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Economic analyses of renewable energy policy schemes typically focus on fiscal returns, deployment outcomes,
and carbon savings, with broader socio-environmental impacts remaining under-researched. This study evaluates
the United Kingdom's Contracts for Difference (CfD) scheme, assessing monetised social and environmental
benefits for offshore wind, onshore wind, and solar photovoltaics (solar-PV) between 2016 and 2025. We develop
a novel social cost-benefit framework combining avoided CO: emissions, estimated using UNFCCC marginal
emissions methodologies, and employment-related social value, calculated using an opportunity-cost-of-labour
approach. A technology-specific unemployment rate is introduced, weighting regional unemployment by the
spatial distribution of renewable capacity to assess interactions with local labour markets. Substantial variation is
observed between technologies. Cumulative discounted social and environmental impacts are estimated at £2.7
billion for offshore wind, £230 million for onshore wind, and £14 million for solar-PV. Relative to discounted CfD
payments, socio-environmental returns are 0.35, 1.4, and 4.7 respectively. The returns improve across CfD
Allocation Rounds (ARs): from 0.29 prior to AR1 to 5.8 in AR5, with an overall average of 0.45. Environmental
benefits average £18-per-MWh and employment-related benefits £3.2-per-MWh. The technology-specific un-
employment rates are 4.08% for offshore wind, 4.1% for onshore wind, and 3.92% for solar-PV. Monte Carlo
analysis identifies carbon social value as the most influential factor, with a one percentage point change from
£84-per-tCO: altering outputs by 1.3%. Overall, CfDs generate measurable positive socio-environmental impacts,
though future CfD policy design should better integrate sustainability returns, domestic supply-chain develop-
ment and regional skills development to support a just energy transition.

1. Introduction

Global renewable energy capacity is growing rapidly, driven by the
political desire for climate action, advancements in technology effi-
ciency and manufacturing capacity, increased investment, and sup-
portive financial policies across the world. Renewable energy market
expansion has led to significant reductions in the carbon intensity of
electricity generation.

The UK Government aims to realise its climate change mitigation
ambitions for the electricity sector by 2030 by supporting contracts for
50 GW of offshore wind, 35 GW onshore wind, and 50 GW of solar [1],
with projections indicating offshore wind to account for over half of GB's
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electricity generation by 2030 [2]. Current progress indicates that
greenhouse gas (CO3) emissions per kWh electricity have reduced by
35% across the EU within a decade [3], and by 70% in the UK specif-
ically (from 535 gCO2/kWh to 162 gCO2/kWh between 2008 and 2023).
Further reduction in electricity-related emissions in the UK is planned
through the seventh carbon budget by 2035, for an 88% reduction in
electricity supply by 2040 [4]. Following COP29, the UK Government
announced a revised target to achieve 81% total CO2 emissions reduc-
tion by 2035, compared to 1990 levels [5]. Action towards greater
renewable electricity generation aims to mitigate climate change and
foster energy security and energy independence in the face of geopo-
litical shocks to global fossil fuel supply chains [6].
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The UK government has implemented a range of supportive financial
policy mechanisms for renewable energy deployment, first through a
system of Renewable Obligations Certificates (ROCs), which was dis-
continued for new applicants in 2017 and replaced by the Contracts-for-
Difference (CfD) scheme [7]. The Energy Act 2013 established the legal
framework for implementing the UK Government's Electricity Market
Reform (EMR), aiming to secure electricity supply and decarbonise the
electricity sector at a cost that remains affordable for consumers [8]. The
first capacity through auction was awarded in 2015. The EMR frame-
work introduced Contracts for Difference (CfDs) and a capacity market
[9]. CfDs encourage investment in renewable energy by reducing the
financial uncertainty associated with electricity market price fluctua-
tion. This UK-specific policy transition is in line with the global uptake of
CfDs as the primary policy tool used to support offshore wind [10]. CfDs
are increasingly understood as a risk management and market creation
tool rather than simply as subsidies. As Beiter et al. [11] argue, the CfDs
transform volatile wholesale-market revenues into stable long-term
price signals for renewable electricity investment; whereas Schlecht
et al. [12] highlight potential dispatch and investment distortions and
propose an evolutionary financial CfD design.

CfDs replaced the UK ROC scheme for long-term contracts between
an electricity generator and Low Carbon Contracts Company (LCCC).
CfDs enable the generator to stabilise its revenues at a pre-agreed level,
called the strike price for the duration of the contract [13]. CfDs provide
a two-way difference payment for electricity over a 15-year period (now
20 years in Allocation Round 7) between the market reference price and
the strike price (indexed to £2012, £2024 for Round 7 onwards). The strike
price is typically set through an auction, whereby the bidder offers the
lowest strike price to win the CfD. Under the CfD scheme, 20 GW of
contracts are recorded for offshore wind, of which 4.8 GW is fully
operational (18 TWh/a) as of mid-2023, growing to 8.8 GW, in 2024
(37 TWhy/a), an additional 4 GW, is under construction or commis-
sioning. This is followed by 7.5 GW of solar-PV contracts with highest
record of 3.3 GW in AR6. Furthermore, onshore wind's cumulative ca-
pacity amounted to 4.1 GW of contracts, with the most successful record
in AR5 at 1.5 GW [14,15].

Past CfD auctions have seen the strike prices for offshore wind fall
from £2012120/MWh for power stations operational by 2017, to below
£201240/MWh for power generation commencing operation in 2023/
2024 [10]. The auction strike price for onshore wind and solar also
declined by 48% and 30% between AR1 and AR4, respectively
[14,16,17].

Each auction has a ceiling price, called the administrative strike price
(ASP). The AR5 ASP set at £44/MWh did not take into account high
inflation, rising capital costs, and ongoing post-Covid 19 supply chain
constraints, with developers declaring projects to be financially unvia-
ble. Thus, ARS5 failed to attract investors for offshore wind CfDs. AR6 and
AR?7 had more success due to the higher ASP, reflecting higher costs of
production. The AR6 ASP for offshore wind at £58.87/MWh (for new
projects) and £54.23/MWh (for previously successful projects), and AR7
ASP was £113/MWh for fixed-bottom offshore wind reflect this change
[18,19].

Despite the CfD scheme's financial success in scaling renewable en-
ergy, the broader social and environmental impacts are important but
under-researched components in measuring the relative success of the
policy. These impacts include both positive benefits and negative costs
experienced within broader society or the natural environment, that
may not be reflected in the electricity market transaction, i.e. the posi-
tive and/or negative externalities, whereby costs and benefits spill-over
to a third party not involved in the electricity sale [20]. Among the
negative externalities, CO, emissions are critical, reflecting the climate
change as a free-rider externality problem associated with fossil fuels,
and underscores the importance of implementing carbon pricing to
internalise the impact to the market price of electricity [21]. Among the
positive externalities, job creation, continuing employment, education
and skills development are key positive social development factors, as

Energy Research & Social Science 138 (2026) 104842

they lead to economic productivity and wage growth. Such factors are
essential for achieving a just transition for workers living in fossil fuel
employment-intensive regions as sectoral reform leads to the decline of
fossil fuel demand. Renewable sector growth can thus counteract job
losses, skilled workforce depletion and concomitant decline in social
welfare from the decommissioning of fossil fuel systems [22].

