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1. Introduction 

1.1. Background and context 

In 2012, the Energy Technologies Institute LLP (ETI) launched the Smart Systems and Heat (SSH) 

programme, aimed at developing a cost effective smart energy system supporting reduction in 

CO2 emissions associated with energy use in buildings in the UK.  This is undertaken in the 

context of the UK’s commitment under the 2008 Climate Change Act to reduce emissions of 

greenhouse gasses by 80% versus 1990 levels by 2050.  SSH comprises a number of Work Areas 

(WAs), including WA2 – EnergyPathTM design tools.  

The objective of WA2 was to deliver a tool “the EnergyPathTM Networks (EPN) Tool” that would 

enable the ETI to work with Local Authorities (LAs) and their key strategic stakeholders to 

answer two primary questions: 

 For each area, what is the optimum contribution to the UK 2050 target? 

 For a given area, what is the optimum plan for transitioning energy supply networks to 

meet local needs in a manner aligned with the 2050 target? 

The ETI issued a Request for Proposals (RfP) for WA2 in June 2013, and subsequently selected a 

team led by Baringa Partners and including Element Energy, Hitachi Europe Limited and 

University College London (UCL), to undertake the work.  The initial work was undertaken in two 

stages: 

 Stage 1 – detailed functional specification and development plan for Stage 2, completed 

in April 2014; and 

 Stage 2 – delivery of a functional prototype version “1.0” of EnergyPathTM in October 

2014 and version “2.0” in February 2015. 

In 2015, responsibility for delivery of the SSH programme transferred into the Energy Systems 

Catapult1, including the use and ongoing development of the EPN tool.  As of the start of the 

2017 the EPN tool has been used to inform an Energy Transition plan for Newcastle County 

Council and is currently supporting the development of a similar plan for Bridgend County 

Council.   

Following the completion of the original EPN development project a number of updates have also 

been made to the tool itself, culminating in version 2.1 of the tool at the start of 2017.  This 

document has been updated to reflect key changes from the original functional specification 

created in April 2014.  

1.1.1. Stage 1 deliverables 

The Functional Specification (D1) is one of seven Stage 1 deliverables.  It should be read in 

conjunction with the other deliverable documents: 

                                                           

1 https://es.catapult.org.uk/faq/what-is-the-smart-systems-and-heat-ssh-programme/ 
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  (D2) Design Architecture 

 (D3) Data Architecture 

 (D4) Data Acquisition Plan 

 (D5) Stage 2 Proposal 

 (D6) IP Statement 

 (D7) QA processes and test plan 

It should be noted that these documents have not been updated to reflect version 2.1 of the EPN 

tool, however, the accompanying EPN tool “User Guide” has been updated. 

1.2. High-level objectives 

1.2.1. Tool objectives 

The key objectives with regard to the EnergyPathTM tool are as follows: 

 To create a strategic planning tool to support decision-making on future local area 

energy systems to 2050, principally to help support Local Authorities (LAs ) and their 

strategic stakeholders, such as Distribution Network Operators (DNOs) 

 Specifically, for the tool 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 tool 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; to help 

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 tool 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. 

1.2.2. Key end-user requirements 

The ETI (and now the ESC) is assumed to be the main ‘model user’, however, the outputs and 

insights generated by the EnergyPathTM Networks Tool are likely to be used primarily by LAs.  

Although they currently have no explicit requirement to set emissions targets, a large proportion 

of emissions are within their influence (most particularly from residential buildings), and 

according to the Committee on Climate Change they have a vital role to play in decarbonising 

the economy.  Their main means of intervention in local energy provision are summarised 

below. 
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 Local development plans: used to identify sites for specific land uses and set out the 

criteria for approving planning applications. 

 Economic development strategy: planning for the development of employment and 

skills in a local area. 

 Planning permission for buildings: for individual new buildings or extensions, LAs can 

stipulate planning conditions. 

 Planning permission for power plant: LAs have responsibility for authorising plant less 

than 50 MW. 

 LA led initiatives: LAs may be best placed to initiate multi-party schemes such as district 

heating, possibly using Public Private Partnerships (PPP). 

 LA building stock management: including both social housing and public buildings such 

as libraries, council offices, etc. 

 ECO / Green Deal: LAs can be Green Deal providers or delivery partners. 

 LA incentive levers: LAs have limited control over tax and spending policy (e.g., business 

rates) that could be used to accelerate and direct investment. 

 Community engagement: advice from LAs, being responsible for residents’ wellbeing, 

may be more accepted by the public as objective and impartial. 

 Accessing funding: LAs play a key role in accessing funding for local energy schemes 

from devolved authorities, UK and EU level. 

The diagram below identifies ways in which EnergyPathTM could assist LAs in performing their 

role in local energy provision. 

Figure 1-1 The role of EnergyPathTM Networks Tool in assisting LAs plan local energy provision 
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LAs are likely to use the outputs of the tool to engage with other parties including network 

operators, property developers and landlords, energy companies, financiers, local companies, 

community energy groups and final consumers.  This engagement will include investment 

planning in different elements of the local energy system, including buildings of different types, 

energy sources and networks.  The actors in local energy and their roles in different elements of 

the local energy system are summarised in the table below. 

1.2.3. Key end-uses 

Across all applications and users, we have categorised the main contexts in which the tool’s 

‘outputs’ will be used under five headings, listed below with example uses.   

 Local planning: developing local master plans; setting local energy objectives; or 

specifying local interventions 

 Network planning: helping to support the strategic, as opposed to detailed, planning of 

the extension, reinforcement or retrenchment of energy networks; or promoting new 

generation in constrained areas to avoid network investment 

 Financial planning: assessing project costs, revenues and risks for investment decisions; 

estimating investment requirements for regulated assets; or understanding the impact 

of transition on existing business models 

 Engagement: informing decision makers on optimal choices; engaging with LA 

executives on energy plans; or engaging with local communities on energy plans 

 National planning: establishing local targets consistent with national targets 

It is envisaged that the direct outputs of the tool are tailored (e.g. different graphical outputs or 

post-processing of results) for each of these uses, given the different stakeholders involved.  In 

all these contexts, the tool must support and inform what is, ultimately, subjective decision 

strategic making.  As such, it: 

 Allows the user to develop and analyse the timing and quantum of potential deployment 

options and associated costs that together create a viable pathway towards a desired 

outcome, and to be able to compare between alternatives.   

 Enables comparison to outcomes with no interventions (“Business as Usual”) to provide 

a counterfactual case without intervention.   

 Indicates the uncertainty associated with the analysis, and allow for testing of different 

scenarios, to enable the robustness of a decision to be tested against different 

outcomes.  This will be supported by providing transparency in outputs, such that they 

can be flexibly disaggregated and re-characterised so as to provide a more nuanced 

understanding. 

 Once particular deployment options have been identified, the tool supports the design 

of projects to implement these.  As such it outputs sufficient detail on the actions and 

measures employed for a particular option to allow scoping of projects. 
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1.2.4. Key end-user expertise 

As outlined in section 3, the tool requires a complex mix of energy system modelling and subject 

matter areas.  Whilst the user interface has been designed to minimise the interaction with 

some of the more complex components (such as network load flow modelling) they still need a 

basic understanding of the underlying components and their concepts.  For example, to be able 

to configure and apply the tool, undertake diagnostics of problems caused by input data (such as 

optimisation infeasibilities) and interpret the results.   

As such, it is assumed that the model is designed only for an expert user, who has the following 

competencies: 

 Strong quantitative skills, e.g. via a first degree in mathematics, engineering, economics, 

physics, etc. 

 Basic understanding of key mathematical modelling techniques including optimisation 

and Monte Carlo sampling  

 Basic understanding of key energy system modelling techniques such as 

− Electricity and heat load flow modelling 

− Whole energy systems modelling 

− Building energy simulation   

 Basic understanding of key software packages including 

− GIS, to be able to interact with, add new or interpret key spatial input data and 

results 

− Databases,  to be able to install and manage overarching sets of input data and 

results files across the tool 

 Detailed energy systems understanding  of  

− Domestic and non-domestic buildings 

− Energy networks - electricity, heat, gas and hydrogen 

− Other local area features – e.g. embedded generation 

− Other national level energy system features that impact on the solution – e.g. 

transmission connected electricity generation 

In addition to the above, development skills will also require a core understanding of some of 

the key software languages proposed for the tool.  These are outlined in more detail in the 

Design Architecture Deliverable (D2), but include SQL database programming, the AIMMS 

optimization language and Python. 
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1.2.5. Outputs and their use 

Ultimately, the tool allows results to be interrogated and analysed in whatever manner and 

through whatever metrics are of value to the final users.  Section 4 explores in more detail some 

means of presenting results along with the overarching use of the tool to deliver insights. 

A typical interrogative process a user might be expected to go through, drilling down into the 

results from a high level overview down to specific projects, and some indication of outputs to 

facilitate each stage, are outlined below: 

 What are the high-level features of the overall area pathways?  For example, how total 

costs (capital and operational) vary for different pathways versus BaU over the horizon 

to 2050; how household energy costs are impacted2; the technologies which are key in 

implementing the pathway. 

 What are the key geographical and underlying features of different pathways?  For 

example, how would a new heat network will be laid out; what would be the location of 

plant supplying this network; and how would a map of cost of energy provided overlap 

with the map of fuel poverty? 

