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Executive Summary 
This report refers to the second version of deliverable D5.3: Use Case 1 - Evaluation 
Report, describing results of the Energy Trial, an initiative to engage people with energy 
conservations by sharing experiences online. 

In the previous version, D5.3.1: Use Case 1 Evaluation Report, reflecting the early stages 
of the Energy Trial, we described the recruitment process of users, initial participants’ 
profile, the Citizen Engagement Portal design evolution, and some preliminary analysis of 
energy consumption data. 

After that, 242 users received the energy monitoring kits, installed them, and were then 
invited to join EnergyUse.eu, the instance of the Citizen Engagement Portal, to share 
their energy-related experiences. In addition, we continued to have access to energy 
consumption from 810 GEO customers.  

In this deliverable, we summarise the project results and impact in terms of users 
reached, the development of the EnergyUse platform, user engagement and feedback, 
collaboration with stakeholders, and main outcomes and findings.	   
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1. Introduction 
The first DecarboNet use case (WP5) refers to the Energy Trial, a citizen-centred initiative 
to raise collective awareness of energy consumption. Monitoring appliances' electricity 
consumption in the domestic environment and sharing related-experiences online are the 
main objectives pursued in terms of citizen engagement.  

With a grassroots approach, people mainly in the United Kingdom and a few in the 
Netherlands have been invited to sign-up to the DecarboNet Energy Trial. Selected 
participants received free energy monitoring devices to be used as learning tools for 
building a collective knowledge repository on energy saving tips. 

Four main steps have been taken to deploy the Energy Trial, in accordance with the initial 
project plans:  

• Provide participants with energy monitoring devices by GEO. Around 250 
devices have been provided to the project and distributed to volunteers.  

• Co-create, with the WP1, a decarbonisation methodology (D1.1.2). The 
Energy Trial intends to provide insights to develop the methodology and also 
applies the methodology to develop tools and applications and engage 
participants. 

• Organise and promote energy saving campaigns with stakeholders to raise 
awareness, in the form of collective actions through social media campaigns. 

• Investigate methods to track and nudge user engagement to assess impact of 
the deployed technology on behaviour.   

In addition to the above, we continue to benefit from access to energy consumption data 
of 810 GEO customers, which we use to establish average consumption of appliances, 
average and daily usage (see D5.3.1). 

In line with the four WP5 main objectives, this report summarises the project impact and 
findings in terms of (i) users reached, (ii) platform development (iii) users' engagement 
and feedback, (iv) collaboration with stakeholders, (v) energy practices, and (vi) main 
findings and reflections. 

The analysis includes achieved results in terms of citizen engagement strategies; citizens’ 
attitudes towards energy consumption and environmental issues; effectiveness of 
technical developments to raise collective awareness; impact for policy makers.  
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2. Energy Trial Users  
As fully described in the previous version of this report, D5.3.1, the recruitment of 
participants happened mainly online. The trial was promoted through different channels 
including the Open University Intranet, reaching the University’s staff across the United 
Kingdom, the Sheffield University’s Volunteering channels, WAAG Society website and 
Intranet, reaching general public in the Netherlands, Twitter followers of @DecarboNet 
and of the personal accounts of the project team members, general public and 
stakeholders, including communities of environmentalists and social/renewable energy, 
representing some energy champions.  

Interested people filled in an Expression of Interest online form; participants were 
selected mainly considering a balanced representation of different geographic regions. 
The confirmation happened by accepting the Terms and Conditions and proving the 
address to receive the devices.  

This process was executed in two phases: 

• Phase 1 (2015-2016): Around 150 people, distributed over 3 main groups of 50 
participants each in the areas of Sheffield (South Yorkshire), Milton Keynes (east 
midlands), and elsewhere in the UK. Other countries in Europe were not initially 
considered to avoid practical constraints related to the plug adapter (and the need 
of extra physical space to fit them with the appliances). 

• Phase 2 (2016): Targeted people in the Netherlands,  new participants in 
Sheffield, UK, and partnerships with other stakeholders such as Open University 
students of environment/energy-related courses, utility customers, and 
participants of related projects.  

A total of 242 devices were distributed, as described in the next sections. 

 

2.1 Users' demographic data 

A total of 164 participants provided demographic data when signing the Terms and 
Conditions, enabling us to build an overview of the users' profiles in terms of motivations 
to join the trial and current consumption.  

Table 1 describes how the participants were informed about the trial, revealing the 
strategies that were more efficient for recruiting users. 
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Table	  1:	  How	  users	  were	  recruited	  

How	  they	  were	  informed	  about	  the	  trial Users 

University	  mailing	  list	   48 

Intranets 38 

Via	  	  stakeholders	  (campaigners,	  environmental	  groups,	  etc.) 24 

Social	  media	  (Twitter,	  Facebook	  or	  Linkedin) 17 

Open	  University	  courses	  communication 12 

Google,	  online	  news 5 

Recommendation	  from	  other	  participant 4 

Project	  partner 5 

Other 4 

 

Participants are concentrated in three main areas in the UK: south Yorkshire (around 
Sheffield), Buckinghamshire (around Milton Keynes), and elsewhere in the UK. Only 5 
participants are outside the UK, in the Netherlands (See Table 2 and Figure 1). The 
reason for this low number outside of the UK is that participants in Europe require a 
different equipment, compatible with their outlet plug and their energy network. Also, 
English speakers were prioritised in the initial recruitment strategy to facilitate 
participation in the online discussions on EnergyUse. 

Table	  2:	  Participants	  geographic	  distribution 

County/	  country Number	  of	  users 

South	  Yorkshire 48 

Buckinghamshire 27 

Derbyshire 8 

London,	  Northamptonshire 7	  users	  each 

West	  Yorkshire 6 
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	  the	  Netherlands,	   
Cambridgeshire,	  Yorkshire 

5	  users	  each 

East	  Sussex,	  Hertfordshire 4	  users	  each 

Oxfordshire,	  Suffolk	   3	  users	  each 

Bedfordshire,	  Berkshire,	  Hampshire,	  Middlesex,	  
Nottinghamshire,	  Staffordshire 

2	  users	  each 

Aberdeenshire,	  Bristol,	  Cheshire,	  Cornwall,	  Dorset,	  
East	  Yorks,	  Essex,	  Fife,	  Flintshire,	  Kent,	  Lancashire,	  
Lincolnshire,	  North	  Yorkshire,	  Somerset,	  Stirling,	  
Surrey,	  West	  Midlands,	  West	  Sussex,	  Wrexham 

1	  user	  each 

 

 

Figure	  1:	  Participants	  geographic	  distribution	  in	  the	  map 

In Table 3, the number of participants are distributed according to the number of people 
living in their households, and the estimated cost of their bill, evidencing that most of the 
Trial participants have between 2 and 4 people in the house, are aware of their energy 
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costs, and pay from £50 to £100 per month for their electricity bill, which is compatible 
with the UK’s average for medium and large size houses1. 

Table	  3:	  Participants	  distribution	  in	  average	  cost	  of	  the	  bill	  	  
and	  number	  of	  people	  in	  the	  house 

Estimated	  cost	  of	  the	  	  
energy	  bill 

People	  in	  the	  house  
Total 

1 2 3 4 5 >5 

less	  than	  £50 5 15 4 1 1 	   26 

from	  £50	  to	  £100 14 36 20 21 2 	   93 

from	  £100	  to	  £150 1 8 7 7 4 1 28 

more	  than	  £150 	   1 	   2 1 	   4 

I	  have	  no	  clue 3 5 3 	   1 	   12 

 

The participants are 40.5 years old in average, from 22 to 66. The majority (30%) is from 
30 to 39 years old. Age groups representing people in their 20s, 40s, and 50s are around 
20% of the users each. 5% of the participants are above 60 (see chart in Figure 2). 

 

Figure	  2:	  Participants'	  age	  distribution 

In terms of interest in using the energy monitors at home, 44% of the participants stated 
to be looking for practical hints to reduce their consumption, while another 42% made 
clear their desire to understand their consumption (not necessarily changing behaviour 
towards reducing it). Other reasons also attracted people to the trial: 5% recognises the 
value of the research and wants to collaborate; another 5% has some research interest. 

                                                

1 https://www.ukpower.co.uk/home_energy/average-energy-bill#medium-details 
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They are people working in similar initiatives (teachers, campaigners, environmentalists, 
etc.). 4% clearly mentioned they are not joining the trial for themselves only, but to feel 
empowered to engage family, students, etc. The chart in Figure 3 illustrated this 
distribution. Understanding renewable generation was also part of 5 answers, which was 
not the scope of the trial.  

 

Figure	  3:	  Participants'	  interest	  in	  using	  the	  monitors 

As illustrated in the word cloud of the top 50 words in participants' statements (Figure 4), 
understanding the consumption - awareness -  is a strong reason for taking part in the 
trial, as well as reducing consumption. Among other reasons, 13.5% of the answers 
mentioned money as a motivation, and only 7% stated environmental concern. The words 
Bills and Costs are more relevant than environment, carbon, etc.  

 

Figure	  4:	  Word	  cloud	  based	  on	  users'	  interest	  in	  joining	  the	  trial 
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3. Platform Development: EnergyUse.eu 
As fully described in the D5.2.1, the Citizen Engagement application went through a 
major revision in terms of interaction design, in light of a first usability and engagement 
evaluation exercise. The first prototype was launched during Earth Hour 2015 (Figure 5a), 
the major usability review was launched for COP21 and subsequently for Earth Hour 
2016 (with revision based on COP21-launch experience) (Figure 5b), solving many 
issues pointed out in the D5.3.1. The portal was improved in terms of features and design 
(Figure 5c), currently available at www. energyuse.eu. 

 

Figure	  5:	  Citizen	  Engagement	  Application	  evolution	  (a)	  preliminary	  version	  in	  2015;	  (b)	  
major	  usability	  revision	  in	  2015-‐2016;	  (c)	  final	  version. 

 

3.1 Architecture and components 

The last iteration of the EnergyUse platform development was rebuilt from the ground up 
on top of the Django based BioStar2 platform, a Question Answering (Q&A) software that 
we extended with additional features such as concept pages, consumption data from 
energy monitoring devices, and linked data publication of actual energy usage of various 
equipment and appliances.   

                                                

2	  BioStar,	  http://github.com/ialbert/biostar-‐central.	   



Report D5.3.2, Version 1 Dissemination Level: PU 

© Copyright Green Energy Options Ltd and other members of the EC FP7 DecarboNet project 
consortium (grant agreement 610829), 2013     13/68 

 

By using the BioStar platform, EnergyUse gained many features such as a discussion 
platform that includes voting, favouriting and subscription to topic of interests. The 
EnergyUse users also have better profile pages with reputation score taken from user 
contributions, and virtual badges that are awarded based on contributions and activities. 
Users are now notified when the conversations they are involved in are updated or when 
a particular topic of interest receives new posts. Finally, posts can now be filtered based 
on many aspects such as popularity, date, votes and top contributors are highlighted on 
the main pages as well as the most interesting posts. 

As part of the redesign, different semantic components were added to the platform for 
improving information access and information reuse. For example, we integrated the 
ClimaTerm annotation service from WP2 and created an ontology in order to publish data 
as open linked data (JSON-LD). 

