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       In principle, the digital age can open the way not only to smart meters and smart grids that can 
accommodate more distributed and intermittent renewable energy generation, but also to smart 
citizens who are more aware of their energy use and are empowered to act on that information to 
reduce energy bills and energy wastage in their daily lives. However it is not yet quite clear to policy 
makers, businesses or citizens, what could be done (or avoided) to make this ‘principle’ happen in 
practice.  

      Established in September 2013 and funded for four years, TEDDINET is a research network exam-
ining the interactions of people with digital technologies and the potential for smart metering to 
transform energy demand in the home and at work. TEDDINET’s primary purpose is to create added 
value and enhance the impact of 22 individual research projects funded under the ‘Transforming 
Energy Demand through Digital Innovation’ (TEDDI) and ‘Transforming Energy Demand in Buildings 
through Digital Innovation’ (BuildTEDDI) programmes. Sponsored by the UK Engineering and Phys-
ical Sciences Research Council (EPSRC), these 22 projects encompass 26 (UK) universities, 75 part-
ners from industry and the housing sector, and over 200 researchers from engineering, informatics, 
design and social sciences. 

      Questions addressed by TEDDINET and the (Build)TEDDI projects include:

• How can digital energy technologies at home and work provide better information on 
energy demand?

• What impact will digital technologies have on future energy demand?
• How will digital technologies be used in practice to visualise, monitor and control energy 

usage? 
• How do we maximise the benefits of digital innovation for energy consumers?

      TEDDINET serves to encourage and enable communication and collaboration internally between 
participating researchers and practitioners, as well as externally between the research projects and 
industry, policy-makers, civil society and wider academia. We undertake a broad range of activities 
to collate, synthesise and share research findings, and develop the evidence base to inform govern-
ment policies, societal debates and industrial strategies.  For more information about our projects 
and activities, please visit our website: www.teddinet.org

      This brochure showcases the (Build)TEDDI projects, providing details of their aims, objectives, 
methodologies, key findings and some early outputs. A one-page overview of all projects is pro-
vided on the inside of the back cover.  

      TEDDINET is run by a team from the University of edinbUrgh (Dan van der Horst [lead], Nigel God-
dard, Heather Lovell, Janette Webb, Gareth Harrison & Johanna Moore, with Sam Staddon) and 
LoUghboroUgh University (Steven Firth [lead], Tarek Hassan & Richard Buswell, with Tom Kane), bringing 
together diverse disciplines including civil and building engineering, informatics, energy systems, 
governance and geography. 

      TEDDINET is advised by a panel of experts from government, industry and academia. As an active 
network, we welcome others from relevant disciplines and sectors to join us, share news with us or 
contact us for more information or possible collaboration. We can be reached through our website, 
or by contacting any member of our team directly.

Digital technologies are a key enabling factor in the transition 
towards a more sustainable low carbon energy system



ADEPT:  Advanced Dynamic Energy Pricing and Tariffs 
 
APAtSCHE:  Aging Population Attitudes to Sensor Controlled Home Energy 
 
Building Management, linking Energy Demand, Distributed Conversion and Storage using Dynamic 
Modelling and a Pervasive Sensor Infrastructure
  
C-AWARE: Enabling Consumer Awareness of Carbon Footprint Through Mobile Service Innovation
 
Ctech: Creating the Energy for Change

DANCER: Digital Agent Networking for Customer Energy Reduction 
 
DEFACTO: Digital Energy Feedback and Control Technology Optimisation
  
DESIMAX: Multiscale Modelling to maximise Demand Side Management
  
ENLITEN: Energy literacy through an intelligent home energy advisor 
 
E-Viz: Energy Visualisation for Carbon Reduction
  
IDEAL: Intelligent Domestic Energy Advice Loop 
 
IEACUS: Informing Energy Choices Using Ubiquitous Sensing
  
Intelligent Agents for Home Energy Management
 
LAMP POST: Robust Intelligent Lamp Post (ILP) Sensor Networks for Energy Efficient Transportation 
Systems
  
LEEDR: Low Effort Energy Demand Reduction

MAD4NRG  -Taking on the Teenagers – Using Adolescent Energy to Reduce Energy Use
   
REDUCE: Reshaping Energy Demand of Users by Communication Technology and Economic Incentives

  
REFIT: Personalised Retrofit Decision Support Tools for UK Homes using Smart Home Technology
 
Smarter Households: An Intelligent Digital Household Network to Transform Low Carbon Lifestyles
  
SYMPACT: Tools for assessing the systemic impact of technology deployments on energy use and 
climate emissions

 
Wi-Be: Reduction of Energy Demand in Buildings through Optimal Use of Wireless Behaviour Informa-
tion Systems

CURRENT: Understanding and Managing Energy Use in Future Networks



ADEPT 
Advanced 

Dynamic Energy 
Pricing 

and Tariffs

PI: Dr David Wallom, 
University of oxford

Fund: £999k TEDDI longer
Project lifespan:

Oct 2010 - March 2014

Contact: 
david.wallom

@oerc.ox.ac.uk

Website: 
www.

oerc.ox.ac.uk/
projects/adept

Aims:
“Exploiting information from smart me-
ters to benefit both energy suppliers & 
their customers’ 

A crucial research question that must 
be answered in the near term is “How 
complicated can, or should, a dynam-
ic electricity tariff be?”, such that it is 
accepted by the public and offers clear 
enhancements and incentives for reduc-
tion in energy demand?

The ‘can’ and ‘should’ reflect the fact 
that any ubiquitous technical system is 
(primarily) designed and implemented 
by experts, but has to be accepted and 
operated by non-experts. ADEPT looks at 
how the information potentially availa-
ble from smart meters may be exploited 
to the advantage of both the distribution 
network operator and the customer. We 
are looking for the best overall outcome 
in terms of energy demand reduction, 
not the best ‘engineering solution’.

Academic partners: 

University of oxford

Dr David Wallom
Dr Sarah Darby
Dr Dan Olteanu

Dr Russel Layberry
Ramon Granell

brUneL University

Dr Gareth Taylor
Dr Colin Axon

Prof Peter Hobson

Commercial partners:
Northern Ireland Electricity

The driving forces for dynamic 
tariffs are strong: ADEPT will improve 
understanding of time-of-use tariffs 
by examining the whole interacting 
system by taking account of smart 
metering and infrastructure options.

The meter is the interface between 
the consumer and the network op-
erator, so in principle, a smart meter 
could manage and provide much of 
the information which describes the 
state of the network at that point at 
that time.

Increasing data availability will bring 
benefits to both users and con-
trollers – with detailed knowledge 
system behaviour in near-to-real-
time at the lowest operational level, 
network operators have a better 
opportunity to balance the system 
load, and concurrently offer consum-
ers much enhanced mechanisms for 
reducing their own power demand.



APAtSCHE
Aging 
Population 
Attitudes 
to Sensor 
Controlled 
Energy

Aims: 
It is generally accepted that energy sav-
ing measures, whether at the individual 
building level or aggregated up to the 
community level, need to be automat-
ed in order to maintain a sustained and 
consistent response to demand reduc-
tion. The APAtSCHE project examines the 
technical and social issues surrounding 
developing and deploying home auto-
mation technologies in social housing 
inhabited by senior citizens. The attitudes 
of this age group and their willingness to 
invest in and trust energy saving technol-
ogy are very important given that the UK 
population is aging and that this demo-
graphic will come to dominate in years to 
come. 

Methodology: 
WP 1: Fuel Poverty & Aging Populations; 
WP 2: Information Modelling and Visual-
isation; 
WP 3: Aesthetic and Ergonomic Consider-
ations; 
WP 4: Home Occupation and Utilisation; 
WP 5: Advanced Sensing and Communi-
cations

Case-study: 
Case studies involve trial participants in 
Dumfries, Annan and Central Perthshire.  
The project will compile technical and 
contextual data to identify energy life-
styles and characterise subpopulations in 
energy use

Findings: 
Initial findings are that a broad brush 
approach to dealing with energy matters 
with the aging population alone is inad-
equate. A diverse range of opinions and 
feelings towards technology for even the 
most basic of demand response 
programmes has been elicited so far. 

