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This report sets out five prioritised EPN use cases, comprising a summary of each use-case providing an accessible 

overview of the potential application of EPN and related capabilities. This builds on work carried out by Mark Bornhoft 

in Autumn 2017 to explore options for future exploitation of EPN.

Context:
Energy consultancy Baringa Partners were appointed to design and develop a software modelling tool to be used in 

the planning of cost-effective local energy systems. This software is called EnergyPath and will evolve to include a 

number of additional packages to inform planning, consumer insights and business metrics. Element Energy, Hitachi 

and University College London have worked with Baringa to develop the software with input from a range of local 

authorities, Western Power Distribution and Ramboll. EnergyPath will complement ETI’s national strategic energy 

system tool ESME which links heat, power, transport and the infrastructure that connects them. EnergyPath is a 

registered trade mark of the Energy Technologies Institute LLP.

Disclaimer: The Energy Technologies Institute is making this document available to use under the Energy Technologies Institute Open Licence for 

Materials. Please refer to the Energy Technologies Institute website for the terms and conditions of this licence. The Information is licensed ‘as is’ 

and the Energy Technologies Institute excludes all representations, warranties, obligations and liabilities in relation to the Information to the 

maximum extent permitted by law. The Energy Technologies Institute is not liable for any errors or omissions in the Information and shall not be 

liable for any loss, injury or damage of any kind caused by its use. This exclusion of liability includes, but is not limited to, any direct, indirect, 

special, incidental, consequential, punitive, or exemplary damages in each case such as loss of revenue, data, anticipated profits, and lost 

business. The Energy Technologies Institute does not guarantee the continued supply of the Information. Notwithstanding any statement to the 

contrary contained on the face of this document, the Energy Technologies Institute confirms that it has the right to publish this document.
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Acronyms 

Table 1 Abbreviations and Acronyms 

Acronym Elaboration 

BaU Business as Usual 

BCBC Bridgend County Borough Council 

CO2 Carbon Dioxide 

DHN District Heat Networks 

DNO Distribution Network Operator 

EHS English Housing Survey 

EHV Extra-High Voltage (33kV and above) 

EPN EnergyPath™ Networks 

ESC Energy Systems Catapult 

ESCo Energy Service Company 

ESME Energy System Modelling Environment 

ETI Energy Technologies Institute 

GIS Geographical Information System 

GOR Government Office Region 

HOM Household Options Module 

HV High Voltage (11kV) 

LA Local Area 

LV Low Voltage (400V) 

NAM Network Analysis Module 

NCC Newcastle City Council 

NPG Northern Power Grid 

Ofgem Office of Gas and Electricity Markets 

OS Ordnance Survey 

POM Pathway Optimisation Module 

RIIO Revenue = Incentives + Innovation + Outputs 

SAM Spatial Analysis Module 

SAP Standard Assessment Procedure 

SME Subject Matter Expert 

SQL Structured Query Language 

SSH Smart Systems and Heat (programme) 

TOTEX Total Expenditures 

UPRN Unique Property Reference Number 

VOA Valuation Office Agency 
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Executive Summary 

Over the next decade, the UK must prepare to meet national greenhouse gas emission targets by moving to 

low carbon technologies. This transition requires substantial upgrade, replacement or repurposing of our 

energy networks, and the considerable challenge of transitioning over 27 million homes to low carbon 

heating systems.  

The EnergyPath™ Networks (EPN) analysis framework can provide robust evidence to help identify, 

prioritise and plan changes to decarbonise energy systems for specific Local Areas (LA). This use case has 

been piloted with three Local Areas as part of the Smart Systems and Heat Programme. Building on this 

capability, EPN can also be used in a variety of ways to provide guidance for the design of cost-effective 

local energy systems, simultaneously taking into account multi-vector interactions across the whole local 

energy system and long-term decarbonisation goals.  

Five key use cases have been identified as particularly well-suited to EPN’s capabilities. These range from 

near-term Local energy systems analysis to long-term, national level decarbonisation pathway studies.  

These use cases are summarised in Figure 1 below. 

Figure 1 EPN use cases workflow and main beneficiaries 

 

 Use case [A] Local Area Energy System Planning provides an overview of the core process 

through which future Local Area Energy Strategies are developed using insights from the EPN 

modelling.  This includes both the full end-to-end running of the EPN analysis framework itself 
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– i.e. to the end production of the optimised decarbonisation pathways – and the context of 

the wider local area energy planning process and stakeholder engagement within which the 

Local Area Energy Strategies are produced .  This would be particularly useful for Local Area 

stakeholders (Councils, Distribution Network Operators, etc.) for defining a long term holistic 

local decarbonisation strategy informed by a range of future local energy scenarios, 

underpinned by a shorter-term delivery plan which identifies target areas for different 

solutions, deployment projects that can be delivered for near term quick wins within the 

current policy and market conditions, opportunities for innovation in the form of research and 

demonstration and policy support that could be instrumental to reach the decarbonisation 

objective as cost-effectively as possible.  

 Use case [B] Local Area Existing Energy System Insights is focused on exploring the value that 

can be generated for different LA stakeholders from a simpler use of the EPN analysis 

framework (i.e. without the need to undertake the full decarbonisation pathway optimisation 

as in use case [A]). For instance, a structured LA Energy Data Schema could help LA 

stakeholders add value and integrate decisions across a range of services and priorities (e.g. 

electricity, gas and heat network development, social housing retrofitting), not just for long 

term planning.  

 Use case [C] Pathways for Growth Towns and Cities can be undertaken as either a limited 

analysis of the existing local area as per use case [B] or as a full pathway exercise in use case [A] 

while focusing on the new developments to accommodate population growth in the LA. This 

would help Local Authorities, network operators and developers evaluate the costs and 

benefits of various local energy design options (e.g. oil boilers versus a heat network) taking 

into account network reinforcement costs arising from the proposed developments, as well as 

provide LAs with the potential benefits of these developments for decarbonisation pathways 

in the wider local area. 