Figure 6 shows the EnergyUse general architecture. The numbers and arrows in the 
Figure indicate the data flow and process order for each of the four platform modules. 
The modules are indicated with a lightning bolt symbol. The four main modules are:  

1. Automatic Semantic Tagging: This module is designed for increasing the number 
of concepts associated with user posts, to expand linking between conversations, 
and enrich the browsing experience. Third party semantic annotation tools are 
used by this module.  

2. Automatic Semantic Description Generator: Topic and appliance pages on 
EnergyUse can be automatically populated with descriptions and background 
images using this module, which locates and retrieves this information from 
DBpedia.3 

3. Energy Consumption Processing: This module deals with the automatic collection 
of energy consumption data from user's energy monitoring devices. 

4. Ontology Mapper: Public data on EnergyUse is made available as linked data for 
third party tools, by mapping the data to the EnergyUse ontology. 

 

                                                

3	  DBpedia,	  http://dbpedia.org. 
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Figure	  6:	  Architecture	  and	  main	  components	  of	  the	  EnergyUse	  platform. 

3.2 Features design 

The latest version of the platform consists of four main component areas: 1) energy 
related discussions; 2) appliances and topic pages; 3) profile pages; and 4) personal 
energy consumption readings.   

1. Discussion pages: the discussions follow the Q&A structure inherited from 
the Biostar platform. Each user can create discussions and post comments, 
“upvote” good posts and bookmark interesting discussions. They can also 
follow discussions and topics and receive email notifications when new posts 
are contributed. All visitors to the platform can browse and read all existing 
discussions and public summary information about the consumption of 
appliances. However, only registered users can initiate and contribute to 
discussions 

2. Appliances and topic pages: Posts can be tagged with keywords, which 
could either refer to topics (e.g., breakfast, lightening) or appliances (e.g., 
kettle, light bulb). Such tags are also linked with corresponding semantic 
concepts from DBpedia. Users can also browse the list of all tags created in 
EnergyUse, which are linked to relevant discussion. 
For each topic or appliance, a dedicated page is created, containing a 
description, image, icon, and the list of discussions that mention that 
particular tag. The aim of these pages is to improve content access and topic 



Report D5.3.2, Version 1 Dissemination Level: PU 

© Copyright Green Energy Options Ltd and other members of the EC FP7 DecarboNet project 
consortium (grant agreement 610829), 2013     15/68 

 

understanding whereas the images and icons are displayed so that users feel 
less intimidated by the technical aspects of particular topics. If available, 
average energy consumption data for a given appliance will be displayed. 
Finally, users can subscribe to the topic or appliance feed to receive updates 
of new posts. Figure 7 shows an example of a dedicated appliance page. 
	  

	  
Figure	  7:	  EnergyUse	  page	  header	  of	  the	  Microwave	  appliance	  	  

automatically	  generated	  using	  DBPedia 

3. Profile pages: Profile pages contain diverse information about individual users 
such as their profile picture, their username, reputation score, and recent 
contributions. Users can also view the list of all community members 
(registered users), to see their profile, reputations, contributions, etc.  

4. Personal energy consumption readings: If the user connected their GEO energy 
monitoring account to EnergyUse, they can see the electricity consumption of 
the appliances they connected to their monitoring plugs. The interface allows 
users to filter the display of data according to time period, type of device, and 
day of the week.  One main novelty of EnergyUse is its ability to collect, 
visualise and publish actual appliance energy consumption information. 
Visitors to the platform are prompted to create an account, and to connect their 
GEO energy monitoring accounts if they have one. GEO enables users of their 
devices to select one of 41 different type of appliances for each monitoring 
plug they own. Examples of appliances include TV, Kettle, PC, other, etc. 
Energy readings from GEO devices are read by EnergyUse for registered 
users, thus providing them with direct, secure, and private access to their data 
via the platform. For privacy reasons, users are only able to view aggregated 
energy consumptions from all other community members, for any given 
appliance. Manual insertion of consumption data is also possible. For each 
appliance where consumption data is available, EnergyUse calculates the 
following measurements:  

− Number of observations: We report the number of data points used for 
calculating the summary statistics. 

− Number of providers: The number of users providing the readings. 
− Number of removed observations: Number of data observations found 

as outliers, and removed from all subsequent measurements.  
− Min consumption: The minimum electricity consumption recorded 

when the appliance is switched on (i.e. when consumption is higher 
than 0 kWh). 

− Max consumption: The maximum electricity usage observed. 
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− Mean consumption: The average electricity consumption observed 
when the appliance is switched on . 

− Mean daily consumption: The daily average electricity usage 
observed. 

3.3 Semantic Descriptions and Modelling 

Semantics are used in EnergyUse in 3 areas; 1) concept extraction from posts; 2) 
appliance and topic description generation from an external knowledge base, and; 3) 
publishing of aggregated energy consumption data as Linked Open Data (LOD). These 
are detailed in the following sections.  

3.3.1 Semantic tagging 

In order to find discussions and energy consumption information more easily, user are 
expected to add tags when creating a discussion, to describe the appliance in question 
and related topics. For example, a discussion about dishwashers could be tagged with 
dishwasher appliance, dishes, etc. To ensure that all relevant tags are generated, 
EnergyUse automatically identifies relevant topics and appliances from the post content, 
using DBpedia Spotlight4, and ClimaTerm5 entity recognition tools. With such annotation 
tools, EnergyUse is able to extracts concepts automatically from existing discussions and 
posts.  

These services are designed for recognising terms in plain text and linking them with 
relevant concepts from different knowledge bases. In the case of DBpedia Spotlight, the 
knowledge is provided by DBpedia, while ClimaTerm (from WP2) uses GEMET6 and 
REEGLE7 as data sources. ClimaTerm is especially designed for identifying environment 
related terms whereas DBpedia has a more generic and higher coverage. 

Since ClimaTerm specifically recognises climate-related terms, we directly use the 
extracted terms as additional tags. In the case of DBpedia Spotlight, we only focus on the 
detection of appliance related terms by adding a restriction to the type of entities 
identified by the tools.  

3.3.2 Semantic descriptions 

As discussed earlier, each appliance or topic page contains a description, list of relevant 
tags, and a representative background image and icon. When such a page is first created 
(when the appropriate tag is used for the first time), there will be no description or image 
to describe it. This information is inserted manually by the EnergyUse administrators. As 

                                                

4	  DBpedia	  Spotlight,	  http://github.com/dbpedia-‐spotlight/dbpedia-‐spotlight.	   
5	  ClimaTerm,	  http://services.gate.ac.uk/decarbonet/term-‐recognition.	   
6	  GEMET	  Thesaurus,	  https://www.eionet.europa.eu/gemet.	   
7	  REEGLE,	  http://www.reegle.info/glossary.	   
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a result, such pages could remain relatively empty for a little while, especially when 
several of such pages are created in a short period of time. To populate such descriptive 
pages automatically and avoiding missing descriptions, EnergyUse retrieves relevant 
content from DBpedia using an approach similar to the semantic tagging method 
described in the previous section.  

DBpedia uses dbo:abstract from the DBpedia Ontology8 for providing concept 
descriptions. Many DBpedia concepts also have a dbo:thumbnail which link to an image 
resource. When such information is available, we use the linked image as the background 
image displayed behind the concept description. When the page is automatically 
generated, a default “plug” icon is used temporarily, since no icons are available from 
DBpedia.  

Instead of simply matching tag labels to knowledge bases directly, we use the post's text 
as contextual information to help the tools to disambiguate the corresponding concepts. If 
the annotation tools identify any concept related to the given labels, we retrieve the 
information mentioned above and populate the appliance or topic descriptions directly 
from DBPedia. To automatically verify whether or not the given page/tag is referring to a 
home appliance, EnergyUse detects if the corresponding DBpedia entity is associated 
with dbc:Home_appliances.   

3.3.3 Linked Open Data publishing 

EnergyUse aggregated and anonymised energy consumption are published in JSON-
LD,9 along with all other public information on the platform. This roughly falls into four 
components: 1) User profiles; 2) Content data; 3) Appliances and topic information, and; 
4) Energy measurements. Energy consumption of individual users is not published.  

In general, we reuse six different ontologies to fully represent all this data, and use 
owl:equivalentClass, owl:equivalentProperty, and rdfs:sameAs to connect EnergyUse 
instances with existing resources from DBpedia and GEMET. The ontology is 
represented in Figure 8, which imports properties and classes from  6  ontologies: SIOC 
(sioc), PowerOnt (po), MUTO (muto), DC Terms (dc), FOAF (foaf) and MUO (muo). 
Rectangles denote classes, ellipses properties, and parallelograms class instances. 

                                                

8	  DBpedia	  Ontology,	  http://dbpedia.org/ontology.	   
9	  JSON-‐LD,	  http://json-‐ld.org.	   
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 Figure 8: EnergyUse ontology  

3.4 Technical evaluation and analysis 

In the following sections we provide various evaluations and analysis of EnergyUse. Most 
of the evaluations were performed in April 2016, a few months after the last main version 
of EnergyUse was deployed. 

3.4.1 Semantic tag generation 

Automatic tagging is performed using two distinct methods: 1) ClimTerm, for adding 
climate related terms from the GEMET Thesaurus and REEGLE to a given discussion, 
and; 2) DBpedia spotlight annotations for identifying potential appliances. 
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In this section we focus our analysis on how the automatic tagging improved cross-
concept browsing by increasing the tagging network between EnergyUse discussions. In 
April 2016, EnergyUse contained 48 tags manually created by the posts' authors.  Using 
ClimaTerm, an additional 17 tags (concepts) were automatically generated. DBpedia 
spotlight on the other hand only found 4 concept tags, 2 of which were already found by 
ClimaTerm.   

In order to show that the additional tags may improve user navigation between 
discussions, we computed the discussion network density by considering that documents 
sharing the same concept tags are linked. The network density measure is the ratio 
between the number of observed connection between graph nodes and the number of 
potential node connections. The higher the value, the more likely a node can be reached 
from any other node. For our evaluation, we computed this measure before and after 
adding the new concepts through the semantic tagging approach previously described.  
As a result, we observed that before adding concepts, the network density was 0.061 and 
when additional concepts were added automatically, the density raised to 0.065. This 
shows that although the density increase is minimal, automatic tagging may improve 
discussion navigation.  

3.4.2 Semantic description generation 

In April 2016, EnergyUse contained 67 concept labels, referring to topic or appliances. 
Remember that a page is created automatically for every new concept label. Only 25 of 
the 67 pages had been manually populated with descriptions and images. We evaluated 
the ability of the description generation module to associate DBpedia concepts to existing 
labels. First we created a gold standard by manually linking all 67 labels to DBpedia. We 
found that only two could not be linked to any appropriate concepts. Those were 
vampires (devices that consume considerable energy even when on standby), and 
baseload (household electricity baseload). Secondly, we compared the automatic 
association of tags to the gold standard. Out of 67 tags, 46 were automatically linked to 
the exact concept as in the gold standard (69%).  

