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ABSTRACT

Given the ambitious policy target to become net zero carbon by 2050, what role can local
authorities play in the decarbonisation of housing? An examination is presented of six local
authority energy service models relevant to housing retrofit in Britain. Local authorities
have an important role, with local knowledge about housing stock and economic
opportunities; they also have relevant planning and governance responsibilities. However,
relatively little is known about either the different energy service models adopted for
retrofit or their relative effectiveness. Models identified from empirical case study research
constitute experimental innovations resulting from constrained finances and competition
requirements in public services. They provided (1) energy-efficiency upgrades to public,
residential and commercial buildings and/or (2) district heating infrastructure to secure
‘upstream’ resource efficiencies. Findings show that local initiatives provided different
retrofit mixes, with differing potential for effective change. The limitations of current
models are considered, along with the policy and market changes needed to empower
local authorities to contribute systematically to net zero carbon buildings.

POLICY RELEVANCE

How can British local authorities organise energy-efficiency retrofit in buildings? Six
energy service models are identified which deliver on-site energy-efficiency upgrades
and/or area-based efficient heating infrastructure. Reductions to energy demand from
these models tend to fall short of the radical changes required by UK net zero 2050 goals.
Whilst the energy service models provide examples of local innovation and effectiveness,
much more ambitious policy is essential to enable a step change in energy service models
for retrofit. Policy and regulatory changes are needed: first, to reform the energy retail
market to support energy services geared to reducing demand; and second, to empower
local authorities and their partners to scale up whole-area retrofitting, including privately
owned buildings.
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1. INTRODUCTION

The aim of this paper is (1) to understand what types of local authority energy service models
have emerged in Britain® to improve energy efficiency in buildings and (2) to examine the extent to
which these models have the potential to scale up and speed up decarbonisation to achieve net
zero carbon targets (2050 for the UK; 2045 for Scotland).

Energy used in buildings currently accounts for a third of UK territorial CO, emissions (BEIS 2020),
and energy performance of the UK housing stock is poor (Piddington et al. 2020). The integrated
technical-economic, social and environmental benefits of investing in energy efficiency are well
established (Eyre &Killip 2019), but global and UK investment trends in energy efficiency are moving
in the wrong direction (Eurostat 2020; IEA 2019). In 2011, for example, the UK Conservative-
Liberal Democrat coalition withdrew all public funding for domestic energy efficiency in England
(Webb 2018), and progress stalled (UK Parliament Environmental Audit Committee 2020).

There is significant debate about how to achieve a step change in the pace and scale of energy
retrofit of buildings, including recognition that a key challenge is the local variation in building
types, tenures, energy needs and existing energy infrastructures (Brown et al. 2018). A common
prescription is for locally led strategies, which can also increase political legitimacy and citizen
engagement, further increasing potential energy saving (Brown 2018; Hiteva & Sovacool 2017;
Pohlmann & Colell 2020). Recent policy in England, Scotland and Wales has acknowledged
the role of local authorities and local energy services. The UK government’s The Clean Growth
Strategy (2017), The Ten Point Plan (2020) and short-lived Green Homes Grant scheme recognise
the benefits of local planning for retrofit. Welsh government focus is on public funding for low-
income households under the Arbed programme.? In Scotland, the Energy Efficient Scotland
programme places responsibility on local authorities for area-based planning and coordination
(Scottish Government 2018), with continuity in public funding for area-based programmes to
benefit low-income households (Wade et al. 2020). Many British local authorities have experience
of retrofitting social housing and their own corporate estate. They are also responsible for spatial
planning and building standards. In principle, this experience and detailed knowledge provides
foundations for more ambitious programmes (Tingey & Webb 2020). Progress in Britain to date
continues to be derived largely from locally coordinated social housing improvement, governed
by housing standards (UK CCC 2019), but with limited support for privately owned homes (Kerr &
Winskel 2020).

There is also limited research comparing existing local energy service models and lessons for
achieving significant reductions in energy use in buildings. This paper seeks to address this gap
and is structured as follows. Section 2 outlines local authority-led retrofitting models identified by
research literature, focusing on ‘energy service companies’. Section 3 outlines the methods and
data sources. Section 4 presents the six types of local operational energy retrofit models identified.
Section 5 discusses the suitability of these different models for retrofitting (residential) buildings to
accelerate decarbonisation.