 What are the key points of uncertainty in the pathways and the value of reducing this?  

For example, how results are distributed around the average and the risk of high cost 

outcomes; the reduction in cost uncertainty achieved from obtaining better data, for 

example on the installation cost of a particular measure in an area; the key external 

factors to which a pathway is sensitive. 

 What does the pathway imply for specific projects?  For example, the roll out of solid 

wall insulation in postcode XY12; the summary financials for a new CHP plant, 

determining the economic case for distributed energy storage, or the viability of 

transitioning a small geographic location to electric heating and potentially 

decommissioning the gas grid. 

Key end-users of the tool, such as the ETI/ESC are likely to be the most demanding, requiring the 

highest level of interaction with the assumptions and operation of the model.  The ETI/ESC, or 

potential subcontractors, will work closely to support LAs as well as other indirect users.   The 

latter will be focused primarily on the details of the results, as opposed to necessarily using the 

tool themselves.   Indirect users will also have varying degrees of interest in the outputs.  

The diagram below summarises how different types of user may attach different levels of 

importance to the level of their interaction with the model.  

Table 1-2 Required level of model interaction by user 

 

                                                           

2 As opposed to energy bills directly, as this is ultimately affected by the distributional considerations of 

various regulatory and market structures, for example whether network costs are incurred directly by the 

end-user (on a capacity or utilisation basis) or socialised across a wider set of end-users. 

High level of interaction Low level of interaction
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User 

Value of usage mode 

Full interactive 

model use 

Full local area 

model outputs 

Results for 

local area 

consultation 

Final local area 

pathway 

design(s) 

Aggregated 

insights for the 

UK 

ETI/ESC High High High High High 

ETI members Low Medium Low Low High 

Local 

Authorities 
Medium High High High Medium 

Electricity and 

gas Network 

operators 

Medium Medium High High High 

Heat network 

developers / 

operators 

Medium High High High Medium 

Academic / 

research users 
High High Low Low High 

Energy 

companies 
Low Low High High High 

Central 

Government 
Low Medium Medium Medium High 

 

1.2.6. Informing the national pathway 

A key objective for the EnergyPathTM Networks Tool is to examine local area pathways that are 

consistent with national decarbonisation pathways to 2050.  However, by its nature the tool will 

provide a more realistic assessment of the costs and effective deployment options in a local 

area, by more accurately reflecting real-world spatial implications. 

These insights may lead to a different aggregate solution at the national level, for example, the 

costs of large-scale district heat deployment may be higher than anticipated.  This may focus 

national level solutions more towards electrification, but with commensurate impact on 

transmission connected electricity costs, which in turn affects the local area solution.  Hence the 

interaction between the local area and national level pathway is ultimately a 2-way iterative 

process. 

It is clearly not pragmatic to wait for local area studies to be undertaken with every LA in the UK 

before updating the national pathway and hence there are two main routes for feeding back the 

insights gained at the local level: 

 As early studies are undertaken with small numbers of LAs the key features of the 

pathway designs and the local area can be extrapolated, based on how representative 

they are as a proxy for other parts of the UK. 

 ‘Representative’, hypothetical local areas (e.g. heavily urban, suburban, rural or mixed) 

could be generated for use in EnergyPathTM, with insights from the resulting pathway 
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designs used to inform the national level – i.e. under what key local area conditions are 

certain designs favoured over others3. 

1.3. The EnergyPathTM Networks Tool within the modelling 

landscape 

The EnergyPathTM Networks Tool is unique in the problem that it is trying to tackle, which 

combines the assessment of what a ‘good’ pathway design for a local area energy system is 

whilst considering in parallel: 

1. A granular representation of local area building and network level options, that can 

easily accommodate more real-world data as it becomes available (e.g. from building 

level surveys) 

2. Comparing trade-offs across multiple energy vectors and technology choices, across 

buildings, networks and other energy system features 

3. Consistency with relevant features of the ‘National Pathway decarbonisation blueprint’ 

4. Evolution of the design over a time horizon to 2050 

5. Consideration of real-world constraints (e.g. planning restrictions) and the indirect 

impact of constraints imposed by consumer behaviour (on energy demand behaviour or 

technology uptake) on the pathway designs 

Existing tools target one or more of these elements, but not in combination.  For example,  

 National-level energy system optimisation models like ESME or UK MARKAL explore 2, 3 

and 4, but have very limited or no representation of individual geographic areas 

 A wide range of planning tools or stock models for buildings, or electricity and heat 

networks, exist individually to tackle 1.  E.g. WPD’s spatially detailed, full-load flow 

modelling Falcon SIM4 project or the more aggregated Transform model5 which only 

consider electricity.  Or alternatively, CitySim6 which provides a very detailed spatial 

representation of building energy simulation – at individual building level - across an 

area.  However, all of these do not tackle 2 as they only consider a small set of energy 

system options or energy vectors; and as result do not attempt to trade-off the 

                                                           

3 For the long-term development of the EnergyPathTM Networks Tool it would be possible to design an 

area generator to quickly create a random set of local area conditions based on key input parameters such 

as the total number of buildings and % urbanity. 
4 http://www.westernpowerinnovation.co.uk/Falcon.aspx  
5 Created under the Auspices of the DECC / Ofgem Smart Grid Forum All GB DNOs, Ofgem and DECC have a 

Royalty free licence to use the software. Other users may access the model on a commercial basis.  The 

model only assess example, rather than spatially specific networks, and does not undertake network flow 

modelling. 
6 http://citysim.epfl.ch/  
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suitability of developing a heat network against longer-term electricity reinforcement, 

subject to wide-spread heat-electrification and insulation measures.   

 In addition,  many detailed planning tools focus on the relatively near or medium term 

rather than a longer term pathway (4) and are not understood within the context of 

wider national decarbonisation objectives (3) 

The closest to the proposed EnergyPathTM Networks Tool is UrbEn7 (integrated modelling 

framework for urban energy systems – also known as SynCity) was produced by Imperial as part 

of a BP funded research project.    This is comprised of four inter-linked layers looking at i) the 

optimisation of overall city land use layout (primarily to minimise travel requirements), ii) agent 

based modelling of transport and energy demand behaviour, iii) optimisation of energy use and 

transport of resources, iv) detailed network operation.  UrbEn passes information through layers 

i) to iv) and then iterates to explore solutions for urban city planning over time which help to 

minimise carbon emissions.  The question UrbEn is trying to tackle is, however, much broader 

than the EnergyPathTM Networks Tool and extends to transport planning and agent behaviour, 

which means there is correspondingly less detail in the pathway optimisation for the energy 

system aspects (only partial optimisation of some elements in layer iii) and more limited 

resolution of building energy use.  For example, the more detailed engineering network 

configuration in iv) is estimated after the more aggregated flows have been established iii).  This 

potentially runs the risk of specifying less appropriate upgrades by starting with the simplified 

optimisation earlier in the process.  Although it would then be possible to iterate back to the 

simplified trade-offs and more detailed design, this loop makes it more difficult to explore wider 

uncertainty in the pathway itself.  

The crux modelling issue for the EnergyPathTM Networks Tool is to create a framework that can 

bridge appropriately the various dimensions of spatial and temporal granularity and multiple 

trade-offs across different parts of the energy system (in particular network build and building 

reinforcement) over the full pathway to 2050.  This is particularly important given the long-lead 

times for larger-scale infrastructure upgrade and development.  As it is likely to be intractable to 

hold significant detail on all of these aspects simultaneously, it is important that the end-user 

can easily flex the level of detail in different parts of the tool and understand the impact on the 

pathway design.   

Although the inputs to the pathway optimisation process are likely to be simplified across one or 

more of the dimensions it is important that the base input data (particularly for the 

understanding of building energy demand and networks) are as detailed as possible.  Hence in 

contrast to UrbEn and some other models the problem is inverted and a detailed assessment of 

possible options (e.g. via network flow modelling) is undertaken first and this is used to inform 

the options in the pathway optimisation.  The complexity in this approach is clearly in assessing a 

wide spectrum of appropriate network / building options in detail first.   

To enable the above, the tool has drawn on a number of well-established modelling practices in 

key areas such as network flow modelling, dynamic building energy simulation, and pathway 

                                                           

7 http://www3.imperial.ac.uk/urbanenergysystems  
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optimisation.  These have been used to increase both the sophistication of the tool and make its 

development as cost-effective as possible.   

Finally, once the more simplified representations have been explored within the pathway under 

a wide range of conditions and their resilience explored, it is important to be able to loop back 

and explore some of the key features of the proposed pathway (such as the network 

development) in more detail; via the same tools and processes that created the detailed 

representation initially. 