Academic partners:

University of strathcLyde:

Dr Stuart Galloway
Dr Bruce Stephen 

Dr Vladimir Stankovic
Prof Ivan Andonovic

Dr Craig Michie

gLasgow schooL of art

Craig Whittet 
Catherine Docherty

Dr Gordon Hush

heriot watt University 

Prof Mike Danson
Dr Guy Walker

Dr Eddie Owens 

Commercial 
partners:

TreeGreen Ltd.
REMCON Ltd.

Open Grid 
Systems Ltd.

Dumfries & Galloway 
Housing Partnership

Café Scientific

APAtSCHE has developed tools to enable 
remote monitoring and visualisation of 
energy usage that will be available to all

Key Outputs: 

B Stephen,  G Barnicoat, S Galloway 
and M Danson, “Demand Based 
Ancillary Grid Services: a Lifeline to the 
Fuel Poor?”, IEEE Power Energy Society 
Letters (under review January 2014)

Presentations to industry (heating, 
infrastructure) and academic 
audiences in Tokyo and Sapporo, 
Japan;

Development and deployment of 
Cloud based Open Source Community 
Energy Metering Platform

International collaboration with 
Professors Kato and Matsuyama of 
Kyoto University, iMinds (Ghent), 
Fraunhofer (UMSICHT), Nitto Denko 
(Belgium), Tokyo (Europe) on iEnergy 
community energy management. 

‘Smart Grids and the Social Sciences’ 
conference, Trondheim, 10-11 April 
2014. ‘Public acceptance, public 
engagement, public resistance’: 
“The ageing population and smart 
metering: A qualitative field study 
on householders’ attitudes and 
behaviours towards energy use”.

PI: Dr Stuart Galloway, 
University of strathcLyde

Fund:  £754k BuildTEDDI
Project lifespan:
Nov 2012 to Oct 2014
Contact: 
stuart.galloway@strath.ac.uk



Building Management 
linking energy 

demand, 
distributed conversion 

and storage, using 
dynamic modelling and 

a pervasive 
sensor 

infrastructure

PI: Prof. Clarke & Prof. Roskilly; 
University of strathcLyde 

& newcastLe University

Fund: £933k TEDDI longer
Project lifespan:

Sept 2010 to May 2014
Contact: joe@esru.strath.ac.uk, 

tony.roskilly@ncl.ac.uk
Website: 

www.ncl.ac.uk/energy/research/pro-
ject/3198

Aims: 
This research project involves the design and development of a sensing infrastructure that consists of networked 
physical (e.g. presence sensors, power consumption sensors) and virtual sensors (e.g. calendar and room booking 
sensors, application usage sensors) that will provide fine-grained information about how much energy is being 
used, for what purpose and by whom. By applying techniques from knowledge engineering, activity recognition 
and machine learning the project involves the use of high level information in order to link usage patterns to 
real-world activities and workflows.  

This information is used to parameterise building models used in building management to more accurately 
predict energy usage and to optimise (decentralised) energy consumption, generation and storage and to assist 
in the development of a decision support tool that visualises the collected data as well as the expected impact of 
energy saving strategies such as organisational changes and policies or the rescheduling of activities. This will en-
able decision makers to identify where energy is being wasted and to formulate and evaluate strategies to reduce 
energy consumption.  

The data will enable a better understanding of the way the building is used and how heat wasted. Through a com-
bination of physical and virtual sensors a more accurate measurement of thermal comfort of the building’s occu-
pants will be established and thus assist in resolving ever occurring complaints and potential conflicts associated 
with the diverse needs for occupant comfort in buildings which also results in unnecessary overheating.

Academic partners: 
University of strathcLyde

Prof Joe Clarke
Mr C Johnstone

newcastLe University:
Prof Tony Roskilly
Prof P Olivier
Dt T Ploetz
Dr C Kray

Commercial partners:
BRE Scotland 
Ove Arup & Partners Ltd 
Philips Research Laboratories 
Siemens IT Solutions and Services Ltd



C-AWARE
Enabling consumer 
awareness of carbon 
footprint through 
mobile service 
innovation

Aims: 
C-AWARE aims to build services to improve users’ awareness of 
their personal energy consumption, and modify their energy 
demand, by monitoring technology in the home, along with 
tracking user location via mobile devices; local analysis of a 
user’s data, along with privacy-sensitive centralised data mining 
for broader trend analysis; and gauging the impact of various 
feedback channels on actual user behaviour.
The project assesses the feasibility of new energy information 
services and corresponding business models based on emerg-
ing sensor technology, fusion techniques and opportunistic 
networking. The services must be functional and compelling 
both to the individual user and to the user collective based 
on social perceptions of energy reduction need. They must 
also provide viable revenue streams for mobile operators and 
end-application service providers.

Methodology:  
A framework for contextual invariances for the business/pricing 
model continues to be developed, as it has the potential to as-
sist firms in achieving better value co-creation capabilities and 
in reducing energy consumption.
Monitoring hardware and software has been developed and 
deployed within the Computer Laboratory building at the 
University of Cambridge as a test bed and in domestic build-
ings through the University of Nottingham. This has included 
low-cost USB sensors developed for high-density monitoring. In 
parallel, web-based interfaces to access the data comparatively 
have been constructed and publicly deployed.

PI: Prof. Ng, Prof. McAuley & Prof. Leslie; 
University of exeter, University of  notting-
ham & University of cambridge

Fund: £439k TEDDI 2 year
Project lifespan:
July 2010 - Dec 2012

Contact:
 
Irene.Ng@warwick.ac.uk, 
derek.mcauley@nottingham.ac.uk, 
iml1@cl.cam.ac.uk

Website: www2.warwick.ac.uk/fac/sci/
wmg/res
earch/business_transformation/ssg/
research/contextualisation/caware/

Academic partners: 

University of warwick 
Prof Irene Ng

University of cambridge 
Prof Ian Leslie, 
Prof Jon Crowcroft
Dr Gerard Briscoe 
Dr Steven Hand 
Dr Anil Madhavepeddy 
Chris Elsemore 

University of nottingham

Prof Derek McAuley 
Dr Ben Bedwell

Key outputs:
Energy monitor prototype installed at the Cambridge University 
Computer Laboratoryin the William Gates building (http://www.
cl.cam.ac.uk/meters/)
Ng, I & Briscoe, G (2012) Value, Variety and Viability: New Busi-
ness Models for Co-Creation in Outcome-based Contracts. Inter-
national Journal of Service Science, Management, Engineering, 
and Technology, forthcoming. Interim location: WMG Service 
Systems Research Group Working Paper Series, paper num-
ber 06/12, ISSN 2049-4297. Available at: http://wrap.warwick.
ac.uk/42446/
Ng I, Guo L, Ding Y (2012) Continuing Use of Information Tech-
nology as Value Co-creation: The Role of Contextual Variety 
and Means Drivenness. WMG Service Systems Research Group 
Working Paper Series, paper number 07/12, ISSN 2049-4297. 
Available at: http://wrap.warwick.ac.uk/42448/
Ng, Irene C.L. and Gerard Briscoe (2011) Value, variety and via-
bility: designing for co-creation in a complex system of direct 
and indirect (goods) service value proposition. The 2011 Naples 
Forum on Service - Service Dominant Logic, Network & Systems 
Theory and Service Science: Integrating Three Perspectives For 
A New Service Agenda, 14-17 June, Capri, Italy



Ctech
Creating 

the Energy 
for Change

Aims: 
Ctech is a multidisciplinary project investi-
gating ways of dividing up and representing 
energy use in the workplace so as to moti-
vate occupants to save energy. 

Methodology:
WP1: Taking ownership – Identifying who is 
using energy, how to assign responsibility 
and feed back information to users. 
=> Technical data assessment and design 
workshops.

WP2: 
Putting it together – Considers different ways 
of combining data and how to put it in con-
text within the building, existing routines and 
motivations that people have for using and 
saving energy. 
=> Ethnography, prototype development 
and psychological studies.

WP3: 
People power – Focused on changing user’s 
behaviour collectively. Will examine how 
people interact around energy goals and 
cooperate to achieve energy savings.  
=> Psychological studies and interdiscipli-
nary applied theme days in partner sites. 

Findings:
Findings will inform technical, design and 
policy recommendations for energy monitor-
ing in workplaces and other shared spaces. 
We will also develop a tool kit to disseminate 
to interested organisations comprising key 
learnings and prototypes developed.