At a national scale there are clear external social and environmental
benefits that alleviate the so-called ‘energy trilemma’: including
reducing the need for fossil-fuel-based energy imports leading to im-
provements in energy security [23-25], improving long term energy
affordability by alleviating price shocks within volatile fossil fuel mar-
kets [26,27] and mitigating climate change [28]. Low carbon and
renewable energy sources have contributed to job creation in the UK at
an estimated 272,000 new roles by 2022 [29]. Some areas of job growth
(such as the manufacturing capacity of domestic wind turbines) remain
relatively modest, however [30]. Though growth in employment within
the renewable energy sector is laudable at the national scale, job op-
portunities remain unevenly distributed geographically, particularly as
low carbon transitions shift energy production sites from the coalfield
heartlands towards predominantly rural and coastal locations [31].
Renewable energy transitions may thus act to reproduce existing pat-
terns of regional social and environmental injustice experienced in so
called ‘left behind’ places due to spatially inequitable land uses, historic
planning policy, administrative fragmentation, and uncoordinated and
spatially disoriented net zero policies [25,32,33]. Thus, understanding
the spatial distribution of social and environmental benefits is a key
aspect of ensuring a just CfD scheme for affected communities.

This study is structured around two main research objectives. First, it
aims to assess the social and environmental impacts associated with
electricity generation under the CfD scheme, with a specific focus on
offshore wind, onshore wind, and solar photovoltaics (hereafter solar-
PV) in the UK. Second, it seeks to compare these assessed impacts
with the corresponding policy implementing costs, thereby enabling an
evaluation of overall effectiveness of the CfD scheme. Analysis of
offshore wind, onshore wind, and solar-PV contracts is drawn from
publicly available data from the Low Carbon Contracts Company [34].
This twin objective analysis addresses three specific gaps in the litera-
ture. First, we integrate both monetised social and environmental as-
pects into CBA analysis for policy evaluation, eventually presenting a
ratio to appraise energy policy. Second, though we tailored the model
for CfD scheme analysis, our approach also provides a holistic cost-
benefit evaluation approach suitable for application to a range of
other energy policy instruments. Additionally, the model is designed to
accommodate uncertainties, ensuring a robust and adaptable approach
to energy policy evaluation. Third, our methodological innovation in
employment impact assessment introduces a technology-specific un-
employment rate to provide deeper insight into unemployment disparity
in conjunction with renewable energy generation.

2. Literature review

Assessing the social and environmental impacts of renewable energy
development can provide valuable insights, particularly when inte-
grated within a comprehensive social cost benefit analysis (CBA)
framework. Traditional CBA methodologies typically focus on explicit
and realised costs and benefits, often overlook broader potential impacts
[35-37]. Moreover, conventional CBA is primarily designed to assess
investment viability and not sufficiently developed to evaluate the
viability of policy interventions.

The scope and application of conventional CBA has undergone sig-
nificant transformation, largely influenced by growing concern over
rapidly deteriorating environmental conditions and future climate
change threats [38,39]. Studies examining the use of environmental and
social CBA analysis for various projects have therefore emphasised
different pro-environmental outcomes and benefits. These include, but
are not limited to quantification of ecological benefits, such as improved
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water quality or ecosystem restoration [40], changes to green finance
and regulatory outcomes [41,42], changing uptake or practices of new
renewables [43], or technological improvements in energy system
modelling [44]. Multiple studies review the socio-environmental impact
of renewable energy generation [45,46], including specific technology
applications including offshore wind [47,48], biogas and bioeconomy
adaptation [49,50], and solar-PV systems [51].

Despite this expanding project-level literature on social CBA anal-
ysis, comparatively, few studies have examined the social return of
specific energy policy schemes. Research on the social impacts of elec-
tricity market support mechanisms highlights how consumer funded
renewable support schemes shape distributional outcomes and sector
level dynamics. Shao et al. [52] show that the renewable obligation in an
earlier consumer funded schemes, generated substantial wind power
deployment and lower price, but it was insufficient to offset the cost of
renewable obligation scheme. Pashakolaie et al. [53] similarly showed
that the social and environmental benefits are lower than the support
scheme, while Nelson and Dodd [54] showed that the CfD mechanism is
regressive form of taxation to fund renewable energy, leading to lower
overall social equality. Thus, the social dynamics of electricity market
support mechanisms show a variety of equity outcomes dependent upon
the geographic and policy context in which they are applied.

Recent work also highlights wider market and financial effects of the
UK CfD scheme. Chen et al. [55] show that supported wind generation
can exert stronger downward pressure on wholesale electricity prices
than non-supported wind generation, while Chen et al. [56] identify an
enforcement gap associated with termination payments in offshore wind
project-finance structures. These studies broaden understanding of CfDs
as market design and financial risk instruments, but they do not quantify
the scheme's monetised social and environmental returns.

Social CBA has been adopted as a decision-support tool by different
government departments to evaluate policy outcomes, includes defining
the scope of social and environmental costs and benefits, selecting the
horizon of the impact, implementing country-specific discount rates
[57,58]. In the UK, the Government's Green Book approach provides an
extensive set of assumptions and methodologies for environmental and
climate impact assessment [59]. Similarly, the Irish government issued
similar guidelines, primarily focusing on climate impact assessment and
the discounting of climate impacts. At a broader transnational gover-
nance level, the OECD contributed guidance for environmental CBA
analysis, particularly emphasising climate-related concerns and the
valuation of broader environmental damage. Despite these advance-
ments, the incorporation of employment impacts within CBA framework
remained underdeveloped [57]. Nevertheless, few studies have
expanded the CBA scope to incorporate broader social and employment
dimensions into project evaluation [60-62]. Several studies elaborated
how to monetise the employment impact through the concept of op-
portunity cost of employment [63-65]. Social CBA itself has recently
been developed to include job creation criteria given that employment
effects are substantial drivers of social welfare [66]. This expanding
literature signals a shift towards more comprehensive appraisal frame-
work that integrates environmental, social and labour market impacts in
energy policy evaluation.

3. Methods and materials
3.1. Socio-environmental return model

Our study introduces a social and environmental CBA framework to
evaluate the societal outcomes of the CfD scheme in the UK. The
framework evaluates both the policy cost and associated impacts. The
policy cost refers to the CfD payments (expenditures) by the UK gov-
ernment. The social and environmental impacts are built upon two key
sustainability aspects of renewable energy development including CO5
emissions reduction and employment. The CBA framework is structured
to measure the discounted social and environmental impacts and
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associated CfD payments as follows:
PV (EnVsim/fiei) + PV (Soce)
Pv(cf,,)

The variable CfD_socio_environmental return represents the social and
environmental return, which is calculated as the present value of total
benefits relative to the total payments. This ratio particularly indicates
the proportion of CfD scheme payments that could be offset by social and
environmental benefits of renewable energy.