1.4. Purpose and structure of this document 

The purpose of this functional specification is to document the properties and behaviour of the 

EnergyPathTM Networks Tool in sufficient detail that a software developer could develop the 

requisite code, which has now occurred up to version 2.1 of the model, and a user can 

understand what tasks the tool performs.  As such it details the data, calculation processes or 

logic, controls and interfaces the tool employs to support the expected outcomes.  It is 

structured as follows: 

 Sections 2 and  3 provide an overview of the design requirements and the tool itself  

 Section 4 discusses how the tool would be used as part of a wider set of business 

processes to support the objectives of the end-users 

 Sections 5 to 8 outline in more detail the specification of the requirements, logic steps 

and implementation of the individual component modules of the overarching tool: 

−  The Household Options Module (HOM) 

− The Spatial Analysis Module (SAM) 

− The Networks Analysis Module (NAM); and  

− The Pathway Optimiser Module (POM) 

 Sections 9 consolidates the discussion with respect to the key areas of uncertainty across 

the tool (both data and modelling approach) 

 Section 10 provides a set of concluding remarks 

1.5. Glossary of key terms  

Table 1-3 Glossary of key terms 

Term Description 

Area The overall spatial area considered by the tool within its analysis, such as a Local Authority 

Capital costs  
The investment costs for new technology options, the lump sum investment is converted into a 

stream of annualized costs (at a given discount rate) over the economic lifetime of the investment 

Cluster 
The spatial building blocks seen by the POM, an individual cluster is comprised of a number of 

unique zones.  All clusters together represent the whole area under consideration. 
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Constraint A restriction on the values variables can take within the optimisation process 

Correlation 
The degree of dependence in the values of one factor due to another.  Within the tool this 

focused on the degree of correlation in input factors simulated from different distributions. 

Database A comprehensive collection of related data organized for convenient access 

Dynamic building 

simulation 

A model of the operation an individual building across the day or multiple days to understand the 

dynamic evolution of heating supply and thermal loss / gain 

Energy services 
The requirement for space heating, hot water, lighting, transport, etc as opposed to the energy 

used to deliver these service 

Energy vector 
The energy type used to deliver the above services including coal, oil, gas, electricity, biomass, 

hydrogen, etc.  

Load flow modelling 

Modelling of the steady-state operation of energy networks to understand the need for control 

and/or expansion of the system.  For example, for electricity it is used to calculate the voltage 

drop on each feeder, the voltage at each bus, and the power flow in all branch and feeder circuits. 

Operating costs 

The costs associated with the use of a technology over the year after it has been built.  These can 

be divided into fixed operation costs (FOM), which must be incurred such as annual maintenance 

versus Variable Operating Costs (VOM) which are affected by the scale of operation, for example 

due to additional ‘wear and tear’ under very high operation. 

Optimisation  
This process aims to maximise or minimise some objective (e.g. profit or cost, respectively) given 

available variables. 

Pathway 
The combined timeperiods considered from now until the final modelled timeperiod (e.g. 2015, 

2020 … 2050) 

Probabilistic simulation 
Repeatedly undertaking the same core modelling process (i.e. the optimisation) with different  

sets of input data that have been generated as part of a Monte Carlo simulation process 

Timeperiod 

A block of years considered within the tool, within which the timeperiod represents the mid-point. 

For example, if the pathway is represented as 5-yearly steps 2020 may represent the period from 

2018-2022. 

Timeslice 

Within year disaggregation of time by characteristic days and within day period as part of 

supply/demand balancing and representation of peak demand requirements.  The combination of 

the two allows for the representation of e.g. a typical winter overnight period or an extreme 

winter early evening period. 

Vintage 

The year within which a technology/network/building option has been constructed, which is 

separate from the year in which it is operating.  For example, the timeperiod for 2030 may contain 

a mix of plant which has been built in 2030 itself, as well as those built in 2020 and 2025 which are 

still within their technical lifetime.  The earlier vintages of the same plant type may have slightly 

different characteristics such as lower efficiency. 

Variable 
A choice within the optimisation process as part of maximising or minimising the objective 

function. The freedom to change the value of the variables can be restricted by constraints 

Zone 

The smallest set contiguous spatial building blocks within the tool. Zones represent collections of 

buildings aggregated to a single road node.  Groups of contiguous zones form clusters and groups 

of contiguous clusters represent the area as a whole. 

 

1.6. Acronyms 

Table 1-4 Acronyms and associated elaborations 

Acronym Elaboration 

API Application Programming Interface 

ASHP Air Source Heat Pump 

BaU Business as Usual 
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CAPEX Capital Expenditure 

CHP Combined Heat and Power 

DCLG Department of Communities and Local Government 

DEC Display Energy Certificate 

DECC Department of Energy and Climate Change 

DH District Heating 

DHN District Heating Network 

DNO Distribution Network Operator 

EHS English Housing Survey 

EPC Energy Performance Certificate 

ESC Energy Systems Catapult 

ESME Energy System Modelling Environment 

EST Energy Savings Trust 

EV Electric Vehicle 

FEED Front End Engineering Design 

FOM Fixed Operating and Maintenance (costs) 

GIS Geographical Information System 

GOR Government Office Region 

GSHP Ground Source Heat Pump 

GUI Graphical User Interface 

HLR Heat Loss Rate 

HOM Household Options Module 

HV High Voltage (network) 

LA Local Authority 

LiW Living in Wales (survey) 

LLSOA Lower Layer Super Output Area 

LP Linear Program 

LV Low Voltage (network) 

MIP Mixed Integer Program 

MLSOA Middle Layer Super Output Area 

NAM Network Analysis Module 

NPV Net Present Value 

OS Ordnance Survey 

OTEoEH Optimising Thermal Efficiency of Existing Housing (ETI project) 

POM Pathway Optimisation Module 

PV PhotoVoltaics 

SAM Spatial Analysis Module 

SAP Standard Assessment Procedure 

SBEM Simplified Building Energy Model 
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SHCS Scottish House Condition Survey 

SWI Solid Wall Insulation 

TM Thermal Mass 

UPRN Unique Property Reference Number 

VOA Valuation Office Agency 

VOM Variable Operating and Maintenance (costs) 
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2. Overarching design requirements 

2.1. Key design principles 

Key design principles for the EnergyPathTM Networks Tool were tested and refined with the ETI 

and key stakeholders through a series of workshops and discussions.  They have guided the 

definition of the structure and development of the tool, and are listed below. 

 The nature of the EnergyPathTM Networks Tool: the tool’s overall objective when 

helping to construct a local area energy system pathway is to minimise energy system 

‘resource costs8’, not to maximise social welfare or profit. 

 Co-optimisation of energy system choices: building, technology and network choices 

are be co-optimised.  However, it is important that the user has full flexibility over the 

choices that are controllable versus uncontrollable such that tool be applied to tackle a 

wide variety of possible questions. 

 Analysis of uncertainty: the model captures uncertainty in inputs probabilistically, and 

facilitate exploration of their impact, but not attempt to produce optimal hedged 

positions via formal stochastic optimization.  The tool is designed to help the user 

understand the resilience of particular pathway or deployment options. 

 Required level of resolution: the tool is designed around an overarching vision of “data-

driven” flexibility with respect to spatial and temporal resolution, subject to specific 

maximum limits in complexity within the networks and spatial modules.  The user has 

the ability to aggregate up time periods or geographical coverage, or drill down to 

greater granularity, to extent the data allows it.  

 Accounting for consumer behaviour: consumers are not modelled as entities within the 

model itself.  Rather, the flexibility to test the impact of consumer preferences and 

behaviours through exogenous input assumptions or constraints is included.  This can be 

divided into two main areas 

− Consumer technology preferences in the selection of building options such as 

insulation retrofits or new heating systems.  Whilst the default approach 

assumes rationale economic decision making by consumers the tool can still test 

the implications of different consumer preferences on pathway designs.   For 

example, this could be via adjusting the costs of discount rates applied to 

different technologies to monetise the ‘hassle costs’ or force in a given 

expected deployment of certain options.  

− Energy using behaviour as above whilst the default assumption is economically 

rational, for example the use of storage within in a building to minimse overall 

                                                           

8 With the ability to include other monetised ‘social costs’ where appropriate such as air pollutant 

damages 
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energy use/costs whilst maintaining comfort levels, it is possible for the tool to 

test the impact on different demand profiles on pathway design. 

 Linking to national level boundary conditions: the primary links to the national level are 

through price of carbon and other nationally delivered resources, such as centrally 

generated electricity and natural gas.  This retains flexibility in choices at the local level, 

but takes into account the associated cost.  The pathway optimiser design enables the 

user to impose additional constraints (such as a local area carbon emissions target) if 

required. 

 Flexibility in optimisation problem granularity: the tool supports optimisation at 

different temporal and locational resolutions to provide control over the computational 

effort required for solving. 

 Flexibility in defining cluster boundaries: the tool supports manual intervention to 

override clustering decisions or set thresholds or parameters used in the clustering 

algorithms. 

 Flexibility in accommodating data: the tool maximises the use of existing data and a 

number of elements of anticipated future data, which are likely to be available in some, 

but not all LAs. 

 Post processing integration of other data sets: the tool should support the layering on 

to the results of other data (potentially in a GIS) to support end-user requirements, for 

example combining energy system cost with a socioeconomic datasets to explore the 

implications of a blueprint design on fuel poverty 

Strategic and ‘free market’ investments 

As mentioned above the overall tool framework is designed to be highly flexible, so that the user 

can apply it to explore a wide variety of questions.  This means that some automated parts of 

the tool, such as the optimisation processes, are easy to configure such that the user can fix or 

control these aspects or leave them ‘uncontrolled’, i.e. via defined constraints. 