 Use case [D] Alternative Network Investment Pathway Optimisation broadens the 

geographical scope of the future pathway analysis undertaken within use case [A] from a single 

city or council area to the broader region that falls within the responsibility of a gas or 

electricity DNO.  This analysis relies on using a pre-existing portfolio of decarbonisation 

pathway studies (as in use case [A]) in several LAs representative of the whole DNO region, to 

be able to extrapolate conclusions to the larger geographical area. In particular, this use case 

focuses on exploring multi-vector network interactions (e.g. potentially retaining use of the 

gas network to more cost-effectively manage peak heat demands, through use of gas boiler / 

heat pump hybrids).  This use case could also be used as part of the analysis to support price 

control submissions under RIIO-21. 

 Use case [E] Test Bed for Innovations further expands the geographical scope of use case [D] 

by looking to generalise the insights from local decarbonisation pathways to the national level, 

to help design new support regimes to spur adoption of low-carbon technologies (for the UK 

government) or provide evidence of performance and cost thresholds for innovative 

                                                           

1 For example, as outlined in the recent RIIO-2 consultation Ofgem flagged the need to support the delivery of “whole systems outcomes” and for 

more extensive stakeholder engagement with consumer, user groups and others, both of which align closely with the way EPN has been developed 

and how it has been applied in practice.https://www.ofgem.gov.uk/system/files/docs/2018/03/riio2_march_consultation_document_final_v1.pdf 
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technologies to provide potential system-wide value2 (for technology developers).  As per use 

case [D], this analysis relies on extrapolation of a subset of local results to generate conclusions 

for a larger geographical scale.  

  

                                                           

2 Note that this EPN analysis would need to be complemented by significant work to define the customer value proposition as well as meet all 

technical and regulatory hurdles required for successful commercialisation. 
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1 Introduction 

 Context 

The Energy Technology Institute’s (ETI) Smart Systems and Heat (SSH) programme aims to create future-

proof and economic local heating solutions for the UK.  This will be achieved by connecting together the 

understanding of consumer needs and behaviour with the development and integration of technologies 

and new business models into enhanced knowledge to deliver industry and investor confidence to 

implement changes in heat provision in the UK. 

Phase One of the SSH programme is being delivered by the ESC on behalf of the ETI working with three 

local areas Bridgend, Greater Manchester and Newcastle, to create the capability and pilot a process of 

local area energy planning with these local communities. The programme is undertaking a number of 

consumer behaviour, technology development, business modelling and supply-chain activities to create 

heat supply and demand products and services that meet consumer needs.   

Phase One has included the creation and piloting of a process and structured framework for local area 

energy planning with an analytical platform, EnergyPath™ Networks (EPN) to enable a dialogue between 

local authorities and network operators to plan future local infrastructure needed to decarbonise. – which 

is the focus of this document. 

The overarching objectives for the development of EnergyPathTM Networks and piloting of a whole systems 

approach  to local area energy planning were agreed as follows: 

 To support decision-making on future local area energy systems to 2050, principally to help 

support Local Authorities and their strategic stakeholders, such as Distribution Network 

Operators (DNOs) 

 More specifically, for the analysis framework to help prioritise and plan interventions in the 

local area energy system, including generation, network, storage and buildings projects, aligned 

with a national 2050 decarbonisation pathway 

 For the analysis framework to do this by focussing on the development and application of a 

cost-effective local plan, which is subject to ‘real world’ constraints and uncertainty.  This helps 

to inform, more subjective, strategic decision making on a transition pathway as part of wider 

business planning processes;  

 Be able to account, at least indirectly, for the potential impact of consumers on local area 

energy system pathway design; and 

 To ensure that the analysis framework and associated databases are based around a scalable 

architecture, in order to set the ETI/ESC on the trajectory towards building the full level of 

functionality and capability. 

As a result, the Local Area Energy Planning process and supporting EPN analysis aims to provide future 

credible pathways to decarbonise heat in a local area as well as informing long-term policy decisions on the 

impact of energy on the local community.  For example, outputs can be used to assess the impact on fuel 
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poverty, taking into account specific local energy infrastructure and plans, consistent with the national 

decarbonisation pathway.   

The EPN analysis framework sits at the core of the wider energy planning framework and its use provides a 

number of important benefits, many of which are unique to the way the EPN has been developed, for 

example by: 

 

 Taking a ‘whole systems’ view of the local energy system it provides an independent and 

internally consistent framework for creating an evidence base to inform local area energy 

planning, whilst facilitating close collaboration with all of the key stakeholders (e.g. the Local 

Authority, electricity and gas Distribution Network Operators (DNOs) and heat network 

developers).  

 Analysis based on a detailed spatial representation of each local area, which helps to reflect 

better the relationship between buildings and the networks that serve them and more 

accurately represent the associated costs and benefits.  Capturing the nuances of each real 

world area also improves collaboration amongst stakeholders by giving them more confidence 

that their particular issues are well represented (e.g. the costs associated with network 

reinforcement in highly rural or urban areas). 

 Using a least cost optimisation process to develop future decarbonisation pathways, which 

allows for much wider set of options and trade-offs for the local area to be explored, compared 

to manual scenario development.  For example, the role of heat networks versus electrification 

of heat in different locations. 

 Ensuring the scope of the optimisation simultaneously covers buildings, distributed 

generation/storage and network options across multiple energy vectors and timescales (i.e. 

10-year steps to 2050) helps to drive a more complete picture of how decarbonisation can 

achieved whilst attempting to minimise costs to the end consumer, compared to analysis which 

only considers each vector in isolation. 

 Incorporating a Monte Carlo mode of operation whereby a wide range of uncertainty in the 

value of future inputs (e.g. the costs of different heating systems or commodity prices) can be 

more easily explored, helping stakeholders to understand better which pathways and solutions 

are more robust to changing external conditions from now to 2050 and which costs are more 

significant in terms of making decisions. 

In addition, the detailed representation of the local area could provide a range of benefits for different 

stakeholders as it: 

 Helps to provide a consistent and structured focal point to manage and audit available data on 

the local area energy system from a range of different stakeholders. 

