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Summary

Existing works on low carbon pathways and policies have focused on ‘the energy trilemma’: cost of energy, security of supply and carbon emissions, often with a significant emphasis on cost effectiveness. In particular, importance has been placed on achieving the lowest costs in the short-term, with decreasing costs in the long-term.

An area that has been relatively neglected within the development of pathways and scenarios (and related models) is the value and impact on economic growth (measured in GDP/GVA), and analysis of other socio-economic effects, including at regional levels. Reasons for this relate to current modelling interests and capabilities, and a lack of existing ‘top-down’ or ‘spatial’ models utilised in the UK.

It is well known and accepted that economic and socio-economic impacts can be intangible and complex to measure and define, but there are some existing UK models that can and do assess them. 

This paper addresses the issue of how the UK currently considers and assesses economic impacts and benefits within five of the UK’s major pathway and scenario works. It additionally considers modelling capabilities (now and in future) and highlights other relevant models or works that can assist with analysis in this area. Works assessed within this paper are:  1) CCC’s 4th Carbon Budget Review, 2) DECC’s 2050 Pathways/Calculator & Analysis (with some extra consideration of the Dynamic Dispatch (DDM) model), 3) ETI’s ESME model, 4) National Grid’s Future Energy Scenarios (RESOM model) and 5) the MARKAL ELASTIC DEMAND model used to inform two of UKERC’s Energy 2050 scenario works. The work additionally considers the MARKAL-MACRO and Cambridge Econometrics’ MDM-E3 models. 

The paper concludes by making recommendations for further analysis of current modelling capabilities to assess these impacts, particularly within pathway and scenario works. The integration and utilisation of a wider range of existing models is recommended, to help inform policy from both a top-down and bottom-up
 perspective of the energy system.
Key Insights
· Assessments of economic growth and job creation within low carbon pathways have been relatively neglected, although it is accepted that these are complex to measure and define. Current modelling types and approaches tend to focus on 1) cost-optimisation and 2) achieving the carbon targets. There is also a lack of clarity regarding input assumptions used.
· Many works are not designed to make these assessments (it is not within their remit) and incorporating this type of analysis within the models assessed is seen as unfeasible. Impacts on a regional level within the UK (Scotland, England, Wales etc.) are complex to capture and are therefore rarely assessed. 
· The type and limited number of macro-economic ‘top-down’ energy models being utilised currently constrains the range and reliability of assessments informing policy. Although these models exist (e.g. the Cambridge Econometrics’ MDM-E3), many are not set up to assess the economic value of low carbon pathways and the range of economic and socio-economic impacts of interest to policy-makers. 
· There is a level of uncertainty regarding current and future modelling capabilities (models are designed for a specific purpose and are not always adapted) and a range of opinions as to whether these assessments should be included within pathway and scenario works.
· Where economic impacts such as effects on jobs, supply chains and local GDP are assessed, they are often discussed within texts in a general and qualitative fashion
. Works that previously carried out these assessments have adopted other, less detailed approaches, or have reduced this type of analysis substantially
. This is largely to avoid introducing further uncertainty amongst input assumptions or because research interests lie elsewhere.
· It is possible to combine model types to enable economic and socio-economic analysis, as long as the aims are well defined and modelling limitations are made clear. More could be done to integrate modelling of low carbon pathways with whole economy or ‘top down’ models.
· Examining the flows of economic benefits inside and outside of the UK is complex to assess. However ongoing analyses to provide to understand this and provide better estimations of the UK’s ability to capture value from supply chains would be beneficial.
Recommendations

This study has looked at a variety of models and criteria used to make judgements about future low carbon pathways and potential benefits to the UK. It is clear that further work is required to better understand the full range of models available in government, industry and academia to support this assessment, their limitations and how they interact with whole economy models. It is therefore recommended that:

· The ERP raises awareness of the need for a better understanding of the economic value of low carbon pathways within government and key partners;
· Further work is carried out generally to better understand the gaps in current analysis and the limitations of our ability to assess socio-economic benefits;

· In order to ensure that the limitations of modelling are fully understood, those carrying out modelling works should provide greater transparency regarding modelling input assumptions.
A list of full recommendations include:
· Analysis on economic growth and job creation should be included as part of, or alongside pathway and scenario works wherever possible. This may involve an additional element of secondary analysis.

· Further investigation to consider how models can be used for these assessments is required. This may involve:

· Reviewing capabilities or key drivers of existing models to provide more definite answers to questions such as: Can current modelling approaches be adapted to assess these impacts in a robust way? And can current models be integrated with other model types to enable these assessments?
· A greater use of existing ‘top-down’ models;
· The creation of new models or;
· The integration of existing model types to enable this kind of analysis and inform policy at a more strategic level. This would ensure a more multiple-perspective approach in regards to modelling of the energy system and help to avoid ‘group-think’.
· It is noted that some ‘E3’ simulation-type models can include a disaggregated ‘bottom-up’ approach to enable assessments of the energy system from both perspectives. Utilisation of these models would help test or validate the outputs of the few existing (UK) models that provide socio-economic assessments, although it is noted that these can have weaknesses too.
· Greater funding support is required for the development of these model types - to improve the quality of outputs and understanding of their potential.
· Clear communication and transparency regarding the design, premise and limitations of modelling works should be encouraged to avoid the risks of misinforming policy, over-interpretation or ‘cherry-picking’. 

· Better communication and a wider use of government guidelines for undertaking analysis such as HMT’s ‘Green’, ‘Magenta’ and ‘Aqua’ Books (the latter relating to quality assurance) would ensure a more consistent approach.
· Finally, continued and more detailed work to assess the impacts and benefits of specific technologies for GDP, job creation and investment opportunities is encouraged, including at regional levels. This should involve a deeper analysis of the UK’s potential to capture value from supply chains, plus assessments of international flows and competitiveness of the UK as a ‘region’ within a wider EU/global framework.
Introduction

Assessments of economic growth and job creation are complex and the associated effects can be difficult to define: “it is due to the non‐market, somewhat intangible nature of socioeconomic benefits, which makes them difficult to quantify”
, particularly when attempting to capture the benefits of a single impact, often interlinked with others. 

Approaches within pathway and scenario works that do assess these impacts vary greatly. However, in many cases they are not considered at all. The reasons for this are generally related to one, or a selection of the following:

· The intentions or rationale behind the pathways analysis - e.g. designed to highlight future requirements for changes to energy system infrastructure, or to show the least-cost path to 2050;
· The capability of the models used – e.g. the model is not designed for making these kinds of assessments;
· A lack of interest / low priority;
· The modelling approach and quality / accessibility of data – there may be a lack of good quality economic and socio-economic data to base input assumptions on, which is often related to: 
· Uncertainty – there are already a large number of assumptions used as modelling inputs and there can be a reluctance to add more;
· The somewhat intangible nature of socioeconomic impacts and benefits which makes them hard to define;
· The sensitive nature of generating outputs that put a figure on economic effects, which may essentially be an estimate and prove contentious (e.g. stating a particular technology’s effects on local GDP).
Aims and approach
This paper:
1. Provides a broad overview of how the UK currently considers and assesses economic impacts and benefits within some of its major pathway and scenario works.

2. Checks for consistency in the use of these approaches across relevant scenarios and reports.

3. Considers modelling capabilities (now and in future) for making these assessments and highlights other relevant models and works that can assist with analysis in this area.
4. Provides a summary of key findings and recommendations for potential future work to be taken forward by other organisations/departments.
The work provides an insight into the types of economic modelling assumptions (inputs) used; highlights the depths of economic analysis (outputs) created; and characterises the models behind the works. A selection of economic-related categories and parameters are shown for illustration purposes.
ERP’s work has been informed by literature reviews, data collection and interviews with pathways and scenarios teams. Additional interviews have taken place with contacts involved in other relevant works such as the Low Carbon Innovation & Coordination Group’s Technology Innovation Needs Assessments (TINAs)
 and the Sustainable Pathways to Low Carbon Energy (SPLiCE)
. These are discussed in the ‘Other Relevant Works’ section below.