For example, as an extension of accounting for consumer behaviour in the previous section, it is 

important within the analysis undertaken by the EnergyPathTM Networks Tool to be able to 

understand the impact of wider ‘free market’ investments on more strategic investments, such 

as network infrastructure development.  For example, consumer preferences may mean that the 

uptake of new heating systems does not follow an economically rational deployment pathway.  

A much longer continuation of gas boiler use may be followed by a rapid uptake of alternatives, 

or conversely the alternatives may take market share more rapidly than expected. 

Given that key local area energy system stakeholders such as LA and DNOs have more limited 

control over these wider ‘free market’ investments it is important to understand how sensitive 

or resilient their strategic investments are to unexpected investments.  For example, how is the 

decision to build a heat network affected if its cost-effective deployment requires a large 

number of buildings to connect outside of the scope of those managed or owned by the LA 

themselves. 
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From a practical user perspective within the pathway analysis functionality (see section 8 for 

further details), this means that instead of letting the tool cost-optimise all available choices this 

should be limited to network decisions only.  As part of the analysis process the user could 

define a number of fixed levels of building upgrades for different heating systems (i.e. pre-

specifying the consumer uptake preferences to be tested rather than letting them be cost-

optimised) and explore to what extent the network upgrades change under these sensitivities.   

2.2. Other general requirements 

The design and development of the tool have also taken into account a range of broader 

requirements, noting that in some cases a balance was struck between competing objectives. 

 Retention of IP by ETI/ESC: in general, it would be preferable for all IP to be retained by 

ETI/ESC so that it has full capability to maintain and modify the tool 

 Minimising software or data licensing costs for end users: this broadens the appeal of 

the tool to potential customers 

 Effective user interface: this enables expert users to configure and apply the tool in an 

efficient manner and broadens the tool’s appeal as part of longer term development, 

however, the UI design has to be balanced against the need to deliver end-users access 

to the full functionality of the tool. 

 Minimised overall development costs: clearly this was in the ETI/ESC’s interests, but 

competes with the desire to retain IP to the extent that it requires in house 

development of functionality that might otherwise be provided by third party solutions 

The ETI counselled a pragmatic approach in balancing these agendas, setting cost effectiveness 

of the overall tool development as the guiding principle for design decisions, whilst bearing in 

mind the requirements other potential direct and indirect users.  As a result this led, for 

example, to less focus on the user interface under the expectation that only expert users within 

the ETI/ESC are likely to use the tool in the near-medium term. 
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3. Overview of tool 

The EnergyPathTM Networks Tool can be divided conceptually into four main modules as shown 

in Figure 3-1 below, which include: 

 Household Options Module (HOM) 

 Spatial Analysis Module (SAM) 

 Networks Analysis Module (NAM) 

 Pathway Optimisation Module (POM) 

A high-level overview of each module and their interactions across the tool is provided below, 

with a more detailed description in sections 5 to 8.  The full logic / process flow diagram is shown 

in the Appendix (section 11). 

Figure 3-1 Overview of the EnergyPathTM Networks Tool 

 

 

The primary role of the HOM is to generate a database of domestic building archetypes that 

could be used to represent the existing building stock in an area and the options for evolving this 

stock over time.  The archetypes will be specified by, amongst others, the physical characteristics 

of the buildings and the heating systems they use (including the resulting profile of final energy 

demand from the operation of the heating devices), the climate in which the building is located 

(as identified by the Government Office Region) and the costs of converting/upgrading one 

archetype into another.  However, the framework allows for better primary data to be entered 

as it becomes available.   Consumers will not be modelled as entities within the tool itself.  

Rather, the flexibility to test the impact of consumer preferences for new technology options 
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and energy using behaviours through exogenous input assumptions or constraints will be 

included. 

The primary role of the SAM is to create a detailed spatial (GIS-based) representation of the 

existing local area including key topographical features (roads, nodes, etc), existing energy 

networks, building locations and other energy system features such as embedded generation.  It 

will automatically assign an archetype (from HOM) to each domestic building from a detailed 

pre-defined list by matching based on available statistical datasets at different levels of spatial 

aggregation, which are provided as an input to EPN.  The user can manually enter known 

information (e.g. which buildings have already received insulation upgrades) and this is taken 

into account in the matching process.  A similar, but simpler matching process is applied to non-

domestic buildings, where typical non-domestic activity classes with corresponding benchmark 

energy and cost values9 are mapped to individual buildings.  The SAM also identifies future 

spatial considerations for the energy system such as the locations where new embedded 

generation or heat network supply sources could be sited or allowing users to specify 

assumptions on the location of new housing developments.  The SAM passes spatial information 

to the NAM to support its analysis of network reinforcement and new build options.  The SAM 

also passes back the results of the domestic building matching process to the HOM, so that a 

more refined set of future pathways for evolving the stock can be created (i.e. only considering 

the types of buildings in the area being analysed). 

The primary role of the NAM is to use data on energy use in buildings, existing networks, and 

geographic topology to design and cost different configurations of energy networks, for each 

energy vector (electricity, heat, gas and hydrogen10).  It outputs spatially varying cost functions 

for different configurations of each network, which can be used by the POM to compare 

network build costs and peak load capacity, as part of seeking a cost-optimised pathway.   

The SAM and the NAM interact with each other to define a more aggregated spatial 

representation of the local area, by dividing it into a contiguous set of interconnected clusters, 

chosen to provide a reasonable representation of the costs of network options across the 

different vectors (i.e. by aiming to not bias the data towards one network type or another).  This 

aggregation is necessary to make the final optimization problem in the POM computationally 

tractable, but means that a cluster may, for example, represent a group of streets rather than 

individual streets.  Spatial detail is lost at this stage, but the EnergyPathTM Networks Tool is 

designed to be flexible to allow the definition of the clusters to be changed easily (e.g. adding 

more clusters to improve the granularity). 

Within the tool, the POM is the engine that constructs a specific pathway.  It receives data from 

the NAM, SAM and HOM on the representation of the local area energy system and potential 

future options for evolving this. The POM then takes a more aggregated representation of these 

options and calculates the choices which produce the lowest cost combination to create a 

pathway that satisfies a range of constraints and design standards (such as satisfying all 

householders energy service demands under a range of edge cases).   

                                                           

9 In contrast to domestic buildings in the HOM, the associated non-domestic energy consumption data, 

costs and possible future pathways for conversion must all be specified exogenously by the user rather 

than being generated automatically.  
10 Via repurposing of the gas network as opposed to dedicated new build distribution networks 
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The national pathway produced by ESME is used to inform some of the boundary conditions 

within the POM, such as carbon or fossil fuel prices, and the availability, price and carbon 

intensity of transmission-connected electricity.  The POM’s outputs enable the user to 

investigate the features of the pathway and key areas of uncertainty, via the possibility to 

undertake a Monte Carlo simulation of key inputs at the point they are used within the POM.   

It is important to separate the way the tool is conceptually constructed, relying on techniques 

such as mathematical optimisation and Monte Carlo analysis, from the process of developing 

insights to inform more subjective strategic decision making.  The following sections describe the 

separate conceptual elements of the tool in more detail, whereas the wider process of applying 

the tool is discussed in 4.   
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4. Use of the EnergyPathTM Networks Tool 

4.1. Business process for using tool 

4.1.1. Overview 

The tool will be sufficiently flexible to accommodate multiple modes of use, which may 

organically emerge through practical application.  For the purpose of illustration however, this 

section outlines one such process by which an energy system transition plan within a LA area 

might be developed and implemented.  The role of the EnergyPathTM Networks Tool within this 

process is to provide analysis and insight to decision makers to allow them to make strategic 

choices on the content and execution of the transition plan.  The example process is considered 

at three levels of resolution. 

 The top level end-to-end process, from the earliest consideration of a transition plan 

through to execution of projects, and involving the interaction and cooperation of 

multiple local stakeholders, most particularly the LA and energy distribution network 

operators. 

 An intermediate level concerning specifically the core activities surrounding deployment 

of the EnergyPathTM Networks Tool, occurring within the LA and with activities likely led 

by a team tasked with managing the development of the transition plan.   

 The process of analysis, iteration, and refinement through which specialist individuals 

tasked with operating the tool would step in order to produce an initial transition plan 

(including near term projects) for validation and consultation at escalating levels of 

authority.  This would be the most intense phase of tool operation, though its ongoing 

use would in practice be likely to continue in a manner intermingled with the broader 

processes.  These tasks are unlikely to occur in a completely linear and isolated fashion. 

These levels are illustrated in the diagram below. 

Figure 4-1 Overview of activities in the planning and implementation of a local energy transition 

pathway 
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In this section we will refer to the transition plan, describing the plan for the low carbon 

transition of a local energy system, as being the final product of the end to end business process.  

This plan would comprise a number of components. 

 A defined programme of projects and measures selected for implementation in the near 

term 

 An indication of the main features and alternatives of pathways for progressing 

transition in the period beyond the implementation of the near term project 

programme, where uncertainty is too great to allow confident selection and definition of 

low regret projects; and 

 A strategy for monitoring, maintaining and improving the transition plan over time, as 

time elapses and new data becomes available or is acquired, enabling selection and 

definition of further projects to facilitate the transition. 

