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ABSTRACT

Residential energy efficiency is a core element of the decarbonisation policy in many nations. In the UK, the
established approach to enabling efficiency gains through centralised retrofitting programmes involves social-
ising costs via consumer energy bills through the Energy Company Obligation (ECO). One UK policy concern is
whether less affluent households should receive greater access to ECO funding. However, there is a broader
concern that the use of constrained public resources should be justified through wider and sustained economic
returns emerging. Here, we consider the (centralised) ECO approach to cost recovery alongside alternative
(decentralised) approaches to delivering energy efficiency programmes that either pass costs to beneficiary
households or fully socialise costs via income tax. We find the key drivers of both household and wider economy
outcomes are the absolute levels of resources actually devoted to enabling efficiency gains and household
disposable income freed up to power expansionary processes. The latter in particular brings challenges and trade-
offs in terms of meeting both economic performance and social policy objectives, given that resources targeted at
higher income households can ultimately free up more real spending ability and sustain greater gains in GDP,

employment and household incomes.

1. Introduction

Since the 2015 Paris Agreement (UNFCCC, 2015) a number of
countries have introduced strategies and measures to achieve the agreed
goals. At different governance levels (e.g. European Union, UK and
Scotland), energy efficiency improvement policies are a key component
of climate change mitigation efforts. Moreover, given that the potential
wider benefits of energy efficiency improvements have been well
documented by organisations like the International Energy Agency (IEA,
2014), policymakers are increasingly recognising that energy efficiency
actions can attract wider public policy support through the potential to
deliver returns across a wide range of policy objectives. In the UK na-
tional and Scottish devolved context, recent policy actions have focussed
on residential energy efficiency programmes, treated as potential eco-
nomic mechanisms for combining the delivery of emissions reductions

with economic stimuli’ and addressing social challenges such as fuel
poverty.” The ability of energy efficiency enhancing actions to deliver
sustained wider economy expansions has also been the focus of much
attention in the academic literature, most commonly in the context of
trading off potential erosions in, or ‘rebound effects’, against technically
possible energy savings and emissions reductions (see review in Section
2).

However, retrofitting a property to improve its energy efficiency
often embodies significant upfront costs for the property owners with
the implication that some time may pass before cost recovery, energy
savings and boosted real spending power can be realised. This may
motivate policy action to support households in covering and/or
financing part or the entire cost of the retrofitting required to deliver
energy efficiency gains. For example, in the UK — or more specifically
Great Britain® — the most commonly used approach to date has been the

* Corresponding author. McCance Building, Room 4.26, 16 Richmond Street, Glasgow, G1 1XQ, UK.

E-mail address: antonios.katris@strath.ac.uk (A. Katris).

1 In July 2020, the UK Chancellor of the Exchequer announced the introduction of Green Grants in England to support energy efficiency improvements as part of a
post-Covid economic stimulus package. See https://www.bbc.co.uk/news/business-53313640 for reporting of announcement and https://greenhomesgrant.campaig

n.gov.uk/ for rollout.

2 The devolved Scottish Government have given more explicit attention to the combined role of residential energy efficiency actions in addressing fuel poverty
challenges alongside emissions reduction and economic expansion. See Scottish Government (2018).
3 Great Britain is defined as the mainland UK area encompassing England, Wales and Scotland but not Northern Ireland.
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Energy Company Obligation (ECO). Under ECO, the major energy sup-
pliers” have to meet specific targets set by the energy market regulator,
Ofgem, with this involving the support of centralised energy efficiency
improvement programmes. A key downside of ECO is that it involves
significant administrative costs and other implementation costs that
restrict the share of the available ECO budget actually directed to ret-
rofitting properties. It has also been argued - for example in a high
profile UKERC study (Barrett et al., 2018) — that, by recovering costs
through the energy bills of all consumers, ECO places a disproportionate
burden on lower income households, thereby raising questions around
whether ECO is the most effective funding mechanism.

Thus, questions arise as to whether alternative approaches that so-
cialise costs in a more progressive way and shift away from the cen-
tralised support of energy efficiency improvements (as ECO may be
characterised) towards households sourcing their own retrofitters,
potentially with support via low/zero interest loans, may achieve better
outcomes at the same or even reduced costs. This provides the focus and
scope for the current study. We investigate the comparative household
and wider economy costs and benefits of ECO and alternative ap-
proaches to support the delivery of residential energy efficiency im-
provements in the UK. We do so by adopting a computable general
equilibrium (CGE) modelling approach to identify how three alternative
funding options support residential efficiency improvements and deliver
a range of efficiency and wider economy gains. We analyse the impacts
in different timeframes, with a view to gain a better understanding of the
transmission mechanisms driving the qualitative nature of these impacts
and their potential absolute and relative magnitudes, rather than to
forecast actual likely outcomes. We also direct particular attention to
how outcomes and implications may change a) if the expected efficiency
gains do not materialise and b) if access to funds is distributed equally
across all households or using a tapered approach which provides access
to more funds to less affluent households.

Our analyses show that it is not possible to identify a single combi-
nation of funding mechanism and access distribution that could poten-
tially deliver the best economy-wide outcomes and greatest income
boost to the lowest income households (and avoid net losses in all
timeframes where efficiency gains are not fully realised). Ultimately, the
‘best’” combination of outcomes will of course depend on the specific
objectives of the proposed energy efficiency policy action and a key aim
of this work is to demonstrate how information to inform policy de-
cisions can be generated through an economy-wide analysis of the type
set out here. The rest of the paper is structured as follows. Section 2
considers the gap in the existing literature on energy efficiency and
economy-wide impacts addressed by our contribution. Section 3 sets out
our scenario simulation strategy and the key characteristics of our
analytical approach. In Section 4, we then present and discuss the key
findings of our analyses, before summarising the main insights and
policy implications in the concluding Section 5.

