from and why,
from which premise this excessive energy
consumption comes from and we could see
that there were battery chargers that caused
this.” (Murcia1)
“The visualisation of data and that the
incidents can be solved in a quicker manner.”
(Murcia1)
“Yes, totally useful, it is clear that the
awareness has increased and that we now
have a continuous control.” (Murcia 1)
“The constant information that it is providing
us and the possibility of conducting an
analysis. With the analysis, we can make
conclusions and improve the energy
management and the energy performance of
the building… Before, there was not a quick
detection; there was only the visual capacity
and the ability of the person. Now, it is
computerised, so there are no more personal
perceptions, we have factual data… they are
very punctual, specific, and the information is
provided in a very factual and precise way.”
(Murcia1)
“In my knowledge, the system provides you
consumption data that is collected in an
automatic manner, you can see the punctual
and continuous consumption, the temperature
of the building, and you can consult this data
any time… The main features for me are
having access to all these data and detect
when there is energy consumption when there
is no need. For example, we have detected at
nights that users left PC monitors in standby
or even the PC or the lights. Then, we can
take some measures, so it does not happen.”
(Murcia2)
“No, everything has functioned adequately.
Few changes in the criteria for adapting to the
system, improvements of the sensors…”
(Murcia1)
“No, in principle, we have not had any
problem. We are just advancing in the
delivery, for example, in the coordination of
the different services who are responsible of
the maintenance of the buildings. I am
responsible of some part of the maintenance
and the installation, we are attempting to
coordinate, so everybody become aware of
what is happening with the buildings.”
(Murcia2)
“This type of communication is through email
and it comes from this office, the Energy
Agency. Independently that we, staff, can
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Question

Responses

Quotes
observe this, if it is observed that something is
out of place, any distortion in the energy
consumption, this is communicated
immediately via email.” (Murcia1)

versa

A2.10.4 Institutional effects
Question

Responses

Quotes

Smartspaces and
the organisational
culture





Fundamental contribution of
Smartspaces to raise energy
awareness at all levels through
the monitoring and an
increased knowledge






Brought methods to
operationalise and increase
existing energy awareness
Brought visibility to the existing
energy awareness through the
monitoring mechanism and
documentation




it
the



More involvement mainly at the
intermediate level



Support from key
actors



Yes, Mayor, Councillors and
senior management





Needs further support to
achieve its optimal potential

Embedding
more
to
organisation

Drivers
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Dissemination of the progress
already achieved in meetings






Energy and cost savings
Compliance with normative



“It [Smartspaces] has been fundamental,
because it has contributed to a big step to
raising awareness of energy savings, it is
being achieved and it can be observed.”
(Murcia1)
“I think that the implementation of the project
has helped to have measurements and
knowledge at all levels, from the people
responsible of the project, such as politicians,
to the users, the municipal employees. I think
this is a change.” (Murcia3)
“Yes, previously there was awareness, but
there was not a method to operationalise it.
Now, there is.” (Murcia1)
“Before the Smartspaces project, users were
aware and the willingness to save energy, but
it was not visible. There was no monitoring
mechanism where you can see what is
happening. With this project, we can see it
now, we can take measures and it can be
documented. All this, because we have seen
it and we are seeing it.” (Murcia2)
“Personally, I think that a better coordination
is necessary, more involvement and a ‘topdown’ approach, mainly at the intermediate
level… It may be advisable to provide the
instructions to the Head of Departments, so
all can start working on this, and
subsequently the heads can also give the
instructions to their departments.” (Murcia2)
“Yes, the Mayor is committed to the project
as well as the councillors… they are also
involved at the economic level to improve the
buildings. The support to this project is also
through the provision of economic resources
and the means to be able to carry it out.
There are also messages to all staff to
support it [project].” (Murcia1)
“I think it has had support, but it needs much
more in order that the development of the
project achieves its maximum potential.”
(Murcia3)
“I think it needs as much dissemination as
possible, and keep this dissemination. In
these meetings , it is important to present the
progress that is taking place.” (Murcia2)
“That they perceive the cost and energy
savings is fundamental in the time we are in,
this is of great value. Doing it in order to
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Question

Barriers

Responses



Staff time



Other priorities

Quotes








Dissemination
beyond
the
organisation



Increased participation of other
departments and better
coordination

Press releases regarding the
commitment of the municipality
to conduct this type of
programmes





comply with norms is other factor to take into
account, so doing things in compliance with
the law.” (Murcia3)
“The only barrier may be time, really only the
time to see this [web] page.” (Murcia1)
“Each department is trying to solve its daily
problems, perhaps they do not have enough
time. Therefore, each department should
assign a responsible person that can attend
to meetings and to promote the coordination.”
(Murcia2)
“The project is very adequate, what happens
is that sometimes… there are other priorities,
it is difficult particularly now in the situation
that we are at, in crisis [recession], it is
complicated that the institutional responsible
people give to these projects all the real
value they have... It may derive because at
this moment civil servants are not going
through the best moment and they have other
factors and other problems that do not allow
them to give the importance to this issue.”
(Murcia3)
“In order to implement the project, it is
required the participation of other
departments. Hence, what may be probably
missing is the coordination of these different
departments, for example, the department to
buy this, the department that promotes the
information and the awareness. Perhaps it is
needed more coordination at the political
level...” (Murcia2)
“There have been some press releases in
newspapers related to the development of
this program and regarding the commitment
of the municipality to conduct this type of
programs.” (Murcia1)

A2.10.5 Social effects
Question

Responses

Quotes

Building
or
strengthening
existing or new
social networks



Participation is usually at the
individual level
Interviewees were not aware
of existing or new networks



Increased
cooperation with
building users



Yes, noted to the corrections
of excessive energy
consumption





Working on the coordination
amongst departments so staff
is aware of the energy saving
actions taking place in their
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“Beforehand, the involvement is more at the
individual level and most of the times by word
of mouth. Now, it continues to be at the
individual level, new social networks had not
been developed.” (Murcia3)
“I think that it [cooperation] has improved,
because it has shown excessive consumption
and it has detected situations that now can be
corrected.. as we commented earlier, we have
detected excessive high temperature in winter
or very low temperature in the summer or
excessive consumption in festive holidays. It
has allowed correcting all these issues..”
(Murcia3)
“I think that the factors that have contributed is
that ALEM started working on this. Currently,
we are attempting this coordination, but it is
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Question

Responses

Quotes

buildings

Increased
interaction
with
energy team



Yes, more frequent
communication (emails and
phone calls) based on the
information of the EDSS





Impacts beyond
those exposed the
campaign




Continuation of energy
awareness mentality into
home
Talking to friends and family
about good practices





not easy, not in the awareness level, but in the
coordination level. Because the awareness
have been worked through the monitoring and
the documentation of what is happening, but
the coordination is necessary so everybody
are aware that some energy saving actions
are taking place in their buildings, not only to
improve the comfort, but also to save energy
and improve the environment, of course.”
(Murcia2)
“Between the Energy Agency and us, we
communicate frequently through email… We
have the web application to visualize and
obtain the information. Once we have this
information, we can take action or
communicate it through email… In my case,
yes, the amount of visits to the web page has
increased, and also the visits of the Energy
Agency in my building in order to check the
data and the savings.” (Murcia1)
“Yes, the amount of visits to the web page of
the Energy Agency has increased. The
interaction has also been increased via phone
calls, emails.” (Murcia4)
“From the moment that staff have awareness
about energy saving wanting it or not, when
we arrive home we continue with the same
mentality of energy saving. Although we do
not have this program [Smartspaces web
application] at home, we continue addressing
energy savings when we see any opportunity.”
(Murcia1)
“In my personal case, yes, because at the end
we are transferring all these issues to the
family environment. Talking about all this with
friends, my wife, my children. So yes, I think
that the impact of the project is not restricted
to the workplace and the building where we
work. Once we have the awareness, these
practices are taken home as other aspects as
well.” (Murcia3)

A2.10.6 Implementation
Question
How
was
implemented
mobilised?

it
or

Responses

Quotes





Training has been conducted
for all staff, but carried out by
groups targeting the
responsible people of the
departments and consequently
transmitted to their staff
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“This has been conducted to all staff, but it
has been carried out by groups… The point
here is to increase the awareness of
everybody in general.” (Murcia1)
“It has been conducted in a general manner to
all staff… In the initial stages, we talk to the
responsible people of the different services,
so they can disseminate it with the employees
who work with them, but it is in a general
manner. We start with the heads of the
services, so it can be transmitted.” (Murcia2)
“In the building I work, I am the direct
responsible... I try to raise the awareness with
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Question