Thirdly, for the remaining 21, we checked the semantic distance between the gold 
standard concept, and the one automatically chosen by EnergyUse. We used this to 
estimate how off-target the concept linking was. For different link distances Linkd = {0, 1, 
2, 3}, the accuracies were respectively Acc = {0.69, 0.84, 0.89, 0.94}. In other words, 15% 
of the tags were linked to DBpedia concepts that were 1 link away from the ones in our 
gold standard, 6% were 2 links away, and 4% were 3 links away. We observed that in 
many cases the selected concepts were more general to the gold standard. For example, 
the tag gas' was associated with dbo:Natural_gas in our gold standard, and automatically 
linked to the broader concept of dbo:Gas.  

Finally, we checked how well did EnergyUse distinguish between topic tags and 
appliance tags. Out of the correctly linked 46 tags, 16 actually referred to appliances, and 
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the other 30 to topics. We found that 65% of these tags were accurately linked to topics 
or to appliances. This shows that not all appliances are actually identified with 
dbc:Home_appliances. Note that such misclassifications are not impactful and directly 
visible to the users.  

3.4.3 Linked Data publishing 

As previously discussed, public data in EnergyUse are published in JSON-LD using the 
EnergyUse ontology (Figure 8). At the time of writing (November 2016), the EnergyUse 
platform publishes 79 user profiles, 74 concepts, 157 posts from 45 discussions, and 
summarised energy consumption data for 41 appliances. Although it is early to evaluate 
the impact of publishing this data, we could draw insights with regards to its potential 
reach  from the current usages of the ontologies imported in EnergyUse. 

According to statistics computed in 2014 about the LOD cloud,10 the FOAF and Dublin 
Core Terms were respectively used in 69.13% and 56.02% of the 2014 datasets crawled 
for computing the LOD statistics. SIOC was also highly popular with 17.65% of the 
datasets using it. The other ontologies used by EnergyUse were not reported or they 
were not used significantly in the data crawl.  

In spite of the vast amount of research on climate change related topics, there are very 
few energy related ontologies and datasets. This shows the potential value of the 
EnergyUse datasets to fill this gap and to support this rapidly growing field of research. 

3.4.4 Scalability assessment 

As mentioned earlier, EnergyUse platform is built over the Biostar platform. This platform 
currently hosts the Biostars.org website which receives more than 600 user visits per 
hour, has nearly 26K registered users and over 181K posts. Different deployment modes 
can be used depending on the performance required. For instance, the platform has a 
high traffic deployment mode that enables asset compression and caching and a low 
traffic mode that allows for easier debugging. 

Currently,  the average loading time page of EnergyUse is 4.02 seconds which is sub-
optimal. This is largely due to the current environment in which the server runs. Since 
EnergyUse is currently in still emerging and being constantly improved, the focus has 
been mostly on getting user feedback and rapid prototyping of necessary functionalities. 
For instance, features such as compression are not activated yet, as well as the cache 
mechanisms available in Biostar. Although we are not currently focusing on raw 
performance, the current platform can be easily scaled up as the large scale deployments 
of Biostars.org shows.  

                                                

10	  State	  of	  the	  LOD	  Cloud	  2014,	  http://linkeddatacatalog.dws.informatik.uni-‐
mannheim.de/state	   
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4. Users' engagement 
A total of 242 people received the energy monitoring kit. The first 150 participants 
received the kit in the first stage of the trial, and later were invited to register with 
EnergyUse. While in the second phase, in 2016, the invitation and instructions to join 
EnergyUse was already part of the energy monitoring kit package.  

The number of connected monitors varies along the trial. While some participants needed 
a long time (even months) to have the kit installed, others disconnected it for several 
reasons (moving house, decorating, by mistake, no longer needed, etc.). Considering 
that, the peak number of active monitors at GEO platform was 100 devices 
simultaneously. 

For EnergyUse, in the 1st of December of 2016 the platform had 79 participants 
registered, and 40 of them linked their GEO account with the EnergyUse platform, thus 
allowing their energy consumption data to be read by EnergyUse. 

In the following sections we introduce the strategies applied to engage users, the main 
issues faced in distributing the monitoring kits, to having them installed, and to engaging 
users with the online platform. 

4.1 Energy monitors setup 

Most of the participants had their monitoring kits delivered to their addresses, although 
some of them preferred to collect it from the Open University or from the University of 
Sheffield. The initial instructions to install the kit were included in the box, and also 
available online at GEO's website. An email was set up for the energy trial which was 
used to communicate with the participants, in a more personal fassion.  

For most users the installation was completed with no problems, as this user reported by 
email: "Setting up and configuring was quite straightforward. Fitting the hardware was 
very easy. I got a little bit lost in the physical interface for configuring the settings, but 
solved that". However, some other people felt the process was very complex, especially 
with regards to connecting the devices to the Internet (which needs a Secure Code from 
the GEO devices). Some participants felt unable to proceed on their own, requiring a 
more personal approach to assist them.  Examples of emails sent by users are provided 
below to illustrate the issue.	  	   

Example	  1:	  User	  dropped	  out	  after	  3	  months	  without	  completing	  the	  installation 

14/Sep/15 User	  accepted	  the	  Terms	  and	  Conditions 

20/Oct/15 Yes	  I	  have	  received	  the	  monitor	  but	  due	  to	  disruption	  in	  the	  house	  (	  major	  decoration)	  I	  
haven't	  installed	  it	  yet.	  I	  was	  planning	  to	  do	  it	  this	  weekend.	  	  I	  will	  be	  in	  touch.	  	  Thanks 

25/Oct/15 I	  have	  tried	  to	  complete	  the	  reistration	  process	  on	  line	  but	  although	  I	  am	  being	  asked	  
to	  generate	  a	  Security	  Code	  I	  am	  not	  being	  given	  an	  option	  tpo	  generate	  it	  and	  
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therefore	  cannot	  complete	  the	  process.	  Any	  advice	  will	  be	  helpful 

28/Oct/15 We	  tried	  it	  for	  two	  days	  still	  I	  am	  not	  able	  to	  get	  the	  secure	  code.	  the	  identification	  
labelled	  is	  :	  BC:6e:76:01:28:FD 
If	  you	  want	  I	  could	  send	  the	  monitor	  back	  and	  withdraw	  from	  participation	  as	  it	  has	  
been	  too	  much	  of	  effort	  for	  me	  as	  well	  as	  you.	  	  Kind	  Regards	   

29/Oct/15 My	  monitor	  was	  showing	  	  the"	  paired"	  sign	  but	  wasn't	  giving	  me	  the	  secure	  code.	  	  I	  
will	  try	  it	  again	  and	  will	  let	  you	  know	  asap.	  	  Thanks 

21/Dec/15 I	  have	  sent	  the	  devise	  back	  as	  it	  wasn't	  working	  and	  created	  too	  much	  hassle	  for	  me.	  
Thanks 

 

Example	  2:	  Devices	  installed	  after	  4	  months	  and	  having	  the	  equipment	  replaced 

05/Oct/15 Device	  collected 

20/Oct/15 Hi	  Lara.	  We	  had	  problems	  with	  the	  security	  code	  when	  it	  was	  first	  sent	  out	  and	  then	  
we	  went	  on	  our	  honeymoon.	  Just	  back	  in	  the	  last	  couple	  of	  days	  so	  will	  try	  again	  in	  
the	  next	  day	  or	  so. 

21/Oct/15 Hi	  Lara.	  I	  tried	  to	  activate	  the	  energy	  monitor	  last	  night	  after	  a	  few	  issues	  with	  
creating	  a	  connection	  to	  the	  transmitter.	  Finally	  managed	  to	  find	  guidance	  on	  the	  
website	  on	  how	  to	  do	  this	  using	  a	  small	  button	  on	  the	  back	  of	  the	  transmitter.	  Next	  I	  
created	  and	  paired	  the	  monitor	  to	  the	  bridge	  and	  managed	  to	  produce	  a	  code	  which	  
I	  entered	  online.	  But	  then	  after	  I’d	  done	  this	  the	  internet	  connection	  button	  in	  the	  top	  
left	  hand	  corner	  started	  flashing	  again.	  Is	  it	  showing	  anything	  your	  end?	  If	  it’s	  not	  
any	  ideas	  or	  help	  would	  be	  appreciated. 

12/Nov/15 Are	  you	  getting	  our	  readings	  now	  as	  the	  meter	  at	  home	  is	  working	  and	  I	  can	  see,	  
when	  I	  log	  in,	  that	  it	  is	  logging	  something	  online	  on	  my	  account?	  Not	  sure	  if	  it’s	  
accurate	  but	  it	  looks	  to	  be	  doing	  something.	  Could	  you	  confirm	  please? 

14/Dec/15 I	  could	  see	  the	  data	  online	  and	  it	  appeared	  to	  be	  working	  okay	  from	  my	  end	  when	  I	  
last	  emailed	  you.	  Since	  then	  the	  display	  unit	  has	  stopped	  working	  and	  so	  I	  can’t	  see	  
anything	  on	  it	  now	  and	  don’t	  know	  if	  it’s	  reading	  anything?	  I	  did	  look	  online	  at	  
buying	  a	  replacement	  display	  but	  saw	  that	  they	  cost	  quite	  a	  bit	  so	  can’t	  afford	  to	  buy	  
a	  new	  display	  unit.	  It	  seems	  such	  a	  shame	  that	  I’ve	  not	  managed	  to	  actually	  get	  to	  
the	  point	  of	  using	  this	  productively,	  and	  know	  what	  energy	  I’m	  using,	  or	  being	  able	  
to	  feed	  back	  to	  you.	  I’m	  sorry	  I	  don’t	  know	  what	  else	  I	  can	  do	  now	  to	  take	  part	  in	  the	  
trial. 

5/Feb/16 Hiya,	  if	  you	  leave	  it	  in	  reception	  I	  can	  collect	  on	  Monday	  (I’ll	  put	  a	  reminder	  in	  my	  
diary!)	  and	  then	  hopefully	  get	  it	  set	  up	  on	  Monday	  evening. 
Can	  you	  remind	  me	  who	  I	  should	  contact	  if	  I	  run	  into	  any	  issues	  –	  there’s	  a	  helpline	  
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isn’t	  there?	  Many	  thanks 

10/Feb/16 I	  think	  I’ve	  finally	  had	  success	  setting	  it	  up!	  Yay!	  :-‐)	  	  (although	  it	  was	  very	  testing	  and	  
I	  do	  believe	  I	  have	  more	  grey	  hairs	  now!) 
The	  display	  is	  showing	  that	  it	  is	  reading	  something	  and	  my	  online	  account	  is	  
displaying	  something.	  Whether	  it’s	  correct	  or	  not	  is	  another	  thing…. 
Please	  let	  me	  know	  if	  I’ve	  been	  successful	  your	  end	  too	  and	  that	  (fingers	  crossed)	  you	  
can	  now	  read	  my	  energy	  consumption	  readings? 