To evaluate greenhouse gas emissions reduction (specifically CO5),
this study adopts the United Nations Framework Convention on Climate
Change (UNFCCC) methodology. This framework distinguishes between
two scenarios: a simple scenario (aligned to option A in UNFCCC) and a
flexible scenario (aligned to option B) [67].

CfD_socio_environmental return =

@

In this context, PV(Envsim/ﬂe,t‘i) represents the present value of envi-
ronmental impact in simple and flexible (sim/fle) scenarios for renew-
able technologies (t). PV(Socm-) stands for present value of employment
value. CfD, ; indicated the CfD payment associated with each renewable
energy technology. In addition, “the opportunity cost of labour”
approach is used to assess the employment impact [63].

The study process began with data collection and analysis of CfD
scheme payments for solar-PV, offshore wind, and onshore wind from
2016 to 2025. The UNFCCC methodology was used to measure fossil fuel
substitution, serving as an intermediate variable for assessing environ-
mental impact. It is followed by employment impact assessment and
final computation of the CfD scheme socio-environmental return. To
account for uncertainty, a sensitivity analysis was performed using a
Monte-Carlo simulation (Fig. 1).

3.2. CfD scheme

Under the CfD, contract strike prices remain fixed for the duration,
though they are adjusted annually to account for inflation and market-
related charges [68]. Since the CfD scheme introduction, seven alloca-
tion rounds have been completed. These allocation rounds have sup-
ported a cumulative installed capacity of 43.1 GW,, [15] Offshore wind
dominates this capacity with 24.8 GW,, followed by solar-PV with 7.5
GW, and onshore wind with 4.1 GW, under CfDs. Electricity generation
from offshore wind has also grown significantly: increasing from 1.5
TWh in 2017 to 13.6 TWh in 2024. Onshore wind generation rose from
44 GWh in 2018 to 1 TWh in 2024, while solar-PV shows a more gradual
upward trend, from 6 GWh in 2016 to 19 GWh in 2024 (Fig. 2).

Payments from the CfD scheme across the three technologies and
allocation rounds are shown in Table 1. This table shows the breakdown
of annual payments made under the CfDs from Pre-AR1 (Investment
contracts) to AR5 [34]. There is significant year-to-year variation,
driven by fluctuation in the market reference prices, change in genera-
tion capacities, and differences in payment settlement dates.

It is important to note that while CfD payments are negative in
certain years, the cumulative payment over the full period remains
positive in all cases except for solar-PV under AR4/AR5 in 2025, where
the CfD payment is the only payment observed to be negative. Solar-PV
under AR4 contains £1.2 mn positive payments and £—2.03 mn negative
payments, whereas AR5 breakdown consists of £0.02 mn positive, and
£—0.03 mn of negative payments. To address the negative payments for
solar-PV in AR4/AR5, two approaches were applied. In the first
approach negative payments were excluded from the socio-economic
return calculation of solar-PV under AR4/AR5, and in the second
approach, negative payments were treated as positive non-social benefit
and added to the benefit side of the model.

3.3. Environmental impact assessment

Environmental impact is quantified in this study as the discounted
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Leading renewable energy technologies (solar, offshore wind, and onshore wind) under the
UK CfD scheme

v

Socio-environmental Impact Assessment

[

v

C1D scheme costs

Avoided fossil-fuel
generation

Employment-related
social value

A
Environmental impact
and avoided GHG
emissions

CfD socio-environmental return

ﬁJ

Uncertainty analysis of socio-
environmental return

Fig. 1. Conceptual and analytical framework for estimating the socio-environmental return of renewable electricity generation under the CfD scheme.
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Fig. 2. Annual electricity generation from offshore wind, onshore wind, solar-
PV supported under United Kingdom Contracts for Difference scheme between
2016 and 2025 (TWh).

value of CO; emission reduction through renewable energy generation
as follows [69,70]:

R EFc—(sim/ﬂe) *Gt.i * Cvi

PV(Envs; /fleti) =
(i) i=2016 (1+d)

(2)

The variable PV(EnVSiyn/ﬂe‘t‘i) represents the present value of total
environmental impact in year i for either simple or flexible scenarios, (in
£mn). The term d signifies the social discount rate, with all values dis-
counted to the base year 2016. For this analysis, the Social Rate of Time
Preference (STP) of 3.5% has been applied for social discount rate
[59,71]. Gy;, stands for electricity generation (TWh) of technology (¢)
over time (y).

EF._(sim/fley Tepresents the marginal emissions factor (tcoo/MWh).
Based upon the UNFCCC framework, the marginal emissions factor
calculates the potential displacement of either existing or forthcoming
fossil fuel power stations (natural gas, oil, and coal) by renewable energy
sources. Displacement can occur across all existing fossil-fuel powered
capacity whether operating as baseload generation or not, as well as the

most recent non-renewable energy generation capacity additions. To
capture these effects, the framework incorporates three key compo-
nents: Operating Margin (OM), Build Margin (BM), and Combined
Margin (CM) [67]. OM refers to the emissions from existing power sta-
tions under the simple and flexible scenarios. In the simple scenario, all
current power generation capacity is considered, excluding low-cost/
must-run power stations (assumed here as nuclear or hydro power).
Conversely, the flexible scenario includes all existing power generation
sources. The BM reflects the CO, emissions from the most recently added
non-renewable energy capacity. Recent power station construction in
the UK including the Carrington Power Station commissioned in 2016
[72], and Keadby 2 Power Station operational since in February 2023
[73] are key examples. We use the emissions factor of gas-fired power
stations (i.e. combined cycle gas turbine - CCGT) to represent the BM
[71,72,74,75]. The OM margin emissions factor is calculated as the
weighted average CO, emissions per MWh, using the following formula:

2025
EGft.i -EFft.i
EFumsi = ~oa 3)
i:;;ﬁ > EGy;

EFy 1 represents marginal emissions factor of fossil fuel technologies
(ft) measured in tcoz/MWh. The term EFg; refers to the emissions factor
associated with specific fossil fuel technologies. These factors corre-
spond to the primary fossil fuel sources used for electricity generation
including: natural gas, oil, and coal, with emission intensities of 186
kgco2/MWh, 285 kgcoa/MWh, and 336 kgcoa/MWh, respectively [76].
The variable EGy; represents the net electricity generation from fossil
fuel technologies in year i (MWh). The proportion of EGy; relative to the
total generation from all fossil fuel sources indicates the share of each
technology in overall fossil-based electricity generation. The CM factor
is calculated as the weighted average of ‘simple’ and flexible OM, along
with the BM factor, as follows:

EFe_gim = (1 — Mg)*(0.25*EF, g + 0.75*EF,) 4

EFc_ge = (1 —Mg)*(0.25*EF,_ge + 0.75*EF,) (5)

EF._sm and EF._ g, represent the CM emissions factors for the simple
and the flexible scenarios. EF,_g,, and EF,_g. denotes the emissions
factor for simple, and flexible OM factor, and EF, represents the BM
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Table 1

Energy Research & Social Science 138 (2026) 104842

Annual CfD payment settlements (£mn) for solar-PV, offshore wind, and onshore wind across CfD allocation rounds (Pre-AR1 to AR5), showing interannual variability

driven by market prices and generation levels.