2. The existing literature on the wider economy impacts of
energy efficiency

The impact of residential energy efficiency improvements has been
extensively researched from a variety of perspectives (e.g. Figus et al.,
2017; Moglia et al., 2017; Geels et al., 2018; Laes et al., 2018). Many
socio-economic studies have focussed on the impacts of actually realis-
ing efficiency gains, and specifically on issues such as rebound effects in
energy demand as economic gains emerge (Sorrell, 2007; Turner, 2013).
This focus on performance (particularly under the common assumption
of costless and exogenous efficiency improvements) overlooks the

4 According to the Ofgem, the Great Britain energy market regulator, energy
suppliers with more than 150,000 domestic customers and supplying over 300
GWh of electricity or 700 GWh of natural gas, have legal obligations under
ECO.
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interacting and potentially offsetting impacts of what is required to
actually enable efficiency actions. In practice, the conduct and funding
of retrofitting activities will both in itself have near term socio-economic
impacts and influence the magnitude of the achievable efficiency gains
that ultimately deliver sustained outcomes for households and the wider
economy (Gillingham et al., 2016).

In the limited number of studies that do give attention to the pres-
ence of costs (if not the process) in enabling efficiency improvements, a
range of analytical approaches can be observed. For example, some
studies simply adjust modelling parameters to reflect the presence of a
capital cost in implementing efficiency improvements (Henly et al.,
1988; Mizobuchi, 2008). Others consider the cost of efficiency im-
provements in terms of closing an ‘energy efficiency gap’, defined as the
difference between the cost-minimising energy efficiency levels and the
currently achieved energy efficiency (Gillingham and Palmer, 2014;
Fowlie et al., 2015; Gerarden et al., 2015; Sathitbun-anan and Fung-
tammasan, 2015; Trianni et al., 2016). Generally, the underlying
assumption in such treatments is that the upfront cost constitutes a
barrier to the implementation of efficiency improvements, which mo-
tivates treatment of cost via adjustment in the adoption rates (Greening
et al., 2000; Sorrell and Dimitropoulos, 2007) rather than explicitly
considering the activities that give rise to costs in different timeframes.
Thus, one limitation of such treatments is abstraction from the impacts
of those activities in different sectors of the economy, and of the wider
economy responses that will be triggered. The same is often true of cost
effectiveness or cost-benefit analyses (Winkler et al., 2010; Molina,
2014; Dahlhausen et al., 2015; Mata and Kalagasidis, 2015; Tuominen
et al., 2015). A third kind of approach requires costs of delivering effi-
ciency  improvements  through  incorporating  ‘bottom-up’
techno-economic information in modelling (Kiuila and Rutherford,
2013; Feehn and Isaksen, 2016; Bye et al., 2018). While adding crucial
insight, this approach also neglects the impacts of specific enabling ac-
tions, including different policy and support mechanisms, and fails to
give any consideration to the question of who ultimately meets the cost
of actions taken.

Thus, there is an important gap in considering the implementation
cost of efficiency improvements (Turner, 2013). A more recent study
(Yushchenko and Patel, 2016) explores the GDP and employment im-
pacts of enabling energy efficiency through specific policy programmes,
but using a similar input-output economy-wide model that cannot cap-
ture any price and income effects. Here we address this and the other
gaps identified above by developing a more flexible and
theory-consistent general equilibrium approach that enables fuller
exploration of the real impacts of energy efficiency programmes on
different household income groups and across the wider economy. In
particular, we focus on programmes funded through constrained public
resources, where there is a need to address how the specific design and
operation of actual policy actions impact outcomes at household, sec-
toral and economy-wide levels.

3. Scenario simulation strategy and underpinning methodology
3.1. Funding scenarios to be simulated

Our aim is to explore the wider economy impacts of enabling and
realising energy efficiency gains in the UK household sector via three
specific funding mechanisms that can be considered as representative
examples of wider approaches to supporting residential energy effi-
ciency actions. Here, the existing UK policy framework, the Energy
Company Obligation (ECO), represents a support programme where
retrofitting costs are socialised via the energy bills of all UK households;
that is, a distribution determined by the size of the energy consumption.
The use of interest-free loans represents an approach where the cost is
passed on to the direct beneficiaries of energy efficiency improvement
actions who, rather than having to pay the full amount in a single lump
sum payment, can distribute the cost through multiple years even
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beyond the duration of the policy itself. Finally, socialising the cost via
the income tax is an example of how the cost of the energy efficiency
programme could be distributed across the entire household sector, but
in a progressive way related to household incomes and ability to pay.
The funds raised by the increased taxation are offered as government-
issued grants to households implementing energy efficiency improve-
ment projects, with subsequent returns also socialised as the govern-
ment balances its budget thereby ultimately recycling revenues raised
from the wider economy expansion through future adjustment of income
tax rates. Within each case, we also consider the impacts of either evenly
distributing access to funds available or tapering the distribution to
favour households in the lowest income quintile.

3.1.1. Key assumptions: nature of costs involved in delivering via
centralised or decentralised programmes

Our central case is the existing ECO programme currently in opera-
tion in the UK. One component of ECO is the amount directly used for
retrofitting activities, which is one of the main determinants of the
number of households that can be supported by every iteration of ECO
and therefore the overall efficiency improvement of the UK household
stock. The exact share of the total funds that are directly used for effi-
ciency improvements varies but in our analyses we assume that a min-
imum of 39% of the total cost of ECO is directly used for efficiency
improvements.” The funding available for use in actually retrofitting
properties is affected by a range of administration costs but also an
‘economic rent’ (equating to up to 37% of total ECO costs) that is im-
plicit in the design of the centralised scheme. That is, given that ECO
effectively equates to a centralised supply of energy efficiency, there are
fixed prices for specific activities. These range from activities necessary
to the satisfactory completion of retrofitting projects (e.g. cleaning after
a cavity wall insulation) but can also lead to the extraction of large
profits by the retrofitters where individual projects can be delivered at a
lower cost. To explore the impact of this rent, our analyses includes
exploration of two boundary-setting scenarios, one where the full rent is
present and the other where no rent is present at all. However, there are
non-retrofitting costs that further inflate the cost of ECO. The larger of
these is the search costs embodied in ECO. That is, as the energy com-
panies delivering ECO need to find appropriate projects to support, they
need to source specialist services to identify such projects. The cost for
those services can amount up to 14% of the total cost of ECO, while the
last 10% is attributed to administrative costs.