 

Example	  3:	  Potential	  participant	  lost	  patience,	  and	  stopped	  all	  contact 

05/Oct/15 Device	  collected 

23/Oct/15 I	  still	  cannot	  get	  this	  to	  work	  sorry	  to	  sound	  so	  stupid	  but	  you	  say	  you	  can	  just	  use	  the	  
plug	  and	  the	  on	  line	  services	  but	  it	  still	  asks	  me	  for	  a	  passcode 

26/Oct/15 I	  have	  tried	  on	  many	  occasions	  but	  I	  cannot	  get	  this	  to	  work	  firstly	  the	  batteries	  were	  
dead	  and	  now	  I	  cannot	  get	  one	  to	  see	  the	  other	  I	  will	  have	  another	  try	  at	  the	  weekend	  
patience	  permitted 

 

4.2 Energy monitors connection 

A device is considered to be connected if it has returned electricity consumption data on a 
given day. A lack of data may be due to loss of internet connection between the hub and 
the cloud service, or a failure between transmitter and the display. Devices store and 
backfill up to 30 days of data, so any gaps in the record indicate either an internet 
connection problem longer than this, or more likely the transmitter being disconnected or 
display turned off. 

The number of devices connected on any given day is plotted in Figure 9. All data 
analysis is performed on a copy of the GEO Energynote database between the dates of 
01/09/2015 and 01/09/2016. As expected this ramps up quickly as trial devices were 
distributed and then tails off gradually as trialists lose interest and allow their devices to 
be disconnected. The peak number connected at one time was 100 devices. By the end 
of the study period there were 60-65 devices returning data on a daily basis. 

The number of days that each device was connected for is plotted in Figure 10 along with 
which usage group they fall into. This reveals that devices tend to be connected for 
almost the whole trial period, or less than half, with low density in between. It is tempting 
to say that the high and medium usage groups tended to stay connected for longer, but 
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the low number of users in these groups makes it hard to draw statistically significant 
conclusions. 

 

Figure 9: Number of devices connected on each day of the year. 

 

Figure 10: Number of days connected during the trial period per device 

Early in 2016 people that had disconnected were contacted and asked to reinstall or 
return the devices. 2 devices were returned and reallocated. These quotes were 
extracted from emails justifying the reason they were disconnected. 



Report D5.3.2, Version 1 Dissemination Level: PU 

© Copyright Green Energy Options Ltd and other members of the EC FP7 DecarboNet project 
consortium (grant agreement 610829), 2013     25/68 

 

- I unplugged my device.  it wasnt providing me with useful information, with 
information that I didnt already know. 

- Sorry, it got unplugged while we were decorating- I'll plug it back in as soon 
as I can 

- I only just realised that it's not connected.  We have a 10 month old son who 
loves the idea of eating wires so it must have come unplugged during a 
babyproofing session, or he's pulled the cable out somehow.  I'll try and sort it 
over the weekend, time just seems to be at a premium at the moment! 
Thanks for the reminder. 

- Thanks for your email, I have been unable to use the energy meter as we 
have a 4kw Solar Panel system and this gives a false reading on the meter 
rendering it pretty much useless for your project. Regards 

 

4.3 EnergyUse 

According to Google Analytics (Figure 11), by the end of DecarboNet, EnergyUse 
received 1,339 unique visitors, generating 2,431 sessions with an average duration of 
3:07 minutes, and 7,406 pageviews, with 55.08% returning visitors.  

 

Figure 11: Google Analytics for the EnergyUse  

In order to sustain user participations, we used a mailing list and sent 10 different emails 
presenting top contributions and topics. We also created contests inviting users to 
discuss a particular topic or add new contributions to the platform, as illustrated by the 
Halloween Context on Figure 12 . 



Report D5.3.2, Version 1 Dissemination Level: PU 

© Copyright Green Energy Options Ltd and other members of the EC FP7 DecarboNet project 
consortium (grant agreement 610829), 2013     26/68 

 

 Figure 12: The EnergyUse Halloween Challenge 

Table 3 shows the usage statistics of the EnergyUse platform, as recorded at the end of 
DecarboNet.  

 

Table	  4:	  Usage	  statistics	  of	  the	  EnergyUse	  platform 

Item Number 

Number of users 79 

Number of linked accounts 40 

Number of posts 157 

Number of threads 45 

 Average number of answers per thread 3.5 
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Number of users with at least 1 posts 22 

Number of tags 74 

Number of users visiting the website during last month 21 

Number of measured appliances 41 

Average number of threads per tag 1.62 

Average number of posts per tag 5.69 

Average number of unique user per tag (thread+posts) (sub-
communities) 

3.66 

Number of energy measurements 4,824,573 

 

  



Report D5.3.2, Version 1 Dissemination Level: PU 

© Copyright Green Energy Options Ltd and other members of the EC FP7 DecarboNet project 
consortium (grant agreement 610829), 2013     28/68 

 

5 Analysis of energy consumption data 
 

All data analysis is performed on a copy of the Energynote database between the dates 
of 01/09/2015 and 01/09/2016. 

 

Figure	  13:	  Number	  of	  people	  per	  household 

5.1 Consumption data 

5.1.1 Mean consumption 

Figure 14 shows a plot of the distribution of mean consumption values across the entire 
year, grouped by household size. The mean consumption clearly increases with number 
of occupants, though there is a substantial spread and overlap for each group (with the 
exception of the final group, which only has one member). This increase however is quite 
small (see below as to why the 5-person group is suspicious). The mean consumption 
increases from 0.11kWh for single-person households to 0.22kWh for 5-person 
households (0.15kWh for 4-people). 

Figure 15 shows a similar analysis for activity on the EnergyUse portal. Here 0 is no use, 
and 1, 2, 3 are low, medium, high. The mean consumption of the ‘high’ users (0.08 kWh) 
is lower than the others (0.13, 0.14 and 0.17 kWh), but again there is considerable 
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overlap between the groups, and in fact the highest mean consumption is among 
‘medium’ users of the portal. 

 

Figure	  14:	  Mean	  consumption	  by	  household	  size 
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Figure	  15:	  Average	  consumption	  by	  EnergyUse	  portal	  activity 

5.1.2 Variation with time 

Average daily consumption is calculated per week by taking every epoch consumption 
value in a week, taking the mean, and multiplying by 96 (for a full day). This means that 
small numbers of missing or erroneous epochs should not disrupt the results. This mean 
consumption is calculated for every device in the trial, and an average value is calculated 
for every other equivalent device in the EnergyNote database (~912). Comparison of 
these figures is necessary to remove seasonal trends which are not due to the trial. 

Figure 16 shows the absolute values for mean daily total consumption, grouped by 
EnergyUse activity group, both in absolute units and as a fraction of the total non-trial 
member average. Figure 17 shows the same data grouped by number of people in 
household. 

We clearly see the seasonal trend of increased consumption in the winter months, when 
plotted as a fraction this is removed. Here we can see that the no usage and low usage 
groups have very similar characteristics, with no change throughout the trial period. They 
both have average (or slightly below average) consumption. Note that since these are the 
largest groups we would expect the mean values to be more stable than the other 
groups. The high EnergyUse usage group has a lower average consumption, but again 
there is very little change throughout the trial. The medium use group is anomalous in that 
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its consumption is above the non-trialists for most of the year and increases much more 
strongly during the winter. It is likely that this is just an artefact of the small group size. 

 

Figure	  16:	  Mean	  daily	  consumption	  by	  usage	  group.	  In	  kWh	  (top	  panel)	  and	  as	  a	  fraction	  of	  
the	  non-‐trial	  member	  values	  (bottom	  panel). 

 

Figure	  17:	  Mean	  daily	  consumption	  by	  household	  size. 
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Household size surprisingly seems to have little effect on total consumption (with the 
exception of the 5 person group, which, with its small size, looks suspiciously like it has 
been skewed by one or two rogue devices). All groups follow the seasonal trend with no 
apparent change throughout the year. 

6 Community feedback 

6.1 Qualitative study  

A user study has been conducted to evaluate the potential of tools and interventions 
designed in the context of this research: the Utility Toolkit (D1.2), and the EnergyUse with 
the energy monitoring kit. 

6.1.1 Participants 

We held a series of 3 workshops in a community centre in Liverpool, UK, with a group of 
8 community leaders, people potentially motivated to go beyond engaging themselves 
with energy conservations, but also interested in disseminating the idea within their own 
social groups. Group age was between 35-72 (average age: 50) and was formed by a 
representative of the local government, 2 volunteers engaged with pro-environment 
campaigns, and 5 project officers at the community centre, where energy saving 
campaigns targeting the neighbourhood already take place. The workshops happened in 
Jan-Feb 2016, with intervals of 2-3 weeks, lasting no more than 2 hours each.  

6.1.2 Methodology overview 

The Decarbonisation methodology (D1.2.2) has been applied to design the user study, 
providing insights into what and how the tools, interventions and strategies should be 
introduced taking into account the target audience. The study did not intend to co-design 
new tools, instead, targeted to evaluate the potential, adequacy and flexibility of existing 
tools to be applied in different contexts. 

In summary, the methodology is grounded in the assumption that individuals are in 
charge of changing his/her own behaviour and is based on principles of co-creation, 
leaving room for adaptation to work with different groups and in different contexts. It is 
composed by 3-steps: 

Step1: User Journey 

It aims to get an insight on the level of susceptibility of the users to changing his 
behaviour in a very practical level considering the 5 stages Learn, Engage, Situate, 
Change and Continue.  

Step 2: Select intervention strategy 
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When there is a clear idea of the user position both in terms of susceptibility to change 
and interest in the subject, it is easier to determine what type of intervention strategy 
should form the basis of the enabling environment design.  

Step 3: Design enabling environments for behavioural change 

This last step of the methodology encompasses the PIE - Position, Identify and 
Expand. With a target user(s) in mind and intervention strategies ready, PIE helps 
developing concrete tactics for the selected user and context. Tools and artefacts to 
mediate co-creation and knowledge building should be applied to design the appropriated 
environment.  

The methodology is fully described in the D1.1.2. 

To build the User Journey, Step 1, two main strategies were applied: a simple 
questionnaire to be filled in by participants and a group dynamics. 

As part of the Step 2, a list of possible interventions was created taking into account 
existing resources and previous studies. Results of User Journey should guide the 
selection of adequate interventions for the target audience. 

The Step 3, Enabling Environment, was executed by finding answers to the questions 
suggested in the Methodology. The answers provided are based on expectations, since 
they depend on the success of the tools and interventions. 

Table 5 introduces some details on how the three steps were executed. 

Table 5 – User study planning based on the 3 Steps 

Steps Implementation 

1 User 
Journey 

1. Questionnaire to understand participants’ position in terms of: 
Familiarity with technology and social media; Knowledge about their 
own consumption; 

-     Specific question on their position towards energy conservation, asking 
to select among: 1) “I am not really concerned about savings”; 2) “I do 
not have a clear view on how I consume energy”; 3) “I need to learn 
what to do to start saving”; 4) “I already save the energy I can”; 5) “I 
am keen to help other people to do the same”. 

2. Group dynamics discussing: 

i) Why it is important to save energy? ii) What do you do for 
saving energy? iii) What prevents you from doing more? 

2 Interven Were considered as possible interventions available: 
 - Electricity consumption feedback 
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tions -       - Generic hints on energy saving 
-       - Social feedback (comparison) 
-       - Online game 
-       - Individual appliance feedback 
-       - Personalisation 

- Collaboration 
- Competition 
- Incentives 
- Prizes 
- Triggering discussions 
- Emotional involvement 

3 Enabling 
Environm
ent (PIE) 

Position 
· What is the relationship between the change agent and the user? 