ARs Renewable technologies 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Pre-AR1 Offshore 0.0 166 471.2 915 1252 478 8.6 897 1147 1118
Onshore 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Solar-PV 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AR1 Offshore 0.0 0.0 0.0 9.7 186 65.8 -70 165 175 288.5
Onshore 0.0 0.0 1.3 55 89 -18.7 —95.3 18.0 56 49.4
Solar-PV 0.3 0.7 0.8 1.2 1.5 —-0.2 -2.6 0.2 0.8 1.0
AR2 Offshore 0.0 0.0 0.0 0.0 0.0 —-28.0 —80.3 24.6 112 76.2
Onshore 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Solar-PV 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AR4 Offshore 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Onshore 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Solar-PV 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 —-0.8
AR5 Offshore 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Onshore 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Solar-PV 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 —-0.01
Total Offshore 0.0 166 471 925 1438 516 —141 1086 1433 1482
Onshore 0.0 0.0 1.3 55 88.5 -18.7 —95.3 18.0 56 49.4
Solar-PV 0.3 0.7 0.8 1.2 1.5 -0.2 —-2.6 0.2 0.8 0.1

emissions factor. In line with UNFCCC figures [67], the operating and
build margins of wind and solar-PV projects are weighted at 0.75, and
0.25, respectively.

M) represents the daily marginal CO; reduction factor which cap-
tures the impact of variable output from renewable energy sources. This
factor differentiates the relative contribution of solar-PV and wind to
CO; reduction. Due to the intermittent nature of most renewable energy
sources, fossil fuel-based power stations may be required to operate in a
more dynamic operating mode to balance the grid stability. Jansen et al.
[77] suggest that the marginal CO5 emissions reduction could be offset
by approximately 8.3% and 4.9% for solar-PV and wind, respectively.

To present the monetary value of CO, emissions reduction, this study
adopts an average carbon social value (cv;) of 84.2£/tcoo, for whole
study period based on the average of most recent carbon social values
reported by the UK government sources. While some reports span the
full study period, others cover only specific years (Table 2). Among these
reports, the UK Emissions Trading Scheme (ETS) - a cap-and-trade
scheme — came into effect on 1st January 2021 and provided the data
for carbon pricing from 2021 to 2023 [78,79].

The Green Book carbon value is used for the years 2020-2024 [80]
and Department for Energy Security and Net Zero (DESNZ) provide four
different scenarios including market carbon values, a low sensitivity
scenario (defined as high fossil fuel prices and low economic growth), a
net zero strategy aligned scenario, and a high sensitivity scenario
(defined as low fossil fuel prices and high economic growth).

3.4. Social impact assessment

Employment-related social impact refers to the measurable benefits
derived from job creation. Employment delivers a wide range of ad-
vantages to individuals, families, and society. However, employee wages
represent an opportunity cost, and so wage serves as a primary indicator
for assessing these benefits [83]. The opportunity cost of labour is

primarily influenced by the unemployment rate. When unemployment is
high, it is more likely that a newly employed worker was previously
unemployed, thereby generating greater social value through employ-
ment. Conversely, a low unemployment rate reduces the likelihood of
hiring someone who is currently unemployed.

Employment also provides additional social wellbeing benefits,
particularly related to mental and physical health, and consequent
reduction in mortality and morbidity risks [84-86]. Unemployment has
a statistically and economically significant effect on the incidence of
burglary, auto theft, and drug possession, thus enhanced employment
has concurrent individual and collective social benefits such as: lower
rates of violent and non-violent crime, substance dependency and anti-
social behaviour [87,88]. However, these indirect social impacts are not
yet fully captured within existing social value assessment frameworks.
To account for these quantifiable variables, we developed the following
equation [34,89]:

ZOf; Emt,i*Gt,i ©)

PV (Soc,;) = 1+
i=2016

PV(Soc;) stands for the discounted value of total employment social
impact (£mn), Em,; represents the total employment-induced social
impact, measured as follows:

Emy; = (EF, — EFg)*EFp*Cyi* [P(Uyg)* (Wey —Io — L)

+ (1 7P(UW-,i) )*(Wt.i - Wo) } Q)

The variable Em,; represents the value of employment impact in
£mn, (EF, — EF,) captures the net employment impact Full-time Equiv-
alent (FTE/MW), calculated by subtracting the employment factor of a
natural gas power station (EF,) from that of equivalent renewable en-
ergy technologies (EF,). According to [90], offshore, onshore wind, and
solar-PV employment during construction or operation presented
average of 0.94, 0.58, and 0.75 FTE/MW in the UK from 2014 to 2020,

Table 2

Carbon social values (£/tcoz) applied in the environmental impact assessment, compiled from UK government sources and market-based carbon pricing schemes.
Reports 2016 2017 2018 2019 2020 2021 2022 2023 2024 Ref
Thrust 28.7 29.1 29.4 29.8 30.1 30.4 30.8 31.1 31.5 [81]
Policy report 40 42.7 45.3 48 50.7 [82]
UK ETS carbon price - - - - 48.0 52.6 83 - [781
Green book - - - - 253 257 261 265 269 [59]
Market carbon value - - - - - - - 70 72
High sensitivity - - - - - - - 51 63
Net zero strategy - - - - - - - 59 76 [80]
Low sensitivity - - - - - - - 64 84
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respectively. EF, value is considered 0.3 in the model [91].

C,; signifies renewable technologies capacity (GW). EF,, represents
employment multiplier factor accounts for indirect and induced job
creation. From UK ONS data [90], we find that employment multiplier of
solar-PV in the UK fluctuated around 2.08, offshore wind varied from
1.8 to 2.4, and onshore wind varied from 2.4 to 2,7 from 2016 to 2020,
with average multiplier of 2.08, 2.08, and 2.53 for solar-PV, offshore,
and onshore wind, respectively. This average is used for the period 2021
to 2025.

The variable P(U,;) represents the probability (P-value) that a newly
employed worker was previously unemployed. Conversely, (1 — P(Uw7i))
reflects the likelihood an individual was already employed. This prob-
ability is a function of the prevailing unemployment rate [64,92].
However, to enhance the precision of this estimation, we extended the
conventional unemployment rate by incorporating a novel approach
that we term the technology-specific unemployment rate (U,;). This
approach captures regional disparities in unemployment and the dis-
tribution of renewable technologies and finally evaluate the P-value
using unemployment rate distribution curve proposed by Haveman and
Krutilla [92]. The details are covered in the subsequent Section 3.4.1.

The variables W;; and W, represent the wages of employees in the
new and previous jobs respectively. W, assumed as 80% of W,;. I, de-
notes the potential income of a new worker that was previously unem-
ployed. This is assumed to be 20% of W;;, L represents the value of
leisure as an opportunity cost, and is considered to be 20% of W;; [69].