PI: Alexa Spence, Horizon Digi-
tal Economy Research, 
University of nottingham

Fund: £1.3m, BuildTEDDI 
Project Lifespan: 

Oct 2012 - Sept 2017
Contact:

alexa.spence@nottingham.
ac.uk
Web: 

www.energyforchange.ac.uk

Academic partners:

University of nottingham

Dr Alex Spence 
Prof Derek McAuley
Prof Tom Rodden
Dr Ben Bedwell
Dr Caroline Leygue 
Dr Murray Goulden 
Dr James Colley
Prof Eamonn Ferguson

soUthampton University

Enrico Costanza 
Michael Jewell

centre for sUstainabLe energy

Simon Roberts
Nick Banks

Commercial partners:
Antenna 
Arup 
Wilson Energy 
Siemens Communications
eSight

Key outputs:
Spence, A., Leygue, C., Bed-

well, B. and O’Malley (2014). 
Engaging with energy 

reduction: Does a climate 
change frame have the po-
tential for achieving broad-

er sustainable behaviour? 
Journal of Environmental 

Psychology. 38, 17-28.

Leygue, C., Skatova, A., 
Spence, A., Ferguson, E. and 

Bedwell, B. (September, 
2013). Communal energy 
displays: How do people 

react to energy sharing and 
free riding.  Paper Pres-

entation at Environmental 
Psychology Conference, 

Magdeburg, Germany.
Colley, J. A., Bedwell, B., 

Crabtree, A. and Rodden, T. 
(2013). 

Exploring Reactions to 
Widespread Energy Moni-
toring. Human-Computer 

Interaction – INTERACT, 
8120, 91-108.



CURRENT
Understanding 
and Managing 
Energy Use in 
Future Networks

PI: Prof David Hutchinson, 
Lancaster University

Fund: £348k TEDDI 2 year
Project lifespan:
March 2011 - Nov 2013
Contact: dh@comp.lancs.ac.uk

Aims: 
This project has been specifically looking into energy usage and saving po-
tentials in an office environment. The overall aim of the project has been to 
help save energy and promote a more sustainable environment in an office 
environment, using the example of Lancaster University campus. The project 
has been interdisciplinary bringing together researchers from a computer 
science background with social scientists. It was carried out in conjunction 
with other leading research in climate change adaptation done at Lancaster 
University. 
One central concern was to focus on people’s everyday habits and how 
these are shaped in more or less sustainable ways by social norms, the tech-
nical infrastructure and the institutional set-up. Hence, Current adopted an 
innovative research approach with strong practical and ethical aspirations. 
In the case of Current, we explored how routine activities that carried out in 
the office (such as emailing, photocopying and having lunch) are related to 
the broader context of life on campus. We then worked together with the us-
ers to figure out which elements of this framework need to change in order 
to make life at Lancaster more fulfilling, fun and sustainable for everyone. 

Methodology:
 The project was executed in two phases; the first phase was about under-
standing the current situation within an office environment on campus, 
specifically looking at energy related activities. The focus on energy in an 
office environment is an important feature since existing studies of energy 
use tend to focus on the home, rather than the workplace. The second phase 
focused on working together with the users to come up with creative solu-
tions for change in order to improve energy usage without inhibiting other 
activities. In order to observe the user behaviour we used technical means 
(such as smart meters) as well as social sciences and ethnographical study 
techniques.

Academic partners: 
Lancaster University

Prof David Hutchinson
Prof Ian Marshall
Dr Andreas Mauthe

Commercial partners:
University of passaU

Key outputs:
A technical infrastructure which allows one to measure and attribute energy usage within office environments. 
This testbed includes smart meters and a backend to record, process and analyse the data considering not just 
technical aspects but also user and ethical issues. 

The observation of users within an office environment and how their behaviour relates to energy usage. It is im-
portant to note that the users have not been passive observation objects but fully integrated within the project. In 
phase two of the project the energy saving potential has been explored with the users’ involvement, rather than 
being prescribed. 

We have also disseminated our results in form of publications (e.g. Whittle, R. (forthcoming) ‘Guilt and elation in the 
workplace: Emotion and the governance of the environment at work’. Environmental Values) and by engaging with 
stakeholder groups (e.g. during the ESR Panel Meeting on 5 Feb 2013).



DANCER
Digital Agent 

Networking for 
Customer Energy 

Reduction 
PI: Prof. Riccardo Russo 

University of essex

Fund: £1.65m BuildTEDDI
Project lifespan:

Aug 2012 - Aug 2016
Contact: 

rrusso@essex.ac.uk
Website:

www.dancer-project.co.uk

Aims:
The DANCER project will develop and 
test the extent to which a wireless 
sensor network augmented with Ultra 
Wideband (UWB) localisation tech-
nology and a decision-making agent 
can ‘invisibly’ reduce energy use in the 
home.
 
Methodology:
The wireless sensor networks will 
employ novel sensing and communi-
cation mechanisms that will monitor 
users’ movements and the energy use 
of a range of appliances. These data, 
together with information collected 
either directly from end users via their 
smart phone application (e.g. indica-
tions to reduce energy use by 10%) 
or inferred indirectly from user habits, 
will be fed into a decision making 
agent LESDMA) that will decide when 
to switch on/off certain appliances 
and for how long.  The agent’s goal will 
be to substantially reduce energy use 
a) with minimal user input and b) with 
minimal impact to the user’s comfort 
and habits.
The system will be piloted in a small 
number of dwellings and then tested 
in a matched intervention-control 
style trial over an extended period of 
time to assess the effectiveness of the 
system in reducing energy use ‘in the 
background’. 

Academic partners:

University of essex

Prof Riccardo Russo 
Prof Kun Yang

London soUth bank University

Dr Sandra Dudley
Dr Alan Dunn
Prof Mohammad Ghavami

University of soUthampton

Dr Ben Anderson

Commercial partners:
Croydon Council
British Gas 

Key Outputs:

C. Koch, N. Islam, O. Onalaja, M. 
Adjrad and S. Dudley (2013). Cloud-

based M2M Platforms to Promote 
Individualised Home Energy Man-

agement Systems. Presented at the 
4th International Conference on 

Smart Communications in Network 
Technologies (SaCoNeT 2013 - IEEE 

conf.), Paris, France, June 2013.

Zhang J., Yang K., et al. (2013). A 
Self-Adaptive Regression Based Mul-
tivariate Data Compression Scheme 
with Error Bound in Wireless Sensor 

Networks. International Journal of 
Distributed Sensor Networks, Article 

ID 913497, 12 pages, http://dx.doi.
org/10.1155/2013/913497



DeFacto
Digital Energy 
Feedback and 
Control 
Technology Op-
timisation

PI: Prof Lomas, 
LoUghboroUgh University

Fund: £1.5m BuildTEDDI 
Project lifespan:
Nov 2012 - Oct 2017
Contact: 
k.j.lomas@lboro.ac.uk

Aims: 
As the cost of energy rises, there is a growing interest in using digital technology (DT) to monitor home energy 
use. Many manufacturers, like Secure, which is a partner in this study, are making smart devices to help us control 
how and when we use energy. These vary from simple looking, but internally quite sophisticated, thermostats and 
timers to systems that will enable us to control every radiator in our homes, and to do this from our smart phones.

Right now though, we have very little idea of how much energy these DT devices and systems might save, if any, 
and in which households they might work best. The first aim of this project is to find out how much energy, if any, 
DT can save and for how long the savings endure.

To help reduce the nation’s energy use, and to make our homes more comfortable, the government has launched 
the Green Deal. Coordinated by DECC, which is also a project partner, the Green Deal enables households to take 
on loans to pay for energy efficiency measures. The loan will be paid back through the energy bill, which must be 
less than it would have been without the refurbishment; the so-called Golden Rule. Companies like B&Q, another 
project partner, plan to refurbish many thousands of homes a year.   Unfortunately, refurbishment often saves 
less energy than expected, risking contravention of the Golden Rule. This would be upsetting to households and, 
if widespread, it would fatally damage a refurbishment business and the credibility of the national Green Deal 
programme. DT can help because it enables energy use before and after refurbishment to be monitored, which 
helps us predict what the energy demand would have been had the refurbishment not taken place. Compliance or 
otherwise with the Golden Rule can therefore be tested. The second aim of the project therefore, is to find out how 
best to use DT to improve the effectiveness of Green Deal refurbishment.