The change agents are a research group interested in 
disseminating tools and strategies to mediate energy/climate 
campaigns. The contact was established by the city council, 
therefore, both users and change agent need to know each other 
and develop a trust-based relationship. Users are either volunteers 
or project officers at a community centre in the UK, most of them 
involved in energy saving campaigns in the neighbourhood. 
· Who are influencers on this cause/topic? 

This question will be answered by the participants during the 
activities. It is expected they bring into discussion the perspective of 
the communities they work with too. The impact of influencers will 
be important to be considered when evaluating the adequacy of 
tools and strategies. 
· What is the intended storyline? 

The participants will join the activities reflecting on their own context 
and habits, but should provide an evaluation on how the tools would 
suit the local campaigns they promote. 
· What is the timeframe in which the change needs to happen? 

The whole study should happen in 2 months or less. In that time, 
participants should be able to give feedback on how effective the 
approach was to guide their own behaviours. 
· Which mediums (digital and/or non-digital) are available to the 

change agent? 
Digital mediums are available for the participants in the community 
centre, but not necessarily for the extended community, people that 
would be the target of their further campaigns. Both digital and non-
digital tools should be then considered. 

Identify 
· What is the socio-political/economical context? 

Although the participants are middle class people, retired or 
employed by the community centre, the audience of their existing 
campaigns includes working-class families, people from deprived 
areas (social houses) and elderly people frequently living on their 
own. Often, their contribution to the dynamics should not purely 
represent their personal perception and experiences, but rather 
embody how people in their community would deal with a tool or 
situation. 

Regarding the questions below, it is expected that the tools and 
strategies applied will be effective in mediating discussions that brings 
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these answers to light: 
· What are the user’s values and interests? 
· Where do users share and interact with others? 
· What abilities do users have? 
· What are the obstacles or limitations? 

Expand 
· What is the role of the users? 

Not only change their own behaviour, but also feeling motivated to 
share the knowledge acquired with others. 
· What stories do the users create and share? 

It is expected that users share stories based on their own learning 
by measuring the consumption of individual appliances, also new 
practices and alternatives for using energy more efficiently. 
· What are incentives to continue or even pay-it-forward? 

It is expected that the impact of their collaboration be recognised by 
others, creating then an incentive for keep sharing knowledge. 
· What are the triggers for the changed behaviour? 

The tools and strategy evaluated should offer ideas for users 
creating triggers in their own environment. 
· What could be a reward for continuing? 

Social groups may implement strategies to reward their own 
participants. The study with community leaders, though, will not 
offer a material reward. It is expected that the improved ability to 
help other people in saving resources boost their interest and 
engagement. 

  

6.1.3 Building the User Journey 

The first step of the methodology; Building the User Journey, happened in the first 
workshop. It started with participants filling in a form with information about age, energy 
consumption, social media usage, and motivations for joining the meetings and for 
savings energy. 

As a rough measure of familiarity with social technologies, all participants declared using 
Facebook regularly (50% were everyday users). None of them used Twitter. 

Their energy bill exceeds £100 per month with 2 occupants in the house, in average, 
except for one participant who proudly declared spending less than £50 per month. 

Figure 18 shows that some participants positioned themselves in more than one stage of 
the User Journey. Two participants stated that they are not concerned with energy 
savings, and indicated their need to learn more about the cause. Four participants 
expressed the need to know what to do to start saving energy. As campaigners, though, 
6 participants declared their interest in disseminating knowledge about energy 
conservation despite of their own personal interest and position. 
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Helping others to save money was their primary motivation. One participant said “I am 
interested from the point of view of the project, beyond personal, on what is that most 
concerns people about energy, how they can save money, and to find a language that 
people can understand, - its more than kilowatt/hour, which I think nobody understands”. 
Another participant confirmed saying: “I want to give people ideas and tips to help them to 
save some money”. 

  

Figure 18:  Participants' position towards energy conservation 

Answers to the questions related to why it is important to save energy; what do you do for 
saving energy; and what prevents you from doing more were written in post-it notes, 
creating a panel for further discussion to highlight the most relevant answers. 

Why is it important to save energy? In the answers to this question, money was 
mentioned 8 times across the 13 notes. Environment-related factors, such as carbon 
emissions, footprint and “saving penguins” were cited 4 times in total. But as one 
participant clarified, this may not be the most consensual approach: “There are many 
things going around global warming and carbon emissions. And it scares people for 
discussing energy. Politicians and scientists arguing, people can have this perception. 
But if you do in a light way, small [energy saving] actions, and in the end you say - you 
saved 3 penguins”, then it is ok”. Being aware of waste was mentioned once. As one 
participant stated: “Money appears as the most important aspect of saving energy. For 
almost everyone”. 

What do you do to saving energy? Switching off lights or appliances appeared 4 times 
Unplugging charges, not overfilling kettles, turning down heating, washing machine in 
lower spin, and “I don’t do anything” were all mentioned once. These results generate 
discussions around the value of small actions and uncertainty around consequences, 
such as switching off lights “We need to know the impact of tuning off the lights”. “Hard to 
find what is more important cause people don’t know the consequences. We have to 
identify the vampires, not the small things.” 
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What does prevent you to do more? Third question revealed lack of information and 
communication problems with the energy companies as barriers. Not understanding bills 
or tariffs was mentioned 6 times; Not understanding the source of energy and how to set 
or operate appliances were highlighted 4 times; Don’t know which energy company to 
trust was mentioned once. 

Another barrier discussed was the compromise between energy saving and lifestyle, 
referring, for instance, to the noise in doing the laundry during the night, when energy is 
more available, or arguing for using a tumble dryer: “I need to have things done in the 
same day”. 

6.1.4 Mapping interventions 

The User Journey indicated three main needs for the group: 1) learn about the cause; 2) 
learn what to do for achieving savings; 3) support for helping other people to save energy 
(and money). 

Interestingly, some opinions reinforced that connecting energy saving and climate change 
may not be the most relevant argument to learn and to engage with the cause, as also 
mentioned in the literature (Ariely et al 2014). The focus should be then on learning 
effective ways of saving energy contextualised on their reality. The need to measure 
consumption and compare different appliances’ performance was also evidenced, 
suggesting the provisioning of energy monitors and smart plugs. 

Also, as a strong aspect of the group as community leaders, tools for disseminating 
campaigns, promoting collaboration, and sharing experiences were perceived as 
necessary. 

Table 6 presents the list of interventions featured in the tools available. Competition, 
prizes, generic hints, and online game were available interventions but not applied due to 
the characteristics of the group. Together, leaning from individual appliances 
consumptions and triggering discussions to build collective knowledge were the core 
interventions of this research.  

 

Table 6: Interventions featured by the available tools 

  Energy 
monitors 

Smart 
plug 

Value  
Tree 

House 
Mapping 

EnergyUse 

Consumption feedback           

Social feedback           

Individual appliance 
feedback as learning 
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tools 

Collaboration           

Incentives           

Triggering discussions           

Emotional and personal 
involvement 

          

  

Providing tools featuring interventions is one aspect of enabling environment. In the 
next sections, strategies and group dynamics to apply such tools/interventions will be 
described. 

 

6.1.5 Utility toolkit 

The Value Tree was applied in the first workshop to mediate initial discussions on shared 
values in the community. Participants created a common tree representing the community 
values, and were invited to work on their own tree individually, to take it home and trigger 
discussions there too. 

Participants built the community tree (Figure 19), debating the most important values that 
should be taken into account when disseminating the energy conservation message. 

Discussions around the personal trees revealed the connection between habits and 
values, and the complexity in changing these habits. For instance, leaving some lights on 
around the house was mentioned by a participant as a way to strengthen her feeling of 
safety, a priority value for her. Her household members need to find alternative ways for 
saving energy. 

 
Figure 19:  Liverpool community tree 
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The House Mapping activity happened in the second workshop, inviting participants to 
map the community centre building (Figure 20). In pairs, they sketched the plan of some 
community centre rooms mapping the outlets, light bulbs, heaters, devices, and 
appliances. They were invited to repeat the exercise for their own house and discuss 
findings with a colleague in the room. A smart plug was offered to participants to measure 
some mapped equipment or appliances. 

 
Figure 20:  House mapping activity 

Rather than identifying and questioning current practices and behaviours, the discussions 
were mostly about infrastructure and building restrictions, e.g. type of brick, windows 
glazing, number of light bulbs connected to the same switch, etc. The only actual 
behaviour discussed was keeping doors and windows open while the radiator is on. 
Printers, scanners, kettles, hobs, were mapped but how they were used was not 
discussed. Similarly, in the context of households, discussions focused on general 
aspects, such as the need for a new boiler, or double glazed windows, house position 
and sunlight, etc. 

One participant suggested that the group should identify the vampires (appliances that 
use much energy), and the best way to operate them: “computer and lights which is more 
important [to switch off]. We don’t know whether switching off a computer is good or not.” 

6.1.6 Energy Monitors and Smart Plugs 

The energy monitoring kits and smart plugs were made available for the participants 
during the three workshops. They could either take them to be installed at home, or install 
in the community centre to support the group activities. Only two participants wanted to 
use it at home, and one returned it after facing difficulties in installing the kit: “I think these 
monitors are focused on people who know how to use [Information Technology]. I don’t 
think anybody in our community would get involved [installing it at home].” 

They did not make sense of the consumption feedback. A participant argued, and the 
group agreed “I still don’t really understand what a kilowatt is (everybody agreed). I 
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understand what a pound is, 25p, whatever.” Although the device could be configured to 
show consumption in money, the participants did not express interest in learning it. 

When invited to calculate the cost of running a room with 10 desktops, they preferred to 
search for the typical consumption online instead of using the smart plug to get actual 
readings. 

6.1.7 EnergyUse.eu 

The third workshop was about identifying and sharing experiences and energy saving 
tips. Based on their daily routines, participants were requested to list the devices they 
believe could be used more efficiently, and the ones they have tips for operating them 
with less energy. 

The discussion raised different choices to perform daily activities. Examples are: 1) For 
preparing breakfast, making coffee using the kettle or coffee machine? Toaster or grill for 
the bread? 2) For clothes: which is more efficient, iron or steamer? Does washing with 30 
or 40oC make any difference? Does eco-mode save energy and water? 3) For cooking: 
what is uses less energy, the microwave or slow cooker? Do steamed vegetables need 
more energy to be prepared than boiled vegetables? Is it worthy unplugging the 
microwave when not in use to switch off the clock? 

Answers to most of these questions were unknown, and hence the need to measuring 
their actual consumption was acknowledged. Nevertheless, there was still no interest in 
installing and exploring the smart plugs in the community centre or in their homes. 

The group was then invited to explore EnergyUse.eu, checking whether the questions 
raised in the previous activity have already been posted there, and if the group could 
contribute to existing discussions. 

While navigating through EnergyUse, they expressed their lack of understanding of 
energy consumption from a technical perspective, as illustrated by participants’ quotes: 
“There’s an assumption that people know about kWh. Everything that comes out 
information-wise (based on campaigns that the participant had been involved) is in that 
level! This is too technical!”. Posts explaining the meaning of a kWh were then considered 
as “the sort of information everyone needs to understand [the discussion content]”, such 
as “22 min of ironing consumes 1 kW”, or the average price of 1 kWh in the UK. And  
“People don’t bother about kWh! If you have a picture of a microwave or a washing 
machine saying - do you know using that costs you £5 a day?”. 