Models assessed
The models and associated pathways/scenarios assessed are listed in the table below. These particular models were considered as they have been used to produce five main UK-relevant pathways and scenario works. A definition of ‘pathways’ and ‘scenarios’ can be found in Appendix 3. More detailed summaries of these modelling approaches can be found in Appendix 1. 
	Organisation
	Model(s)
	Associated Pathway(s) / scenarios works of relevance
	Timeline of pathways produced
	Date of publication
	Modelling Approach 

	CCC
	N/A
	CCC’s Fourth Carbon Budget Review, Parts 1&2
	2050
	June 2011 & December 2013
	Strategic

	DECC
	2050 Pathways Calculator (and Dynamic Dispatch Model (DDM) as extra analysis)
	2050 Pathways Analysis

	2050
	July 2010
	DECC 2050 Pathways: Democratic 
DDM: Deterministic (and stochastic)

	ETI
	ESME 
	Used by DECC to inform its decisions on carbon budgets and the UK carbon plan 1
	Various
	N/A
	Bottom-up, probabilistic, cost optimisation (to achieve carbon targets) also spatial

	National Grid
	RESOM (post-2035)
(pre-2035 as extra analysis)
	Future Energy Scenarios (FES) – RESOM model used for post 2035 only

	2050
	July 2013
	Post-2035 – Cost Optimisation (to achieve carbon targets), Bottom-up
Pre-2035

Deterministic, Democratic & Econometric

	UKERC
	MARKAL ELASTIC DEMAND

(MARKAL-MACRO as extra analysis)
	Energy 2050 - Making the Transition to a Secure Low-Carbon Energy System and The UK energy system in 2050: Comparing Low-Carbon, Resilient Scenarios
	2050
	2010 & February 2013
	MARKAL ELASTIC DEMAND: multi-time period linear, Bottom-up, Cost Optimisation (to achieve carbon targets) model
MARKAL MACRO: Econometric, top-down


A number of other models have been developed by government, industry and academia to address specific areas of interest. There are too many to list within this paper but examples are provided below. The ERP recommends that these (and others), be considered by government in more detail to assess possible interactions between the models (including those considered within this paper), and how they inform policy.
There are a number of additional factors not fully assessed within this paper that should also be considered in future analysis. These include:

· Assessments of fuel poverty

· More in-depth analysis regarding regional effects
· Analysis of economic distributional effects and

· Value capture, supply chains and flows within the UK economy.
A range of model classifications relating to the ‘Modelling Approach’ column in the table above are defined in the lists below. These lists are not exhaustive but help to define the models assessed.
Model classifications
To add to the IPCC definitions on page 4, two main and broad classifications as noted by the ETI
 are listed below, although it is noted that definitions can vary and many other types can exist within these:
· Bottom-up: optimisation models are referred to as bottom-up models because they consider specific technical opportunities and their energy, cost and emission implications. In bottom-up models (such as ESME) the macro-economy is not modelled but is usually represented via exogenous assumptions derived from other works.

· Top-down: in contrast to bottom-up models, top-down models analyse aggregate behaviour using historically derived economic trends. Top-down models are more suitable for studying economy-wide responses to energy policies and other drivers, and can generate insights into income, GDP, and economic competitiveness. However, technological detail and real-world constraints are generally aggregated and hence not modelled in detail. Top-down models include computable general equilibrium (CGE) models and macro- econometric models such as The Cambridge Econometric’s MDM-E3 model, and have been widely used to study economy-wide effects of energy policies and the transition to a low-carbon economy. 
However, some top-down models such as the aforementioned MDM-E3 (a macro-simulation model), are able to incorporate a bottom-up approach also, enabling analysis of the energy system within a UK macro-economic context i.e. the model enables assessments of job creation, GDP and supply chain impacts at an energy sector or technology-based level. 

It is important to note that although this study has assessed modeling capabilities in relation to economic impacts, it hasn’t necessarily assessed the robustness of these capabilities.
	Other model types include:
· Strategic (termed by ERP): pathways are developed based on outputs from a range of models, where the type of model used is selected based on its suitability to model the sector and answer the research question; pathways are further informed by judgment to address considerations outside the scope of available models, such as creating technology options for the future, achieving market uptake, etc.
· Democratic (termed by DECC/ERP): involves stakeholder participation/interaction. E.g. National Grid consults a wide range of stakeholders to inform its modeling inputs and outputs and to create axioms
 and DECC’s 2050 Calculator allows users of the tool to explore their own choices
.

· Deterministic: every set of variable states is uniquely determined by parameters in the model and by sets of previous states of these variables. Therefore, deterministic models perform the same way for a given set of initial conditions.
· Stochastic/ Probabilistic: contrasts a deterministic model. Randomness is present and variable states are not described by unique values, but rather by probability distributions. ETI’s ESME model accounts for uncertainty using a probabilistic approach based on Monte Carlo simulations.

· Cost optimisation: programmed to always select the least-cost path but can have added or secondary constraints e.g. least-cost path to meeting the carbon targets. Examples are MARKAL which is a multi-time period linear cost optimisation model and the RESOM model (used with National Grid), which is also a cost-optimisation model.

· Econometric / macro-economic: designed to examine the dynamics of aggregate quantities such as the total amount of goods and services produced, total income earned, the level of employment of productive resources, and prices etc. Macroeconomic models may be logical, mathematical and/or computational and are often described as top-down models (see above), although there can be a number of other classifications within these. MARKAL-Macro is a hybrid energy systems/macroeconomic model that was used to calculate the impact of decarbonisation on UK GDP growth.

· Spatial: often top-down and include any of the formal techniques that study entities using their topological, geometric, or geographic properties. MARKAL has a spatial version, which is a multi-region model of the UK to explicitly analyse new supply-demand-infrastructure combinations. It is a ‘2-region’ model to examine devolved Scottish energy policy. The ESME model is spatially disaggregated (12 onshore nodes, 2 carbon storage nodes, 9 offshore nodes) to take account of the variation in resource supply and demand across the UK.

· Integrated Assessment: these models are commonly used in studies (including The Stern Review) to determine the social cost of carbon, and (rarely) in cost-benefit analyses to determine “optimal” climate change policy, e.g. for informing the setting of targets.
· Computable General Equilibrium (CGE): CGE top-down models offer a comprehensive way of modeling the overall impact of policy changes on the economy. They are completely specified models of an economy or a region, including all production activities, factors and institutions, and including the modeling of all markets and macroeconomic components, such as investment and savings, balance of payments, and government budget. These models incorporate many economic linkages and can be used to try to explain medium to long-term trends and structural responses to changes in development policy
.

· Partial Equilibrium: In contract to CGE models, partial equilibrium models treat one particular sector of the economy as operating in isolation from the other sectors of the economy.
 Most of the approaches of the models/works assessed within this paper are partial equilibrium models and assess the energy system or one particular sector only.




Comparison of the Pathways
The table below provides a summary of model classifications. As highlighted above, the models required for assessing economic and socio-economic impacts are predominantly econometric / macro-economic (top-down) and spatial models. Of those assessed in this paper, there is a lack of these modelling approaches (ticks in brackets mean partially).
[image: image1.emf]Name of Organisation Name of Model Strategic Democratic |Stochastic/ Probabilistic [Bottom-up |Cost-optimisation |Deterministic [Econometric/Macroeconomic|Top-down |Spatial
CcC NONE USED v

DECC 2050 PATHWAYS ANALYSIS v

DECC DYNAMIC DISPATCH MODEL (DDM) v

ETI ESME v v v v
National Grid RESOM (POST-2035) v v

UKERC/UCL MARKAL ELASTIC-DEMAND v v

National Grid VARIOUS (PRE-2035) v v v (v) v

UKERC/UCL MARKAL-MACRO v v (v) v

UKERC/UCL MARKAL-SPATIAL v v v
UKERC/UCL UKTIMES v v

Cambridge Econometrics |MDM-E3 v v











Summary tables 1, 2 & 3 below highlight consistencies or inconsistencies relating to input assumptions, methodologies and outputs for assessing economic and socio-economic impacts. The tables show a selection of results from the economic categories and parameters used to compare modelling approaches and capabilities.  Links to online full detailed ‘assessment’ tables, with responses from each of the pathways and scenario teams can be found in Appendix 2. These have been structured in the following way, with a glossary of parameters and terms used found in Appendix 3:

· Table 1 – Inputs & Outputs: assesses the use of a range of economic modelling inputs and associated outputs
· Table 2 - Methodology & Outputs: describes the methodologies of the pathways/scenarios works informed by the models and asks more qualitative questions relating to outputs, plus dependencies on other models.
· Table 3 - Modelling capabilities: captures the capabilities of the models for carrying out future economic value and impact assessments. 
Modelling inputs
Table 1 shows that few of the models are able to provide the outputs sought in this paper. Although they use a wide range of modelling inputs, these types of input assumptions (such as GDP or investment rates) are often required to inform other parameters within the model e.g. total amounts for demand or effects on build rates. However, the use of these parameters varies per model depending on what it’s been designed to achieve, which therefore determines whether the input is required. 
There is some consistency noted regarding the figures used as inputs. Figures for discount rates, for example, are often sourced from HMT’s Guidance ‘The Green Book’ (summarised below), but other input figures vary and are taken from a range of sources and approaches. An instance of this is the use of ‘hurdle rates’ (defined in Appendix 3) in relation to discount or investment rates. MARKAL uses some technology-specific discount rates in the form of hurdle rates to reflect consumer behaviour, and DECC’s DDM uses hurdle rates to reflect investment rates.
Table 2 provides further detail regarding the models’ approaches and methodologies and summarises the reasons for carrying out the assessments. These vary but tend to be focused on cost-optimisation with meeting carbon targets as a secondary constraint. The table additionally provides information about model dependencies and influences on other pathway and scenario works.

