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Abstract 

This deliverable presents the results of the Task2.1 ōŜƭƻƴƎƛƴƎ ǘƻ αWP 2: Stakeholder 

Requirementsά which focuses on the collection of the necessities from the involved 

stakeholders associated to publicly owned buildings and buildings in public use or of public 

interest, where the project pilots will take place. Interviews and focus groups with the 

building administrator and representatives of the different user types in the building have 

been carried out. The aim was to understand how both, administrators and building users 

can intervene in the energy saving process. The interviews were done according to two 

different questionnaires created by GreenSoul partners: 1) for building managers (Facility 

manager, building owner, managing director) and 2) for tenants, building personal, staff, 

visitors, and so on. The main objective of this deliverable is to present the main results of the 

analysis of the questionnaires and interviews, coming from the GreenSoul pilot sites, in 

order to examine the potential impact of the GreenSoul project on them and finally outcome 

a set of ǳǎŜǊǎΩ requirements. Those requirements, defined based on the needs of the 

stakeholders, will also affect the implementation phase applied in the other work packages. 

The deliverable will be also one of the inputs for the Pilots Set-up, Model Calibration and 

Assessment where the actual project scenarios will be implemented and tested. In addition, 

partners' technical experience on smart metering systems and energy saving platform has 

been leveraged in order to complete the list of requirements with a set of technical 

requirements. 
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Executive Summary 

The overall scope of this deliverable is to outline the ǎǘŀƪŜƘƻƭŘŜǊǎΩ requirements for the 

GreenSoul Project that will be later taken into account for the definition of the functional 

requirements in Task 2.3. In order to clearly define the respective needs and the role of the 

distinct stakeholders (end-users, building managers, smart meter providers, and so on) as 

part of an integrated framework, a sequential methodological approach has been 

considered. 

Through interviews, questionnaires and sessions with focus groups, the ǳǎŜǊΨǎ requirements 

were extracted and the potential impact of the GreenSoul project was examined in different 

energy efficiency research fields. By taking into account the results of the questionnaire 

responses, sessions and interviews, the list of GreenSoul stakeholderǎΩ requirements was 

defined. Furthermore, the technical requirements from the point of view of the smart 

energy metering platforms owners have been analysed in order to have an idea of the 

impact that the users requirements have over the deployment of these platforms. 

Two types of Questionnaires were created and distributed among the GreenSoul 

stakeholders with two different aims: 1) to assess the relationship between typical 

GreenSoul scenarios and main GreenSoul Use Cases (both described in Deliverable 2.2); 2) to 

fine-tune the identified GreenSoul scenarios and define the related Use Cases respectively. 

In addition, the point of view of the smart meters/platforms providers has been 

incorporated into the analysis by including a list of technical requirements to accomplish 

ǿƛǘƘ ǳǎŜǊΩǎ ƴŜŜŘǎΦ ¢ƘŜǊŜŦƻǊŜΣ ŀ ŎƻƳǇƭŜǘŜΣ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ƭƛǎǘ ƻŦ ǎǘŀƪŜƘƻƭŘŜǊǎΩ requirements 

is given. 

Section 2 of this report presents the GreenSoul stakeholders and the analysis methodology 

to obtain their requirements. This methodology is mainly based on the collection of data 

through interviews and questionnaires and a focus group at the pre-pilot site. The GreenSoul 

solution has been validated first by building owners and facility managers, and then, by 

everyday occupants, tenants, visitors or students. 

Section 3 presents the questionnaire results statistics. Two types of questionnaires have 

been created and distributed to the different GreenSoul stakeholders: 

¶ Building managers, building owners or facility managers; 
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¶ Tenants, occupants or visitors 

17 managers and 114 tenants and visitors from 5 different European countries were involved 

in the requirements collection process.  

 

Section 4 is devoted to the analysis of these questionnaires. Conclusions for both, per pilot 

site and overall pilots are presented. For instance, it has been concluded that HVAC, lighting 

and office workspaces cope with the majority of the buildings consumption, according to the 

opinion of the managers. Hence, the project focus should be on these three services. 

Besides, managers believe that occupancy and behavioural data can improve ǳǎŜǊǎΩ 

awareness among other improvements. On the other hand, lighting control should be a key 

point addressed by GreenSoul, since it is identified as one of the most energy consuming 

sources and at the same time people are keen to switch off the lights. From the point of view 

of the appliances in use, GreenSoul should address the usage of PCs, since it is the most used 

device, but should concentrate on behaviour change regarding PC usage since most of the 

people are reluctant to implement energy efficiency strategies. 

 

Section 5 is aimed at presenting the results of the focus group conducted at the pre-pilot site 

in Bilbao. The preferred strategy to cope with energy inefficiency at workplace is Automation 

(Machines are energy-efficient and take automatically the sustainability oriented decisions), 

followed by the Behavioural strategy (People bear the full responsibility of their 

sustainability decisions) and the last one, Standby (After using a device, it will shift to a state 

in which is already prepared to work again instantly). Some participants suggested that they 

will feel comfortable with a savvy system that controls the temperature on peopleΨǎ behalf 

but that only can be modified if something rare happens (e.g. a faint due to high 

temperature). In these cases, the human intervention is a must.  

Section 6 seeks to extract the technical requirements from WSC technicians and domain 

experts. Basically, the most relevant requirements are three-fold: a) have all the information 

about the infrastructure that needs to be monitored, b) assure that there is connectivity 

between the controlled elements and the monitoring tool, and c) take into account that 

some devices like lifts, HVAC, and so forth, could not be controlled due to proprietary 

restrictions of the manufacturer.  

Section 7 summarises the GreenSoul stakeholder initial requirements from the information 

collected from the questionnaires and the focus group sessions. Tenants/Visitors, Managers 
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and Technical requirements are presented to provide a list of key 27 requirements for the 

GreenSoul solution. 

Appendix 1 is devoted to describe the pilot sites so that this information is available to 

understand the derived requirements. There are five pilots and a pre-pilot executed during 

the project in the following cities: Seville (Spain), Thessaloniki (Greece), Weiz (Austria) and 

two buildings in UK (Cambridge and Sussex) are the project pilots, while the pre-pilot is 

located in Bilbao (Spain). The participating cities are good examples of economic dynamism 

and social welfare in their respective countries. Their population size range from XL to L to M 

and to S sizes according to the OECD-EC community report [1] on European cities. Each of 

the participating demo sites has some distinguishing features, which make them very 

suitable to measure GreenSoulΩǎ ƛƳǇŀŎǘΦ 

Finally, Appendix 2 and 3 present the questionnaires models while Appendix 4 presents 

Questionnaire Answers Coding used since in order to analyse the data statistically, it was 

firstly mandatory to curate the raw data and to establish some codes for the answers 

retrieved as it will be later established in D7.2 Data Management Plan.  
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 1 Introduction 

1.1 GreenSoul Vision and Solution 

In order to illustrate the overall vision underlying the GreenSoul Project, the following 

example scenario can be considered: 

Elisa wakes up in her apartment. After a shower, she uses her new capsule-based coffee-

maker to prepare a cup of coffee. After breakfast, she turns off the lights in the kitchen, but 

forgets to turn the coffee-maker off! (A decision that she will regret later). Elisa leaves home 

and goes to work. 

After arriving to her company, she goes to the WC. Despite the clarity that comes through the 

windows of the toilet, the lights were on. She does not think in turning the lights off when 

leaving. 

By noon, Elisa visits the shared lounge to prepare a cup of coffee. She turns the coffee-maker 

on, puts a capsule of her favourite flavour and waits. When she finishes, she doubts whether 

to turn the coffee-maker off or let it on (standby mode), because at that time there are many 

colleagues who also have a coffee break. 

As can be read above, there are several types of devices in this scenario:  

1) Personal-use devices whose power consumption is evident (kitchen lights); 

2) Personal devices whose power consumption is less evident (home coffee-maker); 

3) Shared devices whose power consumption is evident (toilets lights); 

4) Shared devices whose power consumption is less evident (shared coffee-maker in the 

office).  

Very few people forget to switch off the lights at home. Likewise, it is very unlikely to leave a 

hair dryer on, while it is usual to forget to turn off a coffee-maker or an electric heater 

(although their power consumption is similar). Indeed, awareness about the energy 

consumption of collective appliances is negligible when compared with home or personal 

appliances. In these communal spaces, it would be useful to provide users with some help.  

Regarding the usage of shared devices, another difficulty occurs: the diffusion of 

responsibility. Darley et al. (1968) [2] studied this phenomenon in relation to human 

behaviour in emergencies. They concluded that the process that leads people to act is not a 

simple decision, but occurs within a decision tree. Therefore, people have to notice, 
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interpret, take responsibility, learn the proper way to act and finally act. Doubts in any of 

these steps will make difficult the final action. For this reason, we propose to introduce 

GreenSoul-ed things to aid Elisa to realise that there is no need to leave the toilet lights on, 

or recommend to her that in some parts of the day is more efficient to leave the coffee-

maker in standby.  

In essence, the collaboration with GreenSoul-enhanced devices might foster her to take 

responsibility, know the proper way to act and finally decide to act towards reducing energy 

consumption effortlessly. 

These suggestions can be triggered either by the augmented interfaces attached to the 

everyday things or either by the location-based GreenSoul app, which will be produced in 

this project. 