Enabled
actual
reductions?
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Responses



Corrections of settings in
climatization equipment

Quotes



others and take the opportunities to campaign
and train others about it [the web application].”
(Murcia3)
“Since we have been observing the data, we
started observing active and reactive energy
in schedules when devices should not be on
use. We analysed why, and we realised that
different equipment was left on, such as
computers and monitors. We also observed
the climatization equipment switching on at
inadequate times. All this information made us
analyse different behaviours and different
uses related to the climatization equipment
and it has forced us to make the necessary
corrections. It has been observed in the
difference of the percentage of consumption.”
(Murcia1)
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A2.11 Venlo
A2.11.1 Participation in SMARTSPACES and services prior to its
implementation
Question

Responses

Participation in the
development of the
Smartspaces
project



Energy
management in the
building(s) prior to
Smartspaces

In the development of the energy management service: the data collection
system, the adaptation of the building management system for its use in the web
for showing the energy consumption to the users
In the calculation of the energy consumption in a more disaggregated manner
Training and communication with building users
Only information available once a year (not monthly) from the utilities for the entire
building
This information was revised only once a year
The energy management system was implemented soon after the building was
opened three years ago monitoring different areas of the building: nine related to
the expo and four related to the offices.
Although there were measurements, the system did not calculated automatically
the energy consumption for each user area.
Reporting mechanism: If there were complaints, they are reported to the energy
team









A2.11.2 Energy Decision Support Service (EDSS)
Question

Responses

Quotes

Target users



Mainly the energy team
(building professionals)
All staff can also access the
EDSS





Benefits of the EDSS



Useful to showcase the low
energy building to staff and
visitors



Usefulness
communicate
building users

to
with



Useful for the building
professionals for their tasks.
Usefulness for users depend
on the individual.



Is the EDSS shown
to visitors?



Yes, through a display
screen in the entrance





Little influence of the visitors
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“At this moment, it is especially the staff
here who are specialised and are experts,
but there is also some normal office users
that look at it. All can see the data, some
people are interested or some people come
to us.” (Venlo1)
“It is very important that they can see that
what we are designing use less energy
consumption, so they can change. Our own
building everything is almost made of glass,
the consumption is very, very low. They can
see this and it is our unique sale point I
would say… For the users of this building, it
is better for staff, but also for other users of
buildings we are designing, it is better for
this business.” (Venlo1)
“I think that the normal building user who
are able to use it in their PC which is all the
staff, I do not think that they have really
informed too much about the energy use.
For me and my staff, we are trying to see
how much we are using and how we can
improve it. But for the normal user apart
from this office, I do not think they have
really influenced the energy consumption by
this project so far.” (Venlo1)
“There is a display in the entrance, the
waiting room, there is a TV where we
display the energy consumption so they can
see how few energy we use compared to a
normal building which is specialised
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Question

Responses
to reduce energy in the
building, but they can transfer
it to their buildings

Channel
communication

of







Web browser in staff PCs
(intranet)
Display screen in the
entrance
Banner with the information
about the project

Quotes






Twitter (for users outside the
building)




Message



To reduce energy
consumption by measuring
To save costs and that it is
also good to the environment



Comparison of the low
energy building with
conventional buildings



Comparison with last year’s
consumption










Branding



Exposure
EDSS

to

the





Shows the logos of KPL,
Volantis and Villa Flora
Knowledge of the expertise
of the partners, which may
bring trust about the
measurements
Interviewees: at least once a
week






Building users: depends on
the individuals
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[building].” (Venlo1)
“I already talked about visitors, they do not
have influence about our energy I think, and
they can only see that it is a building with
low energy consumption. We can show that
we can reduce our energy use in our
building, and they can use it in their
buildings.” (Venlo1)
“The current system gives you a display of
the consumption in the last month, but it is
not direct, it is on the web browser.”
(Venlo1)
“We have the central display which shows
the energy use and we have enrolled the
EDSS to all staff, and they can access it by
our intranet. We also have some branding,
we got a banner which provides the
information about the project.” (Venlo3)
“We have a twitter account, we
communicate to others outside of the
building, and we talk to each other almost
on a daily basis to inform about the
Smartspaces services.” (Venlo3)
“The message of the Smartspaces is to
reduce energy consumption by measuring, it
is shown on the TV of the entrance”
(Venlo1)
“What is displayed is that you can save
costs, but also that it is good for the
environment, because you can see that
there is a CO2 reduction, this is also
displayed, so you make the visitors aware
about what you do for the environment and
what your cost reduction is.” (Venlo3)
“But it also compares to a conventional
building, so you can see the energy use of
the system put together the reduction in
costs and energy use.” (Venlo3)
“It also compares the energy use with last
year” (Venlo1)
“Yes, I think it is good the way it is
presented, they know we are experts of the
energy use and design. So they [users], I
think, will probably trust on the
measurements and more if they were not
available” (Venlo3)
“Yes, we consult it at least once a week,
sometimes more, sometimes less. We use
the energy management system to operate
and change the settings.” (Venlo1)
“Depends on the staff, I am staff and it is
important to me to do a lot to improve, and
we use the information a lot to save energy
and to save costs. Other members of staff,
they can look and see it but they do not
have to do anything about it.” (Venlo1)
“At this moment, you have to enter the
intranet, open the Smartspaces page, so
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Question

Responses

Recommendations
from improvement



Expected to increase
awareness and exposure
with the implementation of
the new system (April 2014)
that shows the EDSS every
time the users open Internet
Explorer



Energy team has received
feedback from building users
about the system, which
were being implemented at
the time of the interview
To show real time energy
consumption



Quotes





you have to put some extra entries to see it.
So some people do, some people do it
once, some people may see it every day,
some every month. The new system will be
implemented this week or next week, then I
think there will be more awareness because
they can see it every time they open Internet
Explorer.” (Venlo1)
“The system is available for the users, and
we have some feedback to improve the
system and we are currently working on
this... we have some feedback, and we
incorporated that in the new system, so we
can have better services” (Venlo3)
“It would be good to be able to see it at realtime, to show the energy of this day. I think
it should be better for the users to display
the energy consumption of the last hour of
the last day, so they can see what
happened on that day and you would like
them to know what happened at that peak.
Now, it is still backwards, it is already
happened some time ago and we cannot do
anything about it. For me, it should be better
to show it in more real time, not about the
last month, but a more real time energy
consumption. But it is impossible at this
moment of time with this system. It should
be done better in the next configuration.”
(Venlo1)

A2.11.3 Energy Management Service (EMS)
Question

Responses

Quotes

Target users



Mainly the energy team
(building professionals)





Staff can also change settings
of heating and cooling locally
through thermostats





Able to provide monthly
reports to the building owner
and the users
More information about the
energy use in the building



Benefits
EMS

of

the



Page 323 of 338

“The main users are [Venlo3] and myself. The
sub-users are our employees in this office who
look at the energy consumption demand,
some less, some more.” (Venlo1)
“They have local thermostats for the heating
and cooling. They can influence their energy
consumption or their climate… they can
control their heating and cooling. In average,
there are like 8 people that can control the
thermostats.” (Venlo1)
“After it [the building] has opened, we
implemented the energy management system
where we look at the measurements in every
area in the building: nine areas that are for the
expo and four areas for offices. It was
implemented only that the measurements did
not calculate automatically for each user
[area]. Last year we made the measurements
accordingly and report this every month to the
building owner. Since we did that, we have
more information about the building energy

30/03/2015

SMARTSPACES – D7.2

Question

Problems
experienced with
the EMS

Responses


Visualisation of data that
allowing to improve the
efficiency of equipment (e.g.
heat pumps)



Detection of faults





Energy and costs savings
through an innovative control
strategy and activation of the
building mass








Reporting
mechanism

Quotes





Wrong measurements at the
initial stages
Need to calculate from larger
meters the energy
consumption for different end
uses and areas of the building
(e.g. heat pump, elevators,
lighting, heating of the
entrance)
Calculations are being done
and optimised