In modelling the loans and income tax scenarios, in the absence of
appropriate data to inform scenario development, we make the simpli-
fying assumption that there are no administrative costs,” meaning that
the total cost of programmes under those approaches is smaller than
ECO. The other key difference is that consumers are responsible to
source the most appropriate retrofitters for their projects. The first
implication of this is that the costs associated with identifying appro-
priate projects are no longer applicable. The second implication is that
the households are expected to look for those that deliver the best results
while minimising the cost. This is reflected in the assumption of no rent
extraction. That is, the entire amount spent under either of these ap-
proaches is used exclusively for efficiency improvements, with the
implication that each has the potential to deliver greater efficiency re-
ductions compared to ECO.

> We acknowledge the support of officials from the UK Government Depart-
ment for Business, Energy and Industrial Strategy (BEIS) Home and Local En-
ergy Analysis Team in supplying data and advising on the assumptions adopted
in this study.

® In practice, this is unlikely to be the case, but in the absence of information
to fully specify administrative costs across the decentralised options, we
simplify with the acknowledgement that the costs of the central ECO option are
likely to negatively impact comparative outcomes.
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3.1.2. Scenarios to consider the implementation of the energy efficiency
improvement programmes

We follow a common approach across all funding mechanisms. Most
of the energy efficiency spending (between 33% and 87% of the total
funds available depending on the specific mechanism) is directed to-
wards UK ‘Construction’ sector, which retrofits properties, while boilers
and other heating equipment are purchased from the UK ‘Manufacture
of fabricated metal products, excluding weapons & ammunition’ sector
(a 75% share) and imports (25% share).” In both cases, we model the
additional retrofitting activity as an exogenous increase in the demand
for the output of those sectors. We acknowledge that in either case,
specific firms within these sectors will be involved, where production
features may not map to the average reflected in the more aggregated
sector. However, this is the greatest degree of granularity reported in the
UK Input-Output tables that constitute the core element of our CGE
model database.

We explore four funding cases in total, with ECO split into ‘with rent’
and ‘without rent’ cases. We assume that each one of them is the sole
support mechanism of a 16-year energy efficiency improvement pro-
gramme. On average, data from the National Energy Efficiency Data
(NEED) framework suggests each retrofitted property becomes on
average 17.2% more energy efficient but we scale the efficiency gains to
reflect the efficiency improvement of the each household income quin-
tile as a whole (see Section 3.2). We also explore two approaches in
distributing access to funding; one where access is distributed equally to
all quintiles and a tapered distribution approach where, from year 6
onwards, the lowest income household quintile (HG1) has access to 54%
of the funds and the amount is progressively reduced with the highest
income household quintile only having access to 2% of the funds. In
summary, the scenarios we explore are:

1. ECO (with economic rent) - Efficiency improvements are sup-
ported through ECO but we assume that there is a large economic
rent present. We treat the rent as money lost and not recycled back
into the economy.

2. ECO (without rent) — Efficiency improvements are supported
through ECO but in this case we assume there is no economic rent. In
this case the amount directly used for efficiency improvements
almost doubles.

3. Loans to beneficiaries — Here we assume that efficiency improve-
ments are supported via interest-free loans issued to the households
retrofitting their properties. The repayment period is 10 years and
starts in the year that each household receives the retrofitting,
meaning that the last repayments end in year 25, 9 years after the
end of the retrofitting programme. We assume that loan repayments
precede any consumption need so they effectively reduce disposable
income.

4. Fully socialising the cost through income tax — In this case the
government issues grants to fund efficiency improvements. The
funds for the grants are raised by adjusting an endogenous income
tax to achieve a balanced government budget. The implication is that
once the government achieves budget savings, they are recycled back
to the economy through the income tax. The grants are issued for a
specific purpose so they do not cause any income effects to the
recipient households.

Table 1 summarises the cost of each scenario, how the funds are
distributed to different sectors and what are the efficiency gains under
the different distribution approaches.

7 Please note that while we capture spending on imported boilers by UK
consumers, our UK model does not incorporate overseas production.
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Table 1
Summary of data used to inform scenarios.
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ECO (with economic
rent)

ECO (no rent
present)

Loans to
beneficiaries

Fully socialising through
income tax

Amount Spend on Constructions (% of total)
Amount Spend on Boiler manufacturers (% of
total)

3567.84 (33%)
644.06 (6%)

6957.29 (64%)
1255.91 (12%)

8569.84 (87%)
1255.91 (13%)

8569.84 (87%)
1255.91 (13%)

Economic rent (% of total) 4001.30 (37%) 0 (0%) 0 (0%) 0 (0%)
Search costs (% of total) 1612.54 (14%) 1612.54 (14%) 0 (0%) 0 (0%)
Administrative costs (% of total) 1071.28 (10%) 1071.28 (10%) 0 (0%) 0 (0%)
Total cost paid by consumers (£million) 10,897.03 10,897.03 9825.75 9825.75
Total efficiency gains when access distributed =~ HG1-5 (per household 2.38% 4.64% 5.66% 5.66%
equally (in %) quintile)
Total efficiency gains with tapered HG1 4.37% 8.53% 10.14% 10.14%
distribution (in %) HG2 2.44% 4.76% 5.79% 5.79%
HG3 1.91% 3.73% 4.61% 4.61%
HG4 1.85% 3.62% 4.47% 4.47%
HG5 1.33% 2.59% 3.29% 3.29%

3.2. The UKENVI CGE model

We now turn our attention to explaining the CGE approach we use to
simulate each of these scenarios. In the interests of brevity, here we
focus on the key specification of the model driving the outcomes re-
ported in Section 4. A full presentation of the model is included in Ap-
pendix A.

3.2.1. Model and scenario data

Here we use the dynamic UKENVI computable general equilibrium,
CGE, multi-sector model of the UK economy. UKENVI in our work is
calibrated on a 2010 social accounting matrix (SAM)® that incorporates
an estimated industry-by-industry input-output (I0) table of the UK. The
data on the funding available through ECO are taken from the 2019
edition of BEIS Household Energy Efficiency Statistics (HEES). The in-
formation available in this publication detail the ECO spending up until
2018 (year 6 in our simulations) so for the period 2019-2028 we assume
fixed funding availability each year, equal to the amount available in
2018. Through HEES we also obtain information on the number of
households that received efficiency improvements. This way we can
determine the amount allocated per beneficiary household and through
that the number of beneficiary households in the period 2019-2028.
Based on the number of beneficiary households we can also identify
what share of each household quintile is receiving efficiency
improvements.