1.2 Objectives 

The core objective of this document, which is the first deliverable on the άwŜǉǳƛǊŜƳŜƴǘ 

Analysis Work Packageέ, is the collection of the necessities from the different stakeholders 

associated to publicly owned buildings and buildings in public use or of public interest, 

where the project pilots will take place. Different requirement collection techniques will be 

ŀǇǇƭƛŜŘ ǘƻ ƎŀǘƘŜǊ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ƴŜŜŘǎ ŀƴŘ ŜȄǇŜŎǘŀǘƛƻƴǎ ŦǊƻƳ ŀ ǎƻƭǳǘƛƻƴ ǎǳŎh as 

GreenSoul. Interviews with the building administrator and representatives of the different 

user types in the building will be carried out, in order to understand how both 

administrators and building users can intervene in the energy saving process. Questionnaires 

will be also issued to the building personnel as well as focus group sessions will be 

conducted. In addition, WSC experience in the provision of Smart Meter technology and 

energy saving platforms will be leveraged. Interviews with their technical teams will also be 

carried out to also understand the views from technical providers towards achieving higher 

energy efficiency in public use buildings.  

This document describes the approach used to perform the stakeholder analysis for the 

GreenSoul Project. In it, partners have worked on identifying the most relevant user groups, 

likely to benefit from the services that will be offered by GreenSoul Project. 

The analysis has aimed at addressing several groups of questions such as: 

1) What users, building engineers and building managers typically do on a day-to-day 

basis in the demo site buildings; 



                                                                         
 

Dissemination Level: PU D2.1 GreenSoul end users requirements report 12 

2) What type of information they need, and what can facilitate the uptake of energy 

metering systems and behaviour change approaches; 

3) What these users require ŦǊƻƳ ŀ ǎȅǎǘŜƳ ƭƛƪŜ άGreenSoulέ ǘƻ ŜƴŀōƭŜ ǘƘŜƳ ǘƻ ŎŀǊǊȅ ƻǳǘ 

their activities more effectively (e.g., which functionalities) and what these users 

would expect from the GreenSoul platform;  

4) What smart meters and energy monitoring tools have to deliver from a technical 

point of view to fulfil ǿƛǘƘ ǳǎŜǊΩǎ ǊŜǉǳƛǊŜƳŜƴǘǎΦ 

1.3 Organization of the report 

The report is organized as follows. Section 2 presents the GreenSoul stakeholders and the 

analysis methodology to obtain their requirements. This methodology is mainly based on the 

collection of data through interviews and a focus group at the pre-pilot site. Section 3 

presents the questionnaire results statistics whereas Section is devoted to the analysis of the 

answers of these questionnaires. Conclusions for both, per pilot site and overall pilots are 

presented. Section 5 is aimed at presenting the results of the focus group conducted at the 

pre-pilot site in Bilbao. Section 6 seeks to extract the technical requirements from WSC 

technicians and domain experts. Section 7 summarises the GreenSoul stakeholder initial 

requirements from the information collected from the questionnaires and the focus group 

sessions organized. 
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 2 Methodology 

The main objective of this Section is to present the methodology that has been followed to 

gain insights of the GreenSoul possible functionalities and its priorities.  

2.1 Overview of Stakeholders addressed in GreenSoul 

GreenSoul´s aim is to bring together different stakeholders with the ultimate goal of the 

optimal operation of the GreenSoul solution. Therefore, the first step to achieve was to 

define the project stakeholders taking into account that different groups of actors with 

specific roles address different services of the GreenSoul framework. The idea was to reach 

up to 13-мр ōǳƛƭŘƛƴƎǎΩ ƻŎŎǳǇŀƴǘǎ ǇŜǊ Ǉƛƭƻǘ ǎƛǘŜΦ Hence, the distribution of the interviewed 

sample was performed among the roles that were present in each building. The following 

roles were identified along the six pilot sites: 

Table 1. Roles identified across the different pilot sites. 

Roles 

Full time workers ǒ People who work full time for the purpose of maintaining 
the enterprise/institute/centre.  

ǒ Most of these people are researcher, IT technicians and 
Managing authorities. 

Part time workers 
 

ǒ People who work part time for the purpose of maintaining 
the enterprise/institute/centre.  

ǒ In our pilot sites these people are researchers and IT 
technicians, administrative staff. 

Principal 
researcher/head of 
unit/boss/manager  
 

ǒ People who is in charge of coordinating and managing full-
time and part-time workers. At our pilot sites, people in this 
role usually have a separate room a have a general overview 
of the work carried out by their workers. 

Administrative staff ǒ Full time or part time workers who manage the 
administrative tasks of the enterprise/institute/centre 
where they work. These staffs are located all together in a 
separate space within the building. 

Cleaning staff 
 

ǒ Full time or part time workers who are in charge of cleaning 
the buildings (pilot sites) at the end or before beginning of 
the work day. 

Secretaries or 
receptionists  
 

ǒ Full time or part time workers who are in charge of 
welcoming visitors or helping Principal researchers/head of 
units/bosses/managers to carry out the administrative tasks 
on their behalf. 
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Caretakers/concierg
es 
 

ǒ Full time or part time workers who are in charge of taking 
care of the building (Open it, closing it, switching the lights 
and equipment on and off, etc.).  

Visitors ǒ People who occasionally go to the pilot for different 
purposes. 

Tenants ǒ People who rent an office in a pilot building. 

 

These actors have been recruited in each of the pilot site attaining more than 100 people as 

Table 2 shows: 

Table 2. Number of people interviewed per pilot site. 

Country Pilot city 
Num. of 

managers 
Num. of 
tenants 

Total 
interviewed 

Spain 
Seville 1 6 7 

Bilbao 2 31 33 

UK 

Cambridge 9 28 37 

Haywards 
heath 

1 2 3 

Greece Pilea-Hortiatis 1 34 35 

Austria Weiz 3 13 16 

TOTAL 17 114 131 

 

As can be observed in Figure 1, the GreenSoul solution will be validated first by building 

owners and facility managers, and then, by everyday occupants, tenants, visitors or 

students. 

 

Figure 1. Hierarchy of GreenSoul delivered questionnaires. 
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2.2 /ƻƭƭŜŎǘƛƴƎ {ǘŀƪŜƘƻƭŘŜǊΩǎ wŜǉǳƛǊŜƳŜƴǘǎ 

In Figure 2 the strategy applied in this deliverable is presented. Stakeholders, tenants, 

building owners, managers and so forth offer their personal experiences and knowledge to 

refine the GreenSoul solution and to state the goals that such a platform should tackle. 

 

 

Figure 2. GreenSoul solution and strategy. 

Moreover, this deliverable serves as an input to other project tasks as can be observed in 

Figure 3. 
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Figure 3. Interaction with other project tasks. 

2.2.1 Interviews Conducted with PƛƭƻǘǎΩ Users and Managers 

Interviews with the building administrator and representatives of the different user types in 

the building were conducted, in order to understand how both administrators and building 

users can intervene in the energy saving process. The user/stakeholder interview is a simple 

and direct technique that can be used virtually in every situation. In line with the project, a 

lot of stakeholders are actively involved as well as being interviewed using a structured and 

fully fledged template. The results of this questionnaire approach are defined as a core part 

of the stakeholder requirements. 

Two types of questionnaires have been created and distributed to the different GreenSoul 

stakeholders: 

1) Building managers, building owners or facility managers; 

2) and tenants, occupants or visitors 
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These questionnaires have been delivered to assess the relationship between Use Case 

Scenarios for each Demo Site and the GreenSoul overall solution. They have been also used 

to drive the definition of the User requirements. 

The questionnaires were first translated into the mother tongue of each involved partner. 

The translation was done by different actors in each language (Greek, Spanish and German) 

to ensure the translation reliability. Next, the questionnaires were circulated to the involved 

task partners who contacted the external building stakeholders to conduct interviews at 

each demo-site. Questionnaires have also been distributed to the building personnel. The 

instruments used to perform the interviews were mainly:  

ǒ Web/e-mail/direct phone interview. 

ǒ Face to face interviews with the selected group. 

ǒ Focus groups or discussion groups. 

The outcome of the interviews and focus group sessions was to give place to the 

άGreenSoulέ ǊŜǉǳƛǊŜƳŜƴǘǎΦ ¢ƘŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜǎ were defined with respect to the following 

guidelines: 

ǒ Brevity and interest: the interviewed person is rarely keen to answer long and 

complex questions. 

ǒ Closed questions: only professional and expert users will be asked to answer open 

questions such as a request to suggest particular functionality. 

2.2.2 Focus group in pre-pilot site 

After finishing the pilot sites questionnaires, UDEUSTO, hosting the pre-pilot site, decided to 

run three sessions of focus groups in order to extract deeper insights from future users of 

the GreenSoul platform. In line with the questionnaires previously overviewed, we tackle 

questions about the time spent in different parts of the building, the electric devices they 

specifically use in those buildings, and other questions related to energy efficiency. 

However, the aim of the focus group was to reflect about the current energy efficiency 

measures that participants adopt in their everyday live at work. And more importantly, the 

aim was to discover the different energy efficient strategies, broke down by electrical device 

of personal or common use, that the users considered that would have to be applied to 

attain real efficiency in work environments.  

2.2.3 Technical Inputs Extraction 

The experience of Wellness Smart Cities (WSC) in the provision of Smart Meter technology 

and energy saving platforms has been leveraged to extract technical requirements. 
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Interviews with their technical teams were carried out to understand the views from 

technical providers towards achieving higher energy efficiency in public buildings. 