Through the energy coach



use.” (Venlo1)
“The main benefit is that the view of the
energy use is done, the main system of
heating supply and cooling generation has
improved achieved through the heat pump…”
(Venlo1)
“By implementing this system we have already
seen some faults in the operation of some
energy uses, for example, cooling and heating
was working in one area at the same time”
(Venlo1)
“Right now we are conducting some
experiments with the expo [area], which is
now empty. There are no users in the main
part of the building and we use the [activation
of the building mass] for heating during night
and we switch off the heating during the day,
so we can save energy and save costs.
During the night, the energy cost is relatively
cheaper in the Netherlands, for each kilowatthour is almost 15%, so for heating it is more
energy efficient, but also cost efficient. So, we
use this to be more efficient in costs.” (Venlo1)
“We had a lot of problems with the
implementation. The measurements were not
good, and we did not trust them, so we
investigated them by calculating them from
other measurements of general equipment, so
we have to divide that energy to the different
uses, so we had to make the calculations that
were sometimes difficult. For instance, there
are not separate readers for the electricity of
the heat pump, so we have to divide it from
the larger meter, and then we also have to
change it during the year, in the summer there
are no heat pumps or during the weekends.
So, when you estimate, you need to consider
this. You also need to estimate how much
energy is for the elevator, for lighting in the
general part and other parts of the building,
heating of the entrance. There are a lot of
calculations that we have to optimise and to
change every time… We have made a lot of
progress in the last year, some measurements
have been replaced by others for heating
measurements, the ones that did not work, we
have to replace them and now we have
around 95% of them for every month that we
think they are reliable” (Venlo1)
“If there are some questions about the
consumption, they are directed to me. I am the
energy coach, so I instruct the users.”
(Venlo3)

A2.11.4 Institutional effects
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Question

Responses

Quotes

Smartspaces and
the organisational
culture



Consistent with the
organisational culture



Embedding
more
to
organisation

it
the



To be innovative in order to be
at the forefront of the
competition



Support from key
actors



Yes, from senior management



Drivers






“Cradle to cradle” philosophy
Sustainability
Cost savings
Innovation



Barriers



Small technical problems (e.g.
communication between the
energy management system
and Internet Explorer)



Dissemination
beyond
the
organisation




Press releases
Interview





“Our aim, as Volantis, is to develop green
buildings and provide green energy, and
improve efficiency in buildings, so I think it is
the same. It is our goal to keep doing this for
the coming years.” (Venlo2)
“Our drive is to improve it and to be
innovative, so we can be at the front of every
consultant, provide a good job now and in the
future.” (Venlo1)
“Yes, senior management is standing right
behind it. As I said before, one of our targets
is to improve buildings for our customers.”
(Venlo1)
“Our belief to improve our own building and
our environment.” (Venlo2)
“We believe in sustainable energy and a
sustainable world, so the ‘cradle to cradle’,
everything is sustainable, and we would like
to introduce this for ourselves and for our
customers, our aim our goal, to make
everything sustainable for the future, for your
children, for the children of your children and
their children. Our drive is to improve it and to
be innovative…” (Venlo1)
“The only barrier is currently the software and
the implementation, how you can display it in
the web. There are small technical barriers to
implement it, some parts take longer that we
planned last summer… Two weeks ago, we
have some problems with the last steps. I
have an email this morning that it will be
finished this week…. There was some
problems with the communication of Internet
Explorer and the energy management
system. I think that they have solved the
problem now” (Venlo1)
“Yes, in the last couple of months we had a
couple of articles. Two weeks ago, we had an
interview for the innovation”

A2.11.5 Social effects
Question

Responses

Quotes

Building
or
strengthening
existing or new
social networks



Some growth of followers of
the Twitter account, but it is
not really a big audience



“I really do not have too much feedback to
myself… Now, we have a slight growth of
followers [on Twitter], but not so many. We do
not have a really big audience.” (Venlo3)

Increased
cooperation with
building users



Feedback from building users
not very high at the time of the
interview
Expecting more involvement
once the new system has
been implemented



“There is not too much feedback at this
moment. The feedback is especially between
the energy coach and the operational
management front of the building, but the
feedback of users in this building is not very
high at this moment. The current system gives
you a display of the consumption in the last
month, but it is not direct, it is on the web
browser. In the new system, it is more user
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Question

Responses

Increased
interaction
with
energy team





Biggest improvement has
been amongst building
professionals
Discussions about energy
consumption in the building

Quotes





friendly and every time you start your web
browser you will see the new system, so
people will be more involved in the project”
(Venlo1)
“I think that the biggest improvement has
been between the building professionals.”
(Venlo3)
“Yes, I agree with you on this.” (Venlo2)
“There has been an ongoing discussion in the
Internet Explorer about energy consumption
in the intranet regarding the use of more
energy than last year. So we had to explain
why it was and that in reality it is less, we are
putting the new figures at this moment. So,
there should be less energy consumption, but
there were wrong measurements or there was
a longer occupancy of the office because they
should not be in use longer than 8 in the
evening, so there is more consumption.”
(Venlo1)

Impacts beyond
those exposed the
campaign

A2.11.6 Implementation
Question
How
was
implemented
mobilised?

it
or

Responses

Quotes







Kick off meeting to the Villa
Flora Academy in November
Monthly sessions to all
employees to give information
about the project and the
EDSS



Enabled
actual
reductions?
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Improvement of the efficiency
of the heat pump



Settings of an electric heater at
the entrance of the building



“In last November, we have a sort of kick off
and we presented it to the Villa Flora
Academy… In the Academy, I first presented
what the project is about, so I explained what
the Smartspaces was, then I gave them an
introduction of our EDSS and how to use the
system.” (Venlo3)
“[In the kick off] there was also people from
Volantis, all the users of this office. Every
month we have some activities, where we
give information to our techniques, [the
energy coach] also gives some presentations
for all employees or users of the office about
what is coming up and how we can deal with
it. Now, we have to do one again.” (Venlo1)
“The main system of heating supply and
cooling generation has improved achieved
through the heat pump, specially there was a
lot of floor temperature of the storage system
in the soil for heating and cooling, there was a
lot of water flowing around with temperatures
that were different, now we have changed
that in 6 or 8 degrees, which has increased
the efficiency of the heat pump, we have
increased this from last year. There is more
information about how much energy
consumption, but also about how much it will
cost to generate the heat with the extra
power. We have make great steps to improve
that.” (Venlo1)
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Question

Responses
that was working 24 hours a
day to only operate during
working hours and switch it off
overnight

Quotes
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“There was an electric heater in the entrance
that was running 24 hours a day, so there
was a lot of energy that was been used
consistently, so we switched it off.” (Venlo3)
“We use it [electric heater] in the winter when
it is very cold outside. Now we heat the
entrance only during working hours and it is
switched off during the night. So, there is less
energy consumption.” (Venlo1)
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Annex 3 – D4.2 Like analysis for functional
requirements
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Web-portal
Dashboard

R1.1.3

Website

Output Format

Milan

10

10

9

10

8

9

10

8

1

10

9

The service shall be accessible via a web-portal with a
dashboard.

0

10

9

0

8

6

10

4

9

8

9

The service shall be able to display automatically
updated information on a public website (e.g. Local
Authority website).

10

5

4

0

8

8

9

0

0

9

3

Venlo

Lleida

The service shall be accessible via a web-portal based on
menus.

R1.1.4

Mobile-App

The service shall be accessible via a mobile application.

8

1

5

0

2

0

0

8

7

10

0

R1.1.5

Social Networks

The service shall be able to push selected information
automatically and /or upon request to social networks
(e.g. facebook, twitter).

0

5

3

0

7

4

0

0

0

0

0

R1.1.6

Public Screen

The service shall be able to display automatically
updated information on a public screen.

10

7

5

0

5

6

6

2

10

0

0

R1.1.7

TV

The service shall be able to display automatically
updated information on a TV (which can be public).

0

0

5

0

7

0

0

0

10

0

0

R1.1.8

Email

The service shall send automatic emails depending on
settings defined by user or admin.

10

10

8

10

8

0

9

8

7

9

3

R1.1.9

SMS

The service shall send automatic sms depending on
settings defined by user or admin.

0

1

5

10

8

0

0

8

7

0

0

R1.1.10

Binary Signal

The service shall send a binary signal to devices
indicating the status and / or proposed activity specific
devices (e.g. LEDs attached to windows indicating with
red that window should be shut and green that it should
be opened).

