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Introduction to UKERC 

The UK Energy Research Centre (UKERC) carries out world-class, interdisciplinary research into 
sustainable future energy systems. 

It is a focal point of UK energy research and a gateway between the UK and the international 
energy research communities.  

Our whole systems research informs UK policy development and research strategy.  

UKERC is funded by The Research Councils UK Energy Programme.  

 

 

For information please visit: www.ukerc.ac.uk  

Follow us on Twitter @UKERCHQ 

 

The Technology and Policy Assessment (TPA) Theme of UKERC 

The Technology and Policy Assessment (TPA) was set up to inform decision-making processes 
and address key controversies in the energy field. It aims to provide authoritative and 
accessible reports that set very high standards for rigour and transparency. Subjects are chosen 
after extensive consultation with energy sector stakeholders and upon the recommendation 
of the TPA Advisory Group, which is comprised of independent experts from government, 
academia and the private sector. 

The primary objective of the TPA is to provide a thorough review of the current state of 
knowledge. New research, such as modelling or primary data gathering may be carried out 
when essential. It also aims to explain its findings in a way that is accessible to non-technical 
readers and is useful to policymakers. 

In Phase III of UKERC (2014-2019), the TPA team have developed a methodology for Rapid 
Evidence Assessments (REAs), which is the basis for the method outlined in this Scoping Note.  
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Introduction and background 

Energy related CO2 emissions account for 80% of global GHG emissions. Therefore a rapid 
energy transition is required to reduce energy-related CO2 emissions via (IPCC 2014): 

1. low carbon energy supply and  

2. reducing energy use (vs counterfactual) mainly through deployment of energy 
efficiency  

To help deliver the size and speed of energy transition, a policy-led response is required, as 
markets left on their own will be insufficient (Stern 2007). Energy policy has to cover the 
supply-side of energy use (e.g. ensuring clean, affordable and reliable is available to end-users) 
but also energy demand issues (e.g. reducing energy demand). Policies to reduce energy 
demand often aim to change both the technologies used by energy users, such as households 
and businesses, as well as the behaviour of energy users (Krysiak & Weigt 2015; Sorrell 2015). 

To inform energy policy in the UK, a range of energy-system models are used. While they do 
not provide the only form of evidence, these models will be the focus of this Rapid Evidence 
Assessment. The models represent different aspects of the energy system and are used for 
different purposes. Some models represent the whole of the energy system at the national 
level and potentially also the interactions between the energy system and the national 
economy (e.g. UK-TIMES, MARKAL). These national models are often used to explore different 
long-term scenarios to identify possible pathways to meeting the UK climate change targets. 
Other models represent only a specific sector of the energy system, e.g. transport or housing, 
but provide more details of these sectors than the national models (e.g. National Transport 
Model, ENUSIM). These sectoral models are often used to develop detailed policies for their 
respective sectors. In addition some models are developed to investigate the effectiveness of 
specific policies (e.g. the Green Deal household model).  

An informal survey of the models has led us to the following proposition which we seek to 
investigate further via this Rapid Evidence Assessment (REA): 

“There are a core group of energy-system models which inform significant elements 
of UK energy policy. The extent to which these models are structured to simulate 
the increasingly diverse range of demand-side energy policies is not fully 
understood. A study which identified the core models and assessed their capability 
to assess energy demand and demand-side interventions would be beneficial for 
the development of energy policy in the UK”. 

Project aim and objectives 

The main aim of the research is to conduct a rapid evidence assessment to examine how the 
core group of analytical models can represent energy demand and demand-side policies.  The 
overarching research question is: 

How do the core energy-system models, used to inform energy policy in the 
UK, represent energy demand and demand-side policy interventions? 



The research aims to address the following sub-questions: 

RQ1 What are the core energy-system models used to inform UK energy policy?  

RQ2 How do the core models represent energy demand and demand-side policies? 

RQ3 What lessons can be drawn to inform modelling requirements for the 

development of future energy demand and demand-side energy policies? 