Model outputs

Results relating to analysis of the selected output parameters in table 1 are ‘patchier’ and where these have been assessed; there are often caveats where only part of the impact has been considered. 
Of the models evaluated, ESME is the only model with capability to analyse regional job creation, although this is carried out as secondary analysis and inferred from a related output result e.g. total amounts of onshore wind deployed within twelve UK regions on a five-yearly basis. 
In regards to effects on GDP, relatively few models make this kind of output assessment. The CCC aggregates the costs of measures to reduce GHG emissions in their fourth carbon budget scenario to determine the overall cost to GDP. ‘The analysis is based on a ‘resource cost’ methodology (i.e. it sums the direct additional costs of implementing measures in CCC scenarios to reduce emissions). This reflects the findings of previous work using HMRC’s general equilibrium model and Cambridge Econometrics’ macro-econometric model, that a resource cost estimate is likely to capture the most important elements of the GDP cost’
. 
DECC / HMG have used the HMRC model to produce an explicit GDP figure for the 4th Carbon Budget analysis, published in the Carbon Plan. The macroeconomic impact of meeting the budget is estimated at an average cost of 0.6% of GDP a year over the 4th carbon budget period (while noting that macro models generally don’t account for benefits such as the avoided costs of climate change – estimated as 5-20%+ of GDP in The Stern Review
). Cambridge Econometrics’ MDM-E3 model has also just been used for this purpose, finding a positive GDP impact.
It is therefore important to focus on what the models have been used for when attempting to measure impacts on GDP (i.e. it’s generally the impact of specific targets (e.g. the 4th Carbon Budget), relative to a ‘no action’ baseline). This poses the question of whether certain models can be adapted to measure effects such as economic growth and job creation more generally.
Table 3 provides an overview of the capabilities of the models considered. Information from table 1 is included for reference. Where a selected parameter is not currently assessed, the question is raised as to whether the model could be adapted to assess it in future. For reasons noted above relating to the original premise of the models, the answer to this question is often ‘no’. There is a perception that this type of analysis would add to uncertainty and be too complex to assess (possibly true within the models considered). However there is also some ambiguity regarding modelling capabilities (cells left blank or responses of ‘not sure’). This additionally comes across in conversations with contacts from modelling teams, some feel a form of integration could be achieved and would be useful, others disagree. 
Potential from other modelling approaches

Although not fully assessed as part of this work, it is worth noting that the MARKAL-MACRO model can assess effects on GDP/GVA but not job creation. Similarly, other models such as DECC’s DDM and MARKAL look at welfare impacts which is being increasingly considered
. The results in table 1 highlight the gaps in analysis relating to economic and socio-economic outputs as part of current modelling approaches.
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CATEGORY OF ASSESSMENT NAME OF WORK/MODEL
2050 PATHWAYS DYNAMIC DISPATCH MODEL RESOM (POST- |MARKAL ELASTIC- MARKAL-
INPUTS CCC FOURTH CARBON BUDGET ANALYSIS/CALCULATOR (DDM) ESME 2035) DEMAND MACRO
YES (USED TO OBTAIN ENERGY YES (AN EXOGENOUS AMOUNT OF 2.5% & YES (AN EXOGENOUS

GDP YES NO DEMAND PROJECTIONS) 1.3%) NO AMOUNT OF 2.5%) YES
CAPEX YES YES YES YES YES YES
OPEX YES YES YES YES YES YES

YES 8.5% TECH INVESTMENT RATE & 3.5%

YES SINGLE FIGURE - 3.5% (AS ADVISED BY HMT'S SOCIAL DISCOUNT RATE (AS ADVISED BY YES 3.5% (AS ADVISED BY
DISCOUNT RATE GREEN BOOK) OR PER TECHNOLOGY FOR GENERATION | YES (SINGLE FIGURE 3.5%) YES HMT'S GREEN BOOK) NO HMT'S GREEN BOOK)
GEOGRAPHICAL CONSIDERATIONS NO YES NO YES NO NO
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NO (SECONDARY CALCULATION/INFER
NET JOB CREATION NO NO NO FROM RESULTS) NO NO NO

YES (IN A SENSE, RELATED TO
REGIONAL JOB CREATION NO NO NO GEOGRAPHICAL CONSIDERATIONS) NO NO NO
TOTAL DEPLOYMENT PER TECH YES - DEPLOYMENT PROFILE OVER TIME YES YES YES EVERY 5 YEARS YES YES

NO (SECONDARY

NO (SECONDARY CALCULATION/INFER CALCULATION/INFER FROM

IMPORT OPPS NO YES YES (INTERCONNECTORS) FROM RESULTS) YES RESULTS)
NO (SECONDARY

NO (SECONDARY CALCULATION/INFER CALCULATION/INFER FROM
EXPORT OPPS NO YES YES (INTERCONNECTORS) FROM RESULTS) YES RESULTS)
IMPACTS ON CARBON VALUE/PRICE YES NO NO YES NO YES

NO (SECONDARY CALCULATION/INFER
IMPACTS ON CARVON SAVINGS IMPACTS ON CO2 EMISSIONS NO YES FROM RESULTS) YES YES
SOCIAL COST YES (FUEL POVERTY/AFFORDABILITY) NO NO NO NO NO










TABLE	1	-	INPUTS	&	OUTPUTS

CATEGORY	OF	ASSESSMENT	

INPUTS CCC	FOURTH	CARBON	BUDGET

2050	PATHWAYS	

ANALYSIS/CALCULATOR

DYNAMIC	DISPATCH	MODEL	

(DDM) ESME

RESOM	(POST-

2035)

MARKAL	ELASTIC-

DEMAND

MARKAL-

MACRO

GDP	 YES NO

YES	(USED	TO	OBTAIN	ENERGY	

DEMAND	PROJECTIONS)

YES	(AN	EXOGENOUS	AMOUNT	OF	2.5%	&	

1.3%) NO

YES	(AN	EXOGENOUS	

AMOUNT	OF	2.5%) YES

CAPEX YES YES YES YES YES YES

OPEX YES YES YES YES	 YES YES

DISCOUNT	RATE

YES	SINGLE	FIGURE	-	3.5%		(AS	ADVISED	BY	HMT'S	

GREEN	BOOK)	OR	PER	TECHNOLOGY	FOR	GENERATION YES	(SINGLE	FIGURE	3.5%) YES

YES	8.5%	TECH	INVESTMENT	RATE	&	3.5%	

SOCIAL	DISCOUNT	RATE		(AS	ADVISED	BY	

HMT'S	GREEN	BOOK) NO

YES	3.5%		(AS	ADVISED	BY	

HMT'S	GREEN	BOOK)

GEOGRAPHICAL	CONSIDERATIONS NO YES NO YES NO NO

CARBON	PRICE YES NO YES NO

NO	(CONSIDERED	AS	

PART	OF	OPEX) YES

CARBON	SAVINGS	(g	per	kWh) YES NO NO NO YES YES

INVESTMENT	RATES YES NO YES YES YES YES

LEARNING	RATES CONSULTANCY	PROJECT NO YES YES	PER	TECH YES YES	FOR	NEAR	TERM	TECHS

OUTPUTS CCC	FOURTH	CARBON	BUDGET

2050	PATHWAYS	

ANALYSIS/CALCULATOR

DYNAMIC	DISPATCH	MODEL	

(DDM) ESME

RESOM	(POST-

2035)

MARKAL	ELASTIC-

DEMAND

MARKAL-

MACRO

EFFECT	ON	GDP YES	(COMPARED	TO	CURRENT	LEVEL) NO

NO	(BUT	DOES	LOOK	AT	WELFARE	

IMPACTS) NO NO

NO	(BUT	DOES	LOOK	AT	

WELFARE	IMPACTS) YES

GVA NO NO NO NO NO NO YES

NET	JOB	CREATION NO NO NO

NO	(SECONDARY	CALCULATION/INFER	

FROM	RESULTS) NO NO NO

REGIONAL	JOB	CREATION NO NO NO

YES	(IN	A	SENSE,	RELATED	TO	

GEOGRAPHICAL	CONSIDERATIONS) NO NO NO

TOTAL	DEPLOYMENT	PER	TECH YES	-	DEPLOYMENT	PROFILE	OVER	TIME YES YES YES	EVERY	5	YEARS YES YES

IMPORT	OPPS NO YES YES	(INTERCONNECTORS)

NO	(SECONDARY	CALCULATION/INFER	

FROM	RESULTS) YES

NO	(SECONDARY	

CALCULATION/INFER	FROM	

RESULTS)

EXPORT	OPPS NO YES YES	(INTERCONNECTORS)

NO	(SECONDARY	CALCULATION/INFER	

FROM	RESULTS) YES

NO	(SECONDARY	

CALCULATION/INFER	FROM	

RESULTS)