For the efficiency improvement of each more efficient household we
use data from the National Energy Efficiency Data (NEED) framework.
NEED reports the mean energy savings for a range of implemented
retrofitting activities. Using historical data on the efficiency gains (re-
ductions in energy use to deliver a given level of consumption activity)
achieved by retrofitting activities means that we do not have to rely on
arbitrarily imposed assumptions about efficiency improvements per
retrofitted property as is often the case in CGE studies. We use the gains
reported for ‘Condensing Boiler and Cavity Wall Insulation and Loft
Insulation’ as an indication of the efficiency achieved per more efficient
household. The data cover the period 2013-2016 so for the 2017-2028
period we assume that the efficiency gains are the average of the
2013-2016 period. Although there is some variation in the efficiency
gains of each beneficiary household in the period 2013-2016, which is
reflected on our analyses, the average efficiency gains per beneficiary
household across the 2013-2028 period is 17.2%. We use this figure and
the share of households in each quintile that receive an improvement to
determine the efficiency improvement of the whole quintile. For
example, if in 2019 75,750 households in HG1 receive efficiency

8 The SAM is publicly available at: https://doi.org/10.15129/7b6e088f-c
9ef-4ec4-9df7-58c46ec23d67.

improvements this is 1.39% of HG1. With each beneficiary household
being 17.2% more efficient, this means that the whole quintile is on
average 0.24% (17.2 % x 1.39 %) more efficient. Adding together the
efficiency gains of each year gives us the total efficiency gains of the
entire programme (see Table 1).

3.2.2. Sectors included in our model

UKENVI incorporates all sectors of the UK economy. This allows
analysis to capture interactions between the different sectors and mar-
kets and identify how changes in one sector can spill across the entire UK
economy through changes in prices and incomes generated in different
markets and the availability of constrained supplies of labour and cap-
ital. We aggregate the 103 sectors reported in ONS IO accounts to 30
sectors. This includes five energy supply sectors: coal extraction, crude
oil extraction, refined petroleum, electricity and gas distribution sectors.
The aggregation (or not) of the other 25 sectors permits key activities
impacting or impacted by the response to enabling and realising energy
efficiency to be distinguished. Here we use a similar aggregation to Figus
et al. (2017), with the differences being the disaggregation of ‘Manu-
facture of fabricated metal products, excluding weapons & ammunition’
sector, which is the provider of gas boilers, from the aggregated ‘Iron,
Steel and Metal’ sector and the further aggregation of ‘Recreational’ and
‘Other Private Services’ sectors. See Table B.1 for a complete list of
sectors modelled.

3.2.3. Modelling production activity

In UKENVI we use a nested KLEM production function where capital
(K), labour (L), energy (E) and non-energy (materials, M) intermediates
are combined to produce the output of each sector. A key difference to
other CGE models is that we distinguish between energy and non-energy
intermediates. Capital and labour are combined in one nest of a CES
consumption function to produce value added before combining with
intermediates, energy and non-energy, dependent on relative prices.
Here, we assume a fixed nominal wage. This is to reflect the fact that
there have been limited changes in UK wages in the period since the first
implementation of ECO. Crucially though, a fixed nominal wage
assumption allows us to capture the price pressures driven by the ret-
rofitting activity and the additional household consumption, without
them being influenced by variations in the labour cost.’

We also assume a fixed (national) labour supply, a common

® Our assumption of a fixed nominal wage may be contentious for some
readers in the context of a fixed labour supply. Wage pressures due to the fixed
labour supply that would limit the potential expansion of the economy, do not
manifest due to the assumption of a fixed nominal wage. We acknowledge those
potential concerns and therefore we are relaxing the fixed nominal wage
assumption in our current research on residential energy efficiency in the UK.
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assumption for national CGE models, meaning there is no migration of
additional labour from outside of the UK to meet the excess labour de-
mand. The base year data incorporate a small (6%) pool of unemployed
labour that responds to additional employment opportunities and
through which the labour demand is covered. We assume perfect
mobility of employees to other sectors where increased demand for their
output also leads to increased labour demand. Capital is also constrained
in that it does not immediately reach the desired level. Instead, we as-
sume that the UK producers are forward-looking with perfect foresight
(i.e. they fully anticipate all future price changes, demand levels and
capital requirements in each subsequent year). Thus, they gradually
adjust productive capacity through investment activity in each year
until the desired level of capital stock in each sector is achieved in the
long-run. The path of the investment is calculated so that it maximises
the value of the firms, while taking into account the depreciation of
existing capital (see Appendix A).

3.2.4. Modelling consumption

UKENVI includes a number of consumers including the government
and households. In our model, the government consumption is treated as
exogenous meaning that despite any changes in relative prices the
government is assumed to maintain the same level of consumption. This
affects the budget balance, but in most simulations the government can
accumulate savings or deficit. The only scenario where we assume a
balanced budget is when we simulate the full socialisation of the cost of
efficiency improvements through the income tax. In that case the gov-
ernment still maintains the same level of consumption but adjusts the
income tax either up or down to achieve a balanced budget.

The UK household sector is disaggregated into 5 quintiles/repre-
sentative household groups based on gross nominal incomes. This allows
us to study how households with varying income levels differ in their
consumption of goods and services, including energy goods and services.
We assume that households are myopic, meaning that they make con-
sumption decisions based on the income available each year on the basis
that this is more representative of the way that particularly low income
households (a particular focus in our analyses) decide on how to spend
their income.'® Household income comes from different sources,
including labour income, income from capital and transfers from the
government. Each quintile has a different marginal propensity to
consume, which is assumed to be constant throughout the duration of
our analyses. The initial consumption choices of each quintile are
informed by the SAM data used as the basis for this model. However, the
households respond to changes in the relative price of goods and ser-
vices, so that they can maximise their utility; subject to budget con-
straints that fluctuate with every simulated period. This includes the
consumption of residential energy, i.e. the energy required for house-
holds to run their properties, and an efficiency parameter on energy use
that is shocked in our scenarios. As such, our analyses capture any in-
direct feedback effects driven by a drop in the relative price of resi-
dential energy, or by a general increase in the disposable income of
households, which enables increased consumption demand for all goods
and services.