 

Rapid Evidence Assessment process 

The Government Social Research Service (GSR 2013) lists six types of review methods in its REA 
toolkit, ranging from unsystematic literature reviews to highly rigorous and systematic multi-
arm systematic reviews. Figure 1 provides a schematic of the different review methods 
mapped against rigour and the time needed to conduct them.  

An REA is defined as “a short but systematic assessment on a constrained topic” (GSR 2013). 
REAs have been designed to maintain the rigour of a full systematic review, but to deliver 
results rapidly within constraints imposed by cost and time (Hailey  et al. 2000; Khangura et al. 
2012). The proposed approach follows the procedures established in previous TPA 
assessments, which are directly comparable to 5 established protocols for conducting REAs 
(Collins et al. 2015). 

 

 

Figure 1: Schematic of different methods of evidence review (adapted from GSR 2013).  

 

 

 



As such the REA conducted in this project will involve the following steps: 

 Publication of this Scoping Note on the UKERC website. 

 Establishing a small group of experts, representing a variety of opinions and 
perspectives, to advise the project team; this will be carried out through a 
streamlined consultation process (i.e. using electronic consultations rather than 
meetings).  

 A systematic search of a clearly defined evidence base using keywords. 

 Categorisation, prioritisation and analysis of the evidence, including an appraisal of 
methodological quality. 

 Drafting of a Working Paper. 

 Expert feedback and peer review of the working paper. 

 Publication and dissemination through appropriate mechanisms. 

Proposed approach  

In order to provide a timely contribution to inform the debate as to how models used in energy 
policy making in the UK can represent energy demand and demand-side interventions, a rapid 
review is required. Guided by the overarching research proposition, we construct the REA 
method based on the three research questions.  

Research Question 1: What are the core energy-system models used to 
inform UK energy policy?  

The work in RQ1 identifies the core energy-system models used to inform UK energy policy 

based on the citation of models in key policy documents. Specifically we analyse 2007-2017 

policy documents and policy impact assessments of UK energy policy at the national level 

covering national and sectoral (e.g. transport) areas. Policy documents at the regional or city 

level are not considered.  We selected policy-documents by first drawing up an initial short-list 

based on the expertise of the authors and suggestions from the steering group. The short-list 

was then compared to the Arup energy policy timeline (Arup 2017) to ensure that no major 

energy policies were missed. In addition to the policy documents and impact assessments we 

include the reports by the Committee on Climate Change (CCC) proposing the carbon budgets 

as well as the reports outlining the National Infrastructure Assessment by the National 

Infrastructure Commission (NIC). These reports are not policy documents. However, we 

consider them relevant because the proposals outlined in the reports play an important role 

in informing energy policy in the UK. While the sample of documents selected does not provide 

a comprehensive list of energy policies in the UK, we consider it sufficient to identify the most 

important models used in UK energy policy making.  

The list of documents that will be analysed is shown in Table 1 and represent the clearly defined 

evidence base for the REA (see section 3). To identify the models used to inform the policy 

documents we will conduct a systematic search using keywords. Each document will be 

searched using the terms ‘model’, ‘analysis’ and ‘evidence’ (using three separate searches).  



Based on the search it will be recorded which models are cited in the document and for what 
purpose they are used. A subset of the models identified will be selected to form the 
evidence for the analysis conducted for research questions 2 and 3. Models will be selected 
based on the following criteria:  

 Frequency of citation in the policy documents  

 Importance in informing policy documents 

 Timeliness and importance for informing most recent policy documents  

 Representation of an illustrative range of model types  

Table 1: Documents analysed for research question 1 

National Policy documents 
2007 Meeting the Energy Challenge: A White Paper on Energy  
2008 Meeting the Energy Challenge: A White Paper on Nuclear Power  
2009 The UK Low Carbon Transition Plan 
2009 The UK Renewable Energy Strategy 
2011 Planning our electric future: A White Paper for secure, affordable and low‑carbon electricity 
2011 The Carbon Plan: Delivering our low carbon future 
2012 UK Bioenergy Strategy 
2012 Gas Generation Strategy 
2012 The Energy Efficiency Strategy: The Energy Efficiency Opportunity in the UK 
2012 The Future of Heating: A strategic framework for low carbon heat in the UK 
2013 The Future of Heating: Meeting the challenge 
2017 The Clean Growth Strategy Leading the way to a low carbon future 
2017 Industrial Strategy: Building a Britain fit for the future 