The study will focus on homes that have extensive refurbishment, because in these homes we expect households 
to be more interested in their energy demand and so more inclined to use DT to control their energy use. This is an 
area that has not been studied before at the scale, or over the time period we envisage. Trials will be conduct-
ed over a five year period in around 600 homes, divided into three groups, each with a different digital 
energy saving device or system. The homes in each group will be segmented by household characteris-
tics. 

Academic partners: 

Prof Kevin Lomas
Dr D Allinson

Mrs VJA Haines
Prof D Loveday

Commercial partners:

B&Q (Kiingfishers PLC)
Department of Energy and 

Climate Change (DECC)
Energy Technologies Insti-

tute
Hortsmann

 (Secure Controls (UK) Ltd)
Mark Group Ltd

National Energy Services

The study will shed light on such questions as: can the provision of feedback and control be just too 
complicated? Might it lead to higher energy use in some households? Would simpler devices work better 
in some households? Just how much additional energy saving do smart devices generate? Can the DT 
sysems be improved and if so how? 

The project will provide answers to these and other questions and so be of enormous benefit to Green 
Deal providers, DT device and systems manufacturers, national and local government officials and, of 
course, UK householders themselves, giving them confidence to invest in refurbishment and effective 
control of their energy bills.



DESIMAX 
Multiscale 

Modelling to 
maximise 

Demand Side 
Management

Aims: 
The overall aim of DESIMAX is to develop the 
whole-systems approach necessary for the full 
employment of demand-side management 
within the overall energy supply system. This 
project develops a novel electrical modelling 
approach to represent individual households 
and determine the impact of possible future 
load changes on network power flow and 
power quality. The modelling approach be-
gins from individual user behaviour and load 
interaction, and can be adjusted to include 
modifications in response to demand-side 
management scenarios. In a second mod-
elling phase, the individual households and 
complex networks are represented by simpli-
fied models to trace the impact of low-voltage 
demand-side interventions on the wider-area 
network. The scenarios are defined based on 
the expected participation of user/loads for 
current and near future load use statistics.

Project themes: 
1. User behaviour and load interaction model-
ling: representation of typical UK end-use be-
haviour and interaction with electrical loads; 
2. Survey of UK electrical loads: creation of da-
tabase of UK loads, in terms of use, consump-
tion and additional electrical characteristics; 
3. Load profile and model GUI- development 
of publically available software of load model-
ling tool; 
4. Network analysis: analysis of low-voltage 
and medium voltage electrical networks to 
determine the local and wider-area impact of 
demand-side management scenarios.

Findings:
Results of small-area networks suggest pos-
sible reductions in consumer electricity cost 
and environmental impact by specific de-
mand-side interventions. The analysis high-
lights that changes in load use should not 
only be assessed in terms of active power, but 
should include full assessment of active and 
reactive power flows to accurately quantify 
the impact on overall system energy efficien-
cy.

Academic partners: 

heriot-watt University 
Prof Steve McLaughlin
 
University of edinbUrgh 
Dr Aristides Kiprakis 
Prof Gareth Harrison 
Prof Robin Wallace
Dr Adam Collin 
Mr George Tsagarakis
Dr Sasa Djokic
 
University of nottingham 
Prof Tom Rodden
 
University of strathcLyde 
Prof Peter McGregor
 
Industrial partners: 
Areva T&D 
E.ON 
Flextricity 
Scottish Power 
Scottish & Southern Energy 
International Union 
of Energy Applications 
Wilson Energy

Key outputs:
A. J. Collin, G. Tsagarakis, A. E. 

Kiprakis and S. McLaughlin, 
‘Development of low-voltage load 

models for the residential load 
sector’, IEEE Transactions on Power 

Systems. 

A. E. Kiprakis, I. Dent, S. Djokic, and 
S. McLaughlin, ‘Multi-scale dynamic 

modelling to maximize demand side 
management’ in proc. 2nd IEEE PES 
Innovative Smart Grid Technologies 
Europe, Manchester, UK, Dec. 2011. 

A. J. Collin, G. Tsagarakis, A. E. 
Kiprakis, and S. McLaughlin, 

‘Multi-scale electrical load modelling 
for demand-side management’, in 

proc. 3rd IEEE PES Innovative Smart 
Grid Technologies Europe, Berlin, 

Germany, Oct. 2012.

Project software output: Load profile 
and modelling tool [online]. Availa-

ble: www.eng.ed.ac.uk/DESIMAX

PIs: Prof Steve McLaughlin, 
heriot-watt University

& Prof Peter McGregor,
University of strathcLyde

Fund: £389k TEDDI Longer
Project lifespan: 

Oct 2010 - April 2014 
Contact: 

S.McLaughlin@hw.ac.uk 
p.mcgregor@strath.ac.uk

Websites: 
www.desimax.ac.uk/ 

www.eng.ed.ac.uk/DESIMAX



ENLITEN
Energy Literacy 
Through an 
Intelligent 
Home Energy 
Advisor

Aims:
Our aim is to reduce carbon emissions 
from energy use within buildings by un-
derstanding, incentivising and influenc-
ing changes in the habitual behaviours 
of the buildings’ occupants. 

This project brings together expertise 
from a range of disciplines including: 
low carbon design; architecture and civil 
engineering; electronic and electrical 
engineering; computer science; environ-
mental psychology; and habitual behav-
iour.

Methodology:
The collection of energy and other data 
from 200 homes will allow the creation 
of a thermal model for each house. This 
will be used to educate the occupant and 
how they could change their home or 
lifestyle to save energy – and how much 
money they would save.  

Academic partners:

bath University

Prof D. Coley
Dr Sukumar Natarajan

Prof Bas Verplanken
Dr Rachid Hourizi

Dr Eamonn O’Neill
Dr Julian Padget

Dr Ian Walker
Prof Furong Li

Dr Matthew Brown
Dr Elizabeth Gabe-Thomas

Dr Tom Lovett
Dr Alfonso Ramallo-González

Rowena Jolly

University of oxford

Dr Tina Fawcett

Commercial Partners:

Exeter city council
ISA

Max Fordham
Office of Science and 

Technology
Npower

Wessex Water
BRE

Low Carbon South West
Science Scope
Buro Happold

King Shaw Associates

Key outputs:
T. Lovett, E. Gabe-Thomas, S. Natarajan, E. O’Neill, J. Padget: ‘Just enough’ 
sensing to ENLITEN: A preliminary demonstration of sensing strategy for 
the `ENergy LIteracy Through an Intelligent Home ENergy Advisor’ (ENLIT-
EN) project. 
ACM e-Energy 2013. 

PI: Prof. David Coley, 
bath University (with oxford)
Fund: £1.5m BuildTEDDI
Project lifespan: 
Oct 2012 - Oct 2016
Contact: 
d.a.coley@bath.ac.uk
Website: 
www.cs.bath.ac.uk/enliten/



E-Viz
Energy 

Visualisation 
for Carbon 
Reduction

Aims: 
The overall aim of eViz is to reduce 
energy demand in buildings by trans-
forming people’s understanding and 
behaviour through novel energy vis-
ualisations, using personal and social 
pervasive digital technologies. 
Our first premise is that changing 
occupant behaviour is fundamental to 
reducing building energy demand. The 
second is that changing occupant be-
haviour requires people to have access 
to intuitive energy information.  

Findings:
The eViz project is investigating how 
digital technologies such as Virtual Re-
ality and Thermography can improve 
energy efficiency. Integrating Psychol-
ogy, Behavioural Science with building 
simulation, building and occupant 
monitoring and visualisation, the 
project is gathering data and devel-
oping representations that can make 
energy use visible and enable people 
to achieve energy savings and reduce 
CO2 emissions. 

Academic partners:

pLymoUth University

Dr Sabine Pahl 
Prof Pieter de Wilde 
Prof Steve Goodhew 
Prof Jon May
Prof Mike Phillips 
Dr Yaqub Rafiq
Dr C. Boomsma
Dr Julie Goodhew
Dr Rory Jones
Dr Shen Wei

University of bath

Prof Peter Johnson
Dr Hilary Johnson 
Dr Rachel Burrows

birmingham University

Prof Robert Stone
Dr Robert Guest

newcastLe University

Dr Neveen Hamza
Dr Islam Abohela

International advisors:

Prof Cees Midden
Prof Stephen Sheppard

Commercial partners:

BSRIA, C3Resources, 
SchneiderElectric,
CISCO, TEKLA, 
Plymouth City Council, 
Carbon Action Network 
(CAN), 
Cornwall Development Co, 
Regen Southwest, 
The Eden Project, 
Plymouth College, 
Energy Saving Trust, 
UPP.