0

0

0

0

7

0

0

0

0

0

0

R1.1.11

PDF

The service shall allow for export of reports from at least
one application as a PDF.

10

10

8

8

8

0

6

8

7

9

0

R1.1.12

Poster

The service shall be able to automatically produce poster
reports with consumption information.

0

0

0

0

9

0

0

8

5

0

0

R1.1.13

Paper

The service shall be able to automatically produce
paper-based reports with consumption information that
can be sent as a letter.

6

0

7

0

9

0

9

0

0

4

0

R1.1.14

(Eco)Maps

The service shall provide information to a mapping
service readable by common GIS standards.

0

0

2

0

9

0

0

0

0

0

0

R1.1.15

Export-Table
format

The service shall allow for export of data tables (from
one user or more) in a format readable by standard (e.g.
csv or xls) software such as Excel.

10

10

10

8

7

8

8

0

8

8

3

Export-Database

The service shall allow for export of large amounts of
data in form of a database of a format that can be
imported by most standard applications.

10

10

10

10

6

0

0

0

0

5

8

AccessWebservice

The service shall allow for on-demand access to data in
standardised json/xml format.

0

8

6

0

7

7

8

1

0

5

10

VisualisationData

Specifies the following requirements associated with the
degree to which the SMARTSPACES service must
visualise
resource
data
recorded.
Background: Not all data recorded must necessarily be
visualised in any of the output formats listed above,
some data might only be used for internal calculations.
The list indicates all data sets to be visualised.

R1.2.1

ResourceElectricity

The service shall visualise the resource consumption for
electricity.

10

10

10

10

8

10

10

8

5

10

10

R1.2.2

ResourceHeating

The service shall visualise the resource consumption for
heating.

10

5

10

10

8

0

8

8

5

7

10

R1.2.3

Resource-Cooling

The service shall visualise the resource consumption for
cooling.

0

5

7

10

8

0

9

8

0

7

10

R1.2.4

ResourceWater(warm)

The service shall visualise the resource consumption for
water (warm).

0

10

2

10

8

0

0

8

5

0

0

R1.2.5

ResourceWater(cold)

The service shall visualise the resource consumption for
water (cold).

10

10

10

10

8

0

0

8

0

0

0

R1.1.16

R1.1.17

R1.2.

Visualisation-Data

-

Murcia

R1.1.2

Moulins

Web-portal

Leicester

R1.1.1

Istanbul

Output Format

Hagen

R1.1.

Specifies the following requirements associated with the
degree to which the SMARTSPACES service must allow
for
different
output
formats.
Background: Data recorded needs a format to be
visualised which might differ depending on environment
and purpose of the selected information.

Bristol

Summary

Belgrade

Group / Name

Birmingham

SMARTSPACES – D7.2
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R1.2.6

ResourceWater(grey)

The service shall visualise the resource consumption for
water (grey).

0

5

6

0

7

0

0

8

0

0

9

R1.2.7

Resource-Waste

The service shall visualise the resource consumption for
waste.

0

0

7

0

0

0

0

5

0

0

0

R1.2.8

ResourceSolar(Heat)

The service shall visualise the resource production of
heat through solar input.

0

5

8

0

0

0

0

8

0

0

0

R1.2.9

ResourceSolar(Electricity)

The service shall visualise the resource production of
electricity through solar input.

0

5

9

5

0

0

0

8

0

0

3

R1.2.10

ResourceDistrictHeating

The service shall visualise the resource consumption
from a district heating grid.

0

10

8

0

0

0

0

8

7

0

0

R1.2.11

Resource-CO2

The service shall visualise the resource production of
CO2.

0

10

10

8

10

0

0

8

0

0

0

R1.2.12

Resource-Gas

The service shall visualise the resource consumption of
gas.

0

10

10

10

0

10

10

0

5

0

0

R1.2.13

Resource-Oil

The service shall visualise the resource consumption of
oil.

10

0

10

0

0

0

10

0

0

0

0

R1.2.14

Resource-Diesel

The service shall visualise the resource consumption of
diesel.

0

0

10

0

10

0

0

0

0

0

0

R1.2.15

Resource-Biofuel

The service shall visualise the resource consumption of
biofuels.

0

0

10

0

0

0

0

0

0

0

0

R1.2.16

Currency

The service shall visualise the cost of consumption for a
given resource in the local currency.

0

10

10

10

7

9

0

8

5

9

5

R1.2.17

Occupancy-Room

The service shall visualise the occupancy of rooms by
displaying whether rooms were and/or are occupied.

0

0

0

0

8

0

0

8

0

0

3

R1.2.18

OccupancyIndividuals

The service shall visualise the number of individuals who
were and/or are in the building.

0

0

0

0

0

0

6

8

0

0

0

R1.2.19

Status

The service shall visualise the status of a space (e.g.
building) or a unit of the building (e.g. boiler) for one or
more resources and / or other variables according to a
standardised status symbol.

0

10

0

7

0

0

0

0

0

0

8

R1.2.20

Location

The service shall visualise the location of buildings.

4

0

2

7

5

6

0

8

3

0

0

R1.2.21

EnvironmentWeather

The service shall visualise the outside weather
conditions at least on the level of the municipality.

8

5

8

7

7

9

0

6

5

6

8

R1.2.22

EnvironmentTemperature

The service shall visualise the temperature in a given
space.

0

5

0

5

9

5

7

8

7

7

10

R1.2.23

EnvironmentHumidity

The service shall visualise the humidity in a given space.

0

5

0

0

7

0

5

8

5

5

0

R1.2.24

EnvironmentCarbon
concentration

The service shall visualise the carbon concentration
(amount of CO2) in a given space.

0

1

5

8

3

5

0

3

10

5

0

R1.3.

VisualisationFormat

R1.3.1

Continuous

The service shall visualise the recorded data for a given
data set as a continuous line over a given period.

5

5

8

8

7

5

7

8

0

8

8

R1.3.2

Bars

The service shall visualise the recorded data for a given
data set as a series of bars each representing on period
for a given period.

5

10

8

8

7

5

8

8

0

8

6

The service shall visualise the recorded data for a given
data set as a heat map for a given period or other
selection of data.

0

0

9

0

0

6

0

8

0

0

6

R1.3.3

Visualisation-Format

Specifies the following requirements associated with the
degree to which the SMARTSPACES service must use
formats (graphs, charts, etc) to visualise data recorded.
Background: The data sets selected to be visualised need
to be brought into context and perspective (e.g. user
wants to see quickly whether he is consuming more or
less than last months).

Heat-Map

R1.3.4

Piechart

The service shall visualise the recorded data for a given
data set as a pie-chart for a selection of data.

5

7

8

8

8

4

7

8

0

0

0

R1.3.5

Gauge

The service shall visualise the consumption or score of a
given period (e.g. current, this month) with the needle
on a gauge scaling from very good to very bad (e.g.
green to red) based on comparable data sets (e.g. similar
rooms).

0

1

8

5

7

0

0

8

0

0

6

The service shall visualise the consumption or score of a
given data set on a ranked scale (e.g. ordered bars)
indicating the rank in the selection of comparable data
sets (e.g. similar rooms).

0

2

10

0

6

0

0

8

0

0

6

The service shall visualise the recorded data for a given
data sets as a table of data.

5

2

9

0

5

0

0

0

0

0

6

R1.3.6

R1.3.7

Rank

Tables
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R1.3.8

R1.3.9

R1.3.10

R1.3.11

R1.3.12

R1.3.13

The service shall visualise the consumption or score over
a given period in an image filling up (e.g. tree and the
number of leaves filled with green colour) or other
representation acting as benchmark for performance.

0

10

4

0

0

0

0

8

0

0

6

RepresentationAnimated

The service shall visualise the consumption or score over
a given period in an animated representation (e.g. mood
of animals in a zoo) acting as benchmark for
performance.

0

0

0

0

0

0

0

8

0

0

6

Cumulative-Time

The service shall visualise the consumption over a given
period as an accumulation of the consumption of shorter
periods within (e.g. daily consumption added up over a
month).

0

10

10

5

8

0

6

8

5

9

6

CumulativeSpace

The service shall visualise the consumption of a certain
space as an accumulation of the consumption of smaller
spaces within (e.g. zone consumption added up for
entire room).