WSC is in charge of deploying its energy monitoring system, called WeSave [4], in the pilot 

site buildings with the intention of measuring the impact of GreenSoul Project results. 

WeSave is an energy control and management platform for all types of building. WeSave 

makes it easy to monitor savings policies and the impact of users on changes in 

consumption. 

Its open architecture makes it compatible with existing systems and aids in the integration of 

future applications. As it uses the communications network that is already installed, it is not 

necessary to make any additional investment. 

The WeSave solution allows for: 

ǒ Monitoring. Consumption of air conditioning, lighting and equipment. 

ǒ Reporting. Correlation of information. 

ǒ Alarms. Anticipating and controlling contingencies. 

ǒ Establishment of usage policies and monitoring them. 

ǒ Increase awareness of employees using personal information. 

Based on the WSC experience in deploying WeSave, the questionnaires have been analysed 

ŦǊƻƳ ŀ ǘŜŎƘƴƛŎŀƭ Ǉƻƛƴǘ ƻŦ ǾƛŜǿΣ ŘŜǊƛǾƛƴƎ ǘƘŜ άGreenSoul ǘŜŎƘƴƛŎŀƭ ǊŜǉǳƛǊŜƳŜƴǘǎέ ǊŜƎŀǊŘƛƴƎ 

the installation of WeSave in the buildings. Thus, the different options included in the 

questionnaires derive in some cases a technical requirement regarding the energy 

monitoring system to be deployed in the buildings. For instance, if air conditioning is 

detected as one of the main consumptions in one of the buildings, then it seems reasonable 

to install the energy monitoring system to measure the electrical consumption in the circuits 

of the HVAC systems. This will be very useful for the technical architecture design and pilots 

planning in future work within the project.   

As a result, this report includes a specific section for the analysis of the technical 

requirements of the different questionnaires. In addition, particular conclusions for each 

pilot site building from the technical point of view are included. Finally and overall 

conclusion, summarizing common technical requirements for WeSave among all pilot 

buildings are derived.  
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 3 Overall Questionnaire Results and Analysis 

After retrieving all the data from the questionnaires (check questionnaire contents in 

Appendix 2), careful evaluation was done on both sets of responses: Managers and Tenants. 

The aim was relevant in the definition of the stakeholder requirements for GreenSoul. 

Hereafter we describe the overall results after performing the statistical analysis. 

3.1 TenantǎκhŎŎǳǇŀƴǘǎκ±ƛǎƛǘƻǊǎΩ ŀƴǎǿŜǊǎ 

The first part of this questionnaire gathers general information about the occupants, tenants 

and visitors participating in the interviews. All occupants, tenants and visitors included in the 

GreenSoul Living Lab were contacted and a total of 114 different questionnaires were finally 

collected from 5 different European countries.  

The second part of the questionnaire aims at defining the main aspects/functionalities of the 

GreenSoul Project, which reflects the role of the occupants, tenants and visitors as core part 

of the project. 

IŜǊŜŀŦǘŜǊΣ ǘƘŜ ǎǘŀǘƛǎǘƛŎŀƭ ŎƻƳǇŀǊƛǎƻƴ ƻŦ ǘƘŜ ǘŜƴŀƴǘǎΩ ŀƴǎǿŜǊǎ ƛƴ ŜǾŜǊȅ Ǉƛƭƻǘ ƛǎ ǇǊŜǎŜƴǘŜŘΦ ¢ƘŜ 

objective is to look for differences and similarities between the pilots to correctly do the 

planning leveraging the most suitable GreenSoul approaches in each demo site. Please note 

that some of the questions analysed had to be previously curated according to a Coding 

schema that is described in the Appendix 4.  

Different statistical analyses have been done to test the hypotheses suggested after 

examining the images extracted from the raw data collected. 

3.1.1 Gender Distribution 

Figure 4 shows that the gender distribution is quite different among pilot sites. Clearly, 

Cambridge and Pileas-Hortiatis present a higher share of women than the remaining pilot 

sites. This could be due to the type of buildings. Bilbao and Weiz host two research centres 

with lots of engineers (a profession that typically has a strong men bias) while other pilot 

sites host others types of users (a municipality, a business incubator or a statistics agency) 

that do not have such a strong gender bias. Please note that the pilot-site with more gender 

skew is Bilbao where the pre-Ǉƛƭƻǘ ǿƛƭƭ ōŜ ƘŜƭŘΦ ¢ƻ ŎƻƴŦƛǊƳ ƻǳǊ ƘȅǇƻǘƘŜǎƛǎΣ ŀǎ άƎŜƴŘŜǊέ ƛǎ ŀ 

qualitative variable, a contingency table is built and the independence between the gender 

distribution and the different pilot siǘŜǎ ƛǎ ŀǎǎŜǎǎŜŘ ǳǎƛƴƎ ŀ tŜŀǊǎƻƴΩǎ /Ƙƛ-Squared test. With 

p-value=0.02498, we can conclude that there is a statistically significant gender distribution 
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ōŜǘǿŜŜƴ ǘƘŜ Ǉƛƭƻǘ ǎƛǘŜǎ ŀƴŘ ŜȄǘǊŀ ŎŀǊŜ ǎƘƻǳƭŘ ōŜ Ǉǳǘ ƛƴ ǘƘŜ .ƛƭōŀƻΩǎ ǇǊŜ-pilot to correctly take 

into consideration the gender aspects inside the persuasion techniques developed. 

 

Figure 4. Gender distribution among pilot sites. 

3.1.2 Age range 

Figure 5 shows the mean age (errors bars represent one standard deviation over the mean 

ǾŀƭǳŜύ ƻŦ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǇƛƭƻǘǎΩ ǎƛǘŜǎΦ !ǎ ōŜŦƻǊŜΣ .ƛƭōŀƻ ǇǊŜǎŜƴǘǎ ŀ ŘƛŦŦŜǊŜƴǘ ǇŀǘǘŜǊƴ ŀǎ ǘƘŜ ƻǘƘŜǊ 

ǇƛƭƻǘǎΩ ǎƛǘŜǎΦ Bilbao hosts a research institute with only ten years of life so their staffs are 

young. On the other hand, the pilot in Seville or Pileas-Hortiatis host in both case public 

institutions with an older population. 

As we are comparing different populations that does not follow a Gaussian distribution, a 

nonparametric several-samples comparison test should be used. The Kruskal-Wallis rank 

sum test presents an extremely low p-value (7.919e-06) so a post-hoc analysis should be 

used to look for the different populations. The pairwise comparisons using Tukey and 

Kramer (Nemenyi) test with Tukey-Distance confirms that indeed, the population of Bilbao is 

significantly different from the one in Pilea-Hortiatis and Seville (Bilbao and Pilea-Hortiatis 

have a p-value of 0.00012 and Bilbao vs Seville of present a p-value of 0.00041). The rest of 

age distribution seems to be equivalent. As before, these results show that extra care should 

ōŜ Ǉǳǘ ƛƴ ǘƘŜ .ƛƭōŀƻΩǎ ǇǊŜ-pilot to correctly take into consideration the age aspects inside the 

persuasion techniques developed. 
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Figure 5. Age distribution among pilot-site partners 

3.1.3 Technical Background 

Figure 6 shows the different background knowledge related to energy efficiency presented 

in the different pilot sites. The main difference seems to be in the presence of 5 persons 

with very good knowledge in the Pilea-Hortiatis pilot and the lack of experience among the 

users of the Seville pilot building. Given that the five persons in Pilea-Hortiatis are 

technicians and the head of unit of the building (that are not a primary target of this project) 

and the low amount of answers in Seville (that make not very reliable the sample), it has 

been decided to remove these dataset as is was considered non-representative. 

!Ǝŀƛƴ ǘƘŜ ōŀŎƪƎǊƻǳƴŘ ƪƴƻǿƭŜŘƎŜ ƛǎ ŀ ǉǳŀƭƛǘŀǘƛǾŜ ǾŀǊƛŀōƭŜΦ ¢ƘŜǊŜŦƻǊŜΣ ǳǎƛƴƎ tŜŀǊǎƻƴΩǎ /Ƙƛ-

Squared test we obtain a very high p-value (0.5397). As we are not provided with enough 

information to discard the independence of the variables, therefore, we assume that the 

ǘŜŎƘƴƛŎŀƭ ōŀŎƪƎǊƻǳƴŘ ŘƛǎǘǊƛōǳǘƛƻƴ ƛǎ ǘƘŜ ǎŀƳŜ ƛƴ ŀƭƭ ǇƛƭƻǘǎΩ ǎƛǘŜǎΦ tƭŜŀǎŜ ƴƻǘŜ that considering 

all the answers (i.e. including Seville and Pilea), the Chi-squared test has a p-value of 7.846e-

05. In any case, these differences are not expected to have any consequence over the 

planning or the results of the actions. Moreover, the results are not consistent with regards 

to other similar questionnaire items. Therefore, this question could have been 

misunderstood by participants. 
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Figure 6. Technical background in each pilot site 

3.1.4 Daily Patterns 

The distribution of users of the building that have a similar pattern every day seems to be 

ǾŜǊȅ ǳƴƛŦƻǊƳ ŀŎǊƻǎǎ ǇƛƭƻǘǎΩ ǎƛǘŜǎΦ ¢ƻ ŎƻƴŦƛǊƳ ǘƘƛǎ ƘȅǇƻǘƘŜǎƛǎ tŜŀǊǎƻƴΩǎ /Ƙƛ-Squared test is 

used to assess the independence of variables. The p-value obtained is relative high (0.1498). 