To estimate WG, ; the average wage for key occupations within each
renewable energy technology was applied. For solar-PV, the estimated
average wage of three main occupations including solar-PV design en-
gineer, solar-PV installer, and solar-PV electrician is estimated as £33.5
k/year. Offshore wind salaries were based on an average of £38.5 k/
year, derived from three primary occupations: wind turbine technician,
offshore drilling worker, and marine engineer. For onshore wind, an
average wage of £36.5 k/year is applied, derived from average wage of
turbine technician, wind developer, and electrical technician [93,94].
All wage estimates are presented in nominal terms, assuming that wage
growth offsets the effect of discounting.

3.4.1. Technology-specific unemployment rate

The variation in spatial distribution of renewable energy installation
has concomitant effects upon regional employment/unemployment
rates. To capture the effect of the regional unemployment rate on
renewable energy social impact, our novel technology-specific unem-
ployment rate function reflects the premise that renewable energy
development in regions with higher unemployment rate could generate
greater social benefits, as newly employed workers are more likely to
have been previously unemployed. The technology-specific unemploy-
ment rate is calculated as follows:

2025
Ui.Ce;
i5ot6 2 Cui

The variable U,; represent the technology-specific unemployment
rate across the three renewable energy technologies studied, calculated
using the weighted average unemployment rate in across a differenti-
ated renewable energy distribution map. U,; refers to the regional un-
employment rate, and C,; signifies renewable energy capacity across
different regions. This accounts for how renewable energy generation
capacity is distributed unevenly across UK regional geography due to a
combination of varying geographic characteristics (including natural
geographic features such as coastal access and solar-PV irradiance),
access and proximity to centralised grid infrastructure, spatial targeting
of economic development policy (including but not limited to political
devolution and the development of regional industrial clusters) [95],
and levels of social opposition (notably to onshore wind farms and solar-
PV farms) [96,97].

Although the technology-specific unemployment rate metric helps to

Uw; = (8
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distinguish and quantify the regional unemployment disparity, it oper-
ates under two assumptions. First, is the assumption that all regions have
similar levels of skilled labour, though in practice skill types vary
regionally due to prevailing industry trends, historical differences, and
other social and economic factors [98]. Second, is that the labour market
draws upon a local personnel base, though in reality it draws from a
mixture of local, national, and international worker networks which we
cannot account for in the model.

Analysis of the regional distribution of renewable energy capacity
(C¢;) in the UK reveals that offshore wind is predominantly concentrated
in the North East and North West of England, which together accounted
for nearly 50% of the total installed capacity between 2016 and 2023.
While the South-East has seen a relative decline in offshore wind, other
regions have experienced growth, notably, the Yorkshire and Humber
region has shown an upward trend driven by the Dogger Bank project
[99]. Yorkshire and Humber's strategic coastal location positioned it as a
hub for new offshore developments aimed at supplying electricity to
industrial operations and future hydrogen production linked to the Tees
Valley industrial cluster. Additionally, Scotland has emerged as a key
player in offshore wind energy, leveraging its abundant resources to
drive substantial growth and employment.

In the onshore wind sector, Scotland contributes approximately 60%
of the UK's total installed capacity. Therefore, any employment social
value model for renewable energy development at the UK-scale should
significantly emphasise Scotland's employment figures to accurately
capture the economic and social dynamics within the Devolved
Administration.

Solar-PV is most prominent in the South-West, South-East, and East
of England. The South-West leads with nearly 30% of the UK's total
installed capacity, followed by the South-East at around 25%. The East
of England and East Midlands also contribute significantly to the overall
solar-PV capacity. Collectively, these four regions constitute approxi-
mately 70% of the total solar-PV installed capacity (Fig. 3).

Fig. 4 shows that the regional employment rate (U;;) range from 4%
to 6% across all regions during the period 2016-2024, showing a
downward trend with a noticeable spike in 2021, driven by the effect of
the COVID-19 pandemic. Among all regions, North-East England shows
a slightly higher unemployment rate than the national average,
reflecting persistent social and economic challenges linked to the
structural unemployment experienced in a post-industrial economic and
political landscape [100], and the subsequent revitalisation of high
value manufacturing sectors within successive economic development
policies and the emerging industrial cluster [101,102]. In contrast,
Northern Ireland is recognised for its potential in onshore wind devel-
opment, and demonstrates consistently lower unemployment rates,
indicating greater economic resilience and potential for stable employ-
ment opportunities.

4. Results
4.1. Environmental (emission reduction) impact

The emissions reduction factor results, which represent the most
critical variable for environmental impact assessment, are shown in
Table 3. The findings show that emissions reduction factors are variable
and declining over the study period. It also shows that offshore and
onshore wind are slightly greater than solar-PV due to inclusion of the
output intermittency factor (My) in the emissions factor assessment. The
average emissions factors for solar-PV are 0.25 and 0.22 in simple and
flexible scenarios, respectively. The emissions factor amounted to 0.26
in simple and 0.23 flexible scenario of offshore and onshore wind en-
ergy. As anticipated, the emissions factor for the simple scenario is
higher than the flexible one. The emissions factors show a downward
trend, primarily due to efficiency improvements within fossil fuel-based
power stations. Such advancement reduces fossil fuel consumption
overall and subsequently enhances the CO, emissions factor.
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Fig. 3. Spatial distribution of installed capacity for offshore wind, onshore wind, solar-PV across UK regions, illustrating regional concentration patterns relevant to

employment social impact [76].
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Fig. 4. Regional unemployment rates across the UK from 2016 to 2025,
highlighting inter-regional variation relevant for technology-specific unem-
ployment rate [80].

As illustrated in Fig. 5, offshore wind development is associated with

a substantial CO5 reduction impact. The cumulative discounted envi-
ronmental impact of offshore wind is estimated at £2.3 billion (bn) in the

Table 3

simple scenario, and £2.1 bn in the flexible scenario. The impact
increased nearly eleven-fold from £38 mn in 2017 to £418 mn in 2025 in
the simple scenario, reflecting a rapid increase in offshore electricity
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Fig. 5. Discounted monetary value of CO, emission reductions (£ mn, 2016

prices) - attributed to renewable electricity generation under the CfD scheme,
computed using the UNFCCC simple scenario.

Estimated marginal COz emission reduction factors (tCO2/MWh) for wind and solar-PV technologies under simple and flexible UNFCCC emission displacement sce-

narios, 2016-2025.

Renewable technologies 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Offshore/onshore wind

EFc_sim 0.33 0.30 0.28 0.25 0.23 0.25 0.23 0.22 0.21 0.19
EF. fe 0.27 0.25 0.24 0.22 0.21 0.22 0.21 0.20 0.19 0.18
Solar-PV

EFc_sim 0.32 0.29 0.27 0.24 0.22 0.24 0.23 0.21 0.20 0.19
EF. ge 0.26 0.24 0.23 0.21 0.20 0.21 0.20 0.19 0.19 0.17
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generation from 1.5 TWh in 2017 to 25.4 TWh in 2025.