 Allow for area specific economic and wellbeing indicators to be derived by combining outputs 

from EPN’s decarbonisation pathways with other socioeconomic indicators to explore the 

impact on jobs, health, etc. 

Figure 2 below summarises the main constituting elements of the EPN Local Area Planning Framework as 

well as its outputs for local stakeholders (LA council and community, DNOs, building and DHN developers, 

etc.). 



EnergyPathTM Networks Use Cases  

 

©2018 Energy Technologies Institute  

Introduction  11 

 

Figure 2 Conceptual overview of the EnergyPath™ Networks analysis framework 

 

 Purpose and structure of this document 

This documents aims to establish a series of ‘use-cases’ for EPN, defining potential applications of the 

modelling framework for prospective users and recipients of outputs outside of the ESC.  

 Prospective users include academia along with private and public sector organisations.  

 Recipients include local authorities, regional and national government, network operators and 

developers, energy service providers and the regulator Ofgem.  

This is informed by experience using EPN planning in combination with stakeholder feedback, and aligns 

with the ESC’s wider exploitation strategy of supporting local area energy planning. 

1.2.1 EPN Bidders’ Pack 

As part of the Smart Systems and Heat Phase 1 Programme this document has been written with the 

objective of supporting the progression of Local Area Energy Planning in the UK. Local Area Energy Planning 

is seen by the ETI and the ESC as central to achieving national greenhouse gas emissions reduction targets. 

More effective local area planning supported by objective, technology agnostic evidence can support 

transition in a way that enables local communities to realise the benefits and understand the costs of 

decarbonisation. Figure 3 below presents how this documents fits within the totality of the Bidders’ Pack 

work programme. 
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Figure 3 EPN Bidders’ Pack documents 

 

This document supports this objective through providing five example use cases for EPN complete with 

illustrations and proposed delivery plans. 

1.2.2 Structure of this document 

This document presents five overarching use cases of the EnergyPath™ Networks framework, as: 

 [A] Local Area Energy Planning in section 2, 

 [B] Local Area Existing Energy System Insights in section 3, 

 [C] Pathways for Growth Towns and Cities in section 4, 

 [D] Alternative Network Investment Pathway Optimisation in section 5, and 

 [E] Test Bed for Innovations in section 6. 

 Overview of use cases 

Use case [A] Local Area Energy Planning provides an overview of the core process through which future LA 

Local Area Energy Strategies are developed using insights from the EPN tool.  This includes both the full 

end-to-end running of the EPN modelling toolkit itself – i.e. to the end production of the optimised 

decarbonisation pathways – and the context of the wider business processes and stakeholder engagement 

within which the master plans are produced.  This would be particularly useful for Local Area stakeholders 

(LA council, Distribution Network Operators, etc.) for defining a long term holistic LA-wide 

decarbonisation strategy, underpinned by a shorter-term delivery plan which identifies target areas for 

different solutions, deployment projects that can be delivered for near term quick wins within the current 
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policy and market conditions, research and demonstration opportunities and policy support that could be 

instrumental to reach the decarbonisation objective as cost-effectively as possible.  

Use case [B] Local Area Existing Energy System Insights is focused on exploring the value that can be 

generated for different LA stakeholders from a simpler use of the EPN analysis framework (i.e. without the 

need to undertake the full decarbonisation pathway optimisation as in use case [A]). For instance, a 

structured LA Energy Data Schema would help LA stakeholders add value and integrate decisions across a 

range of services and priorities (e.g. electricity, gas and heat network development, social housing 

retrofitting), not just for long term planning.  

Use case [C] Pathways for Growth Towns and Cities can be undertaken as either a limited analysis of the 

existing local area as per use case [B] or as a full pathway exercise in use case [A] while focusing on the new 

developments to accommodate population growth in the LA. This would help network operators and 

developers evaluate the costs and benefits of various local energy design options (e.g. oil boilers versus a 

heat network) taking into account network reinforcement costs arising from the proposed developments, 

as well as provide LAs with the potential benefits of these developments for decarbonisation pathways in 

the wider local area. 

Use case [D] Alternative Network Investment Pathway Optimisation broadens the geographical scope of 

the future pathway analysis undertaken within use case [A] from a single city or council area to the broader 

region that falls within the responsibility of a gas or electricity DNO.  This analysis relies on using a pre-

existing portfolio of decarbonisation pathway studies (as in use case [A]) in several LAs representative of 

the whole DNO region, to be able to extrapolate conclusions to the larger geographical area. In particular, 

this use case focuses on exploring multi-vector network interactions (e.g. potentially retaining use of the 

gas network to more cost-effectively manage peak heat demands, through use of gas boiler / heat pump 

hybrids). This use case could also be used as part of the analysis required for price control submission 

under RIIO-23. 

Use case [E] Test Bed for Innovations further expands the geographical scope of use case [D] by looking to 

generalise the insights from LA optimised decarbonisation pathways to the national level, to help design 

new support regimes to spur adoption of low-carbon technologies (for the UK government) or provide 

evidence of performance and cost thresholds for innovative technologies to provide potential system-

wide value4 (for technology developers).  As per use case [D], this analysis relies on extrapolation of a 

subset of local results to generate conclusions for a larger geographical scale.  

Figure 4 illustrates the workflow steps orchestrating these five EPN use cases and maps them to their main 

intended beneficiaries.  

                                                           

3 For example, as outlined in the recent RIIO-2 consultation Ofgem emphasised the need for this to support the delivery of “whole systems 

outcomes” and for more extensive stakeholder engagement with consumer, user groups and others, both of which align closely with the way EPN 

has been developed and how it has been applied in 

practice.https://www.ofgem.gov.uk/system/files/docs/2018/03/riio2_march_consultation_document_final_v1.pdf 
4 Note that this EPN analysis would need to be complemented by significant work to define the customer value proposition as well as meet all 

technical and regulatory hurdles required for successful commercialisation. 
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Figure 4 EPN use cases workflow and main beneficiaries 
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2 [A] Local Area Energy Planning Use 

Case 

 Overview 

Over the next decade, the UK must prepare to meet national greenhouse gas emission targets by moving to 

low carbon technologies. This transition requires substantial upgrades to the energy infrastructure, and the 

considerable challenge of fitting up to 27 million homes with low carbon energy systems.  