Therefore, we do not have enough information to discard the independence of the 

distribution. In this sense, we can assume that the percentage of people with patterns is the 

ǎŀƳŜ ƛƴ ŀƭƭ ǇƛƭƻǘǎΩ ǎƛǘŜǎΦ 

 

Figure 7. Distribution of the people with patterns 
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3.1.5 Actions Performed within the Daily Routine at Work 

Figure 8 shows the actions that are made daily in every pilot sites. As the pilot sites are quite 

different, it is expected that huge differences are presented. Just from the image several 

differences can be found:  

¶ In Cambridge and Sussex, the use of small appliances (as kettles or coffee machines) 

is slightly more frequent than in the rest of the pilot sites.  

¶ In Bilbao and Pilea-Hortiatis the most frequent action is to turn off devices.  

Nevertheless, as the answers do not correspond to what was expected (it was a free text 

question) this seem to indicate that a lot of interviewed persons did not understand what 

was the aim of the question. In any case, the focus groups celebrated at the pre-pilot site 

have provided us a lot more information about this particular topic, so we can discard this 

question of the survey. 

 

 

Figure 8. Actions within different patterns in each pilot-site 

3.1.6 Time spent in work spaces 

Figure 9 shows the mean time spent in every space for every pilot site. Given that the time 

spent in offices completely dominates the time spent in other spaces, the statistical 

overview will be focused only on this space. In particular, it seems that Bilbao is the place 

where the time spent in the office is the shortest one. This is compensated as it is also the 
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place where more time is spent in others spaces (like in classrooms, rooms or in the 

canteen). 

As we are comparing different populations that does not follow a Gaussian distribution, a 

nonparametric several-samples comparison test should be used. The Kruskal-Wallis rank 

sum test presents a low p-value (0.002031) so a post hoc analysis should be used to look for 

the different populations. The pairwise comparisons using Tukey and Kramer (Nemenyi) test 

with Tukey-Distance confirms that indeed the amount of time in offices from Bilbao and 

Pilea-Hortiatis 0.0027 and Bilbao and Sussex 0.0255) comes from different populations. To 

overcome these differences, in Bilbao Pilot will also consider the room space as a target to 

deploy the solution. 

As an interesting note, even as Bilbao seems to be the pilot site where less time is expended 

in the office, Bilbao is the pilot site where the users spent more time in the building: the 

Kruskal-Wallis rank sum test presents a low p-value (0.0001888). As in previous occasions, 

Bilbao concentrates the statistically different result among the pilots sites: the pairwise 

comparisons using Tukey and Kramer (Nemenyi) test with Tukey-Distance confirms that 

there are differences between the pilot in Bilbao and the one in Pilea-Hortiatis (p-value of 

0.00012) and between the pilot at Bilbao and the pilot at Cambridge (p-value of 0.04152). 

This results complies with others results that suggest that the Spaniards spent long hours in 

the office 

 

Figure 9. Time spent in different work spaces. 
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Figure 10. Time spent in buildings. 

3.1.7 Devices in different spaces 

From the previous results, it has been decided that the focus will be put in the office space. 

Figure 11 shows the amount of devices that are used in the office categorised in accordance 

of the coding explained in Appendix 4. .The graph clearly shows that the amount of devices 

in Pilea-Hortiatis ƛǎ ōƛƎƎŜǊ ǘƘŀƴ ƛƴ ǘƘŜ ǊŜǎǘ ƻŦ ǇƛƭƻǘǎΩ ǎƛǘŜǎΦ aƻǊŜƻǾŜǊΣ ǘƘŜ ǳǎŜǊǎ ǎŜŜƳ ǘƻ ǳǎŜ 

almost all the equipment provided by the building uniformly. In contrast, in the rest of pilots 

there is a stǊƻƴƎ ōƛŀǎ ŦƻǊ ŘŜǾƛŎŜǎ ǘƘŀǘ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ǘƘŜ ά/ƻƳǇǳǘŜǊǎέ ŎŀǘŜƎƻǊȅΦ ¢ƘŜǎŜ ǊŜǎǳƭǘǎ 

suggest that the distribution of equipment is not uniform among pilot sites. As this variable 

is qualitative, a contingency table is built and the independence between this variable and 

ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǇƛƭƻǘǎΩ ǎƛǘŜǎ ƛǎ ŀǎǎŜǎǎŜŘ ǳǎƛƴƎ ŀ tŜŀǊǎƻƴΩǎ /Ƙƛ-Squared test. As its p-value is 

extremely low (4.002e-08) this hypothesis is confirmed. This result should be taken into 

consideration in the pilot plan. 
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Figure 11. Devices per work environment 

3.1.8 Smart Metering and Smart Plug Concepts 

Figure 12 show the amount of persons that know what are a Smart Meter and, respectively, 

a Smart Plug. Both figures are quite similar; in general, there are around 20% of the users of 

the pilot sites that do not know what a Smart Meter or a Smart Plug is. As before, the biggest 

differences are located in the Pilea-Hortiatis pilot site (where more than two-thirds of the 

interviewed answer that they do not know) and in the Seville pilot site (where the complete 

sample have answered they do not know). These differences are explained as in both cases, 

the population that use the ǇƛƭƻǘǎΩ sites has a big amount of non-technical staff. To test if the 

differences are relevant/significant, as the variables are qualitative, contingencies tables 

should be built. The independence between these variables and the different ǇƛƭƻǘǎΩ sites is 

ŀǎǎŜǎǎŜŘ ǳǎƛƴƎ ŀ tŜŀǊǎƻƴΩǎ /Ƙƛ-Squared test. The p-values in both cases are extremely low; 

0.0001192 for the Smart Meter and 0.002542 for the Smart Plug. From this result it should 

be concluded that extra care should be put in both, the Seville and Pilea-Hortiatis pilot sites. 

In both cases special actions should be prepared to inform the users of the actions to be 

held. 
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Figure 12. Knowledge of smart meters and plug 

3.1.9 What a Smart plug or meter can do for you? 

The figures presented in this section show the actions that the interviewed consider that a 

Smart Meter and, respectively, a Smart Plug should do. As before, the main differences seem 

to be between the pilotsΩ sites and not between the answers of Smart Meters and Smart 

Plugs. 

While in Pilea-Hortiatis almost all the people think that Smart Meters should provide 

historical data, People at Weiz seems to be more interesting in automation and information 

than in historical data. In Bilbao, Sussex and Cambridge there is a good amount of people 

that wanted to have recommendations given by the system. Moreover, they also wanted 

that a Smart Plugs are able to turn on or off a device. 

In general, in the pilots sites that have a more technical staff it seems like are more kind of 

having automation or telemetry but in the others buildings are more interesting in having 

historical data or get educational tips. In both cases, to test if the differences are significant, 

as the variables are qualitative, contingencies tables should be built. The independence 

ōŜǘǿŜŜƴ ǘƘŜǎŜ ǾŀǊƛŀōƭŜǎ ŀƴŘ ǘƘŜ ŘƛŦŦŜǊŜƴǘ Ǉƛƭƻǘǎ ǎƛǘŜǎ ƘŀǾŜ ōŜŜƴ ŀǎǎŜǎǎŜŘ ǳǎƛƴƎ ŀ tŜŀǊǎƻƴΩǎ 

Chi-Squared test. The p-values in both cases are extremely low: 2.698e-07 in the case of 

Smart Meters and 0.002404 in the case of Smart Plugs. 
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Figure 13. What a smart meter can do on your behalf. 

3.1.10 Services offered by GreenSoul 

In contrast to the previous figures, this section depicts the services that the users of the 

ǇƛƭƻǘǎΩ ǎƛǘŜǎ ŎƻƴǎƛŘŜǊ ǘƘŀǘ ŀ {ƳŀǊǘ aŜǘŜǊ ŀƴŘΣ ǊŜǎǇŜŎǘƛǾŜƭȅΣ ŀ {ƳŀǊǘ tƭǳƎ ǎƘƻǳƭŘ ǇǊƻǾƛŘŜΦ Lƴ 

contrast to the previous cases, there seems to be consensus among pilot sites but not 

between Smart Meters and Smart Plugs.  

In the case of Smart Meters, the most relevant services expected are aggregated and 

disaggregated load profile followed by optimization of the loads. Providing feedback was 

also much commented. On the other hand, the most common service requested for Smart 

Plugs was to provide information in a display or ambient lights followed by an App or a Web-

based approach. E-mails and touch screens did not attract too much attention and the rest 

of the options were found completely marginal in comparison with previous ones. 

In both cases, as theses variables are qualitative, contingencies tables should be built. The 

independence between these variables and the different pilots sites have been assessed 

using a tŜŀǊǎƻƴΩǎ /Ƙƛ-Squared test. Both p-values (0.8938 for the Smart Meter and 0.04407 

for the Smart Plug) have been relatively high so the data is compatible with the assumption 

of that the distribution of services does not depend of the pilot sites. 
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Figure 14. Services offered by a suspicious project participant 

3.1.11 Energy efficiency actions 

This figure shows the importance given to different actions related to energy efficiency 

measures. The bar denotes the mean punctuation in a Likert scale while the error bars mark 

one standard deviation.  