3.2.5. Trade

UKENVI includes two external regions; Rest of EU (REU) and Rest of
the World (ROW). Goods and services from these external regions can be
imported for intermediate or final use and similarly UK industries have
the option to export their output to these regions. We assume that the
prices of non-UK produced goods remain fixed and that UK and external
goods and services are imperfect substitutes. Import and export demands
respond to changes in relative prices. In each simulated period firms can

10 The alternative would to assume that households are forward-looking and
that they make their consumption decisions based on the future discounted
utility of consumption (Lecca et al., 2014).
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choose to either use domestically produced intermediate inputs or
import them from abroad. However, since they are considered as
imperfect substitutes, a greater difference in relative prices is required
for the UK firms to opt to use imports rather than use domestic goods and
services. A similar process applies to consumers, who have the option to
meet their needs by using domestic or imported goods and services. The
base elasticity we assume between domestic and imported goods is in
line with the existing literature and is generally accepted as being a
reasonable assumption (Turner, 2009).

4. Results and discussion

Through the analysis of the scenarios presented above we seek to
achieve three main objectives. First, to identify the impacts of the ret-
rofitting activity and how these are influenced by the mechanism used to
fund relevant projects. Second, to study how the funding mechanism
affects the extent of efficiency gains and, thus, the long-term impact of
efficiency improvement projects. Third, to explore how the results vary
if access to funding is distributed in different ways.

4.1. Enabling stages: the potential impacts of retrofitting

The enabling stage of an energy efficiency improvement programme
is the period in which funding is available to support the retrofitting of
existing properties and thus is the period in which all of the retrofitting
activity is observed (Turner et al., 2020). The potential economy-wide
impacts of enabling energy efficiency projects depend on the amount
of funds directed to retrofitting activities, which links to the funding
mechanism used. Such activity is transitory, with any gains limited
mainly to the duration of this enabling stage. When UK residential en-
ergy efficiency improvements are funded through ECO, in programmes
running between 2013 and 2028, we observe potential GDP gains be-
tween 0.02% and 0.04% during this timeframe (see Fig. 1). The outcome
depends on the presence or not of economic rent, which can limit the
funds directed to retrofitting, ranging from £8,213m down to a mini-
mum of £4,212m. The maximum job creation associated with the
resulting economic expansion ranges between 6,500 and 11,450
full-time equivalent (FTE) jobs depending on the presence of rent. In all
cases, assuming no other changes, the expansionary impacts on the
economy virtually disappear the year after the end of the programme.

A key difference between ECO and the alternatives considered here is
that cost recovery through energy bills causes households to act, where
possible, to adjust their spending to account for this price increase.
Under the alternative funding options we explore — involving loan re-
payments or increased income taxation — the disposable income of
households, and thus spending on a range of goods and services, is
directly reduced. Therefore, under both alternatives, this enabling stage
leads to GDP and employment losses for most years (Fig. 1). When loans
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e ECO (with economic rent) = ECO (no rent present)

Interest-free loans to beneficiaries === Fully socialising through income tax

Fig. 1. Comparison of GDP changes under different funding options (central
case, enabling stage only).
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fund efficiency improvements, we observe a temporary 2-year period of
economy-wide gains at the beginning of the programme but, as re-
payments exceed the duration of the programme, the recovery to the
original, pre-retrofitting, GDP levels takes 10 years longer compared to
when we fully socialise the cost via income tax.

One useful interpretation of the enabling stage results is that they
demonstrate the potential wider economy impacts if, for whatever
reason, no efficiency gains actually materialise from retrofitting. Despite
some fluctuation, due to different annual funding availability, ECO al-
ways delivers economy-wide gains regardless of whether the expected
efficiency gains are achieved. Furthermore, with ECO, the disposable
income of the lowest income households (HG1) always receives a boost.
Income quintiles HG2-4, depending on the presence or not of rent, may
experience some temporary income losses but they are less than £2 per
household per year and for a maximum period of 2 years.

In contrast, the loan finance and full socialisation options will
generate net losses for an extended period of time, unless the expected
efficiency gains are realised and compensate for net costs incurred in the
enabling stage. Moreover, the additional burden placed on the house-
holds to repay the cost of retrofitting may lead to significant and longer-
term disposable income losses. Greater potential for income losses is
observed when loans are used to cover the cost, leading to potential
income losses for a 24-year period, ranging from up to £21 per house-
hold per year for HG1 households to up to £35 per household per year for
HG5 households. A key observation is that when cost is covered via
loans, there is a relatively small difference in the income losses between
the different quintiles, which is not the case when the cost is fully
socialised. If we use income tax to cover the cost, income losses are
increasing in a progressive way as we move towards more affluent
households.

4.2. Considering the entire programme: enabling and realising stages

To ensure sustained net economic gains, energy efficiency gains must
be realised. The period of an energy efficiency improvement policy in
which efficiency gains are achieved constitutes the realising stage of the
policy. The extent of efficiency gains achievable depends on the amount
of funding actually directed to enabling efficiency improvements. When
ECO funds retrofitting projects, in the presence of rent, data suggest that
each household quintile (on average/in aggregate) uses 2.38% less en-
ergy to deliver the same consumption, interpreted here as becoming
2.38% more energy efficient (see Table 1).'! In the absence of rent, this
can rise to 4.64%. Under the loan funding or socialising mechanisms,
each quintile could realise efficiency gains of 5.66%. The difference in
efficiency gains underpins a divergence in the extent and time path of
long-term economic gains realised, shown for GDP in Fig. 2.

Table 2 provides a summary of how a number of key macroeconomic
variables can be impacted if we achieve the maximum efficiency gains
possible for each of the funding mechanisms. We can see that ECO (with
rent) can ultimately deliver a sustained GDP boost of 0.07% per annum
and just over 19,500 new FTE jobs. In the absence of rent, these gains
grow to 0.14% and 37,400 FTE jobs. This expansion is driven by more
energy efficient households having and reallocating more real dispos-
able income to spend on other goods and services. With more funds
directed to retrofitting under the alternatives, greater sustained gains
can be realised. Under the loan approach, the sustained expansion is
reflected in larger GDP and employment gains of 0.17% and over 45,200
FTE jobs. However, socialising the cost through income tax enables the
best economy-wide results, delivering a sustained GDP expansion of
0.25% per annum and over 64,700 new FTE jobs. Funding energy effi-
ciency through income tax enables a £64 per household per year income
boost for the lowest income (HG1) households, £8 more than is achieved

1 Section 3.2 offers a detailed explanation on the calculation of efficiency
gains.
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Fig. 2. Comparison of GDP impacts under different funding options (central
case, combined enabling and realising stages).

under the private loans approach. The gap widens in higher incomes
households, up to £123 (per household per year) in HG5.