0

0

3

0

8

0

0

8

5

0

6

(Eco)Map

The service shall visualise given information (e.g. current
/ last years’ consumption or energy rating) for a given
space on a map.

0

2

2

0

9

0

0

0

0

0

0

The service shall visualise given information (e.g. current
/ last years’ consumption or energy rating) for a given
space on a map using 3D-models of given spaces.

0

0

0

0

0

0

0

0

0

0

0

Visualisation shall allow for benchmarking a period of
one year against the same previous period (or more
periods).

8

10

9

8

10

0

9

8

8

10

9

Time-semiannually

Visualisation shall allow for benchmarking a period of six
months against the same previous period (or more
periods or any other period).

8

1

9

8

10

0

0

8

8

0

9

Time-quarterly

Visualisation shall allow for benchmarking a period of
three months against the same previous period (or more
periods or any other period).

8

1

9

5

10

0

0

8

8

0

9

Visualisation shall allow for benchmarking a period of
one month against the same previous period (or more
periods or any other period).

8

10

9

5

10

0

9

8

8

10

9

Visualisation shall allow for benchmarking a period of
one week against the same previous period (or more
periods or any other period).

0

1

9

5

7

7

0

8

8

0

9

Visualisation shall allow for benchmarking a period of
one day against the same previous period (or more
periods or any other period).

0

1

9

5

7

7

0

8

8

10

9

Visualisation shall allow for benchmarking a period of
one hour against the same previous period (or more
periods or any other period).

0

1

0

0

0

0

0

8

0

0

9

Visualisation shall allow for benchmarking a period of
thirty minutes against the same previous period (or
more periods or any other period).

0

1

9

0

0

7

0

0

0

0

9

Visualisation shall allow for benchmarking a period of
fifteen minutes against the same previous period (or
more periods or any other period).

0

0

7

0

0

0

0

8

0

0

9

Visualisation shall allow for benchmarking a period of
one minute against the same previous period (or more
periods or any other period).

0

0

0

0

0

0

0

0

0

0

0

Visualisation shall allow for benchmarking a period
defined by the user against the same previous period (or
more periods or any other period).

0

10

0

0

6

0

0

8

0

0

9

(Eco)Maps-3D

R1.4.

Benchmarks

R1.4.1

Time-Year

R1.4.2

R1.4.3

R1.4.4

R1.4.5

R1.4.6

R1.4.7

R1.4.8

R1.4.9

R1.4.10

R1.4.11

Benchmarks

RepresentationScale

Time-monthly

Time-weekly

Time-daily

Time-hourly

Time-30minutes

Time-15minutes

Time-minute

Time-FreeSetting

Specifies the following requirements associated with the
degree to which the SMARTSPACES service must be able
to benchmark consumption of resources against a
similar set of recorded or forecasted data.
Background: The data sets selected to be visualised need
to be brought into context and perspective (e.g.
comparing the consumption before and after
introducing SMARTSPACES over time).

R1.4.12

Space-Building

Visualisation shall allow for benchmarking of one
building against any other (or more).

0

10

9

0

5

0

0

8

6

0

4

R1.4.13

Space-Floor

Visualisation shall allow for benchmarking of one floor
against any other (or more).

0

0

0

0

0

0

0

8

0

0

6

R1.4.14

Space-Room

Visualisation shall allow for benchmarking of one room
against any other (or more).

0

0

0

0

0

0

0

8

0

0

0

R1.4.15

Space-Zone

Visualisation shall allow for benchmarking of one zone
against any other (or more).

0

0

0

0

0

0

0

8

0

0

6

R1.4.16

Space-Surface

Visualisation shall allow for benchmarking of one surface
against any other (or more).

0

0

0

0

0

0

0

8

0

0

0
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R1.4.17

Staff

R1.4.18

Percentiles
weekly profile

R1.4.19

Percentiles
daily totals

R1.5.

Analysis

R1.5.1

Surface

R1.5.2

R1.5.3

R1.5.4

R1.5.5

R1.5.6

-

-

0

0

0

0

0

0

0

0

0

0

0

Visualisation shall allow for benchmarking a period of
one week at half-hourly intervals against weekly profiles
calculated from percentiles of half-hourly data from the
last given period (e.g. 12 months) and for the same
space (e.g. building).

0

8

0

5

0

7

0

2

0

0

4

Visualisation shall allow for benchmarking a period of
one day against daily percentiles (for each day of the
week) from the last given period (e.g. 12 months) for the
same space (e.g. building).

0

8

0

5

0

7

0

1

8

0

4

The service shall allow for analysing the consumption of
a given space (e.g. room) per surface unit (e.g. m²).

8

1

8

8

8

0

7

8

8

0

3

The service shall allow for analysing the consumption of
a given building against the average building
consumption (e.g. of the same energy rating).

0

10

7

0

8

0

0

8

8

0

4

The service shall allow for analysing the consumption of
a given floor against the average floor consumption (e.g.
of the same energy rating).

0

0

4

0

0

0

0

8

0

0

8

The service shall allow for analysing the consumption of
a given room against the average room consumption
(e.g. of the same energy rating).

0

0

0

0

0

0

0

8

0

0

0

The service shall allow for analysing the consumption of
a given zone against the average zone consumption (e.g.
of the same energy rating).

0

0

0

0

0

0

0

8

8

0

8

The service shall allow for analysing the consumption of
a given staff member against the average consumption
of all staff members (e.g. in the same building).

0

0

0

0

0

0

0

0

0

0

0

Specifies the following requirements associated with the
degree to which the SMARTSPACES service must allow
users to analyse the recorded data with simple numbers
or
simple
graphical
representations.
Background: To increase understanding of the data sets
selected the user might use reference information and
statistical results (e.g. comparison building's overall
performance based on consumption per m²).

Average Building

Average Floor

Average Room

Average Zone

Average Staff

R1.5.7

Similar Building

The service shall allow for analysing the consumption of
a given building against similar building(s).

6

10

7

0

10

0

7

8

0

0

4

R1.5.8

Similar Floor

The service shall allow for analysing the consumption of
a given floor against similar floor(s).

0

0

0

0

0

0

0

8

0

0

6

R1.5.9

Similar Room

The service shall allow for analysing the consumption of
a given room against similar room(s).

0

0

0

0

0

0

0

8

0

0

0

R1.5.10

Similar Zone

The service shall allow for analysing the consumption of
a given zone against similar room(s).

0

0

0

0

0

0

0

8

0

0

6

R1.5.11

Similar Staff

The service shall allow for analysing the consumption of
a given staff member against similar member(s) of staff.

0

0

0

0

0

0

0

8

0

0

0

The service shall display certain achievements in energy
saving of staff in form of badges linked to the building's
performance.

0

0

7

8

0

0

0

8

0

0

0

The service shall display certain achievements in energy
saving of staff in form of badges linked to the floor's
performance.

0

0

0

0

0

0

0

8

0

0

0

The service shall display certain achievements in energy
saving of staff in form of badges linked to the room's
performance.

0

0

0

0

0

0

0

8

0

0

0

The service shall display certain achievements in energy
saving of staff in form of badges linked to the zone's
performance.

0

0

0

0

0

0

0

8

0

0

0

The service shall display certain achievements in energy
saving of a member of staff in form of badges linked to
the staff member's performance.

0

0

0

0

0

0

0

0

0

0

0

10

10

8

5

10

0

10

8

10

10

9

R1.5.12

R1.5.13

R1.5.14

R1.5.15

Badges Building

Badges Floor

Badges Room

Badges Zone

Badges Staff

Analysis

R1.5.16

Alerts

Visualisation shall allow for benchmarking of one
member of staff against any other (or more).

R1.6.

Alerts

R1.6.1

Mutliple
Settings

Specifies the following requirements associated with the
degree to which the SMARTSPACES service must be able
to automatically send alerts based on the recorded data
and
settings
entered.
Background: Certain events trigger higher consumption
(short and / or long term). Detecting these events early
can help to reduce the effects (e.g. boiler does not reach
the most efficient temperature).
Alert

The service shall allow for setting multiple alerts with
varying conditions.
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R1.6.2

Multiple
Settings

R1.6.3

The service shall allow for multiple users setting alerts
with varying conditions.