2. ENERGY SERVICE MODELS FOR LOCAL AUTHORITY-LED
RETROFITTING

In this paper the term ‘retrofitting’ is used to include improvements both to the building fabric
and to resource efficiency from district energy services. Achieving comprehensive retrofit at local
authority scale will require innovation in business models to advance from the historical pattern
of piecemeal upgrades, which are not always fit for purpose, to neighbourhood action within a
planned and prioritised timetable (Wade et al. 2020). The term ‘business model’ is used in widely
varying ways, but in their conceptual review DaSilva & Trkman (2014: 283) give a useful and
concise definition on which the present paper relies. They conclude that:

business models represent a specific combination of resources which through
transactions generate value for both customers and the organization.
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In these terms, local authority-led business model innovation for retrofit means combining
resources in different ways to create new value streams from efficient resource use. This could
include local energy systems’ development, as well as building fabric upgrades (Bolton & Hannon
2016). In addition, local authorities may aim to incorporate value streams associated with social
welfare, local jobs and social justice (Hiteva & Sovacool 2017). This still leaves unanswered the
question of whether certain local authority-led energy service models might prove more suited
than others to accelerating building stock retrofit programmes. Brown (2018) provides a starting
point for such an appraisal, arguing that scaling up residential retrofit requires business models
that can integrate multiple sources of value: first, from comfort, health, aesthetics and guaranteed
savings; second, from supply chains focused on an integrated whole-house approach; third, from
providing a single point of contact for customers; and lastly, from integrated low-cost financing.
Empirical research on the business models in use in local authority-led housing retrofit is however
limited, and there is little evidence about the extent to which any current models incorporate
some or all of these sources of value.

The impacts of competition requirements and financial austerity on public services have by default
resulted in innovation in local authority-led retrofitting models, including variations in outsourcing
and partnership working (Murray 2011). This has created a type of experimental innovation
that can be used to examine questions about the relative effectiveness of different service
models. Experiments encompass municipal ‘arm’s length’ management organisations (ALMOs),
commissioning and outsourcing to commercial and third sector contractors, and in-house models,
sometimes with ring-fenced funding and ‘spend to save’ revolving funds (Webb et al. 2017). In
each model the local authority has differential control over the retrofit enterprise, with most
direct influence when there is at least a component of municipal ownership (Berry & King 2019;
Hannon & Bolton 2015). Contractors and ALMOs are commonly characterised as energy service
companies (ESCos) (Kindstrém & Ottosson 2016; Patdri & Sinkkonen 2014). Unlike energy suppliers
who are incentivised to sell units of gas and electricity, ESCos derive revenues from the delivery
of end-use energy services. In principle this orients ESCo business models to energy-efficiency
investments. ESCo numbers have been increasing across Europe, with UK growth attributed to
public sector clients (Bertoldi & Boza-Kiss 2017; Marino et al. 2011) primarily improving public
buildings (Nolden & Sorrell 2016). Whether the latter ESCo models can incorporate and scale up
residential retrofitting is open to question.

2.1 ESCOS: BUILDING PERFORMANCE OR ENERGY SUPPLY FOCUS

A critical dimension of ESCos for this paper is their differential prioritisation of retrofit activities,
which may result in varying energy-saving potential. A distinction is usually made between energy
supply and energy performance ESCos, which approach energy-efficiency services in different
ways (Sorrell 2007).

Performance ESCos sell an agreed level of final energy (or cost) saving service and focus on
improvements to individual buildings and internal systems, prioritising heating equipment,
upgrading to more efficient fittings such as light-emitting diode (LED) lighting and digital control
systems, insulation and sometimes on-site renewable electricity generation. Local authorities
increasingly use ‘energy performance contracts’ (EPC) to engage ESCos to undertake upgrades
to public buildings and street lighting (Polzin et al. 2016a, 2016b). However, these contracts have
not routinely led to innovative solutions such as deep retrofit of public buildings (Nolden & Sorrell
2016). The UK trial of the Netherlands Energiesprong initiative (Brown 2018) is one of the few
examples documented in the literature of a performance ESCo model for achieving net zero energy
consumption in (social) housing; its potential role in retrofitting at scale is discussed in Section 4.

In contrast, supply ESCos sell units of energy, with efficiency services variously derived from
the provision of shared boilers, combined heat and power (CHP), thermal storage, ‘waste’ heat
recovery and district heating networks (Riahi 2015). These technologies aim to improve conversion
efficiency from a primary fuel source, providing decentralised energy to multiple nearby
dwellings or buildings. Studies of UK district energy identify a number of public, private and third
sector/community-led ESCo models (Hannon & Bolton 2015) with potential suitability for local
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authority-led retrofit. Hawkey et al. (2013) provided three UK case studies: a municipally owned
ESCo serving public, private and residential customers; a private sector-led ESCo primarily serving
public sector customers (local authority, university, hospital), and limited social housing; and an
independent not-for-profit district heating ESCo serving council-owned social housing, and public
buildings. Although publicly owned buildings formed the key anchor loads in each case, building
fabric upgrades and network expansion (incorporating different building owners/occupiers) varied
in line with ESCo business priorities.