The relevance given to different actions seems to be very different among pilot sites. In 

general, Cambridge and Weiz provided lower scores to every action. Probably a 

άƴƻǊƳŀƭƛȊŀǘƛƻƴέ ƻŦ ǘƘŜ ǇǳƴŎǘǳŀtion should be made in order to correctly compare these 

data. In any case, a common pattern could be found: Bilbao and Pilea-Hortiatis give a lot 

more importance to illumination related measures (use of sunlight, turn off light) while Weiz 

and Cambridge give much more importance to devices that consume electricity or heat 

(Thermostat, use of energy efficiency PC, etc.). These differences should be taken into 

consideration when preparing the persuasive strategies. 
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Figure 15. Relevance to energy efficient approaches 

Finally, Figure 16 show the habits related to energy efficiency that are currently in place. 

Even as they seem quite similar, there are enough differences between the pilots to be 

statistically significant (0.006812). The main differences seem to be in the turn off computer 

equipment and the relation between windows and the HVAC systems. 
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Figure 16. Energy efficient actions that can be made for human activity 

  

3.2 Managers/Owners Answers 

The following questionnaire aims at gathering information to enrich the GreenSoul use cases 

with further information on requirements, thereby allowing a more concrete development 

of the GreenSoul platform. The scope of this questionnaire is to examine the potential 

impact of GreenSoul Project to the managing directors/Building owner/Facility manager. 

The first part of the questionnaire gathers general information about the 

Stakeholder/Building owner/Facility manager. All managing directors/Building owner/Facility 

manager included in the GreenSoul Living Lab were contacted and a total of 17 different 

questionnaires were finally collected from 5 demo sites. 

All of the interviewed persons are full time workers and most of the interviewed persons are 

Managing directors then Facility managers and a few Building owner.  

1. What other services does your building offer to its user/ the people working within 

the building? 

 

The results about the services, which the building offers to its users/ the people reveal that 

HVAC, lighting, plugs and screens are the most offered services.  
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2. What services do you think/know have the highest energy consumption? 

 

The Majority of the questioned Building owners, Facility Manager, Managing director believe 

that HVAC has the highest energy consumption. Then the lightening follows in the ranking. 

3. Which are the main results about the energy performance of the whole building, (of 

individual devices) you would be interested in?  

 

Various answers were provided, since this question had no predefined choices. The main 

answers were energy savings, reduction of GHG emissions and increase use of renewable 

energy sources in buildings. 

4. Do you use a Building Management System (BMS Tool)?  

 

Most of Building Owner, Facility Manager and Managing directors interviewed use a Building 

Management System tool. However, there are some ǇƛƭƻǘǎΩ ǎƛǘŜǎ ƭƛƪŜ {ŜǾƛƭƭŜΩǎ Ǉƛƭƻǘ ǎƛǘŜ ǘƘŀǘ 

are not implementing a BMS. 

5. Is your building completely automated? Are the people able to control the energy- 

consuming devices) e.g.) HVAC, illumination, and so forth) in the different building spaces? 

Table 3 Energy consuming device 

Spaces Devices used User able to 

control? 

Managers able 

to control? 

Offices PC/Light/printer 100 % yes  100 % yes 

Labs Laboratory 

equipment 

75% yes 50 % yes 

Meeting room Beamer / lights 100 %  100 % 

Corridor/rest 

Area 

Light  72 % yes 80 % yes 

Kitchen coffee maker, 

water heater, 

100 % yes 100 % yes 
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stove 

Cafeteria Dispenser, 

coffee maker, 

water heater, 

stove 

100 %  100 % 

 

6. Do you know what kind of energy metering system is installed in your building?  

 

The majority of the building owner, Facility manager and managing directors do know what 

kind of energy metering system is installed. 

7. Would you accept to install another smart metering system or a new one in case your 

building is not provided that? 

 

Each Building owner, Facility Manager and Managing director would accept it.  

8. In your opinion, what should a smart metering system be able to do? 

 

Facility manager, Building owner and managing director think, that a smart metering system 

should mainly be able to inform of the aggregate amount of energy consumed (30%). 

9. How should the information of the smart meter presented to you? 

 

The building manager, the Managing directors and the Facility Manager view how the 

presentation of the results should be shown. Most of them prefer an ambient display (25%) 

and communication systems with smartphones, apps (23%). 

10. Specify a rough estimation of time (in hours ς minutes) spent by building occupants 

on each the below areas/spaces/zones during a typical working day? 

 

According to Building managers´, Facility managers and Building owners´ perception, 

building occupants spend most of their time at the Offices or Meeting rooms and some 

smaller periods of time at the Corridor, kitchen, Cafeteria and the Labs. 
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11. What building systems can we apply to test GreenSoul devices? 

 

The result is that few devices are candidate to test the GreenSoul solution since HVAC (26%), 

Lightening (26%), Kitchen Devices (25%) and PC/Printer (23%) are the most interesting ones, 

being in majority infrastructure devices instead of personal devices. 
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 4 Analysis of questionnaires 

4.1 Pilots Conclusions  

In this section the questionnairesΩ conclusiƻƴǎ ƛƴ ŜŀŎƘ ƻŦ ǘƘŜ ǇƛƭƻǘǎΩ ōǳƛƭŘƛƴƎǎ ŀǊŜ ǊŜǾƛŜǿŜŘΦ 

Every pilot consists of two sections, one devoted to ǘŜƴŀƴǘǎΩ answers and the other to the 

ƳŀƴŀƎŜǊǎΩ answers. In the next Section, the results of the cross-pilot analysis are also 

provided. 

4.1.1 Bilbao 

4.1.1.1 Managers and owners summary 

The pre-pilot manager and the technician in charge of the whole building infrastructure have 

replied to the proposed questionnaire. Both declare themselves as people having low 

knowledge about energy efficiency. 

The building where the pre-pilot is going to be carried out is 25 years old and confusing at 

infrastructure level. Therefore, several answers related to the building features are 

completely opposite.  

The technician has underestimated the number of equipment of shared used deployed 

throughout the building. This can be explained because she works in a separate building 

isolated from the place where students, research personal, teachers and staff develop their 

daily routine. There are also discrepancies between the times that people occupy each of the 

communal spaces. In this latter case, the manager overestimates the time that stuff stay in 

the different locations presented in the questionnaire. 

Both agreed stating that the systems with higher energy consumption are: HVAC, lighting, 

ƭŀōƻǊŀǘƻǊƛŜǎΩ equipment and equipment distributed in working desks. Their replies were also 

aligned when thinking about those devices with higher rates of energy efficiency needs if 

they were used appropriately (in energy terms). Finally, both respondents considered to 

measure the energy consumption in a disaggregated manner. 

The building does not feature BMS. The HVAC is pre-programmed by operators. However, 

tenants are able to operate them according to their preferences throughout the working 

day. The other electrical equipment is directly controlled by tenants. 

The building does not feature tele-metering or smart metering. However, we are in 

consulting with WSC to install such as system. 
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Lƴ ǘƘŜ ƛƴǘŜǊǾƛŜǿŜŜǎΩ ƻǇƛƴƛƻƴΣ ǘƘŜ ǎƳŀǊǘ ƳŜǘŜǊǎ ǎƘƻǳƭŘ ōŜ ŎŀǇŀōƭŜ ǘƻ optimize the energy 

consumption of equipment of shared use.  Moreover, both would like to have detailed 

ŦŜŜŘōŀŎƪ ŀƴŘ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƘŜǎŜ ŘŜǾƛŎŜǎΩ ǇŜǊŦƻǊƳŀƴŎŜΦ 

None of the two participants were aware about demand-response advantages for energy 

efficiency. 

Today it is not possible to know the building occupancy in the University of Deusto. Both 

managers were well aware about the advantages of having such measures to enhance the 

lighting system and the HVAC. 

4.1.1.2 Tenants and staff summary 

The interviewees were mostly men (87.1%) with the working-role of researchers (77.4%). 

The remaining 22.8% of working-roles was divided among technicians, internship students 

and administrative staff. The age of the respondents varied from 20 to 50 years having more 

than a third of them with ages ranging between 30 and 35 years old.  

We found mixing backgrounds among interviewees on energy efficiency measures and 

approaches. Only 12.9% consider themselves as experts and more than 60% were found as 

newbies or with average background. Almost a 20% of them claim to be uninformed about 

this topic. 

The 25 out of 31 participants assured to have a daily pattern in the building with special 

emphasis in HVAC and personal computers. 

DeustoTech participants claimed to spend more than 5h in their personal working desk (the 

working day in this research centre ǊŀƴƎŜŘ ōŜǘǿŜŜƴ уƘ олΩ - фƘ олΩύΦ 

ǒ Similar as can be found in the building description on Appendix 

4.1.2 Municipality of Pilea-Hortiatis 

4.1.2.1 Managers summary 

According to the facility ƳŀƴŀƎŜǊǎΩ interview whose opinion is vital, the GreenSoul solution 

would preferably be deployed to the whole building and especially in the devices of A/C, 

Heating, and Datacentre. 

The reason for choosing these devices is because the ranking of the highest consumption 

services -from highest to lowest- is considered to be:  

1) Air conditioner 
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2) Heating System 

3) Datacentre 

4) Ventilation system 

The specifics of our building are that we use HONEYWELL BMS STATION and the limitation is 

that the users cannot adjust the installations for heating/cooling temperature. 