IMPACTS	ON	CARBON	VALUE/PRICE YES NO NO YES NO YES

IMPACTS	ON	CARVON	SAVINGS IMPACTS	ON	CO2	EMISSIONS NO YES

NO	(SECONDARY	CALCULATION/INFER	

FROM	RESULTS) YES YES

SOCIAL	COST YES	(FUEL	POVERTY/AFFORDABILITY) NO NO NO NO NO

NAME	OF	WORK/MODEL
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Name of Model / Approach

Economic Value / Impacts

Reason for pathways assessment
(interests e.g. least cost, how to

Use of government guidelines e.g.
consistent with HMT's Green &

Metrics produced by pathway?
E.g. outputs provide information in £, kWh

Is the model/approach used dependent on other

Do the outputs influence other modelling work/pathways? If

Name and brief description of any other

Name or organisation Used Assessed achieve carbon targets etc.) Majenta books? etc (please state) models/pathways? so, which ones? Please name. pathway(s) produced by model
No model used in this work -  |Cost Least-cost approach to meeting HMT Green Book Output costs and emissions paths No DECC's Analysis N/A
'strategic thinking' informed by carbon budgets given real-world
CCC various works/ sectoral models constraints
DECC 2050 Calculator The model calculates costs for a It's open source and publicly Yes, some use All graphs are from 2007 to 2050. The No It's influenced a range of other 2050 calculators (launched so  [The model can be used to show lots of
user's chosen pathways (ie. the available, so people can use it for a easiest graphs to look at are the front sheet far are China, India, South Africa, Taiwan etc.) pathways- it's more of a scenario
level 1-4 they have chosen for each [range of questions. which shows: It also influenced the development of the 2050 global analysis tool that shows the implication
lever) However the clearest way to use it Final Energy Demand, Primary Energy calculator, to be launched as call for evidence in July 2014. of any given set of choices.
But it doesn't calculate overall GDP |is to explore the different ways that Supply and Greenhouse Gas emissions. And | believe some of the assumptions (e.g. level 3 or 4 of
or any other impacts. the UK can meet the 2050 80% ambition) have been used in other models - e.g. capping the
reduction target Other metrics you can see are: maximum build of particular technologies.
However people can also use it to Electricity demand, electricity supply,
explore costs of different pathways, Emissions from electricity, Flows (a sankey
explore how you can maximise diagram of the energy system in 2050)
energy security, decarbonise
electricity, or look at the impact of
high/low effort on particular supply
or demand approaches they are
interested in.
DECC
DDM - Dynamic Dispatch Model|Model assesses change in net Normal practice would be to use Yes Outputs (welfare impacts) are in £m, in No - but like most models it does use outputs from other [The DDM is used widely within DECC to model potential policy |N/A
welfare, as calculated by impacts  |the model to assess a 'with policy' 2012 (real) prices models / pathways (e.g. EMR in the reference case, and |impacts. Outputs form a critical part of the Electricity Market
on carbon costs, generation costs, |scenario against a reference case, energy demand scenarios) as inputs Reform analysis, for example, but has many other uses.
capital costs, system costs, to show the impact of that policy Emissions intensity is measured in g Assumptions can be altered to produce pathways, e.g. high
unserved energy and CO2/KWh CCS, high renewables, high innovation, etc
interconnectors. It can also be used
to calculate change in consumer
and producer surplus
DECC
ESME No only via sample runs and Cost optimisation model with Yes HMT's Green Book for guidance on |Primary energy consumption (resources No hard links but uses other modelling works to generate |Used by/influences some DECC & CCC works Only internal ETI pathways produced so
separate analysis (an off-model carbon budget constraints. Also social discount rate figure etc. Use of etc), installed electricity capacity (GW), and analyse assumptions and outputs - take and test far but 'ETI Scenarios, 2014' due out in
aspect. ESME's focus is as an subjected to cost and performance [ONS guidelines for population etcand  [generation capacity(TWh) and heat against PLEXOS Dispatch model etc. Uses CCC's Carbon approximately Nov/Dec.
energy system design tool. constraints. DECC guidance for other energy specific |capacity and generation etc. Also no. of Budget works.
Economic impacts are very dynamic assumptions. Uses CCC's carbon budget [vehicles (millions). Cost metrics capex and
and have international also. overarching energy system costs plus % of
components/effects - hard to GDP to reach carbon targets. Marginal cost
model. of carbon. Other separate models to assess
power sector performance (PLEXOS),
biomass & hydrogen uses/amounts
(Biomass Value Chain Model).
ETI
No - only most cost-effective Most cost effective solution to an |Aware of Green/Magenta Books but not |Capacity and energy for heat transport and [RESOM is aligned to the other FES model outputs up to  |[Not currently None currently, but more output is
RESOM (model used for pathway in monetary terms energy system that balances, given [used, use of Climate Change Act & electricity, every 5 years out to 2050. 2035. anticipated for other specific 2050
beyond 2035 analysis) certain conditions - predominently [Carbon Budget to guide input Ouputs by type of heat and transport and scenarios, in due course
environmental targets assumptions plus many other policies. |electricity, such as Car transport, energy for
gas boiler heating and heat pmups heating,
gas dmeand for industry ,services and
heating, exports and imports, electricity
generation from gas nulclear, wind etc.
Very many metrics genrated to get a
cpolmete picture of energy supply and use.
National Grid

UKERC/UCL

MARKAL ELASTIC DEMAND

No (MARKAL MARCO can to an
extent) - most cost-effective path.

Least cost path to achieving carbon
targets, energy design tool

Aware of, some use

Installed GW capacities, energy produced
per year in TWh, (changes) in amounts of
demand, price of CO2 e.g. results would tell
you if price was constrained to meet least
cost, MtCO2 produced, provides an
economic value for social welfare loss
instead of a figure for GDP - considered
better because welfare impacts are
captured as price and demand varies

No

Government White Papers, UKERC, CCC, DECC

E.g. White Paper 2003, UKERC Energy
2050: Making the transition to a secure
low carbon energy system, 2011 & The
UK Energy System in 2050: Comparing
Low-carbon resilliant scenarios, helped
to inform CCC Carbon Budgets and DECC
Pathways, The Carbon Plan










TABLE	2	-	METHODOLOGY	&	OUTPUTS

Name	or	organisation

Name	of	Model	/	Approach	

Used

Economic	Value	/	Impacts	

Assessed

Reason	for	pathways	assessment	

(interests	e.g.	least	cost,	how	to	

achieve	carbon	targets	etc.)

Use	of	government	guidelines	e.g.	

consistent	with	HMT's	Green	&	

Majenta	books?

Metrics	produced	by	pathway?	

E.g.	outputs	provide	information	in	£,	kWh	

etc	(please	state)

Is	the	model/approach	used	dependent	on	other	

models/pathways?

Do	the	outputs	influence	other	modelling	work/pathways?	If	

so,	which	ones?	Please	name.

Name	and	brief	description	of	any	other	

pathway(s)	produced	by	model

CCC

No	model	used	in	this	work	-	

'strategic	thinking'	informed	by	

various	works/	sectoral	models

Cost Least-cost	approach	to	meeting	

carbon	budgets	given	real-world	

constraints

HMT	Green	Book Output	costs	and	emissions	paths No DECC's	Analysis N/A

DECC

DECC	2050	Calculator The	model	calculates	costs	for	a	

user's	chosen	pathways	(ie.	the	

level	1-4	they	have	chosen	for	each	

lever)

But	it	doesn't	calculate	overall	GDP	

or	any	other	impacts.

It's	open	source	and	publicly	

available,	so	people	can	use	it	for	a	

range	of	questions.

However	the	clearest	way	to	use	it	

is	to	explore	the	different	ways	that	

the	UK	can	meet	the	2050	80%	

reduction	target

However	people	can	also	use	it	to	

explore	costs	of	different	pathways,	

explore	how	you	can	maximise	

energy	security,	decarbonise	

electricity,	or	look	at	the	impact	of	

high/low	effort	on	particular	supply	

or	demand	approaches	they	are	

interested	in.

Yes,	some	use All	graphs	are	from	2007	to	2050.	The	

easiest	graphs	to	look	at	are	the	front	sheet	

which	shows:

Final	Energy	Demand,	Primary	Energy	

Supply	and	Greenhouse	Gas	emissions.

Other	metrics	you	can	see	are:

Electricity	demand,	electricity	supply,	

Emissions	from	electricity,	Flows	(a	sankey	

diagram	of	the	energy	system	in	2050)

No It's	influenced	a	range	of	other	2050	calculators	(launched	so	

far	are	China,	India,	South	Africa,	Taiwan	etc.)

It	also	influenced	the	development	of	the	2050	global	

calculator,	to	be	launched	as	call	for	evidence	in	July	2014.

And	I	believe	some	of	the	assumptions	(e.g.	level	3	or	4	of	

ambition)	have	been	used	in	other	models	-	e.g.	capping	the	

maximum	build	of	particular	technologies.

The	model	can	be	used	to	show	lots	of	

pathways-	it's	more	of	a	scenario	

analysis	tool	that	shows	the	implication	

of	any	given	set	of	choices.