2.2 HYBRID ENERGY SERVICE BUSINESS PRACTICES

The different focus of performance and supply ESCos implies that supply ESCos are less oriented
to energy saving. In practice, however, the performance/supply distinction often breaks down:
‘diversification is the norm and [energy service] companies are increasingly combining these
approaches’ (Nolden & Sorrell 2016: 1412). For public buildings, this has included combining on-site
renewable energy technologies and energy management systems into a single contract, including
solar photovoltaic (PV), biomass boilers/CHP and lighting (Nolden & Sorrell 2015). Sometimes
termed ‘integrated energy contracting’, this is described as a ‘simpler, less expensive model,
whereby demand side and supply side measures are combined’ (Bertoldi & Boza-Kiss 2017: 349).

For housing retrofit, evidence similarly illustrates the lack of a clear-cut distinction between supply
and performance ESCos. For example, retrofitting of privately owned apartments in Latvia used an
ESCo model blending upgrades to the building fabric, heating and hot water, and control systems
(Hiteva & Sovacool 2017); retrofitting of social housing apartment blocks in Glasgow, Scotland,
combined fabric upgrades with heat network infrastructure using commercial and housing
association funding in a complex contract (Webb et al. 2016). Blending of demand and supply-
side energy services is thus common, with potential for a ‘whole systems’ efficiency model at a
local scale.

2.3 LIMITATIONS OF THE ESCO CONCEPT

These empirical studies illustrate that ESCos typically do not adhere to clear-cut distinctions
between supply-side and building performance efficiencies. ESCo practice is hence more nuanced
than suggested in theory, with a variety of ownership structures, contract models, supply chain
relationships and target buildings, leading to diverse forms of retrofitting. The ESCo model is,
therefore, associated in practice with the blurring of boundaries between supply- and demand-
side efficiency measures. The generic concept alone may not distinguish effectively between
diverse local practices, in principle describing any business providing some form of energy service
(cf. Roelich et al. 2018).

This suggests that the ESCo concept can be extended by using more refined descriptors to
differentiate between practice-based energy service models for, in the context of this special issue,
retrofitting residential buildings. The potential to accelerate retrofitting through different types of
local ESCos is at present unclear, with further empirical research needed. This paper contributes
to such research through empirical case studies of local initiatives. These are used to devise
a new typology of local authority-led ESCo models and to consider the associated retrofitting
opportunities. The analysis uses the terms ‘energy service model’ to distinguish between six
models identified and ‘business structure’ to describe the approach to retrofit for each energy
service model. The discussion is centred on the suitability of each model for scaling up retrofit of
residential buildings.

3. METHODS

The typology is derived from 31 case studies of British local authority-led energy-efficiency
initiatives. A total of 28 case studies are from a pre-existing database of 40 case studies; each
comprises in-depth semi-structured interviews with local officers, business case documents
and descriptive statistics from an online questionnaire (Webb et al. 2017). All interviews were
audio-recorded and transcribed. The remaining three cases are from the academic and grey
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literature and rely on documentary analysis. Data were originally collected between December
2015 and June 2016, and updated during 2019-20 by searching council websites for new or
revised business case and project documents. There were no consistent data on intended and
actual energy performance for all cases; anticipated energy savings were usually based on
UK Standard Assessment Procedure (SAP) models for dwellings.> Confidentiality agreements
associated with the interviews and online survey mean that these data are unavailable for
secondary analysis.*

The original database of 40 case studies (Webb et al. 2017) was constructed to examine in depth
a range of UK local authority energy initiatives developed by authorities active in energy and
carbon management. The sample of 40 cases was derived from research mapping of 458 local
authority energy projects. It was designed to represent different scales of authorities (single tier,
district, unitary and county) across England, Scotland, Wales and Northern Ireland, focusing on
those with a published energy and carbon plan and at least one energy project. The selection
criteria are fully explained in Webb et al. (2017). Some of the 40 cases were not directly concerned
with energy-efficiency retrofit. Hence, the subset of 28 cases used in this paper are those that
represent forms of (1) building and heating upgrades, including lighting and energy management
systems; and (2) district energy development utilising ‘waste’ heat, gas CHP, district heating and
thermal storage. As noted above, an additional three cases were derived from the academic and
grey literature and were used to extend the case studies to further types of efficiency initiatives,
notably energy performance contracting in social housing.

This enables a wide range of retrofit activities to be represented in a typology derived principally
from original empirical research. It is, however, unsuited to tracing the impact of local advice
services on retrofit, which is therefore outside the scope of analysis. Supplementary file 1 in
the supplemental data online details the case studies. While the sample cannot be claimed
to be representative of all local retrofit models, they are nevertheless a significant foundation
for analysis.