6.1.8  Perception of the tools and strategies 

Figure 21 represents the feedback overview from the 8 participants on the Values Tree, 
House Mapping, Energy monitor and EnergyUse tools. Their opinion was expressed in a 
pictographic Likert scale (1-5).  
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Some participants did not rate the monitors and EnergyUse, since they did not use these 
tools themselves. The Value Tree had the best score with an average of 4.5 out of 5; the 
House Mapping’s rating average was 4.1, while EnergyUse received 1.6 (median was 3), 
followed by the monitors with 1.3 out of 5. 

 

Figure 21:  Participants' experience in a Likert scale 

6.1.9  Discussion 

The 3-step methodology provided the necessary guidance for planning the user study, 
helping to develop concrete tactics, in line with the participants’ context and objectives. 

Some aspects suggested by the methodology were designed with the participants during 
the group activities, with the support of tools and artefacts. They are: 

- Positioning the influencers on the cause/topic: Many external factors, such as 
characteristics of buildings, appliances settings, tariff options, etc. dominated the 
discussions with a certain frequency. Deals with energy suppliers regarding to lack of 
transparency and were constantly addressed. As a participant stated: “We don’t 
understand where the energy come from. If we were told what is going on around we 
could make informed decisions.” Or “energy companies are still relying on coal, fossil. We 
will never resolve our energy problems while they are still relying on those resources”. 
And one participants concluded that “Energy companies target profit, they are not 
partners in savings”, supporting the assumption that peer-approaches like collective 
knowledge building and collaboration are more promising than campaigns traditionally 
triggered by energy suppliers. 

- Identifying the obstacles or limitations: The lack of familiarity (or confidence) with 
technology and affinity with energy concepts prevented the participants to take the 
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benefits of using energy monitors and the EnergyUse platform. Discussions around 
choices, for example, cooking with microwave or slow cook, and efficient settings for 
appliances, made evident the need to measure and compare energy consumption. But 
when it happened, participants preferred to check typical average consumption online 
instead of measuring it in their own context. They did not feel the monitors were suitable 
for them. As explained by a project officer, other projects involving utilities have also 
offered smart monitors to be distributed across the community. Since the leaders 
themselves cannot make sense of the feedback provided, they do not perceive the value 
in supplying people with these monitors. 

- Identifying users’ abilities: The participants recognise the need to understand context 
first, for then establishing behaviour change plans and campaigns. Their experience 
reinforced the perception that “it’s better to ask people instead of assuming what they 
need to know.”, and “rather than giving out leaflets or sheets of information, it is better to 
have a local face to give simple messages”. They also recognised the responsibility in 
sharing hints with others: “There are bounces between practical usage, safety… We need 
to consider that when passing information to people.”, referring to their previous 
experience when elderly people provided with consumption feedback got obsessed with 
saving money that started switching the heating off, putting their health at risk. 

- Identifying where users share and interact with others: Sharing experiences with 
other people in the social group seems to be a common approach. For instance, 
participants reported asking neighbours’ advise on operating typical devices, such as 
boilers or thermostat, since they are likely to have similar equipment. They do trust each 
other more than they trust the energy providers. 

- Identifying users’ values and interests: Designed with this purpose, the Value Tree 
brought individual and shared values into discussion. “It (the Value Tree) makes you 
understand things”, “it gives meaning”, stated two participants. Common issues usually 
present in local campaigns, such as financial problems or conflicts between family 
members, are examples of discussions that could be facilitated by the Value Tree activity. 
As a community, they defined as common values: Education, People, Equality, Health 
and Safety, Environment, in that order. 

Aspects related to third step of the methodology regarding to Expand, though, could not 
be assessed by the fact that the participants did not appropriate of the online 
environment, as expected. 

The user study also allowed building up a sense on the potential and adequacy of the 
tools and strategies applied based on participants’ perception and experience, as outlined 
below.  
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- Utility toolkit: Mainly for the tangible and interactive nature of the Value Tree and the 
House Mapping activity, the participants found them to be effective in engaging groups in 
discussions and negotiations, especially families with children. 

Agreeing on saving strategies requires bringing and negotiating important values, as 
illustrated by a participant: “It’s not about time or energy, is what we need to keep our 
lifestyle”. Considered visually attractive, the paper-based artefact the Value Tree was 
evaluated as suitable for triggering discussions around practices and habits, paving the 
way to outline possible changes. 

The House Mapping was pointed out as “an excellent way to learn to save energy”, 
especially because “we could realise we don’t know what is around the building. We don’t 
pay attention to that”. We believe that the learning impact could be improved, though, if 
the participants had assessed their assumption by measuring specific appliances 
consumption. 

- EnergyUse.eu: Peers are inherently part of the user’s environment and therefore an 
important motivator or inspiration for behaviour. People tend to trust their peers’ opinions 
more than advertisers; also, the information is naturally directed toward an interested 
audience (Berger 2013). This is in line with EEA (2013), which revealed that relying on 
existing acquaintances and influential people to promote and establish social norms is an 
important factor for the success of a community intervention. 

While social media could have a part in this process of informing others and sharing 
stories, they are tools, not strategies. The goal is for people to start talking and discussing 
a subject. Social media might help in that process, but are, by far, not the only tools 
(tactics) to get these conversations going. 

The strategy of EnergyUse.eu to connect online people in the community, empowering 
the monitor enthusiasts (Murtagh et al 2014) to disseminate their experience across the 
groups could have a great potential to boost collective awareness. The platform, though, 
was regarded as too technical by the study participants. The feedback provided revealed 
that the format and content were not adequate for this group. 

In the participants’ opinion, although the tool is helpful and the collective aspect promising 
to community-oriented activities, it has to evolve towards making the interaction simpler to 
people interested only in consuming tips − “open-ended question is more confusing in the 
end of the day” − , and should target also money and tariffs. A participant suggested 
equating the tips to average savings (i.e. £, ££, £££), and then how this is related to 
carbon outputs. 

They also suggested the need to add prizes as an intervention cause people would not 
use EnergyUse spontaneously: “some people have a natural desire to learn more, but [for 
some people] vouchers might help”, 
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6.2 Feedback from the trialists 

All DecarboNet trialists were invited by email to complete an online survey (see Figure 
22) providing feedback on their experience with the Energy Monitoring Kit and 
EnergyUse.eu. 

 

 
Figure 22. User Feedback - online survey 

 

6.2.1 Method 

The survey was designed based on well-established theories that models how users 
accept, react, and use a specific technology. The Technology Acceptance Model (TAM) is 
a classic example of a model with a questionnaire for users of a technology that has been 
applied and adapted to different contexts since 1989 (Davis 1989). 

The Energy Trial survey was grounded on the UTAUT2 - Unified Theory of Acceptance 
and Use of Technology (Venkatesh et al 2012), a more recent version that evolved from 
TAM. UTAUT2 considers as variables for influencing users' intention to use the 
technology and the usage itself: 1) Performance Expectancy; 2) Effort Expectancy; 3) 
Social Influence; 4) Facilitating conditions; 5) Hedonic motivation; 6) Price value; 7) Habit; 
8) Behavioral intention; 9) Use behaviour. Individual differences — age, gender, and 
experience — are hypothesized to moderate the impact on behavioural intention and 
technology use. Beyond measuring these aspects, the model allows to assess the 
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influence of factors (constructs) on Behaviour Intention and Use Behaviour, as Figure 23 
illustrates. 

 

Figure 23. UTAUT2 model 
 

The UTAUT2 Questionnaire are formed by Likert-type 5-point scale questions (from 1 = 
strongly disagree to 5 = strongly agree). For every construct there is a set of standard 
questions that were selected and slighted adapted to assess both the Energy Monitoring 
Kit and EnergyUse.eu: 

 

Questions about the Energy Monitoring Kit 

Perfor- 
mance 
Expectancy 

PE1. I find using the energy monitoring kit useful in my daily life. 
PE2a. Using the energy monitoring kit  increases my chances of 
achieving objectives that are important to me (i.e, saving money, 
protecting the natural environment, etc.) 
PE2b (added). Using the smart plug increases my chances of achieving 
things that are important to me (i.e, saving money, protecting the natural 
environment, etc.) 

Effort 
Expectancy 

EE1. Learning how to use the energy monitoring kit was easy for me. 
EE2a (added). I find the energy monitoring kit easy to install.  
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EE2b. I find the energy monitoring kit easy to use. 

Social 
Influence 

SI1.  People who are important to me think that I should use the energy 
monitoring kit. 
SI2.  People who influence my behavior think that I should use the energy 
monitoring kit. 

Facilitating 
Conditions 

FC1.  I have the knowledge necessary to use the energy monitoring kit. 
FC2. I have the resources necessary to use the energy monitoring kit. 
FC3. I can get help from others when I have difficulties using the energy 
monitoring kit. 

Hedonic 
Motivation
  

HM1. Using the energy monitoring kit is fun. 
HM2. Using the energy monitoring kit is enjoyable. 

Value PV1(modified). I would recommend people to buy the energy monitoring 
kit.  

Habit 
 

HT1. The use of the energy monitoring kit has become a habit for me.  
HT2. I am addicted to using the energy monitoring kit. 

Behavioral 
Intention 

BI1. I intend to continue using the energy monitors in the future.  
BI2. I will always try to use the energy monitors in my daily life. 
BI3. I plan to continue to use the energy monitors frequently. 

Use 
Behaviour  

UB. How often do you check your energy monitors? 
1- Checked a few times just after installing it 

             2- Checked regularly for a couple of months, then I stopped 
 3- Every month 

4- More than once a month 
5- Daily 

 

Questions about EnergyUse 

Perfor- 
mance 
Expectancy 

PE1. I find using EnergyUse useful in my daily life. 
PE2. Using EnergyUse  increase my chances of achieving things that are 
important to me (i.e, saving money, protecting the natural environment, 
etc.) 

Effort 
Expectancy 

EE1. Learning how to use EnergyUse is easy for me. 
EE2. My interaction with EnergyUse t is clear and understandable.  
EE3. It is easy for me to become skillful at using EnergyUse. 

Social 
Influence 

SI1.  People who are important to me think that I should use EnergyUse. 
SI2.  People who influence my behavior think that I should use 
EnergyUse. 
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Facilitating 
Conditions 

FC1.  I have the knowledge necessary to use EnergyUse. 
FC2.  I can get help from others when I have difficulties using 
EnergyUse.it. 

Hedonic 
Motivation
  

HM1. Using EnergyUse is fun. 
HM2. Using EnergyUse is enjoyable. 
HM3. Using EnergyUse is very entertaining.  

Habit 
 

HT1. The use of EnergyUse has become a habit for me.  
HT 2. I must use EnergyUse. 

Behavioral 
Intention 

BI1. I intend to continue using EnergyUse in the future.  
BI2. I will always try to use EnergyUse in my daily life. 
BI3. I plan to continue to use EnergyUse frequently. 