At a local level, energy decarbonisation can take many forms e.g. insulating homes, deploying district 

heating schemes or installing low-carbon heating systems in each property, using electric or hybrid sources 

of energy depending on the special characteristics of the considered area. As part of the wider Energy 

Planning Framework the EnergyPath™ Networks analysis framework, generates an evidence base and 

intelligence (outputs) to help explore a range of future local energy scenarios and identify near-term 

projects consistent with a long term local energy strategy to help decarbonise heat as cost effectively as 

possible.  

Figure 5 Dominant energy systems and networks (Bridgend 2050) 

 

Figure 5 above illustrates a key element of the long-term energy strategy for Bridgend: the most cost 

effective deployment of heating systems and networks by analysis area by 2050 as derived using results 

from EPN’s least-cost optimisation engine. The robustness of results comes from starting with a detailed 

baseline model and the comparing a very large number of options and sensitivities using the EPN model. It 

can be used to inform long-term trajectory as well as short-term trials and demonstration projects, focusing 

on ‘low-regret’ projects that are suited to their areas, noting that variations exist within a single analysis 

area.  
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Targeted analysis - building on the EPN outputs – of the broader technical, commercial, policy and 

consumer impacts is undertaken to identify projects (e.g. district heating deployment) and actions (e.g. 

research to identify sources of low carbon heat ) that could support delivery of the key elements required 

to achieve the longer-term energy strategy as shown in Figure 6 below. 

Figure 6 Illustrative local area energy strategy evolution over time 

 

Use of the EPN modelling toolkit sits within a larger local energy system planning framework, where low-

level analysis can be iterated and refined. The full analysis can also be re-run periodically to help validate 

past actions, update long-term strategy and form new delivery plans. Running the full EPN Pathway 

Optimisation requires setting up a powerful desktop machine with the relevant commercial and free 

software integrated within the modelling toolkit.  This is followed by gathering commercial and free data 

sources as well as assembling a team of 3 to 4 people to run the analysis in circa 6 months, up to 9 months 

including optional sensitivities and Monte Carlo analysis. Underlying 3rd-party software and data licencing, 

as well as hardware costs amount to around £100,000. Figure 7 illustrates a suggested work plan for this 

use case5. 

                                                           

5 This assumes only local data needs gathering and preparation. Preparing non-location specific data can take significantly longer. 
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Figure 7 Proposed work plan for delivering a Local Area Energy Plan 

 

 Processes for running the EPN framework 

A flexible iterative framework, with local energy system modelling at its core 

The Local Area Energy Planning Framework, will help LAs integrate energy-related data, analysis and 

energy-decision making across its services and planning functions.  

Figure 8 Process for local area energy planning and strategy development 

 

As illustrated in Figure 8 above, EPN Pathway Analysis (in grey) sits within this broader process of Local 

Area energy planning activities and decision making.  The overarching end-to-end process to deliver the 

Local Area Energy Strategy also comprises other key activities such as area-specific data gathering and 

processing (in pink) and a broader set of business processes (in dark and light blue).  The latter include 

activities such as managing engagement with the relevant local area stakeholders and defining the precise 

scope of the analysis6 (in dark blue), as well as the required steps to define and deliver a decarbonisation 

strategy (in light blue). 

                                                           

6 EPN business processes are presented in more details in the EPN Functional Specifications document (April 2014). The document is available here: 

http://www.eti.co.uk/programmes/smart-systems-heat/energypath 
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Many aspects of this process are iterative.  For example, engaging with key external stakeholders at 

multiple points throughout the process to refine the analysis; or better targeting sensitivities so as to 

answer the key questions for the stakeholder group.  These sensitivities could include shortlisting possible 

sites for a new energy centre, understanding the impact of retrofit projects, or evaluating the influence of 

setting different carbon targets. 

Overview of Energy Planning activities 

An initial phase of stakeholder mobilisation allows for framing the challenge and defining a shared vision for 

the Local Area Energy Strategy across the relevant stakeholders (e.g. LA council, electricity and gas DNOs, 

ESCos7, etc.). This will define the goals of the energy planning engagement, the expected benefits for each 

stakeholder (e.g. inform policy or commercial decisions) and formalise an extended project team 

comprising the core EPN modelling team and the local area stakeholders. 

Following this, the core modelling team can start building the input dataset and running the EPN modelling 

toolkit: 

 First, a data gathering, validation and processing phase can begin to collate, curate, join and 

transform commercial, freely available and local area-sourced input data for input into the 

EPN8 analysis framework. This can also be the occasion to set up more formalised schemas for 

organizing local area energy data or to quality assess it as needed. 

 From here, the EPN analysis framework can be run iteratively to provide the evidence base to 

refine the long-term vision by, for example, identifying robust transitions such as low regret 

building efficiency improvements and understanding the implications of different decisions and 

their timing.  It is anticipated that this would involve the various stakeholders to varying 

degrees, to help focus the analysis and gain buy-in to the results. 

Beyond the modelling activities, targeted additional analysis – building on the direct EPN outputs – could 

be undertaken to help identify projects (e.g. district heating deployment) and actions (e.g. research to 

improve low-carbon technology economic viability, targeted policy support) that could support delivery of 

the key elements required to achieve the longer-term energy strategy. Examples could include: 

 Broader technical analyses e.g. performance of large-scale heat pumps for supplying district 

heat networks, 

 Commercial e.g. system value of building insulation, 

 Policy (e.g. fuel poverty remedies), and 

 Consumer (e.g. acceptance of transition to heat pumps) 

 

The reference case energy strategy (including detailed long-term decarbonisation pathways) can be 

finalised through stakeholder feedback from interim results and a comparison of benefits for each 

stakeholder compared with expectations set at the mobilisation phase.  