Six energy service models were derived from the 31 case studies (Table 1), providing a broader
analysis of local authority energy retrofit models than a focus on single types of ESCo. The approach
also has parallels with categorisations of local energy businesses distinguishing between public,
private and third sector models (e.g. Hannon & Bolton 2015), degree of local authority control (e.g.
Berry & King 2019), and governance models for municipal retrofitting (e.g. Polzin et al. 2016q).
The resulting typology is presented in section 4, using brief examples of cases to illustrative each
energy service model.

4. AN EMPIRICAL TYPOLOGY OF LOCAL ENERGY SERVICE MODELS

Energy retrofit service models adopted by local authorities ranged from investing in municipal
in-house resources to creating independent local enterprises and long-term contracting with
commercial utilities. Table 1 describes each model and identifies: sectoral control, business
structure, ownership, types of retrofitting initiatives prioritised, and degree of local authority
control over retrofit.

4.1 MUNICIPAL IN-HOUSE

Under the municipal in-house energy service model (10 cases), retrofits were directly managed
by the local authority, which procured local and non-local installers, including operation and
maintenance contractors, for projects. The model was used for a wide range of retrofits,
including corporate building upgrades and social housing, and establishing new, efficient heat
supply to serve residential, commercial and/or public sector buildings. Funding and financing
models were similarly varied, including ring-fenced grant funding from government and
the European Union (EU), blended finance from housing revenues, ‘spend to save’ loan and
revolving funds.
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Table 1: Six identified energy service models for locally managed energy retrofit.

Notes: @On-site building upgrades: including insulation, glazing, efficient lighting, on-site heating and energy management systems. Efficient
infrastructure: including utilising sources of ‘waste’ heat, combined heat and power (CHP), district heating and thermal storage.

EPC = Energy Performance Certificate; JV = joint venture; LA = local authority; SPV = special purpose vehicle.

ENERGY SERVICE = SECTORAL BUSINESS OWNERSHIP UNDER THE RETROFITTING DEGREE OF LA CONTROL  CASES
MODEL OWNERSHIP  STRUCTURE BUSINESS STRUCTURE ACTIVITY® IN RETROFITTING
Municipal In-house  Public Energy retrofit In-house owned on Building High: the LA decides the 10
Model directly provided by council balance sheet upgrades; efficient approach to local retrofit
the LA infrastructure
Energy Private Corporate estate: EPC: LA owned buildings; Building upgrades Low-medium: the LA can 5
Performance the LA procures the the EPC governs propose target buildings
Contractor Model company to retrofit the energy-saving and preferred measures,
corporate buildings requirements but the contractor
under a guaranteed typically selects the
EPC types of installed
measures, with preferred
technologies matching
expertise
Social housing: Energiesprong: social Building upgrades Low: Energiesprong: 1
whole-house deep landlord property owner; Netherlands model of off-
retrofit model long-term performance site construction methods
with a long-term contract replaces kWh with a predetermined
performance energy bills focus on fabric-first
payment structure whole-house measures
Municipal District Public LA-owned local LA-owned independent Efficient High: as company owner, 5
Energy Company business for district company structure; some infrastructure the LA can decide on
Model energy development  assets may be retained on network development
the LA’s balance sheet
Local Third Sector Third Independent local Multiple community Mostly building Low-medium: third sector 5
Business Model organisations and social enterprise upgrades; organisations primarily
delivering energy- ownership structures; some efficient decide the approach and
efficiency projects asset ownership mixed infrastructure priorities for local retrofit,
and services between building owners with some LA input
and third sector business
depending on the project
District Energy LA procures a private  Off-balance sheet; Efficient
Concession sector company infrastructure paid for infrastructure
Contract Model through along-term  through the concession
concession contract  contract
to finance, build,
own and operate
district energy
Private Variation: Low: the LA has scope 2
commercial-SPV: regarding buildings
established as a connected in the initial
company wholly phases, but little control
owned by the private over expansion for area-
sector concession based low-carbon heat
holder provision
Public-private  Variation: Low-medium: under a 1
commercial JV: the commercial JV, the LA
LA has a partial aims to have ongoing
ownership stake in input through an
the local business; it ownership stake
contributes finance
with ongoing control
Municipal Energy Public LA-owned licenced LA-owned independent Building upgrades Medium-high: as a 2

Utility Model

gas and electricity
supply retail
company

company structure;
energy-efficiency
measures funded by the
utility

shareholder the LA can
encourage work with
local organisations to
fund local retrofit and
ameliorate fuel poverty




Beyond the corporate estate, in-house models suited council priorities for affordable heat and warm
homes. Notably, in social housing this model demonstrated potential for neighbourhood whole-
building retrofit, aided by local authority ownership and associated responsibility for properties.
In Dundee Council, a £15 million retrofit initiative replaced ageing electric storage heating with
combined heat network and external insulation for around 1100 council-owned social housing
properties (primarily multistorey blocks). The council assessed this combined retrofit approach
as providing more efficient energy services for these homes compared with simply renewing the
electric storage heating.