One key point to note here is that, while the income tax and loan
approaches enable the same efficiency gains, the divergence in
economy-wide and income boost results is a function of the income tax
process modelled here (detailed in Section 3.2), which recycles public
budget gains back to households over time. This is done via income tax
reductions generating an additional household income and spending
stimulus over time. Overall, our findings highlight that energy efficiency
improvements as currently funded by ECO or by alternatives, can deliver
wider economy and societal gains. For example, energy efficiency
improvement programmes can ultimately deliver between 1.8 and 6.6
FTE jobs, and between £4.3m and £14.1m cumulative GDP gains, per £m
spent (Table 2).

However, net wider economy gains will be underpinned by differ-
ential rates of expansion, depending on where households reallocate and
devote increased real spending. Moreover, the expansion observed here
is effectively demand driven, triggered by impacts on real household
incomes and consumption spending. This puts upward pressure on fac-
tor and consumer prices. The outcome is competitiveness effects that
partly or wholly offset potential gains in some sectors. This is reflected in
the CPI increase and export losses we observe for the majority of the
examined programmes duration (see Table 2). Ultimately, in the sce-
narios modelled here, this is not sufficient to generate net losses in any
UK industry identified outside of the energy supply industries (where
demand falls with efficiency). The key sectoral level outcome is a
shifting composition of UK GDP with domestic spending crowding out
export demand, as illustrated for employment in Fig. 3.

4.3. The impacts of changing the distribution of funding

The scenario simulation approach adopted here is also useful to
consider how changes in programme delivery may effect outcomes. One
UK policy concern is whether less affluent households should receive
greater access to ECO funding. Ofgem states one of ECO’s goals is to
tackle fuel poverty.'? To meet this goal, policymakers may consider a
tapered distribution, providing greater access to funding to the lowest
income households. This is not current practice in the ECO framework
that we consider first here as a potential benchmark, not least given its
fuel poverty objectives. In our experiment, the approach does not affect
the total amount spent under each funding mechanism, but it does affect
the efficiency gains in each of the household quintiles.

We consider a case where the lowest 20% of households receive 54%
of the ECO funds available. Where the large rent is present, data suggest

12 As is mentioned in ECO section of the Ofgem website: https://www.ofgem.
gov.uk/environmental-programmes/eco.
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Table 2

Impact on key macroeconomic variables due to ECO, loans and fully socialising the cost of energy efficiency (central case).
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ECO (with economic rent)

ECO (no rent present)

Loans to beneficiaries

Fully socialising through

income tax
Base values First Full  Firstyear Full  Firstyear Full First Full
year adjustment adjustment adjustment year adjustment
GDP £1,305,907m 0.02% 0.07% 0.04% 0.14% 0.04% 0.17% —0.01% 0.25%
CPI 1 0.06% 0.00% 0.08% 0.00% 0.04% 0.00% —0.02% 0.00%
Investment 15% 0.04% 0.08% 0.06% 0.15% —0.03% 0.18% 0.18% 0.27%
Unemployment rate 6% —0.60% -1.23% —1.06% —2.35% —1.03% —2.84% 0.14% —4.07%
Employment 24,930,573 9573 19,567 FTE 16,894 37,410 FTE 16,338 45,240 FTE -2171 64,741 FTE
FTE FTE FTE FTE FTE
Real wage 1 0.06% 0.00% 0.08% 0.00% 0.04% 0.00% —0.02% 0.00%
Imports £452,832m 0.07% 0.08% 0.14% 0.15% 0.13% 0.18% —0.02% 0.27%
Exports £452,832m —0.05% 0.00% —0.08% 0.00% —0.07% 0.00% 0.02% 0.00%
Total energy use £190,271m —0.09% —0.22% —0.10% —0.42% —0.04% —0.51% —0.07% —0.43%
Disposable income £1,427,453m 0.01% 0.14% 0.03% 0.28% 0.06% 0.33% 0.03% 0.39%
(excluding savings)
Household total energy £38,856m —0.36% —0.56% —0.40% —1.08% -0.13% -1.31% -0.27% -1.17%
consumption
Residential energy £32,019m —0.13% —0.27% —0.15% —0.53% —0.05% —0.64% —0.11% —0.54%
consumption
Cumulative GDP per 0 £0.03m £4.31m £0.04m £8.20m £0.05m £9.83m -£0.01m £14.10
£million spent
Employment per £million 0 0.88 FTE 1.80 FTE 1.55 FTE 3.43 FTE 1.66 FTE 4.60 FTE —-0.22 6.59 FTE
spent FTE
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Fig. 3. Long-run employment changes due to different funding mechanisms by UK sector (central case).

that each HG1 household becomes 4.37% more energy efficient. If there
is no rent, this can rise to 8.53%. Under loan finance or socialising as
alternatives to ECO, more funds would be directed to retrofitting so that
HG1 could realise efficiency gains of 10.14%. The range for HG5
households is 1.33% and 3.29% (see Table 1).

The greater efficiency gains observed at the lowest and second lowest
income quintiles (HG1 and HG2) lead to greater income gains for these
households, while there are smaller gains in the remaining quintiles. See
Fig. 4. There is a significant gap in the real income outcome for HG 1
between the tapered and equal distribution. This gap can be up to £30
per household per year, when we fully socialise the cost, as HG1
households may ultimately receive a sustained income boost of £94.5
per household per year.