PIs: Dr Sabine Pahl 
& Prof Pieter De Wilde, 

pLymoUth University

Fund: £1.5m BuildTEDDI
Project lifespan:

Sept 2012 - Aug 2015
Contact: 

sabine.pahl@plymouth.ac.uk
Website: 

http://www.eviz.org.uk/

Key outputs:
Wei, S., Jones, R. & De Wilde, P. (2014). Driving factors for occupant-controlled 
space heating in residential buildings. Energy and Buildings, 70, 36-44.

Hamza, N., & de Wilde, P. (2013). Building simulation visualisation for the board-
room: an exploratory study. Journal of Building Performance Simulation, 7(1), 
52-67.

Burrows, R., Johnson, H. & Johnson, P. (2013). Influencing Values, Attitudes and 
Behaviour via Interactive and Social-Media Technology : The Case of Energy 
Usage. Department of Computer Science, University of Bath.
May, J., & Gnanasekaran, K. (2013).

The functionality, interface and uptake of an energy saving application for mo-
bile devices. School of Psychology, Plymouth University.
Pahl, S., de Wilde, P., Goodhew, J., Boomsma, C., Jones, R., & Goodhew, S. (2013). 

eViz – Energy visualisation for carbon reduction in buildings. Proceedings from 
ECEEE 2013 Summer Study on energy efficiency.



IDEAL
 Intelligent 
Domestic 
Energy 
Advice 
Loop

Aims and Methods: 
Reducing energy demand from existing dwellings 
through occupant behaviour change is crucial for 
meeting UK carbon emission reduction targets and 
will help the increasing numbers of households strug-
gling to pay their energy bills. Our team of computer 
scientists and sociologists are working together to 
explore the interaction of energy technologies and 
householder behaviours related to energy in a sample 
of 500 dwellings. Using wireless sensing, machine 
learning, and natural language generation technol-
ogies, we are constructing an intelligent advice loop 
that will provide information to householders on 
what activities they are engaging in which use energy 
and how much energy is used for each one, together 
with suggestions for what they might do to reduce 
their energy expenditure; for example: “Last week you 
spent £10 on hot water for showers, if you reduced 
your average shower time from 15 minutes to 12 min-
utes you could save £100 per year”. Such a capability 
will unlock the so-far unrealised promise of consumer 
benefits from smart meters.

Research Innovation: 
The key computational innovations include a low-cost 
long-life wireless sensor system, methods for inferring 
energy-related behaviours from sensor data, and new 
methods for supporting personalised interactions 
between the computational system and dwelling oc-
cupants. The sensor system is focussed on the specific 
domestic context enabling optimisations that reduce 
cost and extend battery life. Inference methods use 
state-of-the-art machine-learning approaches while 
being similarly tailored for the domestic energy 
context. Personalised interaction is supported by 
computational methods for generation of multime-
dia content. Innovation in the social science sphere 
includes the combination of automated sensor-de-
rived quantitative data with traditional qualitative 
and quantitative research instruments such as surveys 
and interview.

PI: Dr Nigel Goddard, 
University of edinbUrgh

Fund: £1.7m BuildTEDDI
Project lifespan:
March 2013 - March 2017
Contact: 
nigel.goddard@ed.ac.uk
Website: 
www.energyoracle.org

Academic partners: 

University of edinbUrgh

Dr Nigel Goddard
Prof Johanna Moore

Prof DK Arvind
Prof Janette Webb
Dr Heather Lovell
Dr Charles Sutton

Dr M. Dzikovska
Dr Janek Mann

Dr Martin Pullinger
Dr Mingjun Zhong

Jonathon Kilgour
Prof Phil Banfill

Commercial partners:

Changeworks

National Energy 
       Foundation

Carnego Systems

Key outputs:
Machine Learning and 
Multimedia Content 
Generation for Energy 
Demand Reduction 
Nigel Goddard, Johanna 
Moore, Charles Sutton, 
Janette Webb, Heather 
Lovell.
(available at: http://www.
energyoracle.org/publi-
cations.html)

Mingjun Zhong, Nigel 
Goddard, Charles Sutton.
Interleaved Factorial 
Non-Homogeneous Hid-
den Markov Models for 
Energy Disaggregation.
NIPS 2013 Workshop: 
Machine Learning for 
Sustainability



IECUS
Informing 

energy 
choices using 

ubiquitous 
sensing

Aims:
The project brings Computer Science, Economics, Carbon Profiling and Sociology together to explore 
the feasibility of identifying and informing people of ‘critical moments in their daily activities that have 
carbon impact‘, so they can individually and collectively make savings. 

Methodology:
We are working with actual communities using a novel set of technological and cultural probes. We use 
a mixed-methods approach to understanding everyday practices and impacts: quantitative measures 
such as energy consumption and activity using physical sensors, combined with qualitative accounts of 
experiences, actions, and meanings using interviews and diary exercises. These understandings give us 
a platform to interrogate and shift practices in more sustainable directions.

Findings:
Our papers present a series of detailed studies in the areas of energy use, cooking (and its direct & indi-
rect impacts) and the achievement of thermal comfort in domestic settings. We offer detailed accounts 
of how energy use links to everyday life, and design insights at a range of low- and high tech levels 
intended to help reshape and reduce the impact of the practices we observe. These studies can inform 
future sustainability research, and the design of new technologies aimed at encouraging more sustaina-
ble practices in the home, such as entertainment & IT, cooking, and the achievement of adaptive ther-
mal comfort.

PI: Dr Adrian Friday, 
Lancaster University

Fund: £371k TEDDI 2 year
Project lifespan:

Jan 2011 - Dec 2012
contact: adrian@comp.lancs.ac.uk

website:  wp.lancs.ac.uk/sds

Academic partners:

 Lancaster University

Kim Kaivanto 
Mark Rouncefield 

Commercial partners:

Archbishop Temple School 

Crichton Carbon Centre,
Dartmouth College 

Massachusetts 
Institute of Technology

Open University

Bates, O., Hazas, H., Friday, A., Morley, J. and Clear, A. Towards an Holistic View of the Energy and Environmental 
Impacts of Domestic Media and IT. CHI 2014. To appear.

Clear, A., Morley, J., Hazas, M., Friday, A. and Bates, O. Understanding Adaptive Thermal Comfort: New direc-
tions for Ubicomp. In Proceedings of Ubicomp 2013. Zurich, CH. September, 2013.
Clear, A., Hazas, M., Morley, M., Friday, A., and Bates, O. Domestic Food and Sustainable Design: A Study of Uni-
versity Student Cooking and its Impacts. In Proceedings of CHI 2013. Paris, FR. May, 2013.

Bates, O., Clear, A., Friday, A., Hazas, M., and Morley, J. Accounting for energy-reliant services within everyday 
life at home. In Proceedings of Pervasive 2012, Newcastle, UK. June, 2012. 

Hazas, M., Friday, A., and Scott, J. Look back before leaping forward: Four decades of domestic energy inquiry. 
IEEE Pervasive Computing 10 (2011), 13–19.

Key outputs:



Intelligent 
agents 
for home 
energy 
management

This project seeks to apply novel artificial intelli-
gence approaches to develop intelligent agents 
that will enable domestic consumers to visualise, 
understand and manage their energy use. The 
project brings together expertise in artificial intel-
ligence and software agents, renewable energy 
and energy efficiency in the built environment, 
and human factors in the design of automated 
control and feedback systems at the University of 
Southampton to address the challenge described 
above. The initial work in the project has three 
foci, centering on these three core competencies: 

PI: Dr Rogers, 
University of soUthampton

Fund: £813k TEDDI longer
Project lifespan:
Nov 2010 - March 2014
Contact: 
acr@ecs.soton.ac.uk
Website: 
www.homeenergyagents.
info/

Academic partners: 

University of soUthampton

Dr Alex Rogers 
Prof AbuBakr Bahaj

Dr Patrick James
Prof Nick Jennings

Prof Neville Stanton
Dr Siddhartha Ghosh

Dr Tassos Papafragkou
Ms Kirsten Revell

Commercial partners:

Hortsmann

Alert Me

Drew Smith Ltd

Energy Savings Trust

Virgin Media
Key outputs: 
Rogers, A., Ghosh, S., Wilcock, R. 
and Jennings, N. R. (2013) 
A Scalable Low-Cost Solution 
to Provide Personalised Home 
Heating Advice to Households. 
In: The Fifth ACM Workshop On 
Embedded Systems For Ener-
gy-Efficient Buildings (BuildSys). 