4.1.2.2 Tenants and staff summary 

The vast majority of the interviewees (91,63%) spent at least 7 hours at their offices. 

Almost 1/3 of the interviewees do not have common patterns on the usage of their devices.  

From the other 2/3 of the interviewees most of them feel responsible for their personal 

ŘŜǾƛŎŜǎ όƳƻǎǘƭȅ t/Ωǎ ŀƴŘ ǇŜǊǎƻƴŀƭ ǇǊƛƴǘŜǊǎύ ŀƴŘ ƳŀƪŜ ǎǳǊŜ ǘƻ ƻǇŜǊŀǘŜ ǘƘŜƳ ƛƴ ǎŀŦŜ ƳƻŘŜ 

function and to turn them off when they are leaving work. Moreover, they keep in mind to 

ǘǳǊƴ ƻŦŦ ǘƘŜ ƻŦŦƛŎŜ ƭƛƎƘǘǎ ƛŦ ǘƘŜȅ ŀǊŜ ǘƘŜ ƭŀǎǘ ƭŜŀǾƛƴƎ ǘƘŜ ƻŦŦƛŎŜΦ IƻǿŜǾŜǊΣ ǘƘŜ ƳŀƧƻǊƛǘȅ ŘƻƴΩǘ 

feel responsible for the common devices in their offices (photocopy machines and printers), 

as well as the lights and air condition in common areas such as corridors and conference 

rooms. 

A few of them are trying to use natural ventilation but most of them are trying to use natural 

light and recycle paper. 

Energy consumption information was the most popular ŀƴǎǿŜǊ ŀǘ ǘƘŜ ǉǳŜǎǘƛƻƴ ά²Ƙŀǘ 

ǎƘƻǳƭŘ ŀ ǎƳŀǊǘ ƳŜǘŜǊƛƴƎ ǎȅǎǘŜƳ ōŜ ŀōƭŜ ǘƻ Řƻ ƛƴ ȅƻǳǊ ƻǇƛƴƛƻƴΚέ ŀƴŘ ǘƘŜȅ ǇǊŜŦŜǊ ǘƘŜ ǊŜǎǳƭǘǎ 

to be presented in a visible display. 

4.1.3 Seville 

Lƴ ƎŜƴŜǊŀƭΣ {ŜǾƛƭƭŜΩǎ ƳŀƴŀƎŜǊǎ ŀƴŘ ǘŜƴŀƴǘǎ ŀǊŜ ƛƴǘŜǊŜǎǘŜŘ ƛƴ ǘƘŜ tǊƻƧŜŎǘ ǊŜǎǳƭǘǎ ŀƴŘ are keen 

to participate. However, due to the public usage nature of the pilot building (devoted to 

regional government), it was necessary to sign several agreements to assure a proper 

cooperation (this was a requirement from the regional administration). This issue delayed a 

bit the collection of questionnaires.  

In addition, there were some concerns about the role that the users of the building have to 

play. Their main concerns are: 

ǒ How the project would affect their daily lives within the building?. It is expected a 

controlled impact in current usersΩ lives.  
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ǒ Which mode of action have to be assumed, for instance, if some apps will have to be 

ƛƴǎǘŀƭƭŜŘ ƻƴ ǳǎŜǊΩǎ ǇƘƻƴŜ ǘƻ ŎƻƴǘǊƻƭ ǳǎŜǊΩǎ ƭƻŎŀǘƛƻƴΣ ƛŦ ǇŜǊǎƻƴŀƭ Řŀǘŀ ǿƛƭƭ ōŜ ƘŀƴŘƭŜŘΣ 

whether to use personal mobile devices or corporate mobiles. Then, ethics and data 

management plan from the project must consider this. 

This was already identified as a potential risk of the Project. The Project management 

tackled the issue by informing the users that the retriever information will be treated in a 

complete anonymous way, as it was stated in the informed consent document. Then the risk 

was mitigated. Nevertheless, the number of questionnaires retrieved was low (1 per 

managers and 6 per tenants) due to the short remaining time that was available to do that 

prior to submit ǘƘŜ ŘŜƭƛǾŜǊŀōƭŜΣ ōǳǘ ŜƴƻǳƎƘ ǘƻ ƘŀǾŜ ŀƴ ƛŘŜŀ ƻŦ {ŜǾƛƭƭŜΩǎ ǳǎŜǊǎ requirements.  

4.1.3.1 Managers summary 

The building manager has been interviewed. He is quite interested in the Project results and 

prospects some improvements over current energy efficiency status in the building.  

On the other hand, the interview results depict a scenario where the main interest of the 

manager is focused on Air Conditioning /Heating, Lighting and office devices. Air 

conditioning is considered as the main energy consumption source. However, currently the 

manager has not a certain idea of the real consumption since the building does not 

implement any BMS. Then, the manager would be interested on the installation of such a 

system and also some smart metering devices. In his opinion, having the aggregate energy, 

per hour and per device would be interesting. Also, optimizing the energy efficiency 

depending on the ǳǎŜǊǎΩ requirements is of interest.   

Also, in his opinion, users are 96% of the time at office, being able to control the air 

conditioning working temperature. Then, some impact in this aspect would be interesting.  

Finally, regarding potential GreenSoul-ed things, they identified that microwaves, PC 

screens, printers, elevators, and meeting rooms are the most relevant ones. 

4.1.3.2 Tenants and staff summary 

{ƛȄ ǘŜƴŀƴǘǎ ŀƴŘ ǎǘŀŦŦ ǳǎŜǊǎ ǿŜǊŜ ƛƴǘŜǊǾƛŜǿŜŘ ŦƻǊ ǘƘŜ {ŜǾƛƭƭŜΩǎ ōǳƛƭŘƛƴƎ ǇƛƭƻǘǎΦ ¢ƘŜȅ ŀǊŜ 

workers at the pilot site. In general, these people are beginners from an eco-aware energy 

efficiency attitude. This is both positive and negative. From a positive point of view, they are 

curious and motivated to know about how they can improve the energy consumption of the 

building. From the negative point of view, their learning curve regarding energy saving 

behaviours might be longer than that for an experimented user. 
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They spend most of the time at their office within the building and all they have similar 

habits. They can fully control their PCs at office and partially control HVAC and Lights in the 

building.  

They have no knowledge about smart metering approaches but all of them agree on using a 

Smart Meter to provide detailed information of the energy consumption per device attached 

to it and to optimize its energy efficiency accordingly to the requirements of the users. In 

addition, sending feedback to the users about their usage of the monitored devices has a 

good acceptance. 

The preferably want to receive information through a visible display and they highlight the 

importance of controlling lights and HVAC over other aspects to reduce the energy 

consumption. In addition, they are willing to participate on the controlling of lights and 

HVAC. Also they would like to improve the sunlight usage when possible.    

4.1.4 Weiz 

4.1.4.1 Managers summary 

The building managers (2 people), and the facility manager of the pilot buildings, one of the 

building manager is also in charge of the whole building infrastructure. The manager who is 

also working as a άǎŜŎƻƴŘά facility Manager has really a lot knowledge about energy 

efficiency in the buildings and as well as the energy consumption and system (Heating, 

Ventilation, electricity consumption, etc.) in the buildings. All pilot buildings in Weiz are 

quite new and are very energy efficient buildings: one Passive house and two low energy 

buildings. The opinion of our interviewed building managers concerning, the energy 

consumption is, that the highest consumptions are: Heating, Cooling and Ventilation (there 

is no air condition in the WEIZ Campus). In the buildings there is a BMS system used 

(Honeywell), but the users are not able to control this.  

Both managers agree on the potential of having a GreenSoul solution for HVAC or several 

kitchen devices, also lightening and office equipment are possible test fields for the 

GreenSoul solution. 

4.1.4.2 Tenants and staff summary 

The interviewed tenants were mainly male and researchers who work full time in the 

buildings. Most of the devices which they use daily are their computers and printers and the 

lights. Most of them did not know that a BMS System is installed, whilst a few of the 



                                                                         
 

Dissemination Level: PU D2.1 GreenSoul end users requirements report 40 

interviewed persons knew that a BMS system is installed, but they are not familiar with the 

function of this system.  

Their opinion is that the main function, which a Smart metering system should be able to, is 

to inform about the total energy consumption, and to optimize energy efficiency.  

The presentation to the user should be via a visible display. The interviewed persons said 

that saving energy is a very important aspect for them, they think that the usage of sunlight 

and switch of the electrical devices and open the windows are very helpful for saving energy, 

what they do on  their own for saving energy is mostly: Recycling their waste and switch of 

lights.  

4.1.5 Cambridge 

4.1.5.1 Managers summary 

The two Facilities/Operations Managers for the Future Business Centre are direct employees 

of Allia the building owners. The Managers of Allia are also located within the centre and 

have a direct involvement in its operation. They all therefore have a thorough knowledge of 

the workings of the building and its services. Having been completed in 2013, it is a new 

building and was designed to be as energy efficƛŜƴǘ ŀǎ ǇƻǎǎƛōƭŜ ǎŎƻǊƛƴƎ ŀƴ ά9ȄŎŜƭƭŜƴǘέ ǊŀǘƛƴƎ 

under BREEAM. 