0

10

8

0

9

0

7

0

10

8

0

Channel-Portal

The service shall allow for sending / displaying the alert
on the portal.

10

10

8

5

8

0

10

8

10

10

9

R1.6.4

Channel-Mail

The service shall allow for sending the alert as an email.

10

10

7

5

8

0

10

8

10

10

0

R1.6.5

Channel-SMS

The service shall allow for sending the alert as a SMS.

0

2

6

5

8

0

0

8

10

0

0

R1.6.6

ChannelApplication

The service shall allow for sending / displaying the alert
on a designated application.

0

5

6

0

7

0

0

8

0

0

0

R1.6.7

Maximum
Threshold

The service shall allow for setting a maximum threshold
of consumption of a given resource during a given period
(e.g. month) above which an alert is sent to the user.

0

7

8

5

6

0

10

8

7

10

0

Minimum
Threshold

The service shall allow for setting a minimum threshold
of consumption of a given resource during a given period
(e.g. month) below which an alert is sent to the user.

0

7

6

5

0

0

0

8

7

10

0

Events-Failure

The service shall send alerts for failures detected directly
or indirectly (e.g. consumption pattern) of given system.

10

10

6

5

9

0

0

8

7

10

9

The service shall send alerts for (unexpected) peak
consumption detected directly or indirectly (e.g.
consumption pattern) of given system or resource.

0

10

7

0

0

0

0

8

10

0

0

The service shall send alerts for events defined by the
user for a given system or resource.

0

5

7

0

0

0

0

8

10

0

0

R1.6.8

R1.6.9

R1.6.10

R1.6.11

Events-Free

Specifies the following requirements associated with the
degree to which the SMARTSPACES service must be able
to forecast consumption based on the recorded data and
settings
entered.
Background: Being able to forecast tomorrows
consumption allows to set more efficient consumption
profiles (e.g. if the predicted heat consumption for the
next day is higher, due to temperature or more rooms
occupied, the boiler unit can start earlier and work on a
steady temperature instead of being used at maximum
capacity as a reaction to cold rooms).

Forecasting

R1.7.1

ConsumptionYear

The service shall forecast the total consumption of a
given resource for the running or the next year based on
recorded data.

0

10

8

0

8

0

0

0

0

0

3

ConsumptionQuarterly

The service shall forecast the total consumption of a
given resource for the running or the next quarter based
on recorded data.

0

1

8

0

8

0

0

0

0

0

3

ConsumptionMonth

The service shall forecast the total consumption of a
given resource for the running or the next month based
on recorded data.

0

10

8

0

6

0

7

0

0

5

3

ConsumptionWeek

The service shall forecast the total consumption of a
given resource for the running or the next week based
on recorded data.

0

1

8

0

6

0

0

0

0

0

3

ConsumptionDay

The service shall forecast the total consumption of a
given resource for the running or the next week based
on recorded data.

0

0

8

0

4

0

0

0

0

0

3

ConsumptionHour

The service shall forecast the total consumption of a
given resource for the running or the next year based on
recorded data.

0

0

6

0

0

0

0

0

0

0

0

Minimal Demand

The service shall forecast the minimum amount of a
given resource demanded for a given period in a given
space.

0

1

8

0

0

0

0

0

0

0

0

R1.7.3

R1.7.4

R1.7.5

R1.7.6

R1.7.7

Forecasting

Events-Peak

R1.7.

R1.7.2

R1.7.8

Absence

The service shall forecast periods where a given space is
not occupied.

0

1

0

8

0

0

0

0

0

0

0

R1.7.9

Peaks

The service shall forecast peaks based on data from the
previous period(s) for a given resource.

0

5

6

0

9

0

0

0

0

0

2

R1.7.10

Renewables

The service shall forecast the amount of resource
produced by renewable sources.

0

0

8

0

0

0

0

0

0

0

0

10

10

8

5

7

0

9

6

0

10

4

R1.8.

Educati
on
Format

User

Education
Format

Advice - generic
R1.8.1

Specifies the following requirements associated with the
formats in which education (e.g. awareness raising,
training) material needs to be provided in the
SMARTSPACES
service.
Background: Depending on the target group and
environment different education formats will lead to
different results (e.g. children are more likely to follow
interactive formats than read a leaflet).
The service shall provide generic advice and tips to
improve energy related behaviour.
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R1.8.2

R1.8.3

R1.8.4

R1.8.5

The service shall provide advice and tips based on the
actual consumption (e.g. of the staff member) to
improve energy related behaviour.

10

10

8

5

0

0

7

5

0

8

6

Advice - projectbased

The service shall provide advice on potential energy
efficiency projects, based on energy consumption and
building surveys

0

1

7

0

5

0

0

0

0

0

6

Self assessment
tool

The service shall provide a self-assessment tool that
gives a rating about current behaviour and/or position
towards energy related issues. Different to quizzes (see
below) the data is stored and the assessment can / has
to be retaken to reflect the development over time.

0

1

0

8

7

0

0

8

0

0

0

The service shall provide a quiz with energy related
questions and the according responses as well as
explanations why certain answers are wrong.

10

1

0

0

10

0

0

8

0

0

0

Quiz

-

R1.8.6

Video

The service shall provide video material with energy
related issues or the service itself.

0

10

0

0

6

0

0

8

0

0

0

R1.8.7

Social Games

The service shall provide a social game with energy
related issues or the service itself.

0

0

0

0

8

0

0

8

0

0

0

R1.8.8

Forum

The service shall provide a platform for users to interact
exchanging insight in energy-related topics (which might
also be moderated by an energy coach).

0

7

0

0

9

7

10

8

0

0

0

The service shall provide a chat tool for users to interact
with a designated energy coach and / or energy staff
such as building managers.

0

0

0

0

0

0

0

0

0

0

3

The service shall provide banners with energy related
issues or the service itself (e.g. outside of a building).

0

0

0

0

0

0

0

8

0

0

3

R1.8.9

R1.8.10

Chat

Banners

R1.8.11

Poster

The service shall provide posters with energy related
issues or the service itself.

0

0

0

0

10

0

0

8

0

0

0

R1.8.12

Pull-up

The service shall provide pull-ups with energy related
issues or the service itself.

0

0

0

0

0

0

0

8

0

0

0

R1.8.13

Email

The service shall provide emails (e.g. newsletter) with
energy related issues or the service itself.

7

1

0

0

10

0

9

8

0

10

0

R1.8.14

Letter

The service shall provide printed letters with energy
related issues or the service itself.

6

0

0

0

0

0

7

8

0

5

0

R1.8.15

Leaflet

The service shall provide leaflets with energy related
issues or the service itself.

0

0

0

0

0

0

0

8

0

0

6

R1.8.16

Energy Coach

The service shall provide an energy coach that targets
staff with high consumption and responds (e.g. person,
chat, mail) to staff with energy related questions.

10

0

0

0

6

0

10

8

0

10

4

The service shall provide events informing staff users
(e.g. all workers in an office block) about the service and
/ or energy related topics particularly relevant in the
context of SMARTSPACES and / or their building and
transportation to work.

7

0

0

0

10

0

8

8

0

8

9

The service shall provide events informing kids about the
service and / or energy related topics particularly
relevant in the context of SMARTSPACES and / or their
building and transportation (e.g. to school).

0

0

0

0

10

0

0

8

0

0

2

The service shall allow for polls to be conducted e.g. to
engage staff in proposed energy savings measures.

0

5

0

0

0

0

0

0

0

0

3

The service allow for visiting further input by following a
QR-Code (or bar code) using a smart phone or other
means.

0

4

0

0

0

0

0

1

10

0

7

R1.8.17

R1.8.18

R1.8.19

R1.8.20

Education Topic

Advice
dependent

Events-Staff

Events-Kids

Consultation

QR-Code

Specifies the following requirements associated with the
degree to which the SMARTSPACES service must be able
to send alerts based on the recorded data and settings
entered.
Background: Depending on the service at the site
different topics should be covered with education
material (e.g. energy saving sometimes leads to
unintended unhealthy ventilation habits).

R1.9.

Education Topic

R1.9.1

Electricity

The service shall provide education material to enable
the user to reduce electricity consumption.

8

0

8

5

9

0

8

0

0

8

8

R1.9.2

Electricity-Peak

The service shall provide education material to enable
the user to reduce electricity-peak consumption.