By contrast, for onshore wind, total environmental impacts in the
simple and flexible scenarios were £193 mn and £173 mn respectively,
rising from £1 mn in 2018 to £25 mn in 2025. Solar-PV technology
represents the smallest total environmental impact across all technolo-
gies due to lower generation capacity, cumulating to £9 mn in the simple
scenario, growing from £0.17 mn 2016 to £4.7 mn in 2025.

4.2. Social and employment impact

As shown in Fig. 6, technology-specific unemployment rates across
all renewable energy technologies follow a broadly similar trend.
However, onshore wind shows the highest unemployment rate, sug-
gesting of higher social value for new workers. This trend highlights the
finding that offshore and onshore wind development has been concen-
trated primarily in northern regions of the UK, where unemployment
rates are demonstrably higher than the UK average. By contrast, the
technology-specific unemployment rate for solar-PV is lowest, reflecting
its predominance in the southern regions of the country, where unem-
ployment rates are typically lower and per capita income is corre-
spondingly higher.

The technology-specific unemployment rates are estimated at 3.92%
for solar-PV, 4.08% for offshore, and 4.1% for onshore wind (Fig. 6).
These values were integrated into the distribution curve framework
proposed by [92]. Consequently, the model assigned P-values of 0.9%
for solar-PV, 1.1% for offshore wind, and 1.3% for onshore wind.

Fig. 7 shows the discounted social value across all technologies.
Although it is primarily driven by electricity generation, it is also
influenced by a range of technical and economic factors, including direct
and indirect employment factors, the gas power station employment
factor, wages, and the discount rate.

Results show that discounted social value of offshore wind increased
from £5.3 mn in 2017 to £99 mn in 2025, resulting from rising electricity
generation under the CfD scheme. Onshore wind delivered the next
largest discounted social value by total of £37 mn, increased from £0.2
mn in 2018 to £5.6 mn in 2025, an increase by a factor of 37, tied to a
35x surge in onshore electricity generation. For comparison the onshore
wind social impact growth is larger than its environmental impact
(x25), due to a gradual decline in the marginal emissions reduction
factors. The social value of solar-PV also rises from £0.06 mn in 2016 to
£0.25 mn in 2024, and £3.06 mn in 2025.

4.3. CfD socio-environmental return

Before examining the CfD scheme's socio-environmental return, the
environmental and social impact results are normalised per MWh to
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Fig. 6. Technology-specific unemployment rate for offshore wind, onshore
wind, solar-PV -, derived by weighting regional unemployment rates by the
spatial distribution of installed renewable capacity.

Energy Research & Social Science 138 (2026) 104842

450
400
350
300

€ 250

“' 200
150
100

% _.l_l_l_l_I_I_L

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
m Offshore Wind @Onshore Wind @ Solar PV

Fig. 7. Discounted employment related social impact (£ mn, 2016 prices) -
generated by renewable electricity technologies supported under the CfD
scheme, estimated using the opportunity cost of labour approach sim-
ple scenario.

provide deeper comparison of the impact across three technologies
(Fig. 8).

Environmental impacts per MWh show a similar pattern across all
three technologies. In the simple scenario, offshore wind delivers £18/
MWh, onshore wind £16/MWh, and solar-PV £20/MWh. These differ-
ences are attributed to variation in the Mp, factor (Egs. (4), (5)), and to
differences in electricity generation profiles across technologies. In
addition, under the flexible scenario, the impacts drop by £2/MWh
across all technologies.

In contrast, social impact shows wider variation, while solar-PV so-
cial impact averages £9.2/MWh, offshore wind and onshore wind
average £3.2/MWh and £2.8/MWh, respectively. The higher social
value of solar-PV stems from the interaction of three main components
of the model: load factors, unemployment rates, and wage scales.
Regarding the load factor, solar-PV shows an average of 11% during
2016 to 2023, compared to 40% for offshore wind, and 26% for onshore
wind [103]. However, solar-PV development is also associated with
lower regional wages and slightly lower unemployment rates. This im-
plies that the influence of the load factor outweighs the effects of wages
and the unemployment rate on the overall social value.

Finally, the total offshore impact amounted £21.3/MWh in the sim-
ple, and £19.2/MWh in the flexible scenario, and £18.5/MWh, and
£16.5/MWh in the simple and the flexible scenarios of onshore wind,
respectively. For solar-PV the simple and the flexible scenarios also
present £29.4/MWh, and £27/MWHh, respectively.

Fig. 9 compares the socio-environmental return across all
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Fig. 8. Environmental and social impacts normalised per unit of electricity
generation (£/MWh) for offshore wind, onshore wind, solar-PV under the CfD
scheme, based on the simple emission reduction scenario.
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technologies. Results show that despite the UK's comparatively higher
geographic potential for offshore wind relative to solar-PV, solar-PV
delivers the highest socio-environmental return, and offshore wind
ranked as the lowest. We attribute the primary driver of this disparity to
the CfD scheme payment, as solar-PV CfD averages at £32/MWh versus
£83/MWh, and £35/MWh for offshore and onshore wind, respectively.

Solar-PV records 4.8 in the simple scenario and 4.5 in the flexible
scenario, giving an average of 4.7. This exceptionally high return is
attributed to 2025, specifically, associated with a low strike price and
high electricity generation performance. To highlight the significance of
2025 in the solar-PV socio-environmental assessment, we temporarily
excluded it from the dataset with the results indicating a substantial
reduction in return - falling to 1.7 over the 2016-24 period. The onshore
wind average socio-environmental return amounted to 1.49 in the
simple scenario and 1.36 in the flexible scenario, while offshore wind
presented 0.37 in the simple scenario and 0.34 in the flexible scenario.

The breakdown of the CfD scheme returns according to Allocation
Rounds (AR) is presented in Fig. 10. The overall trend of socio-
environmental return is increasing, particularly with regards to solar-
PV. The return of solar-PV in AR4/AR5 is above 5.0 while it was
below 1.0 in AR1. This disparity primarily stems from the strike price
averaged at £96/MWh in AR1 and £66/MWh in AR4 and AR5. This made
the CfD scheme payments 7.8 times cheaper per MWh of solar-PV gen-
eration in AR4 and AR5 (£3.7/MWh) compared to AR1 (£29/MWh).

Table 1 shows where the positive CfD scheme units are applied in
solar-PV projects in AR4/ARS, to address the issue of negative pay-
ments. While this approach addressed the issue, it compromises the
solar-PV in the AR4/ARS return. Alternatively, in the second approach,
the negative CfD units are treated as positive non-social benefits. Our
findings indicate that adopting this approach can raise the return to 7.4,
including 1.7 of non-social benefits.

The socio-environmental return gap between AR1 with AR4/AR5 is
smaller than the corresponding payments per MWh gap. This difference
in socio-environmental return is due to the slightly higher socio-
economic performance of AR1 compared to AR4/ARS5, driven by pro-
gressive grid decarbonisation, and a declining CO emissions factor
(Table 2).