The model also has potential to encompass whole-area integration of energy-efficient
infrastructure, incorporating multiple building types/tenures and improving overall system
efficiencies. In Islington, the Bunhill energy network uses conventional gas-fired CHP alongside
thermal storage, and now also a heat pump to recover heat from London Underground. Developed
in two phases since 2012 (Islington Council 2020), the network serves 1350 homes, two leisure
centres, two office blocks and a school. There is further potential to connect existing homes and
new-build housing, and mixed-use development in future phases.

4.2 ENERGY PERFORMANCE CONTRACTORS

Under an EPC, the contractor is obliged to deliver a preset level of either energy (kWh) or financial
(£) savings (depending on contract structure) from retrofitting. This ‘guaranteed’ contract allocates
the main financial risk to the contractor, who in turn retrofits an agreed set of buildings. This energy
service model involved local, national and international contractors. Whilst the municipal in-house
model targeted a range of buildings and retrofitting activities, energy performance contractors
addressed only one type of public, commercial or residential buildings in a single contract. They
also focused on building upgrades and on-site services, rather than combining these with area-
based efficient infrastructure. Consequently, there was no integration of ‘waste’ heat sources in
this model.

In most cases (five) the local authority procured an external specialist to retrofit public buildings;
only one case targeted social housing through a performance model. In public buildings, the
highest energy users had relatively conservative building upgrades securing typically around
15-20% reduction, sometimes also including on-site heat and electricity generation. Conversely in
social housing, a UK Energiesprong trial focused on major reductions to energy demand through
a performance-based approach, treating the building as a system and including consideration of
aesthetics and comfort (Brown 2018). In this whole-house deep retrofit, the building envelope is
prioritised. Unlike performance contracts retrofitting public buildings, homes were highly insulated,
providing around 80% reduction in energy demand. On-site renewables meet the residual demand,
with batteries to provide grid flexibility in some homes (Friedler & Kumar 2019).

A total of 155 Nottingham City Homes properties were being retrofitted (2017-20), alongside
five Moat Housing Association homes in Maldon (Energiesprong UK 2019a, 2019b). Additionally,
blocks of flats in Nottingham were retrofitted as part of an EU-funded demonstrator project
‘Mustbe0’ (a total of 415 flats in the UK, Germany, France and the Netherlands). This is showcasing
the Energiesprong model adapted to apartment blocks (Interreg North-West Europe 2020).
Energiesprong had high unit costs of around £75,000 per property for the Nottingham City Homes
pilot, and was supported by EU European Regional Development Fund (ERDF), Horizon 2020 and
Interreg grants. A long-term performance-based payment plan recoups capital expenditure and
installation costs; residents pay for energy services, rather than a bill based on kWh usage. This
was estimated at £600 per year in the Nottingham pilot. The model is targeted at social landlords
with large housing stock and is intended to use scale and bulk ordering through offsite mass
manufacture of materials to reduce unit costs to a target £35,000 based on 5000 retrofits per
year (Friedler & Kumar 2019: 15).

4.3 MUNICIPAL DISTRICT ENERGY COMPANIES

Municipal district energy companies (five cases) were owned by a local authority, but had a
separate legal structure, financial management and accounting. There was no single blueprint
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for company structure. Depending on local authority priorities, companies included holding and
operating structures, or used other subsidiaries to create boundaries between aspects of the
business. The local authority could also decide to retain ownership of certain assets (e.g. energy
centre and network assets) ‘in-house’ and use the company primarily for customer operations.

With a core focus on district energy infrastructure, this energy service model appeared more
restricted in retrofit activities compared with the previous two models. There was less attention
on upgrading the thermal fabric of buildings. Instead, the focus was on supplying energy-efficient
heat and sometimes power to clusters of buildings. Key heat network anchor loads were existing
public buildings, housing and new-build developments on regeneration sites.

In Sutton (Sutton Decentralised Energy Network) and Enfield (Energetik), new-build privately
owned and social housing, and mixed-use developments were the first buildings connecting.
Consequently, they were expected to have higher energy performance standards. The goal in
both cases was to decarbonise the heat for already more efficient buildings, including using heat
from energy from waste plants under construction (Beddington Lane for Sutton; Edmonton Park
for Enfield). Subsequently networks would be extended to serve larger areas of the borough,
connecting existing buildings.