Revell, K. M. A. and Stanton, N. 
A. (2013) Case studies of mental 
models in home heat control: 
Searching for feedback, valve, 
timer and switch theories. In: 
Applied Ergonomics, 2013, 

Revell, K. M. A. and Stanton, N. A. 
(2013) Using the notion of men-
tal models in design to encour-
age optimal behaviour in home 
heating use. In: 11th Internation-
al Conference on Naturalistic 
Decision Making 2013, Marseille, 
France, NDM2013, France.

This work package will address the fact that it 
is humans, and not buildings, that consume 
energy. As such, it will explore how the agents 
should interact with the householders in or-
der to encourage behaviour change, how the 
householders’ preferences and future demand 
requirements should be elicited in efficient and 
nonintrusive ways, and how feedback should be 
provided when autonomous decisions are made 
by the agent. 

This work package will focus on the development 
of intelligent software agents that are able (i) 
to learn both the thermal characteristics of the 
building in which they are deployed and the day 
to- day behaviour and energy demands of the 
householders, (ii) to optimise the use of ener-
gy given householders’ individual preferences 
regarding cost, comfort and carbon, and (iii) to 
model the impact of behaviour and building 
infrastructure changes.

This work package will develop the thermal mod-
els that the agents will build, providing initial 
parameters for different classes of buildings to 
bootstrap the agent’s online learning process, in 
order that the home energy management agent 
can autonomously model the effects of various 
interventions (such as behaviour changes or 
infrastructure changes to the home itself ).
It will also characterise the energy consumption 
and generation of homes, depending on the 
various forms of heating, renewable micro-gen-
eration and storage devices that may be available 
to the agents within the scenarios considered.

2. Energy Use Characterisation

3. Human Factors in Behaviour Change

1. Intelligent Agent Development



LAMP POST
Robust Intelligent 

Lamp Post (ILP) 
Sensor Networks 

for Energy Efficient 
Transportation 

Systems

PI: Prof Blythe & Dr Nallanathan; 
newcastLe University 

& king’s coLLege London

Fund: £406k TEDDI 2 year
Project lifespan:

Nov 2010 - Feb 2013

Contact:
 

phil.blythe@ncl.ac.uk,
 

arumugam.nallanathan@kcl.ac.uk

Website: 
www.ncl.ac.uk/ceg/research/transport/

technologiesfortransport/lamppost/

Aims: 
LAMPPOST proposed research is to develop radically new strate-
gies and protocols for the supply of both energy and data com-
munications along existing power transmission lines used by 
Intelligent Vehicle and Transport Infrastructures, IVTI.  In particular 
will be tested how the power line communications (PLC) will be 
potentially used as a method for data transmission in a large-scale 
smart sensor network, where the sensors are embedded in smart 
street furniture (e.g. lamp posts, buildings both sides of the road 
etc.). Newcastle’s role is to support King’s College London in the 
development of the integration of data communications (PLC) 
with the existing “mote” technology developed in the MESSAGE 
project and to demonstrate the integration in an indoor outdoor 
Integrated Technology demonstration.

Energy demand is reduced due to its potential for seamless inte-
gration of novel pervasive sensors with legacy technologies for 
indoor and outdoor monitoring using existing power line infra-
structures. The project builds upon our expertise in communica-
tion and information technology at King’s College London and the 
pioneering mote technology developed at the Newcastle Univer-
sity in the EU ASTRA, and the EPSRC MESSAGE, projects. 

The impact of these results will be significant at a time when UK 
Government acknowledges the crucial role of Intelligent Vehicle 
and Transport Systems, IVTS, technology to make more efficient 
use of existing infrastructure in the delivery of a low carbon trans-
port systems for the future. 

The development of dense, pervasive, multitask sensor networks, 
that provide real-time traffic flow information and monitor several 
environmental factors (such as pollutants from vehicles) has been 
demonstrated in MESSAGE to facilitate the development of more 
efficient traffic control schemes, thus leading to a significant re-
duction in the energy consumption and environmental pollution. 
We aim to disseminate the results not only through outstanding 
publications but importantly through existing links in the region-
al transport boards, Foresight Intelligent Infrastructure Forum in 
UK and Europe, and ITS World Congress generating knowledge 
dialogue at all stages of the project.

Academic partners: 

newcastLe University

Prof. Phil Blythe
Prof Margaret Bell
David Grahama
Jeff Neasham
Dr Fabio Galatioto
Dr Graeme Hill

kings coLLege London

Dr Arumugam Nallanathan



LEEDR
Low Effort 
Energy 
Demand 
Reduction

Aims: 
LEEDR is a 4-year research project that seeks 
to situate and understand domestic energy 
consumption within the context of families’ 
everyday lives and routines.

Methodology: 
The project employs a combination of energy 
monitoring, video ethnographies and work-
shop techniques to explore opportunities for 
energy demand reduction through digital 
innovation and assess the possible impact a 
changing energy landscape might have on 
family life.

In 20 typical family homes in Loughborough, 
UK, gas, hot water mains power, tempera-
tures, window activity and presence activity 
are all monitored in addition to the social 
science and design methods used.

PI: Richard Buswell, 
LoUghboroUgh University

Fund: £1.4m TEDDI 
Longer
Project lifespan: 
Oct 2010 - Nov 2014
Contact: 
r.a.buswell@lboro.ac.uk
Website:
www.leedr-project.co.uk

Academic partners: 

LoUghboroUgh University 
Dr Richard Buswell

Dr Sarah Pink
Dr Val Mitchell

Prof Tracy Bhamra
Dr Murray Thomson

Prof Shuang-Hua Yang
Prof Roy Kalawsky

Dr Lynda Webb
Dr Dashamir Marini

Dr Kerstin Leder-Mackley
Garreth Wilson

Paula Jorda-Cosar
Dan Barry

Roxanna Morosanu
Marc Hanratty

Commercial partners:
O2

Eon
AmertMe

Key outputs:
Please see website for a 
list of publications. 
www.leedr-project.co.uk/
pubs.php 



MAD4NRG  

Taking on the 
Teenagers 

-using 
adolescent 

energy to 
reduce energy 

use

Aims:
Taking on the Teenagers - Using Adolescent 
Energy to Reduce Energy.  The underlying 
research hypothesis is that “teenagers can, if 
instructed and informed about their energy 
use in an appropriate way, be instrumental 
in changing not only their own behaviours 
but also in changing the behaviours of 
those around them”. 

Methodology:
WP1: Participatory Design with Teenagers; 
WP2: Evaluate Existing Technologies; WP3: 
Investigation of Sensor and Mobile Technol-
ogies; WP4: Energy Education and Learning; 
WP5: Investigation of teen attitudes and 
behaviour.

Findings:
creative design - a portfolio of creative 
designs for interventions to create better 
energy behaviours was developed
interventions – a series of interventions 
with mobile, web, social and device-based 
interventions were devised, undertaken and 
analysed including: Energy POD, Stroppy 
Kettle,  RFID wristbands
understanding teenagers – including iden-
tifying cool as a design goal; understanding 
habitual behaviours; and behaviour change; 
methods for engaging teenagers.

Academic Partners:

University of centraL 
Lancashire

Prof Janet C Read
Dr Daniel Fitton
Dr Matthew Horton

northUmbria University

Dr Linda Little 
Dr Nicola Toth

University of birmingham

Prof Russell Beale
Dr Ben Cowan

swansea University

Prof Matt Jones
Yukang Guo

InstitUte of edUcation 
Prof Rose Luckin
Dr Katerina Avramides
Dr Brock Craft 

PI: Prof Janet C Read
Univ of centraL Lancashire

Fund: £1.5m TEDDI 
Longer

Project Lifespan:
Oct 2010 - March 2014

Contact:
 jcread@uclan.ac.uk

Key outputs:

Toth, N., Little, L., Read, J. C., Fitton, D., & Horton, M. (2013). Understanding teen attitudes towards energy 
consumption. Journal of Environmental Psychology, 34, 36-44.