For solar-PV generation, all Allocation Rounds deliver a broadly
similar social value of £8/MW. However, in term of the environmental
value of solar-PV and other technologies, this study assumes a fixed CO,
social value over the entire study period. The social cost of CO; is ex-
pected to follow a rising trend in the future as the likelihood and severity
of climate change impacts from extreme weather events, biodiversity
loss, and sea level rise increase. Therefore, newer ARs may lead to higher
environmental impacts than older ones if the social value of CO3 grows
faster than grid decarbonisation efforts.
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Fig. 9. Social-environmental return ratios for renewable energy electricity
technologies supported by the UK CfD scheme, expressed as the ratio of dis-
counted social and environmental benefits to discounted CfD policy payments.
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Fig. 10. Socio-environmental return of renewable electricity generation under
successive CfD allocation rounds (Pre-AR1 to ARS5), illustrating changes in
policy effectiveness over time.

Focusing on offshore wind, the socio-environmental return increases
markedly from 0.29 pre-AR1 to 0.46 in AR1 and 4.4 in AR2. This due
primarily to substantial declines in the strike price from an average of
£153/MWh in AR1 to £90/MWh in AR2. This strike price disparity led to
an average CfD payment per MWh of £57/MWh in AR1, accompanied by
environmental benefits of £14.5/MWh, and a social benefit of £2.8/
MWh. By contrast, the CfD payments in AR2 amounted at £12.8/MWh,
with an environmental impact of £14/MWh and a social impact of £3/
MWh.

These findings underscore the importance of the strike price and CO,
emissions factors in CfD allocation. Moreover, as real wages in the UK
economy have increased only marginally, thus the social value of
employment remains relatively unchanged. To enhance the social ben-
efits of CfDs over time, improvements in employment-related factors
would need to accompany future allocation rounds.

To evaluate the effect of input uncertainties on the CfD socio-
environmental return, a Monte-Carlo simulation was performed using
the MS Excel Plugin (@Risk-Decision Tools Suite 8.3.0). The Pert dis-
tribution function was applied, incorporating +20% variation in the
model parameters. The model was initially run with 5000 iterations, and
to ensure the uncertainty is comprehensively captured, a further 10,000
iterations were completed.

Fig. 11 presents a tornado plot laying out how each input causes
variation in the offshore wind socio-environmental return. CO; social
value emerges as the most influential factor. A +20% fluctuation
changes the return from 0.31 to 0.39, highlighting the critical role of
carbon pricing in shaping social outcomes. The wage of employees
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Fig. 11. Tornado plot showing the relative influence of key economic, envi-
ronmental, and employment parameters on the socio-environmental return of
offshore wind generation.
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stands as the second and third-most important influential factors,
generating variation from 0.32 to 0.38. The social discount rate comes
next, changing the socio-environmental return from 0.34 to 0.36.

The CO4, social value is the most influential driver of return variation
for onshore wind, inducing a 24% fluctuation (from 1.275 to 1.572) in
response to a £20% change in CO; social value. Return fluctuation for
onshore and offshore wind are identical and substantially higher than
solar-PV (18%), due to higher share of environmental impact within the
total impact for offshore wind (85%) compared to solar-PV (65%), as
shown in Fig. 8. The sensitivity of onshore wind socio-environmental
return to a £20% change in wage is comparable to that offshore wind,
resulting in a 15% variation. The social discount rate stands out as the
next most influential factor, generating 5% variation in return, followed
by changes in other employment assumptions, which generates a
negligible effect on returns (Fig. 12).

The tornado plot of the solar-PV socio-environmental return dem-
onstrates that 20% change in the previous wage (WGq) contributes the
highest changes in return by 33%. This is attributed to the higher share
of the employment impact in the solar-PV return. The second most
influential factor is the CO3 social value. Its variation by +20% creates a
18% variation in return. This is followed by variation in current wage. A
20% increase in wage raises the return by 8%. This suggests that
incorporating additional employee job benefits, such as employer pen-
sions contributions into the model, could further increase the return to
4.87% (Fig. 13).

5. Discussion

This study evaluates the social and environmental impacts of major
renewable energy technologies development under UK's CfD scheme
from 2016 to 2025. We focus upon CO; reduction as an indicator of
environmental benefit and job creation as an indicator for social benefit.
The findings indicate that combined social and environmental benefits
for offshore wind cover 0.35 of its CfD scheme payments. This relative
underperformance lies in the high capital expenditure needed and
subsequently the higher strike price. However, the decline in the
offshore wind strike prices over time offset the gradual decline of grid
decarbonisation and subsequent environmental impact, ultimately
improving offshore wind performance in AR-2 to 4.37.

Interestingly, the socio-environmental return for offshore wind
under the CfD scheme is nearly equivalent to the ROC scheme, with a
0.35 return [69]. This reflects the interactions of two opposing and
broadly offsetting forces. First, support scheme payments declined with
the transition from ROC to CfD scheme, largely driven by a technology
learning curve impact, where cost of technology decline as cumulative
deployment increases. Second, grid CO, emissions intensity fell from
0.47 tCO2/MWh (2009-2015) to 0.25 tCO2/MWh (2016-2025). While
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Fig. 12. Tornado plot presenting sensitivity analysis results for onshore wind
socio-environmental return, highlighting dominant drivers of uncertainty.
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Fig. 13. Tornado plot illustrating the sensitivity of the socio-environmental
return of solar-PV to +20% variations in key model inputs, based on Monte
Carlo simulation results.

grid decarbonisation as a source of indirect environmental impact is
expected to further decrease emissions intensity, the rising social cost of
CO4 emissions will likely counteract this effect. Consequently, the net
prospective environmental impact will ultimately depend upon the
relative magnitude of these two drivers. To enhance the social return of
offshore wind, expanding job opportunities and strengthening domestic
turbine manufacturing capability within the domestic offshore wind
technology value chain is essential. For instance, doubling the offshore
wind employment factor can boost its socio-environmental return from
0.35 to 0.39.

Onshore wind accounted for 7.7% of the UK's total electricity gen-
eration under the CfD scheme, with a discounted CfD scheme payment of
£35/MWh. This is cheaper than the offshore wind CfD scheme at £82/
MWh, resulting in a return nearly two times higher. The share of onshore
wind in the UK's energy supply is expanding, particularly in Scotland,
the East of England, and the Midlands. However, despite recent legis-
lative efforts to ease planning approval restrictions [104], significant
sociocultural barriers to onshore wind planning often result from com-
munity opposition to proposals and subsequent political backlash
against implementation plans for onshore wind [105], stalling its
expansion. Though policy measures such as stronger mechanisms for
public participation in planning, community benefits and shared
ownership models will likely improve social acceptance and the conse-
quent uptake of onshore wind [106,107], robust social impact-oriented
policies to improve regional employment and upskilling of local com-
munities will also further improve the relative social and environmental
impact profile of onshore wind and support in upscaling a renewable
energy transition.