                                                           

7 Energy Service Companies 
8 We later assume in estimating workload that only local area data needs to be collected. 
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Finally, periodic review and update of the energy strategy can be undertaken to re-assess progress against 

past objectives as well as plan new near-term delivery goals. 

 How EPN outputs inform the Use Case 

At a high-level, the results from the EnergyPath™ Networks analysis framework can be used to inform local 

area energy system planning in several ways: 

 The first step involves review and interpretation of results from running the full EPN9 Pathway 

Optimisation. This will help understand what the EPN outputs suggest as the cost-optimal 

pathway across buildings, networks and distributed energy to reach the long-term local 

decarbonisation objectives.  For example, where and when specific interventions should be 

deployed and their associated costs. Interpretation is required to understand the inter-

dependencies between various elements of the solution. 

 Uncertainty in these results can be explored by either comparing a number of what-if 

scenarios, or, by looking at the distributions of results from a Monte Carlo analysis.  This allows 

for a systematic exploration of the impact of uncertainty, due to factors such as the evolution 

of future technology costs on the robustness of the obtained energy pathway. 

 Finally, and broadening the perspective beyond the modelling activities, the user can combine 

EPN outputs with other factors e.g. political and local policy, commercial, behaviours, technical 

capability to draft a long-term energy strategy and a shorter-term delivery plan to enable the 

desired changes.  

Examples of the use of EPN outputs to inform the local area energy system pathway, based on the 

categories above, are provided in the following sections. 

2.3.1 Modelling long term Future Local Energy Scenarios 

EPN provides an analysis framework to investigate whole system decarbonisation pathways and develop 

future local energy scenarios for a given local area. For instance, Figure 9 below represents how total 

system-wide costs increase as CO2 emissions targets tighten from Business-as-Usual (BaU) to the maximum 

level of decarbonisation achievable in Bury District Council area within the EPN modelling i.e. a 96.5%10 

reduction for in-scope emissions as compared with 1990 levels. Up to an 85% reduction the curve is 

shallow, showing that carbon can be saved at a relatively low cost. Between 85% and 95% the curve 

steepens as the cost of reduction increases. Going from 95% to 97% is modelled to cost almost the same as 

going from 65% to 85%, as the last 2% of emissions are extremely expensive to cut. This suggests a cost 

increase of £90/year per person for the total cost of reaching 97% reduction over not setting a local target 

if shared equally across Bury residents11. Note that the Business-as-Usual case is when no local carbon 

                                                           

 
10 The 100% decarbonisation objective cannot be reached here as some non-domestic buildings will continue using gas for process heat (not space 

heat) which do not have low-carbon retrofitting options in the EPN modelling framework. 
11 This assumes: Discounting of future spend to 2015 values; Paying over 35 years; An equal split between all residents of Bury regardless of age or 

ability to pay; and Bury businesses do not contribute to this decarbonisation effort. In practice, costs would be shared between residents and 

businesses so that residents would not pay the full £90/year contribution. 
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target is set. Under this target it is assumed that decarbonisation of nationally generated electricity still 

occurs as a result of national action to meet the requirements of the 2008 Climate Change Act12. 

Only low costs are incurred to reach the 85% target because this can be achieved by switching a small 

number of buildings from gas boilers to electric solutions (requiring minimal electricity network 

reinforcement) and building small, cost-effective heat networks such that 70% of buildings remain on gas 

boilers. 

Figure 9 Evolution of system costs13 as carbon targets tighten (Bury) 

 

EPN can help stakeholders to understand the scale of the decarbonisation challenge as well as its 

ramifications across the local area energy system e.g. networks, energy centres and buildings.  For example, 

a significant portion of emissions reduction comes from decarbonisation of the national electricity system 

by 2040.  However, significant change is still needed within a local area including retrofitting domestic 

buildings and transitioning from gas boilers to low carbon alternatives. 

                                                           

12 https://www.legislation.gov.uk/ukpga/2008/27/contents 
13 Whilst these costs are similar in magnitude to the average household (retail dual fuel) energy bill comparing the two is difficult as their scopes are 

different e.g. EPN does not take into account additional energy supplier operating costs (e.g. salary, etc.), margins or taxes on energy which are 

included in the final retail price seen by the consumer. Conversely, the current retail price does not account for the full social cost of CO2 emissions. 
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Figure 10 Domestic heating systems in 2050 as carbon target tightens (Bury) 

 

Figure 10 above shows the sensitivity of domestic heating systems transition to tightening the carbon 

target. While little change is observed below an 80% local CO2 reduction target, as carbon emissions 

reduction targets increase there are much more significant  changes needed to networks and buildings. 

This can be supplemented by mapping the transitions to building types within sub areas of the study area 

to understand the spatial differences of different decarbonisation pathways for a local area. 

2.3.2 Building the evidence base underpinning a Delivery Plan 

Sensitivities (e.g. higher electricity costs or restrictions on the availability of bio-fuel or green gas) can be 

used to test the robustness of EPN outputs in various contexts, while a Monte Carlo mode can be run to 

explore if, and how much, pathways respond to variations (e.g. heating system and network costs, energy 

prices, insulation efficiency) around a central scenario.  For example, Figure 11 synthesises the learnings 

from all the sensitivities run for Bridgend in the form of dominant energy systems by analysis area in 2050. 

This shows the areas where the dominant heating vector (electricity and district heat) is most robust and 

the intermediate areas where decarbonised pathways in EPN are more variable. 
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Figure 11 Dominant energy systems and networks (Bridgend 2050) 

 

As well as showing the most cost effective long-term network solutions for different areas this EPN output 

also provides the evidence base for identifying the areas where near term deployment and 

demonstration projects are lower risk14. From this, targeted additional analysis would be conducted to 

understand the ‘real-world’ challenges to achieving deep decarbonisation. There are a wide range of other 

commercial, policy/regulatory, consumer and technical factors that need to be considered before a project 

can be delivered in practice.  The ESC is developing a methodology to provide a holistic assessment of each 

project on these four dimensions. Table 2 below provides an example for district heating applied to existing 

LA-managed homes. 