Policy Impact Assessments 
2008 Impact Assessment of the Government’s White Paper on Nuclear Power 
2009 Impact Assessment of Low Carbon Transport: A Greener Future 
2009 Impact Assessment of Climate Change Act (2008) 
2011 Final Stage Impact Assessment for the Green Deal and Energy Company Obligation 
2011 Impact Assessment of Proposals on the future of Climate Change Agreements 
2011 Impact Assessment: Smart meter rollout for the small and medium non-domestic sector GB 
2013 Impact Assessment: Electricity Demand Reduction – Amendment to Capacity Market Clauses 
2013 Impact Assessment of Simplification options for the CRC Energy Efficiency scheme to help business : 

CRC (Amendment) Order 2013 
2013 Impact Assessment of Electricity Market Reform – ensuring electricity security of supply and 

promoting investment in low-carbon generation [update: May 2013] 
2013 Impact Assessment of RHI Tariff Review, Scheme Extensions and Budget Management 
2014 Impact Assessment of Energy Saving Opportunity Scheme 
2014 Renewable Transport Fuel Obligation: Post Implementation Review 
2014 The Future of the Energy Company Obligation: Final Impact Assessment 
2015  Periodic Review of FITs 2015 
2016 Smart Meter Roll-out Cost-Benefit Analysis 
2016 Impact Assessment of Domestic Heating Replacement Regulations 
2016 Impact Assessment of The Renewable Heat Incentive: A reformed and refocused scheme 
2016 Impact Assessment of New legislative powers for ULEV infrastructure 
2016 Impact Assessment for the level of the fifth carbon budget 

CCC and NIC reports  
2008 Building a low-carbon economy – the UK’s contribution to tackling climate change 
2010 The Fourth Carbon Budget: Reducing emissions through the 2020s 
2015 The Fifth Carbon Budget: The next step towards a low-carbon economy 
2017 Congestion, Capacity, Carbon: Priorities for national infrastructure, Consultation on a National 

Infrastructure Assessment  

 



Research Question 2: How do the core energy-system models represent 
energy demand and demand-side policies? 

This will be addressed via two sub-questions: 

RQ2a How do these core models represent the drivers of energy demand? 

RQ2b What kinds of demand-side policies can be modelled by the core models and 
how? 

Conceptual Framework  

For the purpose of this report we consider energy demand to refer to the use of energy carriers 
and energy services by end-users. Energy demand can be measured at the final energy stage 
or downstream stages in the energy conversion chain, i.e. useful energy and energy services 
(Figure 2). End users include households, businesses and public bodies. 

 

 

Figure 2: Conceptual diagram of the energy conversion chain.  

Demand-side energy policies are policy interventions that aim to reduce energy demand or to 
make energy demand more flexible, shifting demand in time. More specifically, for the purpose 
of this REA we define demand-side policies as policies that attempt to: 

1. Increase flexibility of energy demand or shift energy demand in time 

2. Increase efficiency with which final energy carriers are converted into useful energy 
and useful energy is converted into energy services.  

3. Reduce energy service demand.  

Demand-side energy policies can take different forms of interventions, including regulation, 
market-based incentives, information-based interventions, voluntary agreements and 
government procurement and provision (Karamanos 2001; Park 2015). Some examples of how 
different types of policies might be used to achieve the different aims of demand-side energy 
policies are provided in table 2.  