0

0

6

5

9

0

0

0

0

0

0

R1.9.3

Heating

The service shall provide education material to enable
the user to reduce heat consumption.

8

0

7

5

9

0

8

0

0

8

8

R1.9.4

Cooling

The service shall provide education material to enable
the user to reduce cooling consumption.

8

0

5

5

9

0

8

0

0

8

8
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R1.9.5

Water

The service shall provide education material to enable
the user to reduce water (cold & warm) consumption.

8

0

6

0

9

0

0

0

0

0

0

R1.9.6

Ventilation

The service shall provide education material to enable
the user to improve ventilation to avoid health risks and
reduce related consumption.

0

0

5

5

9

0

0

0

0

0

0

R1.9.7

Waste

The service shall provide education material to enable
the user to reduce production of waste.

0

0

0

0

0

0

0

0

0

0

0

R1.9.8

Transportation

The service shall provide education material to enable
the user to commute and / or use transportation in a
more energy efficient manner.

0

0

0

0

0

0

0

0

0

0

8

0

10

0

8

0

9

8

0

9

9

R1.10.

Control Unit

R1.10.1

BMS-Access

R1.10.2

R1.10.3

R1.10.4

R1.10.5

The service needs direct (through the SMARTSPACES
environment) and / or indirect (through the BMS system
running parallel) access to one or more building (energy)
managements systems (BMS) to take control of any
resource or setting being part of SMARTSPACES service.

The service shall allow for controlling and / or managing
settings via a web-portal either in real-time and / or
according to defined schedules / plans for a given space.

0

8

0

8

6

0

9

0

0

9

9

ControlMobileApp

The service shall allow for controlling and / or managing
settings via a mobile application either in real-time and /
or according to defined schedules / plans for a given
space.

0

2

0

0

6

0

0

0

0

9

0

Control - SMS

The service shall allow for controlling and / or managing
settings via SMS either in real-time and / or according to
defined schedules / plans for a given space.

0

0

0

0

6

0

0

0

0

0

0

The service shall allow for controlling and / or managing
settings via a mounted unit (e.g. attached to wall near
office door) either in real-time and / or according to
defined schedules / plans for a given space.

0

0

0

0

0

0

0

0

0

0

8

The service shall allow for controlling and / or managing
settings via a remote either in real-time and / or
according to defined schedules / plans for a given space.

0

0

0

0

0

0

0

0

0

0

0

The service shall automatically determine optimal
settings for one or more given control factors and spaces
and periods based on the occupancy entered in a
schedule.

0

10

0

8

0

0

8

0

0

8

0

The service shall automatically determine optimal
settings for one or more given control factors and spaces
and periods based on the current occupancy of the same
or another space (e.g. persons counted entering hall).

0

0

0

0

0

0

0

0

0

8

0

Automatic - Heat
demand

The service shall automatically determine optimal
settings for one or more given control factors and spaces
and periods based on the past or current heat
consumption (e.g. plan for boilers).

0

10

0

0

5

0

0

0

0

0

9

Automatic
Movement

The service shall automatically determine optimal
settings for one or more given control factors and spaces
and periods based on the current movement in the same
or other space (e.g. street light control).

0

10

0

0

6

0

0

0

0

0

10

Automatic - Air
quality

The service shall automatically determine optimal
settings for one or more given control factors and spaces
and periods based on the past or current air quality (e.g.
ventilation).

0

10

0

5

6

0

0

0

0

0

0

Automatic
Weather

The service shall automatically determine optimal
settings for one or more given control factors and spaces
and periods based on the past or current air weather
(e.g. cold night, boiler heats up earlier).

0

10

0

7

6

0

9

0

0

8

10

Control - Remote

R1.10.7

R1.10.8

R1.10.9

R1.10.10

R1.10.11

R1.10.12

9

Control - WebPortal

Control - Unit

R1.10.6

Control Unit

Specifies the following requirements associated with the
degree to which it is possible to control and / or manage
the
SMARTSPACES
service
Background: Based on the environment and / or
consumption of a given space a schedule / plan needs to
be defined for automatic and / or remote management.
For instance, in response to an alert that a given space is
not occupied but lights have not been turned off (e.g.
offices) the professional could send a signal via sms to
do so.

Automatic
Occupancy
Schedule

-

Automatic
Occupancy
Current

-

-

-
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R1.11.

Control Factor

Specifies the following requirements associated with the
degree to which the SMARTSPACES service must be able
to control and manage effectively the system used for
the
service.
Background: Management services (automatic and / or
remote) need access to certain devices installed in the
building in order to control the environment. However,
certain B(E)MS services do not allow bi-directional
communication so that some of the following
requirements might be difficult to realise. Nevertheless,
the following list collects all settings which could be
controlled by SMARTSPACES.

R1.11.1

TemperatureBuilding

The service shall allow for controlling the temperature
(cooling and heating) of a given building.

0

5

0

0

10

0

9

8

0

10

9

R1.11.2

TemperatureFloor

The service shall allow for controlling the temperature
(cooling and heating) on a given floor.

0

5

0

0

0

0

9

0

0

10

9

R1.11.3

TemperatureRoom

The service shall allow for controlling the temperature
(cooling and heating) in a given room.

0

5

0

0

10

0

0

0

0

0

0

R1.11.4

TemperatureZone

The service shall allow for controlling the temperature
(cooling and heating) in a given zone.

0

5

0

8

7

0

0

0

0

10

9

R1.11.5

HumidityBuilding

The service shall allow for controlling the humidity of a
given building.

0

5

0

0

9

0

6

8

0

5

9

R1.11.6

Humidity-Floor

The service shall allow for controlling the humidity on a
given floor.

0

5

0

0

0

0

6

0

0

5

0

R1.11.7

Humidity-Room

The service shall allow for controlling the humidity in a
given room.

0

5

0

0

8

0

0

0

0

0

0

R1.11.8

Humidity-Zone

The service shall allow for controlling the humidity in a
given zone.

0

5

0

0

7

0

0

0

0

5

0

R1.11.9

VentilationBuilding

The service shall allow for controlling the distribution of
air of a given building (e.g. by operating fans or
opening/closing dampers).

0

5

0

0

10

0

0

0

0

0

9

Ventilation-Floor

The service shall allow for controlling the distribution of
air on a given floor (e.g. by operating fans or
opening/closing dampers).

0

5

0

0

0

0

0

0

0

0

0

VentilationRoom

The service shall allow for controlling the distribution of
air in a given room (e.g. by operating fans or
opening/closing dampers).

0

5

0

0

10

0

0

0

0

0

0

Ventilation-Zone

The service shall allow for controlling the distribution of
air in a given zone (e.g. by operating fans or
opening/closing dampers).

0

5

0

8

10

0

0

0

0

0

0

The service shall allow for controlling the lightning of any
space based on light coming from the sun either based
on measurments and/or a sun light calender.

0

4

0

0

0

0

0

0

0

0

9

0

0

9

0

0

0

0

0

9

R1.11.10

R1.11.11

R1.11.12

R1.11.13

Control Factor

R1.11.14

Lighting-Impact

LightningOutside

The service shall allow for controlling the lighting outside
of a given building (this might include park areas or
street lamps).

0
5

R1.11.15

Lighting-Building

The service shall allow for controlling the lighting in a
given building.

0

5

0

0

0

0

8

8

0

8

9

R1.11.16

Lighting-Floor

The service shall allow for controlling the lighting on a
given floor.

0

5

0

0

8

0

8

0

0

8

9

R1.11.17

Lighting-Room

The service shall allow for controlling the lighting in a
given room.

0

5

0

0

7

0

0

0

0

0

8

R1.11.18

Lighting-Zone

The service shall allow for controlling the lighting in a
given zone.

0

5

0

8

10

0

0

0

0

0

8

R1.11.19

Fire
SystemsBuilding

The service shall allow for controlling the fire systems in
a given building.

0

1

0

0

0

0

0

8

0

0

9

R1.11.20

Fire
Floor

Systems-

The service shall allow for controlling the fire systems on
a given floor.

0

1

0

0

10

0

0

0

0

0

9

R1.11.21

Fire
Room

Systems-

The service shall allow for controlling the fire systems in
a given room.

0

1

0

0

9

0

0

0

0

0

9

R1.11.22

Fire
Zone

Systems-

The service shall allow for controlling the fire systems in
a given zone.