On the other hand, more affluent households enjoy smaller income
gains (both proportionate and in absolute terms) if tapered distribution
is applied. Despite the differences in the share of the additional income
that each quintile consumes, the erosion of income gains spent by the
more affluent households is greater than the additional income spent by
HG1. Therefore, the resulting boost to consumption demand is smaller.
This, in turn, limits the economic expansion driven by energy efficiency
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improvement, for example, with the outcome of the fully socialised cost
scenario showing a potential sustained GDP boost is 0.23%, compared to
the 0.25% that may be achieved using equal distribution (Table 2
above). At a sectoral level, this manifests mainly in smaller sustained
gains observed particularly in the consumer spending dominated
‘Wholesale and Retail Trade’ industry relative to those reported in Fig. 3.

On the other hand, findings regarding household incomes for the
enabling stage alone (i.e. if efficiency gains do not materialise) are
generally not sensitive to the distribution of funds, with one exception,
loan funding. Here low income households have to cover the majority of
the loans. Thus, in the absence of energy efficiency gains, paying for
projects will result in disposable income losses (up to £58 per household
per year) exceeding those suffered in other income quintiles.

5. Conclusions and policy implications

Our work demonstrates that both enabling residential energy effi-
ciency gains and realising the outcomes through an existing energy ef-
ficiency programme, such as ECO, in the UK translates to real potential
to deliver wider economy benefits. However, the underlying driver of
sustained gains is actually realising energy efficiency gains, and how this
impacts the disposable income and spending power of households. Thus,
our results for scenarios comparing different distributions of project
funds show that there may be a trade-off in terms of tailoring energy
efficiency programmes to mitigate social issues such as fuel poverty,
where gains from focussing on making lower income households more
energy efficient unlock a lower extent of expansionary power than those
resulting from more broadly distributed gains.

On the other hand, long term programmes to enable efficiency gains,
such as UK ECO, can deliver some extent of economy-wide benefits and
boost the incomes of the lowest income households, regardless of
whether the potential efficiency gains materialise or not. However, as
with any investment activity, the economy-wide and household income
gains from the retrofitting (enabling) stage are limited, both in terms of
timeframes where benefits transpire and relative to returns driven by the
efficiency gains. As households become more efficient, their energy bills
reduce, thereby freeing up and boosting real purchasing power in favour
of other goods and services. Our analysis shows that the administrative
and costs associated with identifying appropriate projects (search costs)
erode the benefits achievable if the same amount were to be used
directly for efficiency improvement activities. Furthermore, the pres-
ence or not of economic rent is a key determinant of the magnitude of
potential economy-wide and household income gains through ECO. We
find that funding through loans or taxation enable more funds to be
directed to actually enabling efficiency gains, and, thus, the potential to
deliver better economy-wide and household income returns than ECO,
but only if those efficiency gains transpire. If not, there is the potential
for transitory but significant economy-wide and household income los-
ses in some timeframes.

The broader policy-relevant insight coming from our work is that
there are trade-offs that need to be considered when designing energy
efficiency policies. The results presented here clearly demonstrate that it
may not be possible to combine funding mechanisms and distribution of
funds in a way that maximises potential gains across all policy objec-
tives. In the UK case studied here, we found that it was not possible to

Appendix A. Methodology

The UKENVI CGE model
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achieve simultaneously the best economy-wide impacts and the best
income boost for the lowest income households, while ensuring that
there will not be any negative impacts under any circumstances.
Therefore, one key message from our work relates to the importance of
defining objectives and prioritising the goals of energy efficiency pol-
icies, before selecting the combination of funding mechanisms and ac-
cess distribution that can deliver for those specific goals.

Despite the important policy insights derived by our economy-wide
analysis, going forward it will be necessary to update the CGE model
database (currently relying on a 2010 analytical input-output table
converted from published UK supply-use data) to provide more policy-
facing insights. Crucially, the passage of time and changes in eco-
nomic conditions mean that changes in the structure of the UK economy
are likely to have occurred, and that these may affect the magnitude, if
not the qualitative nature, of the impacts identified. In this regard, we
reiterate the need for caution in assessing the outcomes of the CGE an-
alyses, which should never be taken any form of forecast of the evolution
of the wider UK economy.
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For this paper, we use a dynamic economy-wide multi-sector CGE model of the UK, UKENVI. The model includes all the sectors of the UK economy
aggregated to 30 groups and captures the links between the sectors and the effects that relative price changes may have across the entire economy. The
model we use here is based on the model used in previous work focussing on household energy efficiency in the UK (Lecca et al., 2014) and in-
corporates elements like the disaggregation of households into income quintiles, included in more recent research work (Figus et al., 2017). For the
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purposes of our work we assume that the labour supply is fixed, a common assumption for national CGE models, while we also assume fixed nominal
wage. The latter assumption was used to reflect the relatively small changes in wages in the UK since 2013, the time that ECO was first introduced.
Production

Our model uses a nested constant elasticity of substitution (CES) production function. The sectors are producing output by combining value added
and intermediate inputs. In turn, value added is the combination of capital (K) and labour (L), while intermediate inputs are distinguished between
energy (E) and non-energy (materials, M) intermediates. Intermediates can be either domestically produced or imported but we assume they are
imperfect substitutes under an Armington assumption (Armington, 1969).

Investment

In this work, we assume forward-looking producers with perfect foresight. The desired long-run level of capital stock is known, as are all future
prices, capital requirements and demand levels, and are factored into the investment decisions of UK production sectors. Their investment decisions
follow Hayashi (1982) with the optimal path of investment derived from maximising the V, value of firms subject to a capital accumulation function

K;:
00 1 t
MaxV, ; (1—+r> [ﬂt _It(l +g(x!))] [1]

Subject to K, =I; — 5K.. In equation [1] x is the firm’s profit, I is the private investment, r is an endogenously determined discount factor and g(x;)
is the adjustment cost function, where x, = Lig and § is depreciation rate. The solution of this intertemporal problem allows us to calculate the
t

shadow price of capital in each time period, which changes year by year until a new equilibrium is achieved, and the time path of investment which is
related to the tax-adjusted Tobin’s g. Essentially, the capital stock in our model does not instantaneously adjusts to the desired levels, instead the
producers make continuous investments over time until the long-run capital stock level is achieved.