Avramides, K., Craft, B., & Luckin, R. (2013). Modelling teenage personal contexts to support technology 
enhanced enquiry into personal energy consumption. Computers & Education, 69, 377-386.

Fitton, D., Read, J. C., Horton, M., Little, L., Toth, N., & Guo, Y. (2012). Constructing the Cool Wall: A Tool to 
Explore Teen Meanings of Cool. PsychNology Journal, 10(2).

Beale, R., & Bullock, A.-M. (2011). Greening the Teens. Costing the Earth. UK: BBC Radio 4. http://www.bbc.
co.uk/iplayer/episode/b010t7tz/Costing_the_Earth_Greening_the_Teens/



REDUCE
Reshaping 
Energy Demand 
of Users by 
Communication 
Technology 
and Economic 
Incentives

Case studies:
Two distinct case studies were undertak-
en as part of the REDUCE project.  The 
first was a trial conducted in an office 
setting with more than 150 PEN’s be-
ing installed at individual office desks.  
The goal was to study the participant’s 
energy usage behaviour, with some of 
the participants given the opportunity 
to receive feedback through a widget 
installed on their desk computer.

The second was a trial conducted in 
a residential setting consisting of ten 
households.  During this trial, we ex-
plored financial incentive approaches 
to reducing peak electricity demand in 
the home. This was the first study on the 
use of specific financial incentives for 
load-shifting (as opposed to the intro-
duction of new tariffs) in the residential 
sector. 

Findings:
We found that at least half of the elec-
tricity consumed by office PCs occurs 
when people are not at their desks. As 
much as 73% of electricity consumed by 
office PCs could be saved and, if all were 
switched off when the trial participants 
head home for the evening, an estimat-
ed £60,000 could be saved annually. 

For the residential trial, peak reductions 
as large as 27% were observed when 
reductions in energy use are also taken 
into account.  As a result, the proportion 
of off-peak usage rose from an average 
of 30% to more than 40%.  Although this 
was only a small-scale study, and further 
research is needed, this suggests that 
this incentives-based study was able to 
overcome some of the barriers to partici-
pation and response seen in Time-of-Use 
studies, although this was not solely due 
to the payments on offer.  

Academic partners:

University of sUrrey

Dr Mohammad Imran 1
Prof Matthew Leach 2

Prof David Uzzell 3
Prof Rahim Tafazolli 1

Prof Barry Evans 1
Dr Birgitta Gatersleben 3

Dr Alexander Gluhak 1
Dr W. Headley 1

Dr Niamh Murtagh 3
Dr P. Bradley 2

Dr M. Nati 1

Commercial partners:
Woking Borough Council

Thameswey
PPA Energy

IBM
Arup

Thales
University of Surrey 

 (Estates and Facilities)

1 Centre for Communication 
Systems Research

2 Centre for Environmental 
Strategy

3 Evironmental Psychology 
Research Group

PI: Dr Muhammad Imran, 
University of sUrrey

Fund: £1.15M TEDDI Longer
Project lifespan: 
Oct 2010 - Dec 2013
Contact: 
m.imran@surrey.ac.uk

Aims:
The overall objective of this research 
is to Reshape Energy Demand Using 
ICT (REDUCE). We approached this aim 
by evaluating the feasibility of using 
network technologies and sensor de-
vices to study the potential impact on 
user behaviour in terms of reductions 
in, and shifts in patterns of, electricity 
consumption. Additionally, the project 
aims to quantify the 
reduction in carbon footprint (and 
operational energy cost) when such 
digital technologies are 
deployed.

Methodology:
Data was obtained through a number 
of methods.  Questionnaires and in-
terviews were used to capture quali-
tative/quantitative data.  To study the 
use of communications technology as 
part of the project’s aims, we devel-
oped a sensor network testbed which 
was constructed and deployed at the 
University’s Centre for Communica-
tions Systems Research, which consist-
ed of a number of Persuasive Energy 
Network (PEN) units.  These units are 
capable of measuring the energy con-
sumed, presence, light levels, noise & 
temperature at each desk where a PEN 
unit was installed.

Key outputs:

This project has generated 
more than 60 research 

outputs which are listed 
on the RCUK website.  In 
particular, we have pub-

lished 6 journal articles 
(and 6 more under re-

view), 10 conference pro-
ceedings, three of which 

won the conference’s ‘Best 
Paper Award’.  See website 

for list of most pertinent 
publications.



REFIT
Personalised 

Retrofit Decision 
Support Tools for 
UK Homes using 

Smart Home 
Technology

Aims:
REFIT is an ambitious, highly interdiscipli-
nary research project with the long-term 
aim of creating a step-change in uptake 
rates of retrofit technology measures in 
UK homes. The project brings together a 
diverse research team with internationally 
renowned expertise in buildings, energy, 
ICT, people and design. REFIT 
will study the Smart Home concept and 
its ability to provide personalised, valued, 
tailored and trustworthy information on 
building retrofit, energy efficiency and on-
site renewable technology options for UK 
homes.

Methodology:
WP 1: Data analytic tools for Smart Home 
data streams; 
WP 2: Smart Home Field Trial; 
WP 3: User engagement with smart home 
technologies; 
WP 4: Definition of value propositions and 
user engagement; 
WP 5: Integration of results and retrofit 
decision support tool development.

Findings:
Based on a 20-home case study, the REFIT 
project will implement a range of ap-
proaches for providing retrofit advice, using 
persuasive ICT-enabled decision support 
tools derived from the Smart Home data, 
to engage householders, industry, consum-
er groups and policy makers, to promote 
long-term behaviour change and to influ-
ence retrofit purchasing decisions. 

PI: Dr Steven Firth 
LoUghboroUgh University

Fund:  £1.5m BuildTEDDI
Project lifespan:

May 2012 - April 2015
Contact: 

s.k.firth@lboro.ac.uk
Website:

www.refitsmarthomes.org

Academic partners:

LoUghboroUgh University

Dr Steven Firth
Prof Tarek Hassan
Dr Andrew May
Dr Val Mitchell
Dr Tom Kane
Dr Michael Coleman
Vanda Dimitriou 
Stuart Cockbill

University of east angLia

Dr Charlie Wilson
Dr Tom Hargreaves
Dr Richard Hauxwell-Baldwin

strathcLyde University

Dr Vladimir Stankovic 
Dr Lina Stankovic
Dr Jing Liao

Commercial partners:

Adapt Commercial
BSRIA 
COMIT 
Fiatech 
Green Energy Options 
IBM UK Labs 
National Instruments 
National
Refurbishment Centre 
RWE Effizienz GmbH 
Sentec

Key outputs:
Firth S.K., Fouchal, F., Kane, T., Dimitriou, V. and Hassan, T. (2013) Decision support systems for domestic retrofit pro-
vision using smart home data streams. Proceedings of CIB W78 2013: Move towards Smart Buildings, Infrastructure 
and Cities, 
Beijing, China

Hargreaves, T., Wilson, C. and Hauxwell-Baldwin, R. (2013) Who uses smart home technologies? Representations of 
users by the smart home industry. Paper presented at the European Council for an Energy Efficient Economy (ECEEE) 
2013 Summer Study, Toulon/Hyères, France. June 2013.

Seeam, A., Liao, J., Stankovic, L. and Stankovic, V. (2013) Improving Energy Efficiency with Smart Home Appliance 
Monitoring, Proceedings of EEDAL’13.



Smarter 
Households
An Intelligent 
Digital Household 
Network to 
Transform Low 
Carbon Lifestyles

Aims:
‘Smarter Households’ aims to develop an interdis-
ciplinary intelligent digital system to help house-
hold members understand and directly manage 
their energy consumption and facilities bills 
including gas, electricity and water.  Key issues 
include the scarcity of awareness of real energy 
consumption, inconvenient access to utilities 
meters, non-bill payers’ influence on energy con-
sumption, low levels of awareness and education 
on energy management and limited education 
on sustainable low carbon lifestyles.