Table 2 Retrofit of Heat Networks to Existing Homes 

Capability 

factor 

Description 

Commercial Establishing routes to market for low carbon heat. 

Policy/ 

Regulation 

Technology-agnostic carbon policy to drive transformation. 

Heat network regulations to assure consumers and investors. 

Consumer Whilst consumers may regard the technology itself as acceptable, the change will still be 

disruptive so acceptance of the scheme requires engagement with residents. 

Technical Dependent on heat source, enabling gas and electricity network for future needs, including 

detailed network planning for near-term geographic zones. 

 

                                                           

14 An energy service provider or energy technology manufacturer could also use EPN as a starting point to evaluate possible deployment in a 

targeted LA or nationally as in use case [D], noting that further analyses would be required to ensure commercial viability of the offering 

considered. 



EnergyPathTM Networks Use Cases  

 

©2018 Energy Technologies Institute  

[A] Local Area Energy Planning Use Case  23 

 

Ultimately, the long-term decarbonisation plan involves making decisions in the face of imperfect 

information about the future.  Figure 12 below provides an example of how potential options are assessed 

in a comparative manner, to help define an actionable near-term delivery plan.  This will be informed by a 

mix of EPN and other analyses, as well a range of stakeholder expert judgement.  In many cases the plan 

will likely contain a mix of “low-regret” projects, but could also include some demonstration projects (i.e. 

higher-risk and higher reward) to prepare for delivering the next stage of the energy strategy. 

Figure 12 Relationship between Solution Understanding, Control and Influence 

 

This targeted analysis would determine the current and future challenges to implementing a 

decarbonisation pathway in practice and suggest ways to address them in the short-term either directly 

by commissioning relevant projects or indirectly by collecting a better understanding of the issues to be 

able to address them later on. This would be synthesised in a short-term delivery plan comprising: 

 Deployment Projects: these are considered to be low regret short-term opportunities which 

appear resilient to uncertainty and where there is an existing plan to realise them in the 

current commercial and policy environment (e.g. fabric retrofit of social housing stock).  They 

are usually on the least cost decarbonisation pathway. 

 Development and Demonstration Projects: these are prospective deployment projects that 

are expected to be needed in the medium-term but do not have a current ‘Capability’ to be 

realised at scale.  They often arise as the least cost method of decarbonisation, but are subject 

to uncertainties (e.g. timing, location) or there is little clarity on how to realise them in the 

current consumer, commercial and policy/regulatory environment.  Development and 

Demonstration projects are intended to improve knowledge to reduce this uncertainty and 

overcome barriers to mass market uptake. 

 Data Gathering and Systems Analysis Projects: these are activities to improve knowledge of 

technology and energy system transition options in areas where improved information will help 

understanding and influence future decisions.  These projects should be started early in order 

to provide the knowledge required to support future decision making. The supporting EPN 

based whole system analysis is in itself a Data Gathering and Systems Analysis activity. 
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 Research Projects: Some low carbon technologies might be attractive in the long term if certain 

specific performance and cost targets can be met and technical, commercial or policy barriers 

can be overcome; hydrogen being a good example.  In addition, further information may also 

be needed to validate the applicability of a decarbonisation option.  Research projects should 

also be progressed to identify new Development & Demonstration themes that could be 

evaluated through future Data Gathering & Systems Analysis. 

Figure 13 illustrates the key questions used to decide which of these four categories of projects can be 

retained in the LA decarbonisation delivery plan. 

Figure 13 Decision tree for determining what projects are right in the short-term delivery plan 
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2.3.3 Building a holistic Local Area Energy Strategy 

Figure 14 Illustrative Local Area Energy Strategy Planning Process 

 

Figure 14 above illustrates the steps to move from defining an energy strategy vision to delivering it over 

time. This involves: 

 Defining a shared long-term vision across all relevant stakeholders e.g. city council, network 

operators, building management organizations, energy service companies and project 

developers, residents and businesses; 

 Representing and refining whole-system local energy pathways consistent with the long-term 

goals using EPN to form the evidence base for future decisions. This should involve assessment 

of the robustness of the output energy plans subject to uncertainty e.g. costs evolutions, policy 

and consumer preferences, etc. 

 Identifying pivotal projects (e.g. deployment, demonstration, research15) and their challenges 

with additional analysis to build a near-to-middle term delivery plan underpinning the long-

term decarbonisation goals and addressing identified challenges e.g. through funding research, 

energy policy schemes, communication, etc. 

 Repeating the analysis cycle periodically to review progress on previous delivery plans, re-

assessing the long-term energy decarbonisation pathway in light of updated information e.g. 

technology costs, national electricity decarbonisation, etc. and forming new near-to-middle 

terms delivery plans. This re-assessment can align with: 

                                                           

15 To fill gaps in understanding or reduce areas of significant uncertainty. 

Providing confidence 
to invest in 

networks/products/
services; and to end 

users who will be 

choosing to buy new 
low carbon solutions 

Ongoing process of 

learning from 
development & 

demonstration; and 
considering major 

change

Strategy explores
how these types of 

energy systems 

could be progressed 

in the real world

The Strategy 

summarises the EPN 
Evidence Base, 

which prioritises 
energy systems by 

area

Does the evidence 

base need to be 

updated

EPN Analysis shows 

there is more 

certainty of energy 

system choices in 

some areas over 

others

EPN has 

identified a few 

low regret 

activities to take 

forward in the 

short term e.g. 
building fabric 

E.g. Testing 

consumer/commercial

aspects of deploying heat 

networks to existing 

residential areas 

Are there new energy 

system options E.g. Ongoing 

consideration of role of 

hydrogen as a replacement 

for natural gas

The Strategy involves working with/influencing stakeholders to develop the conditions that will support organisations in 

making investment decisions around energy networks, services and products E.g. Policy & Regulation will need to change

Major change may not be needed during the short to medium-term 
= window of opportunity to plan for the future. Predominantly low 

regret activity to circa 2025-2030

Major energy 
system change 

medium to 
long-term
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o Regulatory Stakeholder Engagement exercises to support DNO investment planning, or 

o Local Area Plan cycles and preparation of supplementary planning documents. 