Consumption

We identify a number of consumers in our model but the most relevant for this work are households and the government. Regarding households,
they are disaggregated into 5 quintiles based on their gross annual income. We assume that households are myopic, making their consumption de-
cisions based on their current income rather than future discounted utility of consumption (Lecca et al., 2014). Each household quintile in our model
makes consumption decisions in each time period based on the following general form:

Ch,t = Yh,[ - Sh,z - HTAXh.r - CTAXh,t [2]

where C represents the total consumption, Y is the income, S are the savings, HTAX is the income tax and CTAX is the direct tax on consumption; all for
period t.

Government
The government in our model is operating according to the following budget constraints where the government budget (GB) is derived by the
government revenue (GY) minus the government expenditure (GEXP):

GB,=GY, — GEXP, [3]

GY, = dgzrki.r -Ki+ ZIBTM + ?rZLi,t W+ ﬁ-g, [4]

GEXP,=Y Gi;-Pg+ > TRGuygins, - Pc, + Y _Grants, (5]
i dngins h

In the previous equations we can see that GY is the sum of share d® of capital revenue transferred to the government, IBT is the indirect business tax,
L is revenue from labour income at rate T and FE are the payments/transfers from abroad converted using fixed exchange rate ¢. On the other hand,
GEXP includes spending on goods and services G and transfers TRG to non-governmental domestic institutions dngins, which are assumed to be fixed,
and the amount offered as grants to households (but this is only applicable in one of the scenarios we examine). For the purposes of our work, GEXP in
general is assumed to be fixed so the government spends the same amount on goods and services over the different periods, only adjusting where the
spending is directed following changes in relative prices. This assumption also implies that when a balanced budget is necessary this needs to be
achieved through increases in the revenue GY.

Modelling how the cost is covered

ECO

A key difference of ECO, compared to the other funding approaches we examine, is that the cost is passed to the entire consumer base of energy
companies via their energy bills. Only the residential consumers cover the cost of ECO, so to capture the necessary increase in energy bills we have re-
specified the energy price paid by households:

Pone = Peneme X (1 + 9) [6]

Penemc is the price of energy in a perfectly competitive market, 6 is a mark-up and P, is the price paid by households. The difference between the price
paid by households and the competitive market price is the marginal profit of the energy companies.
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mp = Pene — Peneme [7]
If the marginal profit is then multiplied to the total revenue of the energy companies, the product needs to be equal to ECO.
ECO=mp(Pene * Qene) [8]

With ECO being exogenously determined and having functions for all the other endogenous variables, we can solve equations [6] to [8] for the
mark-up required so that energy companies recover the cost of ECO through their residential customers.

Interest-free loans

In terms of how we model the repayment of household loans, we follow a rather simple approach. First, we assume that the loans are repaid over 10
years, starting from the year that retrofitting takes place. Therefore, a household that receives the retrofitting in year 5 will repay the loan by year 15
and as a result the repayment period exceeds the duration of the retrofitting programme. An important point to keep in mind is that loan repayments
are assumed to be the top priority of households. This means that first they cover the cost of their instalments and then, with the remaining disposable
income, cover the rest of their needs. The result coming from this assumption is that consumption is suppressed compared to what could have been in
the absence of the loan repayments.

Government grants

For the government grants, we assume that they can only be used to support energy efficiency improvement projects. Therefore, we have net
negative impact on the household income. As we can see in [5], grants increase the government expenditure so for the government to raise the
necessary funds, or cover the cost, we use an endogenous income tax process and require a balanced government budget. This way the cost is spread
across the economy in a progressive way via the income tax. A key point to highlight regarding this approach is that as the government increases the
income tax to cover any budget deficit, in the same way it decreases the income tax to return any budget savings back to the households.

Data

As mentioned in Section 3.2, the model for our study is calibrated using a 2010 UK Social Accounting Matrix (SAM), given that (at the time of
conducting the research) this was the most recent year that the required economy-wide input-output data were available in appropriate form for the
UK. The 103 sectors reported in ONS IO accounts are aggregated to 30 sectors, including five energy supply sectors: coal extraction, crude oil
extraction, refined petroleum, electricity and gas distribution. We also keep ‘Manufacture of Fabricated Metal Products, excluding weapons &
ammunition’ sector at the lowest aggregation level possible (see Table B1).

As detailed above (Section 3.2) our scenarios were informed using publicly available data from the 2019 edition of BEIS Household Energy Ef-
ficiency Statistics (HEES) for the cost of the efficiency improvement programmes and from the National Energy Efficiency Data (NEED) framework for
the expected efficiency gains. The information on the allocation of access to funds under the tapered approach are the outcome of internal analyses at
BEIS and were provided to us by our collaborating colleagues in BEIS.

Appendix B. The sectors in our CGE model

Table B.1
Sectoral aggregation in CGE model and link to SIC2007 codes

Sector Number Sector Name SIC code
S1 Agriculture, Forestry and Fishing 01-03

S2 Coal and Lignite 05

S3 Crude Petroleum And Natural Gas & Metal Ores 06-07

S4 Other Mining and Mining Services 08-09

S5 Food and Tobacco 10&12

S6 Drinks 11

S7 Textile, Leather and Wood 13-16

S8 Paper and Printing 17-18

S9 Coke and Refined Petroleum Products 19

S1 Chemicals and Pharmaceuticals 20-21
S11 Rubber, Cement and Glass 22-23
S12 Iron, Steel and Metal 24&25.4
S13 Manufacture of Fabricated Metal Products, excluding weapons & ammunition 25.1-3&25.5-9
S14 Electrical Manufacturing 26-28
S15 Manufacture Of Motor Vehicles, Trailers and Semi-Trailers 29

si6 Transport Equipment and Other Manufacturing (incl. Repair) 30-33
S17 Electricity, Transmission and Distribution 35.1

S18 Gas; Distribution of Gaseous Fuels Through Mains; Steam and Air Conditioning Supply 35.2-3
S19 Natural Water Treatment and Supply Services 36-37
S20 Waste Management and Remediation; Sewerage 38-39
S21 Construction - Buildings 41-43
S22 Wholesale and Retail Trade 45-46
S23 Land Transport 47&49.1-2
S24 Other transport 49.3-5&50
S25 Transport support 51

S26 Accommodation and Food Service Activities 53&55
S27 Communication 52&56-62
S28 Services 63-80
S29 Education, Health and Defence 81-85
S30 Recreational and Other Private Services 86-94
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