DECC

DDM	-	Dynamic	Dispatch	Model

Model	assesses	change	in	net	

welfare,	as	calculated	by	impacts	

on	carbon	costs,	generation	costs,	

capital	costs,	system	costs,	

unserved	energy	and	

interconnectors.	It	can	also	be	used	

to	calculate	change	in	consumer	

and	producer	surplus

Normal	practice	would	be	to	use	

the	model	to	assess	a	'with	policy'	

scenario	against	a	reference	case,	

to	show	the	impact	of	that	policy

Yes

Outputs	(welfare	impacts)	are	in	£m,	in	

2012	(real)	prices

Emissions	intensity	is	measured	in	g	

CO2/KWh

No	-	but	like	most	models	it	does	use	outputs	from	other	

models	/	pathways	(e.g.	EMR	in	the	reference	case,	and	

energy	demand	scenarios)	as	inputs

The	DDM	is	used	widely	within	DECC	to	model	potential	policy	

impacts.	Outputs	form	a	critical	part	of	the	Electricity	Market	

Reform	analysis,	for	example,	but	has	many	other	uses.	

Assumptions	can	be	altered	to	produce	pathways,	e.g.	high	

CCS,	high	renewables,	high	innovation,	etc

N/A

ETI

ESME No	only	via	sample	runs	and	

separate	analysis	(an	off-model	

aspect.	ESME's	focus	is	as	an	

energy	system	design	tool.	

Economic	impacts	are	very	dynamic	

and	have	international	

components/effects	-	hard	to	

model.

Cost	optimisation	model	with	

carbon	budget	constraints.	Also	

subjected	to	cost	and	performance	

constraints.

Yes	HMT's	Green	Book	for	guidance	on	

social	discount	rate	figure	etc.	Use	of	

ONS	guidelines	for	population	etc	and	

DECC	guidance	for	other	energy	specific	

assumptions.	Uses	CCC's	carbon	budget	

also.

Primary	energy	consumption	(resources	

etc),	installed	electricity	capacity	(GW),	

generation	capacity(TWh)	and	heat	

capacity	and	generation	etc.	Also	no.	of	

vehicles	(millions).	Cost	metrics	capex	and	

overarching	energy	system	costs	plus	%	of	

GDP	to	reach	carbon	targets.	Marginal	cost	

of	carbon.	Other	separate	models	to	assess	

power	sector	performance	(PLEXOS),	

biomass	&	hydrogen	uses/amounts	

(Biomass	Value	Chain	Model).

No	hard	links	but	uses	other	modelling	works	to	generate	

and	analyse	assumptions	and	outputs	-	take	and	test	

against	PLEXOS	Dispatch	model	etc.	Uses	CCC's	Carbon	

Budget	works.

Used	by/influences	some	DECC	&	CCC	works Only	internal	ETI	pathways	produced	so	

far	but	'ETI	Scenarios,	2014'	due	out	in	

approximately	Nov/Dec.

National	Grid

RESOM	(model	used	for	

beyond	2035	analysis)

No	-	only	most	cost-effective	

pathway	in	monetary	terms

Most	cost	effective	solution	to	an	

energy	system	that	balances,	given	

certain	conditions	-	predominently	

environmental	targets	

Aware	of	Green/Magenta	Books	but	not	

used,	use	of	Climate	Change	Act	&	

Carbon	Budget	to	guide	input	

assumptions	plus	many	other	policies.

Capacity	and	energy	for	heat	transport	and	

electricity,	every	5	years	out	to	2050.		

Ouputs	by	type	of	heat	and	transport	and	

electricity,	such	as	Car	transport,	energy	for	

gas	boiler	heating	and	heat	pmups	heating,	

gas	dmeand	for	industry	,services	and	

heating,	exports	and	imports,	electricity	

generation	from	gas	nulclear,	wind	etc.		

Very	many	metrics	genrated	to	get	a	

cpolmete	picture	of	energy	supply	and	use.

RESOM	is	aligned	to	the	other	FES	model	outputs	up	to	

2035.

Not	currently None	currently,	but	more	output	is	

anticipated	for	other	specific	2050	

scenarios,	in	due	course

UKERC/UCL

MARKAL	ELASTIC	DEMAND No	(MARKAL	MARCO	can	to	an	

extent)	-	most	cost-effective	path.

Least	cost	path	to	achieving	carbon	

targets,	energy	design	tool

Aware	of,	some	use Installed	GW	capacities,	energy	produced	

per	year	in	TWh,	(changes)	in	amounts	of	

demand,	price	of	CO2	e.g.	results	would	tell	

you	if	price	was	constrained	to	meet	least	

cost,	MtCO2	produced,	provides	an	

economic	value	for	social	welfare	loss	

instead	of	a	figure	for	GDP	-	considered	

better	because	welfare	impacts	are	

captured	as	price	and	demand	varies

No Government	White	Papers,	UKERC,	CCC,	DECC E.g.	White	Paper	2003,	UKERC	Energy	

2050:	Making	the	transition	to	a	secure	

low	carbon	energy	system,	2011	&	The	

UK	Energy	System	in	2050:	Comparing	

Low-carbon	resilliant	scenarios,	helped	

to	inform	CCC	Carbon	Budgets	and	DECC	

Pathways,	The	Carbon	Plan
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NAME OF WORK/MODEL

CCC FOURTH CARBON BUDGET

2050 PATHWAYS
ANALYSIS/CALCULATOR

DYNAMIC DISPATCH MODEL (DDM)

ESME

RESOM (POST-2035)

MARKAL ELASTIC-DEMAND

Does the work

If no, could it be

Does the model

If no, could it be

Does the model

If no, could it be

Does the model

If no, could it be

Does the model

If no, could it be

Does the model

If no, could it be

assess the adapted to assess the adapted to assess the adapted to assess the adapted to assess the adapted to assess the adapted to
CATEGORY OF ASSESSMENT impact/benefit? |assess? impact/benefit? |assess? impact/benefit? |assess? impact/benefit? |assess? impact/benefit? |assess? impact/benefit? |assess?
INPUTS
YES
NO. OUT OF
REMIT OF MODEL|YES (AN
AS IS A COST EXOGENOUS
OPTIMISATION |AMOUNT OF
GDP NO LEFT BLANK YES YES NO MODEL 2.5%)
CAPEX YES YES YES YES YES YES
OPEX YES YES YES YES YES YES
YES
YES 3.5% (AS
ADVISED BY
YES (SINGLE HMT'S GREEN
DISCOUNT RATE FIGURE) YES YES NO LEFT BLANK BOOK)
NO NO IN A SENSE.
WORK IS
UNDERWAY TO
UPDATE THE
MODEL TO TAKE
INTO ACCOUNT
DIFFERENT
ENTRY POINTS OF
INTERCONNECTO
GEOGRAPHICAL RS. NO IT WOULD BE
CONSIDERATIONS YES NO YES NO NO TOO COMPLEX NO NO RESPONSE
YES
CONSIDERED AS
CARBON PRICE NO NOT SURE YES NO NOT SURE NO PART OF OPEX YES
YES
NO - THE MODEL
COMPARES THE
REFERENCE CASE
TO A'WITH
POLICY'
SCENARIO SO
THERE ARE NO CAN BE A
CARBON CONSTRAINT
SAVINGS AS AN PLACEDON A
CARBON SAVINGS (g per kWh) NO NOT SURE NO INPUT NO SECTOR YES YES
INVESTMENT RATES YES NO NOT SURE YES YES YES YES
CONSULTANCY YES FOR NEAR
LEARNING RATES PROJECT NO NOT SURE YES YES YES TERM TECHS
OUTPUTS
YES NO (BUT DOES
NO NOT THE LOOK AT NO NOT THE
PREMISE OF THE |WELFARE PREMISE OF THE NO BUT MARKAL-
EFFECT ON GDP NO MODEL IMPACTS) NO NO LEFT BLANK NO MODEL NO MACRO YES
NO NO NOT THE NO NOT THE
PREMISE OF THE PREMISE OF THE NO BUT MARKAL-
GVA LEFT BLANK NO MODEL NO AS ABOVE NO LEFT BLANK NO MODEL NO MACRO YES
NO MAYBE IF GOOD NO NOT THE NO NOT THE
DATA WAS PREMISE OF THE PREMISE OF THE
NET JOB CREATION LEFT BLANK NO AVAILABLE NO NO NO LEFT BLANK NO MODEL NO MODEL
NO MAYBE IF GOOD NO NOT THE NO NOT THE
DATA WAS PREMISE OF THE PREMISE OF THE
REGIONAL JOB CREATION LEFT BLANK NO AVAILABLE NO NO YES NO MODEL NO MODEL
FOR EACH YEAR
TOTAL DEPLOYMENT PER TECH |TO 2030 YES YES YES YES YES
NO YES
(INTERCONNECT
IMPORT OPPS LEFT BLANK YES ORS) NO LEFT BLANK YES NO NO RESPONSE
NO YES
(INTERCONNECT
EXPORT OPPS LEFT BLANK YES ORS) NO LEFT BLANK YES NO NO RESPONSE
YES AS AN OUTPUT
NOT AN INPUT.
NO NOT THE BEYOND THE NO NOT THE
IMPACTS ON CARBON PREMISE OF THE SCOPE OF THE PREMISE OF THE
VALUE/PRICE NO MODEL NO MODEL YES NO MODEL YES
YES. TOTAL
ABATEMENT
EMISSIONS.
EMISSIONS
INTENSITY (E.G
g/kWh) CAN NO NOT THE
ALSO BE PREMISE OF THE
IMPACTS ON CARVON SAVINGS [CALCULATED. NO MODEL YES NO LEFT BLANK YES YES
YES NO NOT THE NO NOT THE NO NOT THE
PREMISE OF THE PREMISE OF THE PREMISE OF THE
SOCIAL COST NO MODEL NO MODEL NO LEFT BLANK NO MODEL NO NO RESPONSE










TABLE	3:	CAPABILITIES	OF	MODELS

CATEGORY	OF	ASSESSMENT	

Does	the	work	

assess	the	

impact/benefit?