 Undertaking Local Area Energy Planning with EPN 

Running a full EPN Pathway Optimisation requires setting up a powerful desktop machine with the 

relevant commercial and free software on which EPN relies, as well as gathering commercial and free data 

sources. Software and data licencing, as well hardware costs amount to approximately £100,000.  Due to 

the complexity of the data, modelling and extensive stakeholder engagement, a team providing a resource 

of 3-4 full time equivalents is needed to deliver the energy strategy over a circa 6-9-month period. 

2.4.1 Data, hardware and software resources required 

Hardware requirements 

Table 3 below shows a typical machine specification allowing for acceptable EPN run times, typically 5 to 7 

days end-to-end16.  The analysis framework is designed to scale with more powerful machines, for example 

many sub-processes are parallelised and can take advantage of multiple cores. The typical cost for the 

specification below is approximately £10,000. 

Table 3 Example specification for EPN dedicated model machine 

Part Specification 

Processor 32 cores @ 3.1GHz 

General machine memory 256 GB 

Dedicated GPU memory (primarily to speed ArcGIS visualisation) 6GB 

Required disk space (data from one model run excl. software) 40~70GB 

 

Software requirements 

EPN was built by integrating several specialised software components17:  

 Python is used to orchestrate EPN operation, 

 EnergyPlus, PSS®Sincal, ArcGIS and the ETI Optimising Thermal Efficiency Standard Assessment 

Procedure (SAP) model are hard-linked within EPN for representing buildings and networks, 

 AIMMS supports the optimizer, and @Risk Monte Carlo simulations, 

 The model is supported by Microsoft Windows 10, SQL Server Commercial 2014 and Excel.  

With the exception of EnergyPlus and Python, all other software components are subject to commercial 

licence costs with the total cost amounting to approximately £65,000 per machine. 

                                                           

16 Depending on the nature of a new scenario it is often possible to update and re-run the final pathway optimisation step only. 
17 The rationale for selecting each of these and for the overall design architecture is outlined in more detail as part of the documentation from the 

scoping phase of EPN: Energy Path Networks – Deliverable (S1D2) Design Architecture – April 2014. The document is available here: 

http://www.eti.co.uk/programmes/smart-systems-heat/energypath 
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Data requirements 

Table 4 Key input data18 items for the EPN toolkit 

Source Required Data description 

Ordnance 

Survey 

Yes (com-

mercial)19 

Provides GIS-layers for a local area’s road network and building location, footprint 

size and height. In addition, it provides some basic categorisation of building features 

for use in domestic and non-domestic building matching. This can require substantial 

manual effort for data cleansing and checking. 

English 

Housing 

Survey 

Yes (free) Provides a high-level regional view of the split of building archetypes. This is used to 

inform the building matching where no other data is available. Similar datasets are 

available for Scotland (Scottish House Condition Survey) and soon for Wales20. 

Valuation 

Office 

Agency 

Yes (com-

mercial) 

Contains further categorisation of non-domestic buildings at an individual building 

level, as well as an understanding of multiple occupancy within a single building 

footprint. Data on non-domestic buildings is expected to be very uncertain so that 

VOA data can be contradicted by other data sources. Resolving these conflicts can be 

very time consuming. 

University 

of Exeter 

Yes (free) PROMETHEUS project UK location specific weather files for EnergyPlus, including 

simulated impact of climate change. 

Geo-

Information 

Group  

No (com-

mercial) 

Provides further data on building characteristics at an individual building level to 

improve the building archetype matching process (i.e. trying to categorise the existing 

building stock as accurately as possible given incomplete knowledge about the state 

of each individual building). 

ETI Yes (li-

censed) 

Domestic heating system performance and costs21, network component performance 

and costs22, non-domestic building heating demands and retrofitting costs, and ESME 

results for boundary conditions. 

LA-specific No (li-

censed) 

Additional information about the local area e.g. social housing stock characteristics, 

new buildings and demolitions, existing heat networks, solar Photovoltaic and Electric 

Vehicle deployment, electricity network links, etc. This data can require large manual 

processing and cleansing effort to be ready for use in EPN. 

 

The EPN analysis framwork requires several key input data items as outlined in Table 4 above, most of 

these are from commercial (i.e. paid for) sources. Excluding LA-specific and ETI-licenced data, the total 

costs of data licences for a given LA study amount to approximately £25,00023. 

2.4.2 Modelling capability and expertise 

Table 5 below describes the team expertise required to deliver local energy strategy pathways with EPN. In 

particular, we will cover the individual skills and capabilities required to be able to operate and critically 

review results.   

                                                           

18 This data can sometimes not represent reality accurately (e.g. missing data or out of date) or can be difficult to process (e.g. requires uniform re-

labelling). Other data sources (e.g. BEIS postcode-level demand data set) can be used to validate EPN model outputs.  
19 OS data can be provided for free under a Public Sector Mapping Agreement if working with central or local government as described here: 

https://www.ordnancesurvey.co.uk/business-and-government/public-sector/mapping-agreements/public-sector-mapping-agreement.html  
20 The Welsh House Condition Survey is due to be published in Autumn 2018: http://gov.wales/statistics-and-research/welsh-housing-conditions-

survey/?lang=en. In its absence the deployment of EPN to Bridgend used the UNO dataset: http://www.unoenergy.co.uk/. 
21 For the three pilot studies, this is based on data underpinning the Renewable Heat Incentive, originally analysed by Ricardo-AEA, although other 

sources could be used as desired. 
22 Based on local DNO data for electricity and gas. DHN data comes from an Arup study. 
23 These licensing costs could be reduced as OS data would be available under the Public Sector Mapping Agreement in the case of an EPN 

deployment to a LA. The ESC is also exploring options for alternatives to the GeoInformation data e.g. based on freely available EPC data. 
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Table 5 Roles of EPN modelling team 

Title Role description 

Project 

Manager 

Prepare project plan, manage relationship with key stakeholders, ensure commitments are met with 

respect to project deliverables, and that delivery is to time and available budget. 