0

1

0

0

10

0

0

0

0

0

9

R1.11.23

Security-Building

The service shall allow for controlling the security
systems in a given building.

0

1

0

0

0

0

0

8

0

0

9

R1.11.24

Security-Floor

The service shall allow for controlling the security
systems on a given floor.

0

1

0

0

10

0

0

0

0

0

9

R1.11.25

Security-Room

The service shall allow for controlling the security
systems in a given room.

0

1

0

0

9

0

0

0

0

0

0

R1.11.26

Security-Zone

The service shall allow for controlling the security

0

1

0

0

0

0

0

0

0

0

9
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systems in a given zone.
R1.11.27

Computer
equipmentBuilding

The service shall allow for controlling computer
equipment (including servers) in a givenbuilding.

10

2

0

0

0

0

4

5

0

0

0

Computer
equipment-Floor

The service shall allow for controlling computer
equipment (including servers) in a given floor.

0

4

0

0

0

0

4

5

0

0

0

Computer
equipmentRoom

The service shall allow for controlling computer
equipment (including servers) in a given room.

0

2

0

0

0

0

0

5

0

0

0

Computer
equipment-Zone

The service shall allow for controlling computer
equipment (including servers) in a given zone.

0

4

0

0

0

0

0

5

0

0

0

R1.12.

Peak

Specifies the following requirements associated with the
degree to which the SMARTSPACES service must be able
to handle peaks in consumption of a given resource.
Background: Peak consumption puts restrains on the
grid as well as power plants herewith leading to a higher
CO2 production and. Reducing peak consumption
requires direct control over consuming devices.

R1.12.1

Prevention

The service shall prevent forecasted peaks for a given
resource by taking actions which would prevent the peak
from occurring (e.g. activating fridges, freezers earlier to
build up cold and avoid switching on during peak times).

0

0

0

0

5

0

0

0

0

0

0

R1.11.28

R1.11.29

R1.11.30

Detection

The service shall detect peaks for a given resource as
they happen.

0

1

5

0

6

0

8

8

7

8

0

R1.12.3

Shaving

The service shall shave detected peaks for a given
resource by taking actions to reduce the peak (e.g.
turning off devices).

0

7

0

0

0

0

0

8

0

8

0

The service shall be able to inform a user how much
resources are produced by renewables and / or when
user should ideally consume resources in order to guide
consumption toward use of renewables.

0

0

8

0

10

0

0

8

0

0

7

Peak

R1.12.2

R1.13.

Renewables

R1.13.1

Use
renewables

Renewables

of

R1.13.2

Solar-Electricity

The service shall record and / or manage the electricity
produced by solar plants.

0

0

8

5

0

0

0

8

0

0

0

R1.13.3

Solar-Heat

The service shall record and / or manage the heat
produced by solar plants.

0

0

8

0

0

0

0

8

0

0

0

R1.13.4

Wind

The service shall record and / or manage the electricity
produced by wind.

0

0

8

0

0

0

0

8

0

0

0

R1.13.5

DCH

The service shall record and / or manage the heat
available and / or consumed in a district heating grid.

0

0

8

0

0

0

0

0

7

0

0

R1.13.6

CHP

The service shall record and / or manage the heat and
electricity available and / or consumed in a Combined
Heat and Power (CHP) unit.

0

10

8

0

0

0

0

8

0

0

0

The service shall record and / or manage the heat, cold
and electricity available and / or consumed in a Trigeneration unit.

0

0

8

0

10

0

0

8

0

0

0

R1.13.7

Tri-Generation

R1.13.8

Hydropower

The service shall record and / or manage the electricity
produced by hydropower.

0

0

8

0

0

0

0

0

0

0

0

R1.13.9

Biofuel

The service shall record and / or manage the electricity
produced by biofuels.

0

0

8

0

0

0

0

0

0

0

0

R1.14.

Building
Administration

R1.14.1

Building Data

The service shall enable the user to configure or modify
all the data related to Building Auditing (see Section
R1.16)

7

7

10

0

0

0

6

3

6

0

0

Hardware
administration

The service shall enable the user to manage/configure
and associate all different hardware used to give the
SMARTSPACES service in each building

7

7

7

0

0

3

8

1

6

8

3

Meters
administration

The service shall manage/configure the technical
parameters of the meters. Also will allow each meter to
be associated with the whole building or in a particular

7

10

10

0

5

0

8

2

8

8

3

R1.14.2
Building
Administration

Specifies the following requirements associated with the
degree to which the SMARTSPACES service shall record
and
/
or
manage
renewable
resources.
Background: As renewable sources are not as
predictable as traditional energy sources and are often
local they need management and / or appropriate
maintenance.

R1.14.3

Specifies the following requirements associated with the
degree to which the SMARTSPACES service shall allow
for
administering
buildings.
Background:
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zone of the building.

Building Auditing

Portal Administration

R1.14.4

Alerts

The service shall enable the user to configure or modify
all the data related to Alerts (see section R1.6)

0

8

8

0

10

3

8

3

4

8

3

R1.14.5

Documentation

The service shall enable the user to manage and share
documents files in the system

0

8

8

6

0

0

5

2

0

0

0

R1.14.6

Comments

The service shall enable the user to manage and share
some comments. These comments will be used to
communication between the users inside the system .

7

9

10

6

0

8

6

1

0

0

0

R1.14.7

Periodic Reports

The service shall enable the user to configure the reports
format and their periodical generation .

7

8

8

0

10

3

4

1

8

3

6

R1.14.8

Dashboard
configuration

The service shall enable the user to configure their
personal dashboard

0

7

7

0

5

5

0

3

2

0

1

Specifies the following requirements associated with the
degree to which the SMARTSPACES service shall allow
for administering the portal (e.g. web-site) by
professionals
or
the
service
provider.
Background:

R1.15.

Portal
Administration

R1.15.1

Buildings

The service shall be able to create/modify /erase
buildings in the system

7

9

10

0

5

8

9

5

8

8

0

R1.15.2

Zones

The service shall be able to create/modify /erase zones
in the buildings

0

6

7

0

7

0

7

5

8

0

1

R1.15.3

Municipalities

The service shall be able to create/modify /erase
municipalities in the system

7

6

10

0

7

8

7

1

2

0

0

R1.15.4

Country

The service shall be able to create/modify /erase
countries in the system

0

5

8

0

0

0

0

1

2

0

0

R1.15.5

Users

The service shall ebe able to create new access user for
each building . Is necessary to give different access levels
for each different users.

10

8

8

0

10

0

9

5

5

7

10

R1.15.6

Dashboard
configuration

The service shall enable the user to configure different
dashboards for different buildings and users.

0

8

10

0

0

0

0

3

0

0

1

R1.15.7

Documentation

The service shall enable the user to manage and share
documents files in the system for different buildings and
users.

0

8

8

0

10

0

0

3

2

0

0

The service shall enable the user to configure the
general reports format and the periodical generation of
these ones.

0

7

7

0

8

0

0

3

0

4

6

R1.15.8

Reports

Specifies the following requirements associated with the
degree to which the SMARTSPACES service shall allow
for administering
the portal (e.g. web-site) by
professionals
or
the
service
provider.
Background:

R1.16.

Building Auditing

R1.16.1

General
information

The service shall be able to collect general building
information. For example: Name of building, address,
contact, typology, etc..

6

8

8

0

5

6

9

5

6

3

1

R1.16.2

Areas

The service shall be able to include the square meters
area for buildings or zones

6

9

9

0

5

4

8

3

5

3

3

R1.16.3

Nominal heating
power

The service shall be able to include the nominal heating
power for buldings or zones

0

7

6

0

5

0

6

3

5

0

3

R1.16.4

Nominal cooling
power

The service shall be able to include the nominal cooling
power for buildings or zones

0

7

6

0

5

0

5

3

0

0

3

R1.16.5

Nominal lighting
power

The service shall be able to include the nominal lighting
power for buildings or zones

0

7

6

0

5

0

5

3

5

0

3

R1.16.6

People
occupancy

The service shall be able to include the people
occupancy for buildings or zones

0

8

7

0

5

0

7

0

5

0

0

Meteorological
data

The service shall be able to include the meteorological
data for each building and to configure the energy
calculation with these parameters (used in benchmark) .

7

7

7

0

5

5

7

0

4

0

0

R1.16.7
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