The managers are, however, aware that some systems need adjusting and further 

explanation and education for the occupiers are required. 

The main outcomes sought by Allia are: 

¶ A reduction in overall energy consumption. 

¶ An increased knowledge in the system controls available to the Facilities Managers.  

¶ The implementation of additional systems to give enhanced energy usage figures and 

GreenSoul devices.  

¶ An increase in knowledge amongst all of the CŜƴǘǊŜΩǎ ƻŎŎǳǇƛŜǊǎ ƻŦ ǘƘŜ ƳŜŀǎǳǊŜǎ ǘƘŀǘ 

successfully reduce energy consumption. 

By real engagement of the occupiers in the GreenSoul project an addition to our community 

spirit within the centre. 
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4.1.5.2 Tenants and staff summary 

GreenSoul will be implemented throughout the whole Future Business Centre from the 

building wide provided systems like heating and shared kitchen equipment to the individual 

devices used by the occupiers such as ICT, printers etc. 

There are efficiencies to be gained from both, a better understanding of how the building 

systems function and changing them to their optimal settings as well as influencing all 

occupiers to think and change how they operate to reduce energy consumption.  

Those interviewed identified the following needs.  

¶ Greater and more detailed and useful information on energy bills currently provided 

by the BMS system. 

¶ The identification for them of their highest usage devices and guidance on what 

reductions can be achieved. 

¶ Information on the functions and advantages of smart meters and how to interpret 

the statistics they provide to make a difference in energy consumption. 

¶ Comprehensive background and working instructions in use of the general energy 

saving systems within the centre that is already available.  

¶ Easier to operate light switches and less delay in the PIR system for switching lights 

off when no-one is present. 

¶ Assistance with informing everyone in the centre to appreciate how they can 

contribute to the project e.g. switching ICT equipment off at the end of the day, using 

dishwashers efficiently etc. 

¶ Explanations and demonstrations on the devices introduced by GreenSoul to aid 

occupants in using less energy. 

¶ Initiatives and incentives from the project that engage everyone. 

What specifics arise for your building / which devices will be used? 

¶ ! ǘƘƻǊƻǳƎƘ ǊŜǾƛŜǿ ƻŦ ǘƘŜ /ŜƴǘǊŜΩǎ ŎǳǊǊŜƴǘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎȅǎǘŜƳǎ ǘƻ ŜǎǘŀōƭƛǎƘ ǿƘŀǘ 

improvements can be made e.g. is it economic to change all the light switches, are 

the boiler settings the most effective, can the time it takes for the lights to 

automatically switch off when no-one is present be safely reduced. 

¶ As there is insufficient funds to provide Smart Meters for everywhere within the 

building the  introduction of as many as possible into selected number of units to trial 
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their effectiveness, contribute to our overall energy saving target and provide hard 

evidence on what energy reductions can be achieved. 

¶ ¢ƘŜ ƛƴǘǊƻŘǳŎǘƛƻƴ ƻŦ άGreenSoul-ŜŘέ ŘŜǾƛŎŜǎ ƻƴ ƛǘŜƳǎ ǎǳŎƘ ŀǎ ŎƻŦŦŜŜǎ ƳŀƪŜǊǎΣ ƪŜǘǘƭŜǎ 

etc. 

¶ Further information in written, visual and verbal forms to all tenants on the best use 

of the energy systems that are already present in the building through seminars, use 

of e-mails, tenant meetings etc.  

¶ An information, education and training programme for all occupiers through as many 

of the GreenSoul project persuasive interactive systems that can be accommodated 

within the Centre. 

4.1.6 Haywards Heath, Sussex 

4.1.6.1 Managers summary 

The building occupied by Affinity Sutton in Haywards Heath, UK, has a central heating system 

(fuelled by Gas), a Central Air Conditioning System and a Central Ventilation System. 

There are many devices throughout the building, with lighting consisting of the vast majority 

ƻŦ ǘƘŜƳΦ hǘƘŜǊǿƛǎŜΣ t/ΩǎΣ ƳƻƴƛǘƻǊǎ ŀƴŘ ǇƭǳƎǎ ŀǊŜ ǘƘŜ ƳƻǊŜ ŘƻƳƛƴŀƴǘ ŘŜǾƛŎŜǎ ǳǎŜŘ ƛƴ ǘƘŜ 

building. There are a few self-catered kitchens, as well as a Cafeteria and access to showers 

and also a Data Centre. 

The most energy consuming equipment is considered to be the air conditioning system 

followed by the heating system and then lighting. The three least energy intensive 

equipment are thought to be the Cafeteria, the showers and meeting rooms.  

The Facility manager expressed the lack of control over the heating system, hot water and 

the ventilation system. Although they did state that they had total control over the air 

conditioning system.  

There is currently no BMS installed in the building. 

Employees are unable to control energy consuming devices. The building is not automated. 

The only metering system installed is ǘǊŀŘƛǘƛƻƴŀƭ Ψ5ǳƳōΩ ƳŜǘŜǊǎΣ ōǳǘ ǿƻǳƭŘ ōŜ ǿƛƭƭƛƴƎ ǘƻ 

install a smart metering system. 

The facility manager suggests the smart metering systems should be able to inform 

consumers of the aggregate amount of energy used, send feedback to the users on how they 
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are using the devices monitored and for the meters to optimise energy efficiency accordingly 

to the requirements of the user. 

They suggest that information from the smart meters should be presented to them in the 

same way they are presented to other employees or end users. They believe this should be 

through the use of ambient displays, written reports (by email etc.), web based interactive 

dashboards or other visual stimuli e.g. progress bars.   

The Facilities manager expresses that they are unaware of the benefits demand side 

management and renewables can have for the building.  

The building can measure real time occupancy through the entry card system installed. 

However, they feel this offers no advantages to contribute to real time control of 

equipment. They do believe that occupancy should control equipment more, but feels the 

entry card system is inadequate. He suggests the implementation of a PIR occupancy sensor 

system. 

On average, the facility manager believes employees spend 6 hours in the office, 1 hour in 

meetings and 1 hour at lunch. During this time, they feel that, overall, lighting is by far the 

main equipment used, whilst in the office, computers are also prominent and, in the 

kitchens and cafeteria, appliances are also used.  

They did not respond to the questions regarding personalised preferences and what systems 

GreenSoul can apply devices to.  

4.1.6.2 Tenants and staff summary 

¶ Most (72.7%) of participants said that they had a common usage pattern.  

¶ 100% of these said that their routinely usage included a computer.  Other 

equipment/appliances used included a microwave, printer, photocopier and 

telephone.  

¶ ун҈ ƻŦ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ǘƛƳŜ ƛǎ ǎǇŜƴǘ ƛƴ ǘƘŜ ƻŦŦƛŎŜ ǿƻǊƪƛƴƎΦ hƴƭȅ нΦн҈ ƻŦ ŜƳǇƭƻȅŜŜǎΩ 

time is spent in the kitchen. The rest of time is roughly even split (5%) between 

ƳŜŜǘƛƴƎǎΣ ǊŜǎǘ ŀǊŜŀǎ ŀƴŘ ΨhǘƘŜǊΩ ŀǊŜŀǎΣ ǿƘƛŎƘΣ ŦƻǊ ǘƘŜ ƳŀƧƻǊƛǘȅΣ ǿŀǎ Ψƻƴ-ǎƛǘŜΩΦ 

¶ The devices used in the workplace consisted of a wide variety of technology, 

stretching across 21 different appliances/equipment.  Computers was the most used 

(91%) followed by air conditioning (45%).  Hot water was also mentioned frequently 

(45%), but this may have to be approached differently depending on if it is 

gas/electric. 
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o Of these, 100% of participants said they had control over computer, monitor 

and tablet usage, only 33% had control over the communal kettle and 

landlines, and 0% have control over the use of the hand dryer and hot water. 

¶ 82% of respondents said they did not know if smart technology was installed, whilst 

the remaining 18% did know and stated that Affinity Sutton did not have smart 

technology in that building. 

¶ When asked about smart meters, the general impression was that smart meters are 

thought to increase awareness of energy consumption by monitoring usage and 

consequently providing feedback. There were a few suggestions to say they reduce 

consumption and bills. 

¶ Participants, when given a list of possible functions of smart meters, all options were 

selected by at least 18% of participants. Most stated they should be able to inform 

them of the aggregate amount used, that they should be able to automatically 

control devices to increase energy efficiency independently of the users and that 

they should be able to provide information about each device connected (55%).  

Least popular options were for smart meters to send feedback to the users detailing 

how they are using the devices and how to optimise efficiency accordingly to the 

ǇŜǊǎƻƴΩǎ ƴŜŜŘǎΦ 

o In addition, participants were asked about how the information should be 

displayed.  Smart phone notifications received 64% approval whilst visual 

displays and other visual stimuli were 64% and 55% approved respectively. 

Sound and other stimuli got 0% whilst web-based interactive features and 

written reports were received poorly with 18% and 9% approval. 