4.1.2. End to end process 

The full process through which an LA would step, from setting the objectives and targets for a 

local energy transition plan, through to implementing or initiating the projects which will start to 

deliver it, is set out in the diagram below.
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Figure 4-2 End to end business process for design and implementation of a local energy transition pathway 
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 Initial framing: this step describes activities to provide policy and decision makers with 

an understanding at a high level of the possible pathways that exist for an area, what 

particular technologies or options are likely to be viable, and at what range of costs.  This 

will inform the objective and target setting process, and could potentially be informed 

by a version of the EnergyPathTM Networks Tool based on generic local areas (e.g. typical 

rural, suburban, urban). 

 Set objectives, targets and design standards: an objective for reduction in carbon 

emissions may be determined based on an optimal allocation of national level targets 

between Local Authorities, or via imposition of a carbon price.  This might itself be 

informed through use of the EnergyPathTM Networks Tool by a central agency.  At the 

local level, the tool will determine cost effective pathways in this context, and support 

development of the LA’s transition plan.  Some LAs may wish to set further targets for 

the transition plan reflective of their own priorities, most probably concerning social 

factors.  In particular, metrics describing fuel poverty or the level and stability of energy 

bills might be targeted.  Additionally, design standards which viable pathways must 

accommodate will need to be set, as discussed in section 8.5.3.  This in particular will 

regard inputs to the tool which cannot be forecast or modelled in a reliable manner, but 

have a direct and significant impact on local energy systems.  Some standards may be 

externally specified by industry norms or regulations, such as the 1-in-20 winter 

standard already discussed.  Other design standards to be incorporated might need to 

be determined internally by the LA, such as assumptions on demographic change, and 

how it affects energy usage profiles and building occupancy patterns. 

 Initial key stakeholder engagement: it will be necessary to engage at an early stage with 

key stakeholders in local energy provision, which will play a pivotal role in implementing 

the final transition plan.  Most obviously, this will include the owners and operators of 

the distribution networks for electricity, gas and if applicable, heat.  It may also entail 

large housing providers or the owners or occupiers of significant campuses or 

installations in the local area.  The engagement would involve securing their cooperation 

in the process, and agreement on the high-level objectives and constraints set. 

 Core EnergyPathTM Networks Tool activities: this step entails preparing the tool, using it 

to identify viable pathways, discerning a set of projects for implementation in the near 

term consistent with those long term pathways, and securing support at a certain level 

of authority within the LA.  This is described in greater detail in section 4.1.3. 

 Further key stakeholder engagement: given the essential role of certain stakeholders in 

implementing any project or long term transition plan, as discussed, seeking their input 

on the feasibility and merit of a transition plan and specific projects would be an 

essential first step after securing internal LA non-executive approval.  In practice 

continuous interaction with such parties is likely to be desirable.  Feedback received may 

necessitate revision and iteration of the tool to accommodate new information or 

constraints. 

 LA executive engagement: once a transition plan, including the specific near term 

projects, has been determined to the satisfaction of the key stakeholders, it is 

anticipated that executive level agreement within the LA would be sought.  This would 

allow the main decision and policy makers within the LA to satisfy themselves that the 
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plan is consistent with the high level objectives and targets established.  Objections at 

this stage may necessitate a greater degree of revision to the configuration of the tool, 

such that it would be necessary to re-engage with the key stakeholders to confirm the 

feasibility of proposed changes. 

 Broader stakeholder engagement: executive approval of a transition plan is assumed to 

be the precursor to broader stakeholder engagement.  This would involve consultation 

with the full range of local stakeholders (as identified in section 1.2.2) involved with or 

impacted by implementation, including local enterprises, community groups and 

individuals.  Communication would encompass the specific projects for implementation 

in the nearer term, and the longer term element of the transition plan.  Evidence of a 

substantial divergence of public or civic opinion from the parameters assumed in the 

initial establishment of the tool could entail recasting of the objectives or targets 

determining the pathway optimisation calculation in the tool, and a significant iteration. 

 Finalised transition plan: approval at each level of consultation and engagement would 

result in the finalised transition plan.  This will include the set of projects for near term 

implementation, and the longer term plan for monitoring and managing progress and 

planning further interventions to deliver the long term transition to decarbonised local 

energy provision.  Some projects may be implemented directly by the LA and some by 

key stakeholders with which the LA has an established relationship (such as network 

operators).  A large proportion will depend on decisions of private and independent 

individuals or organisations, for which the transition plan would lay out a strategy of 

education, engagement and incentivisation. 

 Periodic review and update: once the finalised transition plan is obtained and 

implementation of near term projects has begun, long term management of the 

transition plan will begin.  This will incorporate a range of activities, monitoring 

availability or planning acquisition of new relevant data regarding, for example, local 

infrastructure, changing local demography, the evolution of technology costs and fuel 

prices, developments in national level policy and so on.  There will also likely be a role 

for regular review of progress against the plan and redetermination of viable pathways 

in the light of updated information and completion of projects.  This will enable 

identification and specification of subsequent projects for implementation. 

The finalised transition plan will identify a set of discrete projects which are to be implemented 

in the near term. 

 Detailed project briefs: the tool will be used at its highest level of temporal and spatial 

resolution to determine detailed technical specifications and outputs for financial 

projections.  These will provide the basis of project briefs which will launch the process 

of implementation.  In the case of network projects, this will include detailed outputs 

from the NAM module. 

 Project validation and evaluation: with a detailed specification of the project in place, 

an LA would likely perform an initial validation exercise, before committing large 

investment to implementation.  This would include commissioning qualified technical 

expertise to validate cost assumptions and technical specifications.  Financial 

information provided by the project brief would provide inputs to a financial and 
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business modelling package, being prepared by the ETI/ESC as part of a separate work 

stream.  This would facilitate determination of the economic feasibility of the project 

and inform choices on the sources of capital and commercial strategy employed. 

 Project development and execution: having scoped a project in detail, and investigated 

the potential financial and commercial models, the development and execution of the 

projects would commence.  It is recognised that in a large number, or majority of cases, 

this will not fall within the direct remit of the LA itself, but in that of other stakeholders 

in the local energy system, as identified in section 1.2.2.  This phase will then necessarily 

involve deep cooperation with these parties.  For projects requiring physical 

intervention, this phase will commence with the commission of Front End Engineering 

Design (FEED) studies to provide the basis for final design, procurement and 

construction.  For many projects, final implementation might be at the level of private 

individuals or businesses.  In this case LA intervention might be through establishing or 

reshaping policy incentives or providing information to guide private investment for 

example. 

4.1.3. Core EnergyPathTM Networks Tool activities 

The diagram below illustrates the steps that would occur within the LA to prepare the tool for 

use, and prepare its outputs for external consultation.  The precise mode of operation and 

allocation of responsibilities will depend on the commercial model chosen by the ETI/ESC. 

Figure 4-3 Overview of core EnergyPathTM Networks Tool activities 

 

 Collate data: it will be necessary to collect and prepare relevant data from various 

sources to allow the tool to undertake analysis of the local area.  In part this will be 

taken from standard national datasets, and in part from databases on local 

infrastructure held by LAs or other bodies (for example, details of listed buildings).  Close 

cooperation from network operators or owners of other key assets will be necessary to 

construct an accurate picture of the local infrastructure. 

 Identify and address gaps in data: there may be gaps in the available data that would 

impair the ability of the tool to identify viable and practicable pathways.  Additional data 

may also be required to enable the tool to consider targets set by the LA regarding social 

or other local environmental factors such as air quality.  To address these needs, the LA 

may choose to commission data specifically, to be gathered through local surveys or 

questionnaires. 
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 Assimilate existing investment and master plans: LAs may already have in place 

projects or schemes to develop or influence energy provision in a local area.  For 

example certain areas may be earmarked for development of energy facilities.  

Development master plans with a broader scope regarding housing and economic 

development are also likely to be of relevance for example in identifying areas of future 

development, or existing areas scheduled for redevelopment or repurposing.  

Distribution network owners may also have associated plans for upgrade of their 

infrastructure. 

 Tool set up: having assembled the relevant input data, it will be necessary to compile 

and format this for entry into the tool, together with representations of the objectives 

and constraints that have been set to bound the optimisation calculation. 

 Iteration and refinement: this is the process of identifying, analysing and filtering 

options within the EnergyPathTM Networks Tool, as performed by the user, so as to 

arrive at a set of projects for implementation in the near term, and indication of the high 

level features of pathways that deliver long term transition consistent with these 

projects.  This activity is discussed in more detail in section 4.1.4. 

 Obtain additional data: in the process of operating the EnergyPathTM Networks Tool, 

areas may be identified where gathering additional data would be valuable in refining 

and reducing uncertainty in the tool’s outputs, and aiding the decision making process it 

supports.  This process is described in further detail in section 4.1.4.  Where the need 

and justification for additional data is identified, there would be a process to plan for 

and undertake its acquisition, and its preparation in a form suitable for the tool’s use.  It 

would then be integrated into the tool’s configuration. 

 Develop selection criteria: externally to the operation of the tool, it would be good 

practice to identify the metrics by which pathways will be judged.  This could encompass 

a broad range of conditions, for example uncertainty on the cost or level of CO2 savings 

of the pathway, or the degree of sensitivity to national electricity and fuel prices of the 

annual cost of energy provision in LA owned housing stock, or the proportion of 

investment targeted in lower income wards.  These may be employed through direct 

comparison of different pathways, or if quantified limits to the metrics are determined, 

tests may be formulated that would determine the acceptability or otherwise of a 

pathway. 