Use 
Behaviour  

UB. 1. How many times (roughly) do you think you visited EnergyUse? 
 1. Only once, when introduced to me 
 2. Less than 5 times 
 3. Less than 10 times 
 4. Less than 20 times 
 5. 20 times or more 

    
Beyond the UTAUT2 related questions, users were asked about the time they usually 
spend using Internet (not-working related time), familiarity with technology, and the 
impact of the technologies in the trial for raising their energy awareness. The questions 
were: 

- In terms of familiarity with technology, do you consider yourself to be? 
1- not at all skilled; 2- not very skilled; 3- fairly skilled; 4- very skilled; 5- expert  

- How much do you use the Internet for personal purpose (not working related)? 
1- Less than 1 hour/week; 2- Between 1-5 hours/week; 3- Between 5-10 hours/week; 4- Between 
5-10 hours/week; 5- 20 or more hours/week 

- Participating in the Energy Trial has raised my energy awareness... 
Because of the energy monitoring kit (1- strongly disagree.. 5- strongly agree) 
Because of the smart plug (1- strongly disagree.. 5- strongly agree) 

Because of the EnergyUse (1- strongly disagree.. 5- strongly agree) 
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6.2.2 Results 

Participants 
 

A total of 53 participants completed the 39 questions of the survey, 68% male 32% 
Female. Reflecting the population of trialists, the majority of the respondents are between 
30 and 39 years old (39%), 21% are in their 40's, another 21% in their 50s. 13% between 
20-29 and 6% are older than 60 years old (Figure 24).  

As shown in figure 25, the majority consider themselves very skilled or expert in 
technology (76%), and around 70% of the respondents stated spending more than 10 
hours per week using the Internet for personal purpose (not work related). 

 

 
Figure 24. Charts with Participants' profile 

 

 
Figure 25. Technological skill, and time spent online 
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Impact on raising awareness 
81% (43) of the respondents found that Energy Monitoring kit contributed to their 
awareness (scored it 4 or 5); 53% the Smartplug; and 28% the EnergyUse. This shows 
that the vast majority of the participants benefited more from simply using a GEO device, 
and the smart plug that is supplied with device, whereas less that a third considered 
EnergyUse to have influenced their awareness (Figure 26).  

 

 
Figure 26. Self-declared level of awareness raising by the DecarboNet energy 

trial 
 

Part of the problem is that the majority of users (51%) visited EnergyUse fewer that 5 
times. In fact, 23% of them only visited EnergyUse once, when they were invited to join 
the trial, most likely at a time when EnergyUse only had a couple of bootstrapping posts. 
It is also interesting to highlight that of those who said they used EnergyUse 20 or more 
times, 83% of them were Male (5 males, and 1 female). This percentage drops to 67% 
Males and 33% Females for those who used EnergyUse 10-19 times, which is the same 
distribution of Males to Females in our trial.  

For these users, they have most likely not read any of the energy conservations tips 
shared on the platform which came later on, which might contribute to their feeling of lack 
of benefit from EnergyUse. This is also another example of the necessity of bootstrapping 
any collaborative platform with sufficient amount of content before releasing it to the 
community, who is often impatient and unforgetting. This requires much effort, resources, 
and time, which are very lacking in this research projects. Hence we should not overlook 
the fact that almost a third of the trialists regarded EnergyUse to have raised their 
awareness,  

In fact, 32% of the total participants said that they “intend to continue using EnergyUse in 
the future”, and 21% declared that they “plan to continue to use EnergyUse frequently.” 
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Out of the 53 respondents, 13% (7) found that none of the technologies contributed to 
their awareness. For such users, the DecarboNet non-technological Utility Toolkit  (see 
section 6.1.5 in this report, and D1.2). 

 

UTAUT2 Analysis and results 
Following the UTAUT2 method (Venkatesh et al 2012), the hypotheses tested are: 

 
i) Performance Expectancy (PE) | Effort Expectancy (EE) | Social Influence (SI) | 
Facilitating conditions (FC) | Hedonic motivation (HM) | Habit (HA) has a positive 
impact on Behaviour Intention of using the Energy Monitoring kit. 
 
ii) Facilitating conditions | Habit | Behaviour Intention (BI) has a positive impact on 
Use Behaviour of using the Energy Monitoring kit. 
 
iii) Performance Expectancy | Effort Expectancy | Social Influence | Facilitating 
conditions | Hedonic motivation | Habit has a positive impact on Behaviour Intention 
of using EnergyUse. 
 
iv) Facilitating conditions | Habit | Behaviour Intention has a positive impact on Use 
Behaviour of using  EnergyUse. 
 

Although Value is part of the UTAUT2 model, this construct will be analysed separately. 
As the participants of the Energy Trial were volunteers and received the equipment for 
free, the question around the value they paid for does not make sense in the model. 

 
The analyses were conducted using the software SmartPLS 2.0, following these steps: 

- Reliability: To check the reliability of the constructs, first we calculated the 
Cronbach's α for each one of them. α ≥ 0.7 is acceptable. 0.7 > α ≥ 0.6 
questionable below 0.5 poor or unacceptable. We found the Facilitating 
Condition construct unreliable. So that, the question FC3 was removed from 
the analysis, rising the reliability from 0.3 to 0.52. 

- Correlation: Performed the Path Analysis, to describe dependencies among 
the variables. 

- Regression: Calculated the t-values and p-values to confirm or not the 
hypotheses modeled. 

-  
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The diagrams below demonstrated the dependency models created for the Energy 
Monitoring Kit, then the EnergyUse. The values in the blue circles refer to the Cronbach's 
α. The loads in the connections mean the path coefficient. 

 

 
Figure 27. UTAUT model applied to the Energy Monitoring Kit  

 
Table 7 describes the results of the hypotheses tests for the energy monitoring kit. 
Results show that only usefulness was considered relevant to influence people in this 
group to use the energy monitors. Any other aspect such as hedonic motivation, easiness 
of use and installation, etc., were proved not to be influencing factors. Results also show 
that when using the monitors on regular basis is important for influencing usage 
behaviour.  

Knowing that these factors may be influential, other campaigns could target these factors 
and compare the difference is dependency. And as we could expect, the adoption 
happens only when using the devices becomes a habit. Therefore, the location in the 
house and the contextual information are crucial. 

 
Table 7. Results of hypotheses tests for the GEO energy monitoring kit. 

Energy Monitoring Kit 

 Coefficient Cronbach 
alpha 

Path 
Coefficient 

t-Value P-Value 
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Behavioural 
Intention 
 
 
R2 adjusted = 
0.747 

FC 0.708 0.062 0.670 0.503** 

PE 0.853 0.069 5.668 0.000* 

EE 0.803 -0.047 0.390 0.697** 

SI 0.984 -0.01 0.102 0.919** 

HM 0.916 0.101 0.874 0.382** 

HA 0.768 0.147 1.027 0.305** 

Use 
Behaviour 
R2 =  0.484 

FC  0.038 0.323 0.747** 

HA  0.265 2.398 0.017* 

BI 0.914 0.494 4.083 0.000* 

** p>0.05 Hypothesis rejected 
* p<0.05  Hypothesis supported 
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Figure 28. UTAUT model applied to the EnergyUse 
 

The table 8 below describes the results of the hypotheses tests for the EnergyUse. 
Beyond habit, no other factor influenced the Intention and use of the EnergyUse. This 
might be due to the initial lack of content on EnergyUse, or to the small number of 
registered users. To reach more concrete conclusions, this study will need be repeated if, 
and when, the content and number of users grow.  

 
Table 8. Results of hypotheses tests for the EnergyUse. 

 

EnergyUse 

 Coefficient Cronbach 
alpha 

Path 
Coefficient 

t-Value P-Value 

Behavioural 
Intention 
 
R2 = 0.814 

FC 0.523 0.053 0.656 0.512** 

PE 0.916 0.108 0.536 0.592** 
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EE 0.922 -0.119 1.130 0.259** 

SI 0.987 0.066 1.060 0.290** 

HM 0.940 0.162 0.923 0.357** 

HA 0.830 0.728 5.146 0.000* 

Use 
Behaviour 
 
R2 = 0.260 

FC  0.140 0.933 0.352** 

HA  0.088 0.242 0.809** 

BI 0.962 0.393 1.150 0.251** 

** p>0.05 Hypothesis rejected 
* p<0.05  Hypothesis supported 
 

6.2.3 User Feedback 
In this section we report on various feedback gather from users, which highlight some of 
the issues to do with the energy trial.  

The solar panels issue: A problem discovered later into the project was that GEO 
monitors, as well as most clamp-based energy monitors, are unable to distinguish 
between electricity consumed from the grid, and electricity being fed into the grid (e.g. 
generated by solar panels). This meant that the total consumption readings of the GEO 
devices (from the cable clamps) for homes that generate energy through Photovoltaic 
(PV), or any other method, are likely to be inaccurate. Three energy trialists reported 
having this PVs in their homes, and hence found the devices unhelpful, as summed up 
with these quotes:  

- “I understand the issue but as I generate with PV the actual readings were 
never useful. Days I seemed to use most electricity could just as well have 
been sunny days! I found the plug thingy very useful.” 

- “The energy use monitor would not work at my location because my solar 
panels showed up as energy used not generated. I use a colour screen geo 
that shows both usage and generation that is what is needed here”.  

- “You should have thought about the problem with this monitoring kit faced by 
people with their own PV generation, or excluded them from the exercise. All 
of the simple clamp on monitors suffer from this problem.“ 

Awareness but not behaviour change: Many reported that they found the monitors to 
be very useful in raising their awareness of their energy consumption. However, they 
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provided no evidence to suggest that raising their awareness was translated to any 
change in their behaviour: 

- “Since I reinstalled the device in the new house, I check daily on it, because I 
am curious to see how much energy we use in the house, but this has not 
necessarily translated in an eco-friendly consumption.” 

- “I love having the monitoring kit and access to the online tool - it's given me a 
lot better understanding of how we use energy, what devices use the most, 
and what is the cost of using individual appliances. I'm really happy I've had 
the opportunity to use the kit.” 

- “Opened my eyes to energy use by certain appliances in the home.” 
- “Can say that I have found the monitor a very useful way of keeping our 

energy use under review.“ 

Lack of Empowerment to engage others: In some cases, such as the one reported 
below, the participants felt disempowered to change their household consumption, mainly 
due to lack of control on the rest of the household:  

- “I had an interruption in using the kit because of a moving out. I also lived 
(and currently live) with housemates. This complicates the achievements 
that I would have liked to reach with the device (e.g. trying to not overtake 
the daily threshold I set), since the house consumption does not depend 
entirely on me.” 

Dissatisfaction with the monitors: As reported earlier, some of the participants were 
not keen, or not ready, for any technological solutions, or found the provided monitors to 
be unsuitable for various reasons, as can be seen in the feedback below. Further 
investigation is required to understand the specifics of the difficulties faced by these 
users. It is worth mentioning that a few of the monitors used in the trial were found to be 
faulty, and their users were issued with replacement monitors by GEO. 

- “Kit is outdated and would work better with push notifications and a proper 
app. It effectively had no greater use than the stats I could get from my 
energy company after submitting readings every month.” 

- “Incorrect reading from the monitoring kit made me become disinterested, 
but energy monitoring in general is of interest to me and can't wait for the 
national smart meter rollout.” 