Methodology:
Task 1: Developing an integrated smart meters 
and low cost internet enabled sensing system 
(IMSS); 

Task 2: Developing a virtual energy world game 
(VEWG); 

Task 3: One year practical trial with 20 houses 
including different age groups and educational 
backgrounds; 

Task 4: Improvement of IMSS and VEWG; Task 5: 
Model for economic and environmental analysis; 
Task 6: Creating multimedia and intelligent edu-
cation packages for low carbon life skills 
   
Case study and findings:

The IMSS system will be installed into 20 houses, 
and all the householders will be 
encouraged into the VEWG. The energy 
consumption of water, electricity, gas will 
be measured through the smart meters
 and the indoor environment such as 
temperature, humidity and CO2 will be 
monitored.  The householders will be engaged 
with the real time energy consumption through 
the serious game. Relevant 
education package on the low carbon life style 
will be generated by the social scientists. 

This will be the foundation to enable the house-
holders reflect back to their house energy con-
sumption. This project also focuses on the next 
generation, i.e., children and teenagers. Low-car-
bon life style will be a long term project for 
householders, facility suppliers, and the govern-
ment.  

PI: Dr Shuli Liu,
coventry University

Fund:  £1.1m BuildTEDDI
Project lifespan:
Jan 2013 to Jan 2018
Contact: 
ShuliLiu@coventry.ac.uk

Academic partners:

coventry University

Dr Shuli Liu
Prof Mark Gaterell 

Dr Panos Petridis  
Elise Smithson

Dr Latifimran Jalil 
Dr Anastasios Bakaoukas  

Georgina Wood 
Benqiang Yang

University of birmingham

Dr Rosie Day

University of edinbUrgh

Dr Dan van der Horst

Commercial partners:

Christopher Rimmer, EON
John Barnham, 

Orbit House Group
Key outputs:

Yang B., Liu S., Gaterell M., Smith-
son E., Smart metering and sys-
tem for low carbon community: 
Challenges, issues and benefits, 
Proceedings to Energy Policy, 
2014.
  
Bakaoukas A., 
Plus width modulation (PWN) 
method for power components 
estimation in power meters, The 
10th International Conference on 
Intelligent Environments, Shang-
hai, 30th June-4th July 2014.

Shikder S., Liu S., Gaterell M., 
Smithson E., Feasibility investiga-
tion of smart meters in delivering 
low carbon community: a con-
sumer engagement perspective, 
12th International Conference on 
Sustainable Energy technologies 
(SET-2013), 26-29th August, 2013, 
Hong Kong



SYMPACT
Tools for assessing the 

systemic impact of 
technology deployments 

on energy use and 
climate emissions

PI: Dr Chris Priest, 
University of bristoL

Fund: £332k TEDDI 2 year
Project lifespan:

Dec 2010 - Nov 2012
Contact: 

chris.preist@bristol.ac.uk
Website: 

http://sympact.cs.bris.ac.uk/

What?
Digital technology is transforming the news, media and publishing industries, through the movement of activity 
to the web accessed both through PC and 3G phone, specialised eReader devices such as the Kindle, and the flexi-
bility that digital printing offers over traditional offset approaches.
This transformation is coming at a time of increased concern over energy availability and greenhouse gas emis-
sions. Will the transformation decrease or increase the energy requirements of the news and media industry? 
Can the industry embed an understanding of the future energy/climate implications in the strategic decisions it 
makes?

The SYMPACT project aims to support this understanding by considering a number of questions; what is the en-
vironmental impact of both print and online media? How will changes in technology alter this impact over time? 
How is digital technology changing customer behaviour now, and how might this happen in the future? What new 
business models do technological advances open up, and how will they affect the environmental impact? How will 
environmental factors, such as carbon pricing, act as business and behavioural drivers within this system? Beyond 
energy and climate, what other sustainability implications might this transformation have?

How?
To tackle these questions, the project will develop a number of models of the current and potential future impact 
of digital transformations within the news, media and publishing industry. These will be developed using a combi-
nation of techniques from systems modelling, environmental life cycle analysis, scenario development and qualita-
tive representation of uncertainty.
The models will be embodied in a flexible tool which will allow business strategists, sustainability professionals 
and other stakeholders to critique assumptions within them and explore alternatives. This will be done in such a 
way to allow future application to other industries.

Key outputs:
•  Schien D, Wood SG, Shabajee P, Preist CW (2013) A Model for Green Design of Online News Media Services, World 
Wide Web Conference, May 2013, Rio de Janeiro 

•  Schien, D, Preist, CW, Shabajee, P, Yearworth, M. (2013) Modeling and Assessing Variability in Use Phase Energy of 
Online Multimedia Services., Journal of Industrial Ecology 

•  Schien, D, Shabajee, P, Wood S, Yearworth, M., Preist, CW, 12.9.2012, LCA for Green System Design of Digital Me-
dia, Proceedings of Electronics Goes Green 2012+

For a full list of outputs visit: http://sympact.cs.bris.ac.uk/publications/ 

Academic partners: 

Dr Chris Priest 
Dr Mike Yearworth
Dr Paul Shabajee
Dr Lauren Basson
Daniel Schien
Stephen Wood
Heppie Curtis

Commercial partners:
The Guardian



Wi-Be
Reduction of 
energy demand in 
buildings through 
optimal use of 
wireless behaviour 
(Wi-be) information 
systems

Aims:
The Wi-be project aims to reduce energy 
consumption in buildings through behaviour 
change informed by wireless monitoring 
systems for energy, environmental conditions 
and people positions. A key part to the Wi-Be 
system is the ability to accurately attribute 
energy usage behaviour to individuals, so 
they can be targeted with specific feedback 
tailored to their preferences. The use of wire-
less technologies for indoor positioning was 
investigated to ascertain the difficulties and 
potential benefits.

Methodology:
 The research is highly interdisciplinary, com-
bining  a. Sensor network research and mod-
elling of wireless sensor signal propagation 
to ascertain the optimum configurations and 
potential limitations to physical deployment 
of wireless sensors, network and other related 
devices; b. Behavioural Research - determine 
the optimum feedback to individual energy 
users in order to achieve the best effects on 
stimulating immediate action and dura-
ble behavioural change; c. Building Energy 
Research - to assess interactions between 
building energy demand, supply and user 
behaviour, as well as benchmarks, and their 
implications for optimum arrangement for 
feedback to users;  Wi-be systems for moni-
toring and communicating personal energy 
behaviours was installed in an office building 
and a house, which were used as test beds 
and case studies for the integrated research. 

Findings:
The research to date has demonstrated the 
effectiveness of highly disaggregated per-
sonal level data for developing insights into 
people’s energy behaviour and identifying 
significant energy saving opportunities (up to 
77% in specific areas).

Behavioural research addressed social issues 
such as privacy which could affect the de-
ployment of the system. 

RF research into less intrusive technologies 
indicates that RSSI-based systems should be 
able to detect the presence of a human body, 
though further work would be needed in 
both social and engineering areas.

Academic partners:

University of reading

Prof Li Shao

de montfort University

Dr Katherine Irvine
Prof Mark Lemon

nottingham University

Prof Mark Gillott 
Prof Tom Rodden

QUeen mary 
University of London

Prof Yang Hao 
Prof Clive Parini
Dr John Bigham

Commercial 
partners:

Philips Research 
Laboratories

MicroWatt
Chartered Institution 

of Building Services 
Engineers

PI:  Prof Li Shao, 
University of reading

Fund: £598k TEDDI 2 year
Project lifespan:
Oct 2010 - Sept 2013
Contact:
l.shao@reading.ac.uk

Key outputs:

M Coleman; K Irvine;  M Lem-
on; L Shao (2013); “Promoting 
behaviour change through 
personalised energy feedback 
in offices”  Building Research 
& Information (in print, availa-
ble: DOI:10.1080/09613218.20
13.808958)

L Shao, M Coleman, R Foster, 
R Shipman, M Gillott, Y Hao, 
K Irvine, M Lemon, M Munoz, 
(2013) “Reduction of energy 
demand in buildings through 
optimal use of wireless behav-
iour information systems” Int. 
Conf. Applied Energy, ICAE 
2013, Jul 1-4, 2013, Pretoria, 
South Africa
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Can digital technologies provide 
better information on the nature 
of energy demand in homes and 

workplaces?

What impact will digital technologies 
have on energy demand over the 

coming decades?

How will household and workplace 
dynamics shape digital technologies 
in use, and how will those technolo-

gies change energy use?

What do energy companies, SMEs and 
other market actors require to realise 
the benefits of digital innovation for 

consumers?
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