Despite the low load factor of solar-PV energy, it presents the highest
return at an average of 4.8, driven by a higher employment impact and
lower CfD payments. However, similar to onshore wind, public oppo-
sition and planning restrictions towards large solar-PV farms are a key
barrier to deployment, particularly given the potential energy-food land
use conflicts that emerge when solar-PV is constructed at scale on pre-
vious arable land [108,109]. Nevertheless, unlike onshore wind, solar-
PV is also widely deployed in domestic and commercial microscale ap-
plications that do not require planning approvals in the same way, and
new policies for housebuilders to incorporate solar-PV into roof design
will improve uptake without the need for further planning policy change
to rural land. However, demonstrable solar-PV contributions to the
socio-environmental return under the CfD scheme could be a decisive
factor for encouraging developer commitment to solar-PV installation
and supporting planning authority approvals in rural communities. The
positive benefits could be further enhanced by encouraging supply-push
policies to subsidise domestic solar-PV technology manufacture, thus
improving employment opportunities, and reinforcing domestic supply
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chains for solar-PV construction particularly in the South-East and
South-West of England where solar-PV energy potential is highest.

The arithmetic average return for all three sources of energy is 2.15,
while the weighted average ratio adjusted for electricity generation is
0.45. These results suggest that the environmental and social impact of
renewable energy under the CfD scheme remain suboptimal and would
benefit from enhancing social and environmental outcome. Moreover,
irrespective of CfD scheme payments, solar-PV, offshore, and onshore
wind offers the socio-environmental benefits averaged at £28/MWh,
£20/MWh, and £18/MWh, respectively. The unweighted average ben-
efits amounted to £23/MWh for all technologies. However, the weighted
average benefit is £21/MWh. Comparing the social and environmental
impact with the LCOE in 2025 [110], shows that solar-PV technology
impact could cover 48% of the LCOE, for offshore wind and onshore
wind it is 33%, and 21%, respectively.

Our results suggest that the social and environmental impact of
renewable energy under the CfD scheme is sub-optimal. However, ac-
counting for a wider range of benefits may indicate a more optimal
outcome. For example, additional benefits could include reduction in
energy bills [52,111], improvement in energy security, and reduced
reliance on fossil fuel imports. The CfD scheme would benefit from
complementary policies that help to realise these benefits more fully,
such the development of a formalised carbon market and mechanisms to
monetise indirect CO2 emissions reduction revenue. By contrast, many
social benefits are non-monetary. However, the results of this analysis
can still inform public policy design and government employment and
skills strategy.

With the UK government considering the integration of sustainability
and non-monetised aspects of renewable energy policy through the
proposed Clean Industry Bonus (CIB) mechanism. CIBs were formerly
known as ‘Sustainable Industry Rewards’ (SIRs). The CIBs will be inte-
grated into the Round 7 allocation of the CfDs [30,112]. The findings of
this study support informed CfD policymaking by highlighting the
relative social and environmental benefits of each renewable energy
technology. Realising increased social and environmental impacts from
renewable energy technologies under the CfD scheme requires coordi-
nated engagement with stakeholders across the supply chain and with
affected communities that may resist renewables development. This is
necessary to ensure that appropriate supporting policy for local skills
development, labour transition, and public participation are in place in
order to achieving a just low carbon energy transition for affected
communities.

6. Conclusions and policy recommendations

This study examines the social and environmental implications of
key renewable energy technologies under the UK's CfD scheme. The
findings underscore the importance of quantifying regional employment
social benefit and evaluating indirect CO5 emissions reduction impacts
into energy policy evaluation to strengthen evidence-based policy-
making. Our findings show that the CfD scheme should focus on the
socio-environmental contributions of renewable energy policies,
particularly in regions with higher unemployment rates, such as the
North East of England. Policy intervention should emphasise the
development of domestic manufacturing supply chains and capabilities,
thereby reducing reliance on turbine and solar-PV imports. Such mea-
sures foster job creation and workforce upskilling, regional economic
development, and contribute to national energy security and energy
sovereignty goals under conditions of turbulent fossil fuel geopolitics.

Renewable energy policy actions should also facilitate regional
deployment to ensure a just transition. These include changes to plan-
ning policies that make it easier for local authorities to approve de-
velopments in areas identified as suitable in local or neighbourhood
plans, as long as any concerns raised by local communities have been
addressed, and sufficient community support is demonstrated [104].
Mechanisms for community participation, community benefits-sharing,
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and shared ownership models will likely improve community support
for wind and solar-PV and thus facilitate the expansion of renewable
energy capacity under current planning rules.

Broader social and environmental benefits should be considered
when choosing between technology support decisions to enhance
regional social welfare. An adapted CfD scheme can thus support a just
transition for workers in fossil fuel-intensive regions by facilitating skills
development and employment opportunities across renewable energy
manufacturing sector. This study proposes the introduction of the Clean
Industry Bonus (formerly Sustainable Industry Rewards) into the future
ARs of CfD allocation, will help to capture the non-monetised benefits of
renewable energy technologies. Such an approach will support
achieving a sustainable and equitable energy transition in the UK and
other countries implementing equivalent renewable energy economic
policies.

Future research should expand the scope to include wider ecosyste-
mic and biodiversity impacts, as well as a broader array of social impacts
including skills development, public health outcomes, and potential
inequality reduction. Additionally, further investigation into economic
dimensions such as demand-side dynamics, fossil fuel import prices,
impacts on consumer energy prices, and links to consumer perceptions
and social acceptance of renewable energy technologies in situ would
provide a more comprehensive understanding of the socio-
environmental implications of the broader renewable energy policy
landscape in which CfDs sit.

CRediT authorship contribution statement

Vahid Ghorbani Pashakolaie: Writing — original draft, Visualiza-
tion, Supervision, Software, Resources, Methodology, Formal analysis,
Data curation, Conceptualization. Matthew Cotton: Writing — review &
editing, Resources, Methodology, Conceptualization. Malte Jansen:
Writing — review & editing, Software, Resources, Methodology, Data
curation, Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

None of the authors have any conflicts of interest (financial or
otherwise) to report. If there are other authors, they declare that they
have no known competing financial interests or personal relationships
that could have appeared to influence the work reported in this paper.

Data availability
Data will be made available on request.

References
[1] HSF, UK CfD Allocation Round 6 results announced with record support for
renewables, Available from: https://www.herbertsmithfreehills.com/notes/ener

gy/2024-posts/AR6-CfD-Results, 2024.

CarbonBrief, Analysis: how the UK plans to reach clean power by 2030, Available
from: https://www.carbonbrief.org/analysis-how-the-uk-plans-to-reach-clean-p
ower-by-2030/, 2024.

EEA, Greenhouse gas emission intensity of electricity generation in Europe,
Available from: https://www.eea.europa.eu/en/analysis/indicators/greenh
ouse-gas-emission-intensity-of-1#:~:text=Generatingonekilowatthouris,lesstha
nadecadeago, 2024.

Climate Change Committee, The