Whilst Enfield and Sutton prioritised new build developments in first phases, Bridgend Council
plans to focus on connecting existing buildings to district heating. In Caerau, a mine water heat
network with a heat pump (approximately £10 million) is intended to serve up to 800 residential
buildings (300-400 planned for phase 1), community buildings and a school (Bridgend County
Borough Council 2020). Analysis by the Energy Technologies Institute (ETI) (2018: 50-51) identified
district heating as the preferable retrofit technology compared with individual heat pumps, due to
the age (pre-1914) and density of properties. In Bridgend itself, around 10,000 potential homes
have been identified as suitable to connect to district heating as the most cost-effective route to
decarbonisation (Energy Systems Catapult (ESC) 2019). Residential energy-efficiency programmes,
however, have largely focused on other areas of the borough (ESC 2019: 44), suggesting little
synergy with the municipal district energy company model to date.

4.4 LOCAL THIRD SECTOR BUSINESSES

Local third sector energy service businesses (five cases) had multiple forms of enterprise ownership,
including community interest companies, industrial and provident societies, community benefit
societies, and companies limited by guarantee. All had a close relationship with the local authority.
In this model, organisations were either the outcome of cross-sector partnerships between the
local authority and existing community groups, or responded to council priorities to establish
independent third sector energy services organisations.

In contrast to the municipal district energy company model, local third sector businesses provided
more diverse retrofit. This spanned both small and larger scale building fabric upgrades, new
heating infrastructure, and local retrofit supply chains. Two businesses were established as
energy services organisations (Aberdeen Heat and Power (AHP), YES Energy Solutions (YES)) but
delivered different services; three (Low Carbon Hub, Plymouth Energy Community, Bath and West
Community Energy) were cooperative enterprises focused primarily on solar PV and securing long-
term income. These also incorporated some fabric efficiency retrofit. Illustrating the flexibility
of this model, of the latter group of energy cooperatives, Plymouth Energy Community, a social
enterprise established by Plymouth City Council in 2013, is in the early stages of developing a
subsidiary to focus on community-led zero carbon housing.

Demonstrating an alternative trajectory to the cooperatives in this energy service model, YES
began as a municipal in-house service in Kirklees Council, which created Yorkshire Energy Services
in 2000. In 2009, the business became a community interest company (CIC) focused on energy-
efficiency upgrades to social housing. Based in the North of England, it now has a national network
of local installers. YES business operations have evolved over time, now providing both domestic
and business energy efficiency, and working with energy suppliers using the Energy Company
Obligation (ECO) to retrofit housing energy-efficiency measures (YES Energy Solutions 2019).
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AHP, established in 2002, exemplifies further adaptability for retrofitting within the third sector
model. It is a company limited by guarantee, insulating social housing tower blocks, removing
inefficient electric storage heating and providing low-carbon district heating. Like YES and
Plymouth Energy Community, it has a close association with the council: the 1999 Affordable
Warmth Strategy aimed to ameliorate fuel poverty among council tenants, and was a key factor
in the decision to create AHP as an independent, not-for-profit organisation (Webb 2015). The
company works mainly under city council contracts for area-based improvements to social
housing and development of district energy networks (AHP 2020a, 2020b).

AHP demonstrates the potential for the third sector energy service model to support whole-
area integration of energy-efficient infrastructure with ‘waste’ heat sources (as exemplified by
the in-house and municipal district energy company models). It intends to take heat from a
planned energy from waste plant (Aberdeen City Council 2020) to serve residents in Torry and city
centre buildings.

4.5 DISTRICT ENERGY CONCESSION CONTRACTS

Concession contracts (commercial special purpose vehicle (SPV) and commercial joint venture (JV))
(three cases) represent an energy service model based on a long-term contract (up to 40 years)
between the local authority, sometimes with other public sector organisations, and a commercial
energy utility. In these cases, the contractor was the UK arm of an international energy business.
Concession contracts were established when local political appetite for public investment in district
energy was limited (Hawkey et al. 2013). The model resulted in the creation of a commercial SPV
(Birmingham and Leicester), or a commercial JV (Newcastle) to finance, own and operate district
energy networks serving specified buildings.

Commercial SPVs were established as local companies wholly owned by the private sector
concession holder. In the commercial JV, the local authority had an ownership stake, contributed
some finance and hence had more ongoing control. In both variants, long-term supply contracts
guarantee recovery of capital investment.