Senior 

Engineer 

Subject Matter Expert (SME) on energy technology characteristics e.g. to parametrize energy centres, 

heat, electricity and hydrogen networks as well as building heating systems. Senior Engineer will also 

validate energy pathways from EPN from an engineering perspective. 

Modelling 

Analysts 

Analyst to run the EPN toolkit (requires some knowledge of python, VBA, SQL, AIMMS and ArcGIS) 

and Quality Assure model results, lead stakeholder technical engagements and act as SME on EPN 

inner working for the rest of the team. Experience in visualisation is beneficial to produce charts, 

maps. 

Data 

Analyst 

Gather data from stakeholders, quality check gathered data and prepare data for use in EPN run, 

process outputs and produce visuals for stakeholder meetings. Experience with python, SQL and 

visualisation (in particular for GIS) is required. 

2.4.3 Work plan for delivering the Use Case 

Assuming all data, software, hardware and team requirements are in place, delivering the local area energy 

plan, key steps in the process for delivering the use case would be articulated as follows: 

 Mobilising the relevant stakeholders (e.g. LA council, electricity and gas DNOs, ESCos, etc.) to 

assemble the extended EPN energy plan project team;  

 Local area data should be gathered (e.g. electricity network topology from the DNO) as well as 

commercial sources (e.g. OS), pre-processed and quality-reviewed before being inserted into EPN. 

This phase could take approximately 1-3 months, towards the lower end if LAs are able to provide 

data within a standard schema; 

 An initial base case model is run with the input data gathered at the previous step. These initial 

results are illustrative at this point and used to gather feedback from stakeholders and define a set 

of relevant sensitivities to refine and test the robustness of the shared strategic energy 

decarbonisation vision. This phase could take approximately 1-2 months; 

 Optional sensitivities can be performed to stress-test decarbonisation pathways under a different 

world view. These will typically to take 1 to 2 weeks each although some can take as long as 1 

month 

o In addition, EPN can be run in Monte Carlo mode for further exploration of uncertainty in 

the Base Case scenario. This can take approximately 1 month; 

 Analysis and review of all the runs undertaken to understand common themes and to identify the 

factors which have the greatest influence on the results. This can take approximately 2 weeks and 

will involve collaborative discussions with the extended project team to identify items that are of 

particular local interest and to understand how the EPN analysis results can be used to inform 

decisions related to these key themes. This phase will require around 5 meetings of the project 

team; 

 The energy strategy documents are drafted for the external stakeholder panel to review. This could 

take approximately 1-2 months. 

Figure 15 below recaps the overarching process of delivering the local area energy plan with EPN. 
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Figure 15 Illustrative work plan for local area energy planning with EPN 
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3 [B] Local Energy System Insights 

Use Case  

 Overview 

Understanding the current local area energy system is the first step in understanding how it could 

transition to a low-carbon system.  However, representing an existing local energy system accurately is 

often difficult as the relevant data is either not readily usable or sometimes does not exist at all. 

The energy planning framework first creates a detailed picture of the local area, collating the best available 

data in a structured format, and applying techniques to fill data gaps24.  However, even without running the 

full end-to-end EPN pathway optimisation (as in core use case [A]), significant value can be obtained by 

undertaking simpler intermediate analysis early in the planning process (which is the focus of this use case 

[B]), potentially by combining this with other non-EPN specific data.  A selected, but non-exhaustive list, of 

the benefits of such a simplified analysis to Local Area stakeholders are summarised in Table 6 below. 

Table 6 Examples of benefits of simplified EPN analysis 

Beneficiary Benefit of simplified EPN analysis 

Buildings 

developers, 

managers, 

Local 

Authority 

Combining existing building data with socio-economic data such as income levels to help identify 

areas of potential fuel poverty. 

Identifying high carbon local-authority-owned buildings to prioritise retrofitting opportunities 

Gain a better understanding of the local building stock and its improvement potential 

Better representation of the carbon footprint of buildings in the Local Area. 

District heat 

network 

developers, 

Local 

Authority 

EPN can calculate a heat density map to identify potential heat network opportunities across the 

Local Area. 

EPN can provide a planning front-end for retrofit programmes in public/private building stock to 

help identify potential projects and also highlight synergies with future energy infrastructure 

choices e.g. potential heat network locations. 

EPN can help build the evidence base for assessing community infrastructure contributions such as 

new energy centres or distributed generation. 

Electricity 

and gas 

distribution 

network 

operators 

EPN can be used as a framework and model for consistent LA stakeholder engagement and 

structured information sharing for energy network investment planning (for RIIO2 and beyond). 

EPN can serve as a common template across Local Areas in a DNO licence area for reporting 

demand growth projections or identifying potential resources for demand management and local 

balancing. Equally, EPN can help visualise current network assets e.g. capacity, location and 

relationship to connected buildings. 

EPN can help identify potential upstream energy network constraints arising from new housing 

developments, or heavy deployment of renewables like solar PV. EPN could also provide 

information to help plan Electric Vehicles charge point locations. 

 

Data gathered for this EPN use case can be ported to a comprehensive Local Area Energy Data Schema 

with the goal of helping LAs most efficiently build energy data assets and analysis capabilities that can 

support a range of council strategic objectives and services. This structured energy data schema could 

benefit development planning and refurbishment projects, spatial energy planning exercises, EPN 

                                                           

24 For example synthesising an electricity network topology in the absence of detailed connection information or statistically matching each building 

in the area to its ‘closest’ archetypal example, where its full characteristics are not known 
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decarbonisation pathway analysis, and potentially Stakeholder Engagement exercises for DNO regulated 

price control submissions. 

Delivering this analysis in practice requires running a subset of the early steps in the full EPN pathway 

optimisation process i.e. focusing on current buildings and networks without simulating possible transitions 

and reinforcements or optimising a pathway to 2050.  The majority of the early resource intensive activities 

around data gathering and pre-processing tasks are still necessary, such that this type of study can be 

carried out by a team of circa 3 people over a period of approximately 3 months. 
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