If	no,	could	it	be	

adapted	to	

assess?

Does	the	model	

assess	the	

impact/benefit?

If	no,	could	it	be	

adapted	to	

assess?

Does	the	model	

assess	the	

impact/benefit?

If	no,	could	it	be	

adapted	to	

assess?

Does	the	model	

assess	the	

impact/benefit?

If	no,	could	it	be	

adapted	to	

assess?

Does	the	model	

assess	the	

impact/benefit?

If	no,	could	it	be	

adapted	to	

assess?

Does	the	model	

assess	the	

impact/benefit?

If	no,	could	it	be	

adapted	to	

assess?

INPUTS

GDP	

YES

NO LEFT	BLANK YES YES NO

NO.	OUT	OF	

REMIT	OF	MODEL	

AS	IS	A	COST	

OPTIMISATION	

MODEL

YES	(AN	

EXOGENOUS	

AMOUNT	OF	

2.5%)

CAPEX YES YES YES YES YES YES

OPEX YES YES YES YES	 YES YES

DISCOUNT	RATE

YES

YES	(SINGLE	

FIGURE) YES YES NO LEFT	BLANK

YES	3.5%		(AS	

ADVISED	BY	

HMT'S	GREEN	

BOOK)

GEOGRAPHICAL	

CONSIDERATIONS

NO NO

YES NO

IN	A	SENSE.	

WORK	IS	

UNDERWAY	TO	

UPDATE	THE	

MODEL	TO	TAKE	

INTO	ACCOUNT	

DIFFERENT	

ENTRY	POINTS	OF	

INTERCONNECTO

RS.

YES NO NO

NO	IT	WOULD	BE	

TOO	COMPLEX NO NO	RESPONSE

CARBON	PRICE

YES

NO NOT	SURE YES NO NOT	SURE NO	

CONSIDERED	AS	

PART	OF	OPEX YES

CARBON	SAVINGS	(g	per	kWh)

YES

NO NOT	SURE NO

NO	-	THE	MODEL	

COMPARES	THE	

REFERENCE	CASE	

TO	A	'WITH	

POLICY'	

SCENARIO	SO	

THERE	ARE	NO	

CARBON	

SAVINGS	AS	AN	

INPUT NO

CAN	BE	A	

CONSTRAINT	

PLACED	ON	A	

SECTOR YES YES

INVESTMENT	RATES YES NO NOT	SURE YES YES YES YES

LEARNING	RATES

CONSULTANCY	

PROJECT NO NOT	SURE YES YES YES

YES	FOR	NEAR	

TERM	TECHS

OUTPUTS

EFFECT	ON	GDP

YES

NO

NO	NOT	THE	

PREMISE	OF	THE	

MODEL

NO	(BUT	DOES	

LOOK	AT	

WELFARE	

IMPACTS) NO NO LEFT	BLANK NO

NO	NOT	THE	

PREMISE	OF	THE	

MODEL NO

NO	BUT	MARKAL-

MACRO	YES

GVA

NO

LEFT	BLANK NO

NO	NOT	THE	

PREMISE	OF	THE	

MODEL NO AS	ABOVE NO LEFT	BLANK NO

NO	NOT	THE	

PREMISE	OF	THE	

MODEL NO

NO	BUT	MARKAL-

MACRO	YES

NET	JOB	CREATION

NO

LEFT	BLANK NO

MAYBE	IF	GOOD	

DATA	WAS	

AVAILABLE NO NO NO LEFT	BLANK NO

NO	NOT	THE	

PREMISE	OF	THE	

MODEL NO

NO	NOT	THE	

PREMISE	OF	THE	

MODEL

REGIONAL	JOB	CREATION

NO

LEFT	BLANK NO

MAYBE	IF	GOOD	

DATA	WAS	

AVAILABLE NO NO YES NO

NO	NOT	THE	

PREMISE	OF	THE	

MODEL NO

NO	NOT	THE	

PREMISE	OF	THE	

MODEL

TOTAL	DEPLOYMENT	PER	TECH

FOR	EACH	YEAR	

TO	2030 YES YES YES YES YES

IMPORT	OPPS

NO

LEFT	BLANK YES

YES	

(INTERCONNECT

ORS) NO LEFT	BLANK YES NO NO	RESPONSE

EXPORT	OPPS

NO

LEFT	BLANK YES

YES	

(INTERCONNECT

ORS) NO LEFT	BLANK YES NO NO	RESPONSE

IMPACTS	ON	CARBON	

VALUE/PRICE

YES

NO

NO	NOT	THE	

PREMISE	OF	THE	

MODEL NO

AS	AN	OUTPUT	

NOT	AN	INPUT.	

BEYOND	THE	

SCOPE	OF	THE	

MODEL YES NO

NO	NOT	THE	

PREMISE	OF	THE	

MODEL YES

IMPACTS	ON	CARVON	SAVINGS

YES.	TOTAL	

ABATEMENT	

EMISSIONS.	

EMISSIONS	

INTENSITY	(E.G	

g/kWh)	CAN	

ALSO	BE	

CALCULATED.	

NO

NO	NOT	THE	

PREMISE	OF	THE	

MODEL YES NO LEFT	BLANK YES YES

SOCIAL	COST

YES

NO

NO	NOT	THE	

PREMISE	OF	THE	

MODEL NO

NO	NOT	THE	

PREMISE	OF	THE	

MODEL NO LEFT	BLANK NO

NO	NOT	THE	

PREMISE	OF	THE	

MODEL NO NO	RESPONSE

NAME	OF	WORK/MODEL

CCC	FOURTH	CARBON	BUDGET

2050	PATHWAYS	

ANALYSIS/CALCULATOR DYNAMIC	DISPATCH	MODEL	(DDM) ESME RESOM	(POST-2035) MARKAL	ELASTIC-DEMAND


Use of Government Guidelines
Three main sets of existing guidelines (produced by UK Government) for assessing economic value and benefits within projects and policies currently exist – these are detailed in Appendix 4. Analysis shows some use of these guidelines, mainly for discount rates (HMT guidance recommends a figure of 3.5% here) but despite an overall awareness, consistency in their use is variable.
Areas for consideration are better communication of, or encouragement for the use of guidelines such as these; or more specific guidelines aimed at those carrying out energy-system modelling and analysis. These guidelines could detail the economic, socio-economic (and other) aspects of analysis that government is particularly interested in and how to carry out these assessments.
Job creation and value capture of supply chains

Although greater analysis of socio-economic impacts such as job creation (at net and regional levels) is recommended within this paper, it is noted that this is one of the more complex effects to assess. The works of Fankhauser et al. (2008)
 and Kammen et al. (2006)
 discuss the direct effect
, the dynamic effect
 and total employment
. Factors such as ‘mismatch’ between old and new jobs or ‘displacement’ requires consideration and adds to the difficulties of capturing the overall impacts. The issues of Global Value and Supply Chains (discussed by Dedrick et al, 2008
 and the OECD ‘Mapping Global Value Chains’, 2012
, for example) add additional complexities

There are a number of existing studies that assess the economic impacts of particular energy technologies such as ‘The economic benefits of CCS in the UK’ (CCSa & TUC)
, which shows the potential GVA added
, the potential number of jobs created and effects on GDP. However, a great deal of uncertainty continues to surround discussions of job creation: ‘Although there are opportunities in the transition (to a low carbon economy), it is not clear to what extent low carbon jobs will be additional to existing jobs’
 and, ‘in the long run, arguments that improvements in environmental quality can “create” jobs should not be taken to mean that such improvement can increase total employment’. More detailed assessments perhaps incorporated within pathway and scenario works would be of value here.
Internal working guidance in DECC notes that job estimates must be estimated on a consistent basis with clear descriptions of what the estimates represent and recognising the issue of gross vs. net jobs.