 Internal validation of pathways: based on the predetermined selection criteria, 

approval at an intermediate level of authority within the LA for initial projects and 

consistent long term pathways would be sought.  To the extent that these are not found 

to meet requirements, it would be necessary to iterate once more, recalibrating the 

optimisation constraints as necessary. 

 Development of transition plan for stakeholder engagement: at this stage, a set of 

initial projects, and the higher level options for progressing transition thereafter, would 

have been approved.  These would require development and documentation in to a 

more formal transition plan ready for use in consultation with key external stakeholders 

or presentation to the LA executive.  This would contain plans for the ongoing 
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maintenance, management and improvement of the transition plan, and a strategy for 

the identification and definition of projects for implementation beyond the initial set. 

4.1.4. Iteration and refinement of option selection 

Due to the computational effort that would be required, it is unlikely to be feasible in one step 

to obtain a full set of results at the greatest level of spatial and temporal detail and exploring the 

full range of uncertainty with regards the options.  Instead, it is envisaged that temporal 

resolution, spatial resolution and option uncertainty will be traded off to a certain extent in each 

operation of the tool, to enable iterative refinement of the solution.  The diagram below 

describes the process the team or individual assigned with operating the tool would follow to 

identify options, and then specify projects, which will progress the local area transition in a 

manner consistent with the priorities and constraints set up front.  The selected options should 

also be resilient, such that they would continue to facilitate pathways consistent with the 

overarching objectives under a range of outcomes regarding uncertainties in the projects 

themselves (for example, the cost of preparing trenches for the installation of heat network 

piping), and external factors (for example, electricity prices). 
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Figure 4-4 Overview of the EnergyPathTM Networks Tool modelling steps as part of the refinement of options for a viable local energy system pathway 
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 High level option framing: after configuration of the tool, the first step would likely be 

operation in deterministic mode, under a number of scenarios.  The scenarios would be 

constructed so as to explore a range of internally consistent outcomes, regarding such 

factors as national electricity, gas and carbon prices, and potentially others such as 

technology capital costs.  Where the tool selects options in a number of scenarios, they 

are likely to be strong candidates to be carried forward for further investigation.  

Determination of how exactly to define an option will require judgement, given the 

scope for different modes of transition in different locations of an LA area, for variation 

over time, and for interdependence between options.  By considering only a relatively 

small number of scenarios which still consider a wide range of outcomes however, this 

problem should remain tractable. 

 Probabilistic tool operation: having identified options meriting further investigation, the 

next step will be to consider these more specifically under probabilistic operation of the 

tool, allowing fuller assessment of the uncertainty around the optimal outcomes of the 

deterministic runs, and the factors driving selection of the option. 

 Identify option as no regret: some options may represent sound decisions, in that they 

reduce CO2 emissions and / or achieve other objectives in a cost effective manner, under 

all reasonable circumstances.  In this case the option would be identified as no regret, 

and will be selected for future implementation.  Examples may include low cost high 

effectiveness insulation measures. 

 Identify option as low regret: some options may be optimal under a wide range of 

circumstances, that is to say they are selected in a large proportion of the simulations 

generated by the EnergyPathTM Networks Tool in probabilistic operation.  These options 

would be identified as low regret, and would represent strong candidate projects for 

implementation. 

− Resilience testing: the tool user would undertake analysis of the low regret 

options to determine their resilience.  Resilience can be characterised as the 

“propensity for an option to remain cost-effective when the tool input 

assumptions and constraints, in combination or alone, are set so as to produce 

circumstances that would tend to diminish the cost-effectiveness of the option 

being considered, or enhance the effectiveness of alternative options”.   

− This may be expressed as a tipping point, especially where an option is sensitive 

to an input parameter subject to considerable uncertainty.  The tipping points 

are identified through posing questions in the form, for example, of “what value 

must occupants of a particular building type attach to visual amenity in order 

that an air source heat pump is no longer the optimal source of heat provision?”  

Having identified this value it would be compared to expectations for the value 

of visual amenity to inform opinion of the option’s resilience.  If an option is 

determined to be resilient it would be selected for more detailed definition and 

future implementation.  If its resilience cannot be determined from the data 

available, it may be decided that gathering of further specific information may 

assist decision making (discussed in more detail below). 
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 Identify medium/high regret options: some options may appear to be optimal in a 

smaller range of circumstances.  That is to say that in a significant proportion of the 

simulations generated by the EnergyPathTM Networks Tool in probabilistic operation, the 

option is not selected.  Such options would probably be rejected for implementation in 

the near term, unless they are shown to be highly sensitive to costs which are known 

only to a low degree of certainty. 

− Assess the value of additional information: in the case that a medium/high 

regret option is sensitive to costs which are known only to a low degree of 

certainty, it may be decided that further specific data should be gathered to 

enable a more confident assessment.  This data would be included in the tool’s 

configuration and the process iterated.  A similar course may be taken if the 

resilience of a low regret option cannot be adequately determined without 

further data. 

 Initial acceptability check: an initial sense check at this stage would filter out options 

that, although identified as cost optimal by the tool, may in fact be considered 

untenable for other reasons, potentially revealing that important practical constraints 

have not been entered in the model’s initial configuration, such as the acceptability of. 

 Focus granularity: with promising options selected, it will be desirable to investigate 

them at a more granular level in the tool; that is to resolve their geographical and 

temporal properties to a greater detail by iterating the tool whilst focusing on particular 

periods of time or locations in order to enable more precise definition. 

 Option selection: having been investigated in detail, those options which are considered 

to be no regret, or optimal under a large range of possible outcomes, have been defined 

as projects and are selected for implementation.  They are fixed in subsequent iterations 

of the tool, which may alter the propensity of the tool to select other options, allowing 

them to be selected or rejected, and so on until all resilient low regret options have been 

identified.   

 Option prioritisation: the iterative process described above may imply a certain ordering 

or grouping of projects, where their ‘optimality’ is co-dependent on the implementation 

of others.  Having defined and selected projects to be carried forward, this step would 

consider how they should be assembled as a package.  For example, some projects may 

only be implemented once others have been.  Some projects may have greater 

uncertainty associated with them, or tend to lock an area in to a certain pathway.  It may 

be desirable to defer implementation of such projects in order to mitigate against the 

risk that as circumstances evolve they transpire to be high cost.  Careful consideration 

would also be given to the degree of direct control the LA has on the projects, that is 

whether they are undertaken directly by the LA, or for example are dependent on 

decisions of private householders. 

 Wider acceptability check: at this stage, more detailed checking will be necessary to 

ensure that, whilst the projects progressed to internal validation are optimal from a cost 

perspective, they are compatible with wider LA policy or objectives. 
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 Detailed network validation and refinement: a further check will be to ensure that the 

projects selected are viable given the planned state of local energy networks.  In 

addition, the costs of the potential network options for a given part of the local area 

could be further refined before incorporation within detailed project briefs.  This would 

occur using the NAM’s more detailed analytical capability, as described in section 8.7.  

Whilst this step would further enhance the robustness of the projects, it is not intended 

to be a substitute for the detailed planning and analytical work that individual DNOs 

would undertake as part of their direct planning and development activities. 

At this stage it is anticipated that a prioritised set of projects, and the high level features of a 

number of alternative pathways that include the identified near term projects and facilitate the 

long term transition, would be set and ready for internal validation.  

4.2. Key outputs and reporting 

As discussed in section 4.1.1, the tool is sufficiently flexible to accommodate different methods 

of use.  This section however illustrates some of the outputs and reporting modes that the tool 

could support by stepping through a process similar to that envisaged in section 4.1.4, and 

imagining the questions that might be asked and analysis that might be undertaken at each 

stage.  This is necessarily a simplified example, and in practice an LA area may require a much 

richer data set, making option selection and project definition more complicated. 

High level option framing 

The first step envisages deterministic operation of the model under a number of scenarios in 

order to acquire a high level understanding of the options that could comprise a transition 

pathway, and the areas and circumstances in which there may be competing pathways.  The key 

at this stage would be the ability to summarise data at a level of detail that provides for ready 

interpretation and communication of the main distinguishing features of viable pathways.  One 

way in which this may be provided is through a waterfall plot illustrating the contribution of 

different measures to overall emissions reduction over the pathway.  If a particular measure 

makes a large contribution in each scenario, it may be assumed that it is reasonably resilient to 

different outcomes and is worth investigating. 

In the example below, the user would observe from the waterfall plot that the building efficiency 

measure makes a strong contribution to the transition pathway in all of the scenarios 

considered, and therefore merits further investigation.  District heating networks are also 

selected for large scale deployment in most of the scenarios, but in some cases appear to be 

displaced to some extent by GSHPs.  This option also merits further investigation to understand 

better the circumstances under which it is preferred, and the circumstances under which GSHPs 

are the lower cost option.
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Figure 4-5 Example output: contribution to emissions reduction, 2014 to 2050, by measure 

This analysis could be focused on different zones, or aggregations of zones, within an LA area to 

identify how the pathway may vary geographically.  The development of these results over time 

may also be examined, as in Figure 4-6.  These show that deployment of building efficiency 

measures is made early in all scenarios, reinforcing this option as one of interest.  More efficient 

gas boilers appear to be a useful early option, although longer term their role is reduced.  In 

most scenarios, district heating tends to be deployed at a steady rate over the first decade of the 

modelled period, whereas GSHPs tend not deployed at scale until the late 2030s. 