Both commercial and JV SPVs were developing (and in Leicester also renewing) district energy
infrastructure to serve a predefined mix of public and commercial buildings. As this model was
restricted to district energy (rather than a wider range of retrofit activities), it is more bounded,
similar to the municipal district energy model, but with less focus on residential customers. Of
the three concession contract cases, Leicester (commercial SPV) was the only example with a
significant (social) housing dimension. Leicester District Energy Company was established in 2010
with around £14 million investment from Engie to develop gas CHP and heat networks serving
Leicester University campus and around 30 council buildings. £1 million in energy supplier funding
was used to upgrade 1980s’ heat networks serving around 3000 social housing tenants. This
revived Leicester’s in-house model proposal (about £22 million) from the early 2000s, which had
aimed to upgrade and extend existing district heating, but perceptions of political risk led to its
abandonment.

In the concession contract energy service model, local authorities anticipated expansion of
networks into area-based schemes. In the two more established cases this has been largely
unmet to date, leading to claims that the concession contractor is ‘cherry picking’ heat loads to
maximise profit; connections to social housing were perceived as less profitable. In both Leicester
and Birmingham, residential customers were restricted to those specified in the initial contract.
By co-financing with Engie, Newcastle council aims to secure a stake in continued expansion of
networks. Since the JV was announced only at the end of 2018, no conclusions can yet be drawn
about its trajectory.

4.6 MUNICIPAL ENERGY UTILITIES

Municipal energy utilities (two cases) are licenced retail companies serving domestic and non-
domestic customers across the British retail gas and electricity market. Robin Hood Energy
(Nottingham City Council) and Bristol Energy (Bristol City Council) were established in 2015 with
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the council as sole shareholder. However, in 2020 both councils decided to sell the respective
utilities (e.g. Bristol City Council 2020), citing financial difficulties and leaving large debts.®

As energy retailers, retrofit was not their core business. The main route for energy retailers to
reduce demand in residential properties is via the requlated ECO, which requires suppliers with
over a threshold number of customers (200,000 in 2019-20; 150,000 in 2020-21) to fund retrofit.
Both municipal utilities were ECO suppliers (Ofgem 2021) and worked with local organisations
on fuel poverty and energy-efficiency programmes. Both councils also provided energy-efficiency
programmes and hence were not reliant on this utility model for retrofitting.

Bristol Energy also tested a domestic ‘heat as a service’ tariff with the ESC. This aimed to reduce
customers’ energy demand through enhanced digital control of home heating, using a tariff selling
‘warm hours’ rather than units of gas and electricity (ESC 2020). Interventions used sensors to test
scope for savings from greater spatial (room-by-room) and temporal (hour-by-hour) control. In
principle, such service contracts should result in retail suppliers offering housing retrofit when this
provides higher revenues than selling units of energy. Such tariffs would, however, require long-
term contracts between customers and supplier to guarantee pay back of retrofit costs.

5. DISCUSSION

UK climate protection goals include net zero emissions from building stock. The analysis of local
energy service models, arising from experimental innovations associated with austerity and
competition in public services, assessed their potential to contribute to such ambitious goals.
Findings reveal that different local energy service models influenced the types and prioritisation of
work, adaptability to local goals, and energy-saving strategies. Case studies also revealed diversity
of activity, even within the same energy service model. The models appear differentially suited
to scaling up the pace and scale of residential retrofit, with the third sector model emerging as
particularly flexible and adaptable, although all are at present limited in scale and ambition and
there are little data on actual, rather than modelled, energy savings.

5.1 MODELS TO ACCELERATE BUILDING ENERGY EFFICIENCY

In-house, energy performance and third sector energy service models entailed forms of flexibility
that could support faster residential retrofit, with supportive public policy and finance. In-house
models conferred flexibility by channelling and blending funding from local authority capital
programmes; maintenance budgets; revolving energy/carbon funds; public borrowing and grants;
and energy supplier ECO budgets. Third sector enterprises were responsive to diverse energy-
efficiency retrofitting, although there were not yet examples of a comprehensive, planned whole-
house/whole-area approach. In addition, the UK trial of the Energiesprong performance contract
model exemplified a radical approach to whole-house retrofit for net zero emissions in (social)
housing. Opportunities for increasing the pace and scale using the model require suitable housing
stock for bulk ordering prefabricated materials to capture cost reductions and faster installation.

Conversely, the municipal energy utility model was limited in ability to advance energy efficiency.
Although the municipal utilities differed from commercial suppliers by prioritising social welfare
and carbon reduction by working with local organisations, their primary business was selling
units of energy, not reducing energy use. Financial losses, leading to council decisions to sell the
companies, suggest that in current retail markets, there is little opportunity to adapt this business
model for scaling or accelerating residential retrofitting. While local authorities in countries such
as Germany frequently own successful integrated municipal utility companies (Roelich et al. 2014),
this option is marginalised in current British energy market structures.