Finally, more detailed assessments of the UK as a ‘region’ within a wider EU/global framework would be beneficial, particularly to assess capital flows, supply chains and value capture (e.g. investment and financing from outside the UK, with macroeconomic implications).
An overview of other relevant works
There are a number of additional works that assess or discuss the types of impacts considered within this paper. A selection of these are:
· The Low Carbon Innovation and Coordination Group’s (LCICG) Technology Innovation Needs Assessments (TINAs) which include estimates of the effects of low-carbon technologies on UK GDP from an innovation perspective. The purpose of the TINAs is to ‘inform government decisions by providing a robust and consistent evidence base on the innovation needs of technologies likely to be important in delivering the UK’s energy and climate change targets and/or economic benefits across low carbon technologies’
. In order to provide these estimates, methodologies for how to assess the value of learning rates and for assessing the value in business creation
 have been included as part of the work.

· The forthcoming Sustainable Pathways to Low Carbon Energy (SPLiCE)
 programme which will look specifically at the impacts of different energy technologies on the natural environment, society and the economy. SPLiCE is a 3-5 year collaborative UK research programme which aims to fill significant gaps in knowledge about the sustainability of different mixes of energy supply and demand options needed to deliver 2050 greenhouse gas UK emissions targets. It will look specifically at the impacts of different energy technologies on the natural environment, society and the economy. This new research will be combined with existing information and synthesised into a comprehensive, accessible and holistic view of the data that will support decision making to build a sustainable future energy system.
· The BIS Industrial Strategies, as their approach is based on ‘identifying where the UK can have greatest success in capturing high value opportunities based on its key strengths and capabilities.’
 Better assessments of economic and socio-economic impacts can help with identifying these areas i.e. the pathways and technologies that will have the greatest benefits and investment/supply chain opportunities.
· DECC’s Updated Energy Projections (UEPs) which are published every year and provide updated energy projections analysing and projecting future energy use and greenhouse gas emissions in the UK. These projections allow progress monitoring for meeting the UK’s carbon budgets and are used to inform energy policy and associated analytical work across government departments. The projections are based on assumptions of future economic growth, fossil fuel prices, electricity generation costs, UK population and other key variables regularly updated. They also give an indication of the impact of the uncertainty around some of these input assumptions. https://www.gov.uk/government/collections/energy-and-emissions-projections 
· Work by Siemens, who have performed a macro-economic analysis on electricity generation costs with a concept called “SCOE – Society‘s cost of Electricity“. The analysis is looking beyond LCOE (levelised cost of energy) and takes a bigger scope of costs related to power generation into account – namely transmission costs, variability costs, subsidies, social costs, employment and economic effects and geopolitical costs. 
· The Royal Academy of Engineering have previously looked at the physical assets required for the transformation of the energy system to 2050, based on what some modelling outputs are suggesting and whether it is feasible to deliver them. There is agreement of the need to include practicalities and supply chain issues within modelling analysis. 
Finally, the ongoing works of departments, organisations and institutes to develop modeling capabilities, ensure quality assurance and facilitate/look into modelling integration are of importance. These are also perhaps channels by which some of the messages from this paper can be incorporated. Examples of these are:

· The UCL Bartlett Institute & wholeSEM
 Consortium’s work to define existing modelling types, map UK modelling expertise and look at which models do (or can be) linked.
· UKERC’s upcoming work to look at integrating models and developing links between energy systems and macro-economic models.
Conclusions

· There are a variety of model types and approaches used to produce current UK pathways and scenarios analysis, but with a definite focus on 1) cost-optimisation and 2) how to achieve carbon targets (i.e. what is affordable/practical and physically deliverable). Feedback from the relevant teams has shown that the models assessed have been created with the above goals in mind and constraints are set around them. Unsurprisingly, these are areas of great importance and interest, but the approach taken potentially limits the models’ abilities to assess additional factors, such as economic and socio-economic impacts.
· On the whole, assessments of the economic and socioeconomic impacts of low carbon pathways have been relatively neglected, although it is accepted that these are complex to measure and define. ‘Formal modelling of the overall impact of climate change in monetary terms is a formidable challenge’. There are limitations to modeling which ’demands great caution in interpreting results’
.  
· From the models assessed, there is a lack of UK ‘top-down’ and ‘spatial’ modelling approaches being utilised to inform pathway and scenario works to generate modelling outputs for impacts such as economic growth and job creation. 
· These types of models do exist (e.g. the Cambridge Econometrics’ MDM-E3) but many are not set up to assess the economic value of low carbon pathways and the range of economic and socio-economic impacts of interest to policy-makers. 
· Where economic impacts such as effects on jobs, supply chains and local GDP are assessed, they are often discussed within texts in a general and qualitative fashion
. Works that previously carried out these assessments have adopted other, less detailed approaches, or have reduced this type of analysis substantially
. This is largely to avoid introducing further uncertainty amongst input assumptions or because research interests lie elsewhere.
· From those assessed, ETI’s ESME model is the only model with a capability for assessing potential job creation in relation to regions, but this is carried out as secondary analysis (i.e. inferred from the results) and is not a direct output from the model.
· There are a number of economic inputs utilised within the modelling approaches. Most of the models assessed include all or a mixture of the following (as shown in the tables above): An exogenous amount for GDP, figures for CAPEX & OPEX, discount rates, assumptions around investment/build rates and learning rates but the types of inputs selected very much depend on what the model is trying to achieve and determine the outputs produced.
· Modelling outputs are therefore reliant on associated inputs - therefore the type and quality of assumptions will affect the modelling results. In the context of cost-optimisation models, input figures for capex and opex per technology (for example) will affect how much of a particular technology is deployed within the analysis. As this could potentially have an effect on action taken (and on supply chains etc.), it is important to have clarity and consider the sources of these input assumptions.
· There is some consistent use of government guidelines e.g. figures for social discount rates as stated in HMT’s Green Book guidelines, but other input figures vary and are taken from a range of sources and approaches. 
· Responses show that in many cases, assessing these economic impacts ‘is not within the premise of the work’ and existing models cannot be easily adapted to address them. However, there is a level of ambiguity surrounding this. It is possible to combine model types to produce this type of analysis, as long as aims are well defined and modelling limitations are made clear.
Recommendations

This study has looked at a variety of models and criteria used to make judgements about future low carbon pathways and potential benefits to the UK. It is clear that further work is required to better understand the full range of models available in government, industry and academia to support this assessment, their limitations and how they interact with whole economy models. It is therefore recommended that:

· The ERP raises awareness of the need for a better understanding of the economic value of low carbon pathways within government and key partners;

· Further work is carried out generally to better understand the gaps in current analysis and the limitations of our ability to assess socio-economic benefits;

· In order to ensure that the limitations of modelling are fully understood, those carrying out modelling works should provide greater transparency regarding modelling input assumptions.

A list of full recommendations include:

· Analysis of economic growth and job creation should be included as part of, or alongside pathway and scenario works wherever possible. This may involve an additional element of secondary analysis.

· Further investigation to consider how models can be used for these assessments is required. This may involve:

· Reviewing capabilities or key drivers of existing models to provide more definite answers to questions such as: Can current modelling approaches be adapted to assess these impacts in a robust way? And can current models be integrated with other model types to enable these assessments?
· A greater use of existing ‘top-down’ models;
· The creation of new models or;
· The integration of existing model types to enable this kind of analysis and inform policy at a more strategic level. This would ensure a more multiple-perspective approach in regards to modelling of the energy system and help to avoid ‘group-think’.
· It is noted that some ‘E3’ simulation-type models can include a disaggregated ‘bottom-up’ approach to enable assessments of the energy system from both perspectives. Utilisation of these models would help test or validate the outputs of the few existing (UK) models that provide socio-economic assessments, although it is noted that these can have weaknesses too.
· Greater funding support is required for the development of these model types - to improve the quality of outputs and understanding of their potential.
· Clear communication and transparency regarding the design, premise and limitations of modelling works should be encouraged to avoid the risks of misinforming policy, over-interpretation or ‘cherry-picking’. 

· Better communication and a wider use of government guidelines for undertaking analysis such as HMT’s ‘Green’, ‘Magenta’ and ‘Aqua’ Books (the latter relating to quality assurance) would ensure a more consistent approach.