Figure 4-6 Example output: deployment by measure over time 
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Probabilistic tool operation 

Having established that district heating networks and building efficiency appear to be strong 

options, and that GSHP is favoured under certain circumstances, a more detailed investigation of 

the uncertainty surrounding these options is appropriate.  This is done by introducing a 

distribution to the inputs and running the tool in probabilistic mode, where the distribution is 

randomly sampled from over multiple simulations.  This will allow the user to build a fuller 

picture of what factors the options are sensitive to, and how resilient they are to different future 

outcomes. 

Figure 4-7 Example output: CHP capital cost distribution, 2020 and 2050 

 

Option appraisal 

Probabilistic operation brings a richer set of data to the user, allowing him or her to undertake a 

better appraisal of the options by understanding the impact of uncertainty on the cost-optimal 

deployment of these solutions, whilst also meeting the requisite constraints and design 

standards.   
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The process in section 4.1.1 envisages categorising options as no regret, low regret, or 

medium/high regret, initially as part of a manual process of using the tool, though it may be 

possible to automate elements of this in the future.  Options which are chosen by the tool in all 

simulations will be cost-effective under all reasonable circumstances and provide a no regret 

route to decarbonisation.  That is to say that once implemented, no ‘reasonable’ future 

eventuality is likely where an alternative option would have delivered equivalent emissions 

reduction for lower cost.  Options frequently chosen by the tool will be cost-effective under a 

wide range of future eventualities, and would rarely be regretted.   

Probabilistic operation allows options to be identified in this way, starting the process of 

identifying a package of projects representing a course of action which is robust to changing 

circumstances.  An output which could assist this process is a scatter plot of the absolute 

reduction in emissions achieved by each measure versus BaU, against the per-unit cost of that 

reduction, over all simulations.  Examining where these points accumulate allows categorisation 

of measures in to those supporting large scale emissions reduction at low costs (likely to be low 

regret), those supporting limited emissions reduction at high cost (likely to be high regret), and 

those in between these poles. 

In the example, higher colour density indicates a greater concentration of simulation results in 

this space.  Insulation appears to be no or low regret.  It is consistently selected by the tool to 

provide a large contribution to emissions reduction, and does so at a comparatively low cost.  

Biomass fired district heating is also consistently chosen by the tool to provide a large 

contribution to emissions reduction, however it does so at a higher cost relative to insulation.  It 

may be low regret, and as such will require more detailed investigation.  GSHPs are selected by 

the tool to provide a relatively low contribution to emissions reductions in most simulations, but 

the cost of doing so is subject to significant uncertainty.  It may be a higher regret option, but 

could merit further investigation into costs. 

Figure 4-8 Example output: cost effectiveness versus scale for various measures, 2050 
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Further geographical analysis reveals that in simulations where GSHP deployment is selected, it 

is limited to a specific area within the LA, which is likely to have distinctive properties, for 

example, sufficient building outside space, low electricity network reinforcement costs, or the 

absence of potential anchor loads for heat networks.  Further investigation of this option would 

be concentrated in this area. 

Figure 4-9 Example output: geographical distribution of GSHP deployment 

 

Resilience testing 

Where an option is identified as low regret, the user may wish to test and identify more explicitly 

the circumstances under which it may cease to be the optimal choice, in order to inform decision 

makers on whether the risk of such a circumstance occurring is one they are prepared to accept.  

This could be accomplished in part through sensitivity testing, where one variable is flexed whilst 

others are held constant, in order to determine the prime drivers on the selection or otherwise 

of particular measures.  It may also involve closer examination of results distributions to examine 

where correlations between factors or patterns exist. 

Here, this approach identifies that capital costs is the chief driver of the level of deployment of 

district heat networks.  It could be extended to identify the cost of capital at which a particular 

heat network ceases to be cost effective.  LA decision makers may decide that they are confident 

that the cost of capital can be held below this level through access to government backed 

finance or guarantee schemes, and hence they are comfortable with accepting it. 
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Figure 4-10 Example output: change in the total number of households receiving a DHN connection 

 

More detailed examination of the distribution of results may also reveal further insights.  The 

scatter chart below represents a subsection of the data from Figure 4-8, and considers the area 

of the LA where there appears to be close competition for provision of heat between a district 

heat network based solution and a GSHP based solution.  It can be seen that the GSHP solution 

offers a slightly lower cost per dwelling on average, but provides less certainty on emissions 

reductions and exposes householders to more risk of very high price outcomes.  Further 

investigation may reveal that the most significant drivers are electricity prices and installation 

costs, and consumer behavior.  The former two factors are beyond the control of the LA.  The 

latter is also beyond the control of the LA and is subject to ongoing uncertainty that will continue 

through the life of the asset.  It may therefore be decided that GSHPs represent a higher regret 

option. 



  

ETI – SSH - EnergyPathTM Networks Tool – Functional Specification 43/231 

Baringa Partners LLP is a Limited Liability Partnership registered in England and Wales with registration number OC303471 and with registered offices at 3rd Floor, Dominican Court, 17 Hatfields, London SE1 8DJ UK. 

Figure 4-11 Example output: per dwelling cost versus CO2 savings 

 

Assess the value of additional information 

It may be that the data available to a user is limited initially in some aspects, particularly where it 

may be dependent on local conditions or where there has been little imperative to gather it prior 

to consideration of a transition plan.  The tool could be used to identify where more data would 

be valuable in identifying low regret options or rejecting higher regret options, by illustrating 

how results change when the uncertainty on a particular assumption is reduced or it is assumed 

to have a slightly higher or lower value. 

In the example, it has been determined that whilst GSHPs may provide a lower cost solution in a 

particular area, but it is subject to risks that the LA may be uncomfortable holding.  Before it is 

rejected the user may wish to confirm that this is a reliable result.  Sensitivity analysis showed 

electricity costs, behavioural factors and installation costs to be the main drivers.  Uncertainty 

around the former two cannot be reduced, but could be for the latter through local ground 

surveys, for example.  If it is assumed that this would reduce the uncertainty on installation costs 

by 30%, the tool could quantify the extent to which uncertainty on capital costs in this zone is 

reduced, focusing for example on LA owned properties.  This is illustrated in the figure below. 
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Figure 4-12 Example output: capex on GSHP in LA owned properties 

 

The result might also be calculated when reduced uncertainty and a slightly higher or lower 

mean value is assumed.  It might be found that a slight higher mean installation cost has very 

little effect on the deployment of GSHPs, but that a slightly lower mean has a positive impact, as 

illustrated in the figure below.  Under these circumstances it might be decided to commission a 

study in the area identified in Figure 4-9 to acquire a better data set on which to make the 

decision. 

Figure 4-13 Illustrative impact of study on input parameter uncertainty 

 



  

ETI – SSH - EnergyPathTM Networks Tool – Functional Specification 45/231 

Baringa Partners LLP is a Limited Liability Partnership registered in England and Wales with registration number OC303471 and with registered offices at 3rd Floor, Dominican Court, 17 Hatfields, London SE1 8DJ UK. 

Figure 4-14 Example output: deployment of GSHP pre- and post-study 

 

Initial acceptability check 

At this point, options that have been identified as warranting further investigation would be 

subject to an initial sense check to confirm that they are viable, that they obey known 

constraints, and are aligned to high level policy objectives. 

Focus granularity and option selection 

As low regret options are identified at a high level and proven to be resilient, an iterative process 

of “zooming in”, in spatial and temporal terms, allows the more exact determination of 

boundaries and timings of the projects over the pathway to 2050 that would realise these 

options.  These options would then be fixed in a further iteration of the model, which may in 

turn narrow the breadth of outcomes regarding other options, until the full extent of low regret 

options that can be identified with a given state of knowledge has been determined. 

In the example, as the specifications of an insulation programme are progressively fixed, the 

details of the district heating network is also resolved in more detail.  Whilst the extent of 

insulation was more uncertain, a CHP plant at location Y was selected by the tool for deployment 

in 2025.  As this uncertainty is reduced and the insulation programme fixed, the optimal 

deployment date for this CHP recedes to 2030. 
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Figure 4-15 Example output: heat demand density and CHP plant details 

 

Option prioritisation 

Once the projects are selected and defined, projects are prioritised and programmed to form 

part of the broader transition plan.  The projects that are lowest regret, or those that are 

prerequisite enablers to other projects (such as insulation or grid upgrades), are likely to be 

selected for implementation first.  Later deployment will be desirable for options that tend to 

lock in a pathway, or exclude options subsequently.  

LAs may also wish to implement first those projects over which they have direct control or at 

least strong influence, such as those within LA owned buildings, to secure early progress.  Other 

projects requiring implementation by private and independent decision makers are likely to 

involve a more complex strategy of long term engagement, influence and incentivisation, and be 

subject to significant uncertainty regarding timing.   

Projects where the CO2 emissions reduction effectiveness is subject to a significant degree of 

ongoing uncertainty, driven for example by consumer behavior, may need to be managed 

carefully over the duration of the transition plan to avoid over reliance on their effectiveness to 

deliver overall targets. 