¶ Out of a list of energy saving actions, the most important to participants were the 

ability to switch lights and air conditioning off when nobody is using them, and being 

able to recycle. Using natural light and the thermostat was considered the least 

important, but some responses implied that natural light is preferred and that there 

is no one central thermostat. 

o In a self-reflection about what energy saving actions employees currently are 

doing in the workplace, currently participants are taking the stairs 77% of the 

ǘƛƳŜΣ ǘǳǊƴƛƴƎ ƻŦŦ ƭƛƎƘǘǎ ǘƘŜȅ ŘƻƴΩǘ ƴŜŜŘ су҈ ƻŦ ǘƘŜ ǘƛƳŜ ŀƴŘ ǊŜŎȅŎƭŜ ус҈ ƻŦ 

the time. However, participants are less likely to turn off their screens during 

the day and be able to control PC software energy efficiencies (13.6%) and 

even less likely to actively use the thermostat (9%). 

Some of the issues identified were: 
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¶ People did not understand what was being asked of them (1 and 8). 

¶ People did not read the question correctly (3 and 7). 

¶ The layout of questions confused people, resulting in some questions not being 

answered at all (1, 4, 5, 7 and 8). 

¶ The type of questions was open and led to a huge variability, making the results less 
concise. (3) 

¶ What options should be displays? (6) 

¶ Only a 10% response rate. 

4.2 Overall Conclusions  

4.2.1 Cross-Ǉƛƭƻǘ ƳŀƴŀƎŜǊǎΩ ŎƻƴŎƭǳǎƛƻƴǎ 

The overall conclusions about the evaluated questions are:  

¶ The majority of the interviewed have a central heating system (87%), but 11% is 

electrical powered. In addition, the majority of the interviewed (63%) do have an air 

condition 

¶ In addition to HVAC systems, 55% of other services are Lighting and Plugs among the 

pilot buildings.  

¶ HVAC, Lighting and office workspaces undertake 83% of the buildings consumption, 

according to the opinion of the managers. Elevators, Kitchen, Showers suppose only 

5% of the consumption. Then, the focus should be done on the first three services.  

¶ Managers are keen to support energy savings initiatives. 

¶ The majority of the managers (63%) are familiarized with BMS and 63% of them used 

for energy savings. Then GreenSoul platform could fit for them, and they accept to 

install another BMS. 

¶ Information about the aggregate amount of energy consumed and energy 

consumption per hour, and provide detailed info of the energy consumption per 

device fulfil 65% of the most required functionality by managers. User involvement is 

on 35% lower required functionality. 

¶ 72% of the managers would like to see the results of the smart metering system in 

ambient displays, touch screens and smartphone apps, being this way the most 

preferred to show to end building users.  

¶ People occupancy is an opportunity to exploit since most of the managers do not 

know what impact could have in their buildings. Their perception is that people 

spend most of the time in offices and meeting rooms. 
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¶ Managers believe that occupancy and behavioural data can improve ǳǎŜǊǎΩ 

awareness among other improvements. 

¶ Managers believe that the most important appliances to tackle within GreenSoul are 

HVAC/Lighting/PC/Printer/Beamers/Microwave/Stove (86%). Then, GreenSoul-ed 

things and GreenSoul adaptors should address those kinds of appliances. 

4.2.2 Cross-pilot Staff and Tenants Conclusions 

More in depth conclusions will be provided in Deliverables D2.4 GreenSoul conceptual 

architecture and D3.3 Design document for persuasion and motivation. Here we will 

highlight the first conclusions: 

¶ There are socio-economic aspects that have to be taken into consideration in the 

pre-pilot. Bilbao has significant less females than the others pilot sites and also it age 

distribution is different.  

¶ The Office is the main space used but in Bilbao Rooms should also be considered to 

compensate the differences. 

¶ The distribution of the devices in the different spaces is not uniform among the pilot 

sites. The analysis to be made in Deliverables D3.1, D3.3 and D4.3 should be made by 

pilot site. 

¶ Actions should be taken to make people aware of what a smart meter and a smart 

plug are useful for. Special emphasis has to be taken in Seville and Pilea-Hortiatis 

pilot sites. 

¶ There are not differences between the services which both smart meters and smart 

plug have to provide. However, in the ǇƛƭƻǘǎΩ sites that have more technical staff, it 

appears that they are interested on having automation or telemetry whilst in the 

other pilot sites they are interested in having historical data or get educational tips. 

This should be further investigated. 

¶ In Bilbao and Pilea-Hortiatis are giving a lot more importance to energy efficiency 

actions related to illumination (use of sunlight, turn off light) while Weiz and 

Cambridge give much more importance to devices that consume electricity or heat 

(Thermostat, use of energy efficiency PC, etc.). This should be taken into 

consideration in Deliverables D3.1, D3.3 and D4.3 

  



                                                                         
 

Dissemination Level: PU D2.1 GreenSoul end users requirements report 47 

 5 Focus Groups in Pre-pilot Site 

As stated before, the aim of the focus group was to reflect about the current energy 

efficiency measures that the participants do in their everyday live at work. And more 

important, the aim was to discover the different energy efficient strategies, breakdown by 

electrical device of personal or common use, that the users considered that would have to 

be applied to attain real efficiency in work environments. In the following, the results for the 

focus groups sessions are presented. 

5.1 Methodology 

We recruited 18 people for running the user experience dynamic. They were separated in 

groups of six people per session. We asked them to select a peer to work together during 

the session with which they can initially discuss the ideas and them to summarise the 

findings with the whole group. 

The groups were asked to do three main activities: 1) reflect and discuss on the daily routine 

at workplace considering the energy impact of each of the actions carried out.  2) Get 

insights on the best energy-efficient strategies that would be applied on electrical devices 

that they use in their everyday routine. 3) Think on how they would like to obtain feedback 

from a hypothetical GreenSoul system.   

To support these activities, the card sorting methodology was used [3]. Card sorting allows 

participants to construct a personalised account of their actions while having in front of 

them visual stimuli that eases the process. Moreover, post-its, colour pens and other 

stationery material were provided to increase their creativity. Images such as those of Figure 

17 and the session audio were recorded and each of the sessions transcribed for further 

analysis. 
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Figure 17. Participants during the focus group sessions 

5.2 Results 

In this section, the results for the three sessions are presented separated by each of the 

three activities they conducted. 

5.2.1 Storyboard 

After selecting a peer, the participants were asked to reconstruct their daily routine through 

ǎǇŀŎŜǎΩ ǇƘƻǘƻƎǊŀǇƘǎ όŜΦƎΦ ŎƻǊǊƛŘƻǊǎΣ ƳŜŜǘƛng rooms, rest rooms, etc.). They were also 

requested to include what devices they used in these spaces and finally to specify whether 

they left each of the devices switched on the whole day or they switched them off at the end 

of the day. The result of one of the participant group can be appreciated in Figure 18. 
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Figure 18. Storyboard with devices included in each space. 

We count the electric devices that each of the participants included in each of the scenarios. 

The results of the count can be observed in Figure 19. The most used device types are 

lightings, followed by HVAC systems and thermostats. Those, laptops and elevators are used 

daily by participants. Then there is an assortment of devices that are less frequent than the 

previous ones but all were included in the sessions (power strips, electrical chargers, PCs, 

printer, coffee-makers, and so on). 
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Figure 19. Devices used by participants in their everyday routine at work. 

5.2.2 Energy-efficient Strategies 

 

Figure 20. Post-its glued on top of the devices images to specify the strategy selected. 

In the next activity, the participants were asked to select the best strategy to increase the 

energy efficiency for each of the devices that they use in their daily routine at work. To 

attain this objective, we offered to participants three different pre-set strategies to the 

participants to easily select one among them the most suitable one. They are described 

hereafter: 
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1) Behavioural (MB). People bear the full responsibility of their sustainability decisions 

either personally or in groups (e.g. switching on or off the devices). 

2) Automation (MA). Machines are energy-efficient and take automatically the 

sustainability oriented decisions preventing people from controlling these devices. 

3) Stand by (MSb). After using a device, it will shift to a state in which is already 

prepared to work again instantly. This strategy offers immediacy but consumes a 

negligible quantity of energy whilst idle.  

The participants had ten minutes to stick a post-it with the strategy selected on each device. 

As well as in the previous section, we count the number of occurrences of each of the 

strategies (Figure 21), and them we broke-down the strategies by device (Figure 22). 

 

Figure 21. Number of times that participants selected one or other strategy to cope with energy-inefficiency 
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Figure 22. Energy-efficient strategy selected by device. 

As can be observed in Figure 21, the preferred strategy to cope with energy inefficiency at 

workplace is Automation, followed by the Behavioural strategy and the last one, Standby. 

However, everyone agreed that Automation strategies must work appropriately without any 

failures. Some participants stated that a simple presence sensor attached with the system, 

as is installed in some bars or restaurants, is considered as a naïve approach. In the next 

section these ideas are treated insightfully. 

To better understand in what devices people would apply one or another strategy, the 

breakdown of the strategies selected by each device is provided in Figure 22. Beyond the 

three proposed strategies, we considered important to also illustrate the percentage of 

opinions that were uncertain about what strategy would be applied (Do not know/Reply 

coloured in Green in Figure 22).  

Analysing both figures, we found a common agreement that not every device or equipment 

is equal to each other, as well as is not equal the space where those are located. Therefore, 

the strategy proposed to cope with energy inefficiency won't be equal. The conclusion is that 

the strategies have to be tailored to each device and space by creating a taxonomy or matrix 

mapping that correlates strategies, spaces and devices. This task will be performed in WP3 

with these inputs. 

Analysing in depth the Figure 22, it can be observed that Lighting and Power strips were two 

of the most used devices in the work environment (Figure 19), causing great doubts among 
























































