- “I found the monitor useful - when it worked! I found it very frustrating to 
use the monitor both because the menu setup was not intuitive and 
pressing the wrong button sent you into a setup cycle.  but also because 
despite having a stable fiber WiFi connection it kept un-syncing itself. It 
also started strangely reporting that my usage doubled for no apparent 
reason. It did however significantly increase my awareness of my energy 
usage and as a result we have committed to having a more user friendly 
system installed next month. So whilst my experience of the provided tech 
fell somewhat short of my expectations, I think you can take from this that 
the project was successful in raising my awareness of energy usage, 
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increasing my desire to monitor usage and increasing my commitment to 
reducing my energy usage.” 

The trial didn't add anything: For a few users, they felt the need for more concrete 
ways to saving energy, rather than the simple raising awareness goal behind the 
monitors. For such users, EnergyUse would have been the remedy, but perhaps the tips 
and best practices they were looking for were not available on EnergyUse, and these 
users did not raise the questions themselves on EnergyUse to receive the answers they 
seek.  

- I'm not sure that monitoring your energy in real time has any real-world 
applications. I have not learnt anything from this trial. I already knew that to 
save energy I should turn appliances off. I think smart energy use within the 
home could be much more useful. For example using smart heating controls 
that learn routines and use other information such as weather.  

- This device didn't change how I used energy. I appreciate the idea, but I didn't 
find it any use because even knowing how much energy things use doesn't 
stop the fact that I use those things for a reason and they are switched off 
when not in use. I didn't find the website any use at all. 

 

7  Energy Trials with EDF 
In parallel to the DecarboNet electricity monitor trial, GEO ran a trial focused on 
consumer engagement with energy consumption in partnership with EDF Energy (UK), 
funded in part by InnovateUK. The objective of this trial was to explore to what extent 
engagement levels could be increased through a combination of contextual data (such as 
weather information), personalised communications, as suggested in the Decarbonisation 
methodology (email and in-app messages) and other tools and techniques. This objective 
was highly relevant to EDF as it was keen to understand how a different approach to the 
standard in-home display mandated by the UK government as part of the smart meter 
rollout might impact engagement levels as reductions in energy consumption; for geo, it 
was a great opportunity to test some of the concepts developed in the course of the 
DecarboNet project. 

This project ran from early October 2015 until the end of March 2016, and involved a total 
of 23 households. Each of the properties involved had gas and electricity meters 
installed, with a “consumer access device” (CAD) sending gas and electricity 
consumption as well as indoor temperature to the cloud, with a “virtual in home display” 
(VIHD) web application presenting this data to users in combination with weather 
information and personalised messages. 

The trial defined a “user journey” consisting of the following 12 stages: 

1. Welcome email 
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2. CAD prompt 
3. Budget prompt 
4. Temperature sensor prompt 
5. Merry Christmas email + status update 
6. Normal Usage Profile (NUP) data check 
7. Background load info 
8. Home energy questionnaire prompt 
9. Electricity quiz 
10. Challenge – check your NUPs data 
11. End of month (Feb) budget update 
12. Challenge – check your notifications 

 

Following a slow start, mainly because of very similar difficulties faced in the other energy 
trials with regards to getting the right gas and electricity smart meters installed in trial 
homes, stages 4/8/9/10 were descoped. 

 The main learnings from this trial were as follows: 

1.  Over 75% of trial participants felt that the personalised energy feedback received 
was the most useful deliverable received. Appliance-specific and context-driven (e.g. gas 
consumption combined with weather info) advice was rated as more actionable and 
useful than generic “whole-home” feedback. The feedback on appliance-specific usage 
versus “whole home” usage is consistent with learnings from the DecarboNet project. 

2.  Approximately 80% of participants had taken action to reduce their energy 
consumption in one way or another. Just under 60% of participants thought that the 
improved understanding of their energy consumption had enabled them to reduce their 
energy consumption permanently. These findings were slightly better than for typical 
standalone in-home displays. 

3.  Consumer engagement was hard to maintain. Active weekly use of the app dropped 
quite quickly, from over 90% during the first 2 weeks to less than 40% by the end of the 
project. Email messages were the most effective driver of app usage, indicating that trial 
users needed a prompt to remind them to use the app – this learning has been adopted 
in new geo solutions. 

4.  The technical complexity of the technology created a higher support burden and user 
dissatisfaction than expected. Specific support issues such as the limited user interface of 
the devices (just two LED status indicators) have been instrumental in the design of 
GEO’s second-generation CAD devices, which include a full colour screen, and the 
usability issues associated with a web app has led to the decision to use native mobile 
apps in the second-generation solution. 
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Figure 29: Example of a personalised in-app message 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 30: Screenshots of the VIHD web app 
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8 Conclusions 

8.1 Tools adequacy 

Our experience with community leaders in the UK evidenced that many people are still 
struggling to understand essential concepts related to energy, such as tariffs, 
consumption measurements, and the impact of individual consumption. In this study, 
leaders active in engaging society with energy conservation did not feel comfortable with 
installing energy monitors and stated to not understand the feedback they provide. 

Main concern of the group in Liverpool was helping people to afford their energy bills. 
Literature showed that money and rational choices are weak motivations and lead to 
unsustainable behaviour change (Constanzo et al 1986; Froehlich et al 2010; Hargreaves 
et al 2013). However, this study revealed that many people, even environmentally 
motivated ones, still use cost as the primary method to quantify energy consumption, 
perhaps due to its high level of tangibility. 

Even though our energy monitors can provide consumption feedback in term of cost, 
participants created a barrier by considering that the technical gadget was too 
complicated. 

Familiarity with technical devices is a continuous variable. Energy monitors and 
EnergyUse require some level of technical skill. People need to understand the value of 
the effort in overcoming these technical barriers. Adopting these tools, then, requires a 
higher degree of environmental motivation, and more importantly, patience. There is a 
need to guide the development of future energy-awareness tools, to more properly map 
adequate features to the right target-audience. 

It is important to understand real life scenarios to ground technology design. The energy 
industry and policies invested mainly in energy monitors, and they are designed for users 
who understand resources units, interested in data and able to make decisions upon it 
(Strengers 2014). Challenge posed by (Strenger 2014) is to move from this perspective of 
energy as a commodity and engage with everyday topics such as laundry, cooking, 
heating, etc. This approach forms the basis of EnergyUse. However, as the study pointed 
out, additional development is necessary to make it accessible to people with lower 
familiarity or interest in technology-based solutions. Also, technology alone will not create 
the enabling environment to promote significant changes in society. Holistic solutions 
embracing local context, promoting dialogue and collaboration should be included in any 
further efforts targeting societal engagement. 

8.2 Build them, and they won’t come 

It is not a new knowledge that building a collaborative awareness platform is a relatively 
much simpler step than building its user community. Growing the user community often 
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requires a very significant and on-going investment in advertising, dissemination material, 
campaigns, bootstrapping content creation and curation, first-users recruitment and 
support, etc. One, perhaps extreme, example is Quora, which is a popular Q&A platform, 
that started with $11 million investment, spent on these core steps. Quora today enjoys a 
community of around 0.5 million.  

A more closer example to DecarboNet is Boards.ie, which is a popular forum platform in 
Ireland, with around 36 million posts.11 Boards.ie did not flourish because of a hefty 
financial investment, but rather it succeeded partly because of its initial targeting of a 
highly technical community who were well accustomed to digital technologies; the Quake 
gaming community. Boards.ie grew in popularity amongst that community first, and 
eventually expanded to other topics and communities.  

With EnergyUse we observed, unsurprisingly, that the tech savvy users were the ones 
who used it the most and drove the most popular threads. These few users were very 
keen to share their deep insights of how to conserve energy around the house, and were 
eager to discuss problems posted by other community members. Expanding the 
EnergyUse community would benefit from further targeting of such users. However, the 
DecarboNet energy trial did not target only tech savvy users, to allow for some 
diversification in the user base and research, and to help engaging users at different skill 
levels and needs. 

8.3 From awareness to behaviour change 

Several users in our energy trials said that the GEO monitors and/or EnergyUse helped 
raising their awareness of their energy consumption trends and habits. However, a few 
users made the point that raising their awareness did not necessarily influenced their 
behaviour. For example, one users wrote “Since I reinstalled the device in the new house, 
I check daily on it, because I am curious to see how much energy we use in the house, 
but this has not necessarily translated in an eco-friendly consumption.” However, some 
users succeeded in changing their behaviour once their were made more aware of the 
energy consumption of their appliances; “It’s been interesting as a domestic household (2 
adults, 1 small child) to keep an eye on different devices’ power consumption. It has 
made us more aware of only using the kettle when we need it: we are guilty in our house 
of boiling a kettle and then re-boiling it a few minutes later. So I think the system has 
made us more reflective about our energy use.” 

One thread on EnergyUse was on the energy savings of LED lights, which appear to 
have influenced others to invest in these highly efficient bulbs. Another active thread was 
on eco settings of washing machines, which also clearly influenced the behaviour of the 
participants.  

                                                

11 https://en.wikipedia.org/wiki/Boards.ie 
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8.4 Visualising and comparing energy consumption 

One of the key selling points of EnergyUse was its ability to access energy readings from 
the GEO monitors of the registered participants, thus allowing them to view, and 
potentially compare, their energy consumption. In practice however, this was faced by 
major problems. Many users appear to not bother with logging into the GEO EnergyNote 
site to switch the type of the appliance connected to their smart plugs. This meant that the 
readings that were supposed to come from a certain appliance could very well be for a 
completely different appliance. Solving this problem would require a deep analysis of data 
to identify the consumption levels and patterns associated with each appliance, and to 
use the results to identify outliers.  

Another problem this strategy caused was the limitation of the participants to only those 
that have acquired a GEO monitor. Owners of any other monitors would not be able to 
connect their devices to EnergyUse, since DecarboNet have no access to data from other 
monitor producers. Opening up EnergyUse to manual entries of data came too late into 
the trial to have any observable impact on user engagement.  

8.5 Measure engagement, not consumption 

The requirements gathered at the start of DecarboNet indicated that user engagement is 
a better and more accurate measurement of success and influence than quantitative 
energy consumption measurements. This is mainly due to the fact that energy 
consumption levels are extremely volatile to too many external factors, such as the 
weather, size of household, visitors, days of the week, holidays, daylight duration, work 
pattern, etc. Additionally, the more user are engaged, the more likely for them to change 
their behaviour, and to maximise their benefit from the monitors and tools provided.  

The energy consumption analysis of the energy trialists revealed no observable change 
in their levels of energy consumption, before and during the trials. However, the analysis 
did show that more engaged users were consuming less energy than others (Section 5). 
As described in Section 6.2.2, the user evaluation showed that those who persevered 
with the GEO monitors and EnergyUse had their usage and behaviour more influenced 
than others. This could be another demonstrator of the value of engagement on changing 
behaviour.   
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A. List of Abbreviations 
 

Abbreviation Explanation 

CA Consortium agreement 

DoW Description of work, i.e. GA - Annex I 

CEP 

EC 

Citizen Engagement Platform 

European commission 

GA Grant agreement 

IP Intellectual property 

IPR Intellectual property rights 

PC Project coordinator 

PMB Project management board 

SC Scientific Coordinator 

PO Project officer 

PSB Project steering board 

DM Data Manager 

AB Advisory board 

WP Work package 
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