Table 2: Examples of different types of policy instruments aimed at achieving different goals of energy demand-
side policy 

  Demand-side energy policy goals 

  Flexibility of 
demand 

Increase efficiency Reduce service 
demand 

Regulation   Building and 
vehicle standards 

Car-free Sundays 

Market-based 
interventions 

 Capacity market; 
differentiated 
energy tariffs  

Green Deal 
subsidies 

Fuel taxes 

Gov. procurement 
and provision 

  Government 
vehicle fleet; 
Government-
provided building 
upgrades 

 

Information-based 
interventions 

 Smart-meters EPCs; appliance 
labelling 

Smart meters 

Voluntary 
agreements 

  Climate Change 
Agreements 

Climate Change 
agreements 

 

Devising effective demand-side energy policies is difficult because there is a complex system of 
drivers governing energy demand, ranging from individual behaviours to large-scale 
developments, such as economic growth. For the purpose of this report four interrelated 
categories of energy demand drivers were identified drawing on a number of contributions 
from the literature (Butler et al. 2017; Fleiter et al. 2011; Geels et al. 2018; Hoolohan et al. 
2016; Krysiak & Weigt 2015; Sorrell 2015). 

1. Technology and Infrastructure: This refers to the availability and characteristics of 
infrastructures, conversion devices and passive systems used by end-users to convert 
final energy carriers into desired energy service. 

2. Behaviour: This refers to the behaviour of individuals and organisations with regard to 
the buying, use and disposal of technology and infrastructures.  

3. Society: This refers to wider social norms and institutions that shape energy demand.  
4. Economy: This refers to the overarching economic developments that shape energy 

demand, including growth in living standards, structural change and changes in prices.  

The overall framework for our analysis is presented in Figure 3. We recognise that this is a 
simplified representation of the social, economic and technological systems and their 
interlinkages governing energy demand. However, we consider this framework helpful for 
analysing how the models identified for RQ 1 can represent the drivers of energy demand and 
demand-side energy policies. Details of the approach used for analysing the models are 
presented in the next section.  

 



 

Figure 3: Graphical representation of the conceptual framework employed for the analysis.  

 

Analysing how the models represent energy demand and demand-side energy 
policies 

The conceptual framework outlined above will guide our analysis of the core models identified 
in RQ1 in order to answer both parts of RQ2. To analyse the models we will employ a list of 
questions, based on the framework outlined above, that we will attempt to answer for each of 
the models (Table 3). To obtain the necessary information for answering the questions we will 
employ a two-step approach: 

1. Relevant information on the models will be obtained by consulting written 
documentations of the models, if available.  

2. We assume that documentation will be limited for many models. Therefore we will 
conduct a further step in which we will interview model developers and/or users. For 
each model we will identify people who develop or apply the models on a regular basis 
and therefore possess the relevant knowledge to answer our questions. We will aim to 
interview one person for each of the selected models.  

 

 

 

 



Table 3: Provisional outline of the questionnaire that we will use to analyse the models.  

Topics  Example Questions 

Conceptualisation of energy demand 
 

Energy conversion chain  Which stages of the conversion chain are considered to 
be energy demand in the model?  

Endogeneity of energy demand Is energy demand exogenous, partially exogenous or 
endogenous in the model?  

Representation of energy demand drivers  
Technology and infrastructure How are technologies and technological development 

represented in the model? 
Behaviour How is the behaviour of energy users represented?  
Society How are wider social norms and institutions 

represented? 
Economy How are wider economic development and feedbacks 

included in the model? 
Interactions between categories of drivers Does the model include interactions between the 

different drivers of energy demand? 

Representation of demand-side energy policies 
Demand-side energy policy goals  Which demand-side energy policy goals (e.g. efficiency 

improvements) have been or could be simulated in the 
model?  

Policy instruments Which kind of policy instruments (e.g. regulation, 
market incentives) could be simulated? 

Influence on real-world policies  Has the model been used to specifically inform existing 
policies or policy proposals?  

 

Research Question 3: What lessons can be drawn to inform future 
modelling-to-policy requirements for demand-side energy policies? 

The final stage of the work will be to draw together the findings from the earlier two research 
questions, in order to consider what can be learned for future modelling-to-policy process. This 
will involve two strands of work before drawing together overarching conclusions: 

1. Review the findings of RQ1 and RQ2, in particular how the core models consider the 
range of demand-side policies, in terms of structure and potential response.  

2. The use of existing meta-studies (e.g. Hall & Buckley 2016) which identify and 
categorise a broad range of modelling approaches, and consider which approaches 
might improve demand side modelling-to-policy, e.g. via expanding the existing core 
models, using stand-alone models, or soft-linking models. 
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