5.2 BUSINESS MODELS TO ACCELERATE LOCAL ENERGY-EFFICIENT
INFRASTRUCTURE

For new district heating infrastructure, in-house, municipal and third sector energy service models
were most adaptable to scaling up for residential retrofit. These models illustrated area-based
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extension of district energy, securing economies of scale by incorporating residential retrofit in a
local systems approach. For municipal and third sector energy service models, an independent,
but close, working relationship with the local authority enabled ring-fenced finance for area-
based developments. Conversely, the concession contract model was associated with ‘island’
systems, geared to larger buildings and higher rates of financial return, rather than connecting
the greatest number of buildings to maximise energy and carbon saving (Bush et al. 2019).
Complex procurement processes, contract negotiations and legal costs associated with the
concession model also slowed developments and increased costs (Tingey 2020). Further research
is needed to understand whether a local authority ownership stake in a commercial JV contract
creates opportunities for integrating energy-efficiency upgrades in housing with district energy
infrastructure.

5.3 THE PROBLEM OF CONFIGURING DEMAND REDUCTION AS A VIABLE
BUSINESS IN THE UK

All energy service models in this paper’s typology exemplify the challenges of configuring viable
business models to reduce energy use, illustrating the continuing difficulties of such a business
proposition (Kindstrém & Ottosson 2016). Public policies to stimulate a market for comprehensive
energy-efficiency retrofit services remain under-developed (Brown et al. 2018; Eyre & Killip 2019).
Most of the local case studies were relatively early-stage businesses operating at the margins of
the mainstream (centralised) supply market.

Some of these innovative energy service models nevertheless prefigure options for upgrade of
the whole building stock and retrofit for low carbon heat networks where appropriate. Municipal
in-house and third sector models are distinctive examples of integrated retrofit. In-house models
avoided the costs and time required to set up a separate local enterprise, and conferred direct
control over projects, but can be subject to disruption when, for example, political control changes
following local elections. Third sector models in this sense provide a degree of resilience and
continuity for progress across the authority areq, as in the case of AHP. At present, social housing
is the priority building stock, but there is potential for local authorities to coordinate retrofit offers
for private housing estates built to common standards in neighbouring areas. This would require
supportive and stable public policy for housing retrofit and clean heating, backed by regulatory
standards, and a route to low-cost financing for owners. In the UK, the latter could be provided by
a public agency such as the National Infrastructure Bank planned for launch in 2021.

6. CONCLUSIONS

Six types of UK local authority energy service models were identified and assessed for low
carbon retrofit of buildings, using 31 case studies, for their potential in scaling and accelerating
energy-efficiency improvements. The models represent local authority-led innovation in difficult
circumstances associated with budget cuts, competing priorities and limited powers. There are
nevertheless local successes, particularly in social housing and council buildings, where varying
resources were combined to create viable projects, incorporating value for social welfare, local jobs
and social justice. These are critical sectors, but none of the models was extending any significant
services to homeowners, and only 17.7 % of UK homes are social rented (Piddington et al. 2020).

Initial answers were provided to the question of whether certain local authority-led energy service
models are more suited than others to accelerating building stock retrofit programmes. None of
these models can fully integrate the multiple sources of value proposed by Brown (2018) from
guaranteed savings to supply chains focused on an integrated approach and low-cost financing.
The findings indicate the severe constraints on local energy-efficiency business models in UK
market and policy environments. These two interrelated areas urgently require change. Energy
retail markets need reshaping to incentivise demand reduction and local authorities need to be
empowered for integrated area-based approaches to energy efficiency across building sectors
and ownership. The innovations observed in local authority energy service models provide starting
points for an ambitious approach. Energy-efficiency retrofitting is likely to be more effective in a
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locally informed and planned approach. Local authorities need resources to develop and coordinate
programmes, as well as using public estate and housing stock to anchor district heating systems.
Despite limitations, local authority business model experiments have generated unique expertise
and information which are essential for managing large-scale building retrofit for low energy
requirements and clean heating.

NOTES

1 Northern Ireland is excluded from this study. The suspension of the Assembly in 2017 stalled
activity in this area and therefore there were insufficient data. The Assembly was reconvened
in 2020.

2 See https://www.arbedambyth.wales/eng/home.html/.
3 See https://www.bregroup.com/sap/.

4 An associated database of 458 UK local authority energy projects is, however, available from the
UK Energy Research Centre (UKERC) Energy Data Centre, https://doi.org/10.5286/ukerc.edc.000005/.

5 Together Energy acquired Bristol Energy’s residential customers and brand for £14 million in
September 2020; Robin Hood Energy’s customers were transferred to British Gas in October
2020 and the company ceased trading and went into administration in January 2021.
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