· Finally, continued and more detailed work to assess the impacts and benefits of specific technologies for GDP, job creation and investment opportunities is encouraged, including at regional levels. This should involve a deeper analysis of the UK’s potential to capture value from supply chains, plus assessments of international flows and competitiveness of the UK as a ‘region’ within a wider EU/global framework.
Next steps /considerations

This paper will be circulated amongst relevant organisations with an interest or the potential to act upon its findings. These include: UK pathway, scenario and modelling teams, the Energy Systems Catapult, the WholeSEM Consortium and HMT.
Following this scoping work, ERP recommends:
· A review of existing UK modelling capabilities for carrying out robust analysis relating to economic growth and job creation from low carbon pathways. This should include an assessment of potential modelling adaptation or integration opportunities and should be led by an expert body with capability to look across the whole system, such as the Energy Systems Catapult or the WholeSEM Consortium, with accountability to government.
· Those carrying out modelling, pathway and scenario works should ensure greater transparency regarding input assumptions to avoid misinforming policy. Policy makers must be aware of the limitations of individual models.
· Pathway and scenario models should ideally be ‘housed’ within independent or impartial organisations to help enable transparency.
· Pathway and scenario teams should, wherever possible, include assessments of economic growth and job creation as part of modelling works, even in the form of supplementary or secondary analysis.
· Better communication and a wider use of existing government guidelines for undertaking analysis such as HMT’s ‘Green’, ‘Magenta’ and ‘Aqua’ Books (the latter relating to quality assurance) to ensure a more consistent approach.
· Government and The Research Councils should provide greater funding to enable this type of analysis and additionally for the creation of new models / teams (where required).
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� Top-down and bottom-up models are defined by the IPCC and these definitions are used within this paper: “Top-down and bottom-up models are the two basic approaches to examine the linkages between the economy and specific GHG emitting sectors such as the energy system. Top-down models evaluate the system from aggregate economic variables, whereas bottom-up models consider technological options or project-specific climate change mitigation policies. IPCC SAR on economic & social dimensions (IPCC, 1996a, Chapter 8) includes an extensive discussion on the differences between top-down and bottom-up models. It concludes that the differences between their results are rooted in a complex interplay among the differences in purpose, model structure and input assumptions (IPCC, 1996a, Section 8.4.3).  www.ipcc.ch/ipccreports/tar/wg3/index.php?idp=310


� “There are valuable opportunities for British businesses to develop and manufacture these products [technologies to help decarbonize], for both domestic and international consumption… Although there are opportunities in the transition, there would also be costs on business, and it is not clear to what extent low carbon jobs will be additional to existing jobs.” (DECC’s 2050 Pathways Analysis, July 2010 – page 12: Understanding the role of the economy in the pathways).


� National Grid previously carried out economic analysis within their Future Energy Scenarios (FES) work but have reduced this over time to avoid additional uncertainties regarding input assumptions.


� � HYPERLINK "http://www.iea.org/publications/insights/ee_improvements.pdf" �http://www.iea.org/publications/insights/ee_improvements.pdf� Exec Sum page 3


� � HYPERLINK "http://www.carbontrust.com/resources/reports/technology/tinas-marine-energy,-carbon-capture,-heat,-bioenergy,-electricity-networks-and-storage" �http://www.carbontrust.com/resources/reports/technology/tinas-marine-energy,-carbon-capture,-heat,-bioenergy,-electricity-networks-and-storage�


� � HYPERLINK "http://www.lwec.org.uk/sustainable-pathways-low-carbon-energy" �http://www.lwec.org.uk/sustainable-pathways-low-carbon-energy�


� Information regarding National Grid’s RESOM (Redpoint Energy System Optimisation Model – post 2035) has been provided by the scenarios team for assessment as part of this work. Information regarding the (multiple) modelling techniques used pre-2035 are complex, therefore information regarding these approaches is included in Appendix 1D. 


� NB there are a number of versions of the MARKAL model, including two versions relevant to this paper: MARKAL ELASTIC DEMAND and MARKAL-MACRO  - an overview of both models are included in Appendix 1E.


� Source: Modelling Low-Carbon Energy System Designs with the ETI ESME Model, Chris Heaton, Strategy Manager – Modelling, ETI, April 2014


� An axiom is a premise or starting point of reasoning. It is a logical statement assumed to be true.


� � HYPERLINK "https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/68816/216-2050-pathways-analysis-report.pdf" �https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/68816/216-2050-pathways-analysis-report.pdf�


�Source: World Bank  � HYPERLINK "http://web.worldbank.org/WBSITE/EXTERNAL/TOPICS/EXTPOVERTY/EXTPSIA/0,,contentMDK:20481443~menuPK:1108016~pagePK:148956~piPK:216618~theSitePK:490130~isCURL:Y,00.html" �http://web.worldbank.org/WBSITE/EXTERNAL/TOPICS/EXTPOVERTY/EXTPSIA/0,,contentMDK:20481443~menuPK:1108016~pagePK:148956~piPK:216618~theSitePK:490130~isCURL:Y,00.html� 


� � HYPERLINK "http://www.businessdictionary.com/definition/partial-equilibrium-analysis.html" �http://www.businessdictionary.com/definition/partial-equilibrium-analysis.html� 


� � HYPERLINK "http://archive.theccc.org.uk/aws3/TSO-ClimateChange.pdf" �http://archive.theccc.org.uk/aws3/TSO-ClimateChange.pdf�


� The Stern Review, 2006 � HYPERLINK "http://webarchive.nationalarchives.gov.uk/+/http:/www.hm-treasury.gov.uk/independent_reviews/stern_review_economics_climate_change/stern_review_report.cfm" ��http://webarchive.nationalarchives.gov.uk/+/http:/www.hm-treasury.gov.uk/independent_reviews/stern_review_economics_climate_change/stern_review_report.cfm� 


16. Using today’s most common shorthand of national welfare, gross domestic product), all of the above [$10 million spent constructing a jail, $10 million spent producing a line of smartphones, $10 million clear-cutting rain forests to produce $10 million in lumber and $10 million in storm repairs], are equal. GDP measures only output, and makes no claims on the quality of that output, let alone on subjective concepts such as social progress or human happiness…this is why more and more economists and activists are pushing to update GDP [goes on to suggest guidelines for doing so]. Source: BllombergView (online) – GDP: An Imperfect Measure of Progress, Jan 30 2013 (by the Editors) � HYPERLINK "http://www.bloombergview.com/articles/2013-01-30/gdp-an-imperfect-measure-of-progress" �www.bloombergview.com/articles/2013-01-30/gdp-an-imperfect-measure-of-progress� 


� Bowen, A., Fankhauser, S., The green growth narrative: Paradigm shift or just spin?. Global Environ. Change, 2011


� Report of the Renewable and Appropriate Energy Laboratory Putting Renewables to Work: How Many Jobs Can the Clean Energy Industry Generate? Daniel M. Kammen et al of the Energy and Resources Group Goldman School of Public Policy, April 2004 (corrected 1/31/06)


� which depends on the labour intensity of the industry concerned


� which relates to the innovation that occurs as new technologies are developed, adapted to and exploited, increasing productivity and therefore economic output.


� It is raised that net effects on total employment depend on where the additional labour is drawn from (the employed or unemployed) and if that labour is drawn from the employed, whether the labour required to fill the newly vacated jobs will be drawn from the employed or unemployed, and so on.


� Who Profits from Innovation in Global Value Chains? A Study of the iPod and notebook PCs, Dedrik et al 2008


� Mapping Global Value Chains OECD, 2012 


� The economic benefits of carbon capture and storage in the UK, CCSa & TUC 2013


� based on the ‘achievable aspiration of 75% UK supply chain content’


� DECC’s 2050 Pathways Analysis & Calculator, July 2010: � HYPERLINK "https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/68816/216-2050-pathways-analysis-report.pdf" �https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/68816/216-2050-pathways-analysis-report.pdf�


� TINA Methodology slide-pack


� Estimation of the value in business creation takes a ‘top down’ look at the potential global market for the technology and attempts to quantify the potential value which could be captured by the UK economy (TINA methodology overview slide-pack).


� SPLiCE website: � HYPERLINK "http://www.lwec.org.uk/sustainable-pathways-low-carbon-energy" �http://www.lwec.org.uk/sustainable-pathways-low-carbon-energy�


� BIS Industrial Strategy: UK Sector Analysis, Sept 2012 � HYPERLINK "https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/34607/12-1140-industrial-strategy-uk-sector-analysis.pdf" �https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/34607/12-1140-industrial-strategy-uk-sector-analysis.pdf� 


� The whole systems energy modelling consortium (wholeSEM) is a £5.7 million initiative to develop, integrate and apply state-of-the-art energy models. wholeSEM consists consortium is made up of: EPSRC, University of Surrey, UCL, University of Cambridge and Imperial College.


� � HYPERLINK "http://webarchive.nationalarchives.gov.uk/20130129110402/http://www.hm-treasury.gov.uk/d/Executive_Summary.pdf" �http://webarchive.nationalarchives.gov.uk/20130129110402/http://www.hm-treasury.gov.uk/d/Executive_Summary.pdf�


� There are valuable opportunities for British businesses to develop and manufacture these products [technologies to help decarbonize], for both domestic and international consumption… Although there are opportunities in the transition, there would also be costs on business, and it is not clear to what extent low carbon jobs will be additional to existing jobs. (DECC’s 2050 Pathways Analysis, July 2010 – page 12: Understanding the role of the economy in the pathways).


� National Grid previously carried out economic analysis within their  Future Energy Scenarios (FES) work but have reduced this over time to avoid additional uncertainties regarding input assumptions.
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