Wider acceptability check 

At this stage a programme of projects, and high level options for subsequent pathways, has been 

identified.  The EnergyPathTM Networks Tool is focused on the building, network and other 

technology choices necessary for the development of a least-cost local energy system transition 

plan, subject to the impact of carbon pricing or carbon constraints.  Social factors may be 
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included to the extent that they can be parameterised as costs or constraints, but this may not 

always be feasible.  Therefore, at this stage it is appropriate to check performance of the 

pathways against wider targets.  In particular, this is likely to include the cost of energy 

provision.   

The majority of the tool’s outputs can be presented in a GIS format, and potentially combined 

with other existing GIS datasets.  For example the cost of household energy could be combined 

with a socioeconomic GIS dataset of income levels to understand the potential implications for 

fuel poverty.  The tool could also enable estimates of other factors, such as noise, job creation or 

air pollution, by relating back to proxy drivers in the pathways.  High level summary of the most 

important parameters may also be useful to assist communication. 

In the example, a particular zone within the LA with a high level of social deprivation has been 

selected.  The annual cost of energy provision for all dwellings and single occupancy flats has 

been plotted in 2025, under BaU circumstances and after implementation of the initial 

programme of projects.  Costs are reduced in both cases. 

Figure 4-16 Example output: annual cost of energy provision, by dwelling type 

Average all dwellings 

 

Flat – single occupancy 

 

Summaries of headline figures have also been prepared for internal communication purposes, 

such as that below, illustrating cumulative and annualised cost under BaU and one of the high 

potential pathways. 
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Figure 4-17 Example output: total cost of energy provision, annualised and cumulative 

 

Analysis has also been undertaken of the locations of the investment to be undertaken in a high 

potential pathway, as an indicator of the proportion of the pathway decisions lying in the 

jurisdiction of different types of actor.  This will be an important consideration in developing the 

final transition plan.  Figure 4-18 illustrates that a relatively small part of the pathway would be 

directly enacted by the LA, limited to that occurring within LA owned housing stock and 

municipal buildings and facilities.  A somewhat larger portion would be concentrated within the 

remit of a small number of network operators and large scale investors, with whom the LA may 

have an established relationship and a degree of influence.  A large portion, approximately 60%, 

would however be disaggregated across the domain of numerous private individuals, businesses 

and other organisations free to make independent decisions.  The effectiveness in reducing CO2 

emissions of investments in these locations once made is also likely to be dependent to a large 

degree on uncertain consumer behavior. The LA may well identify this as a point of risk in a 

transition pathway based on such a pathway, but consider it unavoidable given the nature of the 

local area.  It may therefore embark on a process of engagement locally, and potentially with 

national government to ensure it is equipped with the necessary powers to incentivise decision 

making in the required manner. 
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Figure 4-18 Example output: investment by actor type 

 

Project details 

At the end of the consultation phase, when projects are approved for implementation, the tool 

will be used to generate technical specifications for projects and data that will enable financial 

modelling.  This will include figures for such factors as the quantum and timing of capex and 

fixed opex, generation or energy savings (as appropriate) and their value based on a shadow 

price and output calculated for each time slice and period.    

The example below sets out summary financial details for the initial CHP plant linked to the 

district heat network (plant X in Figure 4-15) and identified for commissioning in 2020. 

Table 4-1 Example output: CHP plant X summary financials 

 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 

Capacity operational  

(MWe) 
   80 80 80 80 80 80 80 80 80 

Capex 

(£ mn) 
5.0 35.0 25.0 15.0        15.0 

Generation electrical 

(GWe) 
   341 340 339 362 370 359 358 383 391 

Generation thermal 

(GWth) 
   316 322 312 318 325 301 322 345 351 

Electricity price 

(£/MWh) 
   41.00 42.00 43.00 41.00 41.00 43.00 44.00 42.00 42.00 

Heat price 

(£/MWh) 
   19.00 19.00 20.00 20.00 20.00 22.00 21.00 20.00 20.00 

Electricity revenues 

(£ mn) 
   14.0 14.3 14.6 14.9 15.2 15.5 15.8 16.1 16.4 
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 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 

Heat revenues 

(£ mn) 
   6.0 6.1 6.2 6.4 6.5 6.6 6.8 6.9 7.0 

Opex 

(£mn) 
   12.0 12.2 12.5 12.7 13.0 13.2 13.5 13.8 14.1 

 

Figure 4-19 provides illustrative financials for this plant over its assumed 25 year life, including 

periodic refurbishment capex, and the cumulative discounted free cash flow to the firm.  At a 

10% discount rate (pre-tax real), indicative of private sector return requirements for such a 

project, it is apparent that the NPV for the project is below zero.  This may indicate that the 

project may need to be undertaken within the public sector, or more likely indicate the level of 

subsidy required for the project to be financed using private capital. 

Figure 4-19 Example output: CHP plant financial summary 

 

Figure 4-20 illustrates summary financial data over an assumed 25 year life time for Solid Wall 

Insulation, which is selected for installation later in the 2020s in a relatively remote area of the 

LA dominated by detached and privately owned properties.  An 8% discount rate has been used 

for consumers in this case.  At this rate, the measure provides a small positive NPV for the 

householder.  However the extent to which this calculation holds true is likely to be highly 

dependent on the behavior, lifestyle and circumstances of that household.  Such factors can only 

be approximated by the tool based on larger populations, and are subject to great uncertainty 

and variation over time.   

Furthermore personal discount rates are also highly uncertain, and so the extent to which 

individual households make an investment decision in the case of a given financial projection is 

also subject to uncertainty.  Therefore LAs are likely to approach such “projects” with caution, 

seeking carefully to understand the interaction of consumer behavior and incentive schemes 

(such as grants or Feed in Tariffs for heat under the Renewable Heat Incentive, RHI) with take up 

of particular measures.  To some extent this can be captured in the configuration of the 
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EnergyPathTM Networks Tool, for example by representing availability of the RHI for a technology 

as a reduced cost.  Detailed representation of consumer investment decision making is not 

however component to the tool’s cost optimisation approach, and some “post processing” of 

results may be necessary for an LA to determine a level of private take up of a given measure on 

which it is content to rely for its transition plan. 

Figure 4-20 Example output: SWI summary financials 

 

 

Accommodating changes arising from consultation or validation exercises 

In the process of consultation, it is probable that new constraints or objectives may be identified 

which will affect the optimisation calculation, and lead to changes in the pathways determined.  

Some examples, and how these might be accommodated and impact on the tool’s outputs are 

briefly discussed here. 

 Work by the LA’s environmental protection unit has identified a protected species on a 

piece of land selected for development of a CHP plant in a draft transition plan, and has 

begun a process to protect it from development. 

− In the configuration of the tool, the zone containing the proposed plant is now 

identified as being unavailable, constraining it from being selected for 

development.  When the tool is re-optimised with this constraint, it is found 

that district heating remains the favoured solution, but now two smaller CHP 

plant are selected for development in alternative locations.  There is a relatively 

small increase in costs associated with reduced efficiency of the overall 

pathway. 

 Internal consultation within the LA reveals that the updated economic development 

master plan proposes a new office park on the outskirts of a settlement. 
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− Accommodating demand from the new office park will require reinforcement of 

the electricity network at the 33 kV level from 2018, when the development is 

assumed to be completed.  This is included in the known network 

developments, and the tool is re-optimised on this basis.  The upgrade provides 

headroom for a group of dwellings which had previously remained on gas based 

heating until 2045 to implement electric heating solutions from 2025, enabling 

decommissioning of the gas network in this area to be brought forward. 

 Consultation with the local water utility reveals that they are planning investment in an 

anaerobic digestion facility at a sewage treatment plant. 

− When this new heat source is included in the known development of local 

infrastructure, district heating becomes the optimal solution for heating 

provision in nearby housing, and investment in electricity network 

reinforcement is postponed.  

 The LA has decided that it can no longer afford to subsidise operation of a swimming 

pool, which will be forced to close. 

− When this anchor load is removed from the tool, a district heat network in this 

area is no longer the lowest cost solution.  The tool tends to select a more 

complex range of measures in the area, including selected investment in more 

marginal forms of insulation (such as SWI), earlier electricity grid reinforcement 

and transition to electric heating, and some use of biomass boilers.  The tool 

user undertakes more detailed analysis of these options to confirm their 

resilience and to resolve project details to a higher level. 

4.3. Practical illustration of key modes of use 

This section is designed to illustrate how the user of the tool would practically address particular 

issues that may arise, or pertinent questions that may be posed by decision makers, as part of 

the process of using the tool to assist in design a local energy transition plan.  Such issues 

include: 

 How engagement with the community and technical engineering expertise may impact 

and be integrated within the business and transition plan design process 

 How the tool can inform the degree of headroom included in designs, so as to build 

infrastructure which is resilient to different outcomes 

 How the existing plans of LA or network owners can be accounted for 

 How the tool can assist consideration of energy system choices over which an LA can 

exercise a degree of influence or control versus those it has more limited control over 

(e.g. consumer uptake behaviour in owner occupied or rented properties) 

 How the tool can assist consideration of investment decisions made in centralised 

monopoly service providers (such as DNOs) versus those by individual private 

households exposed to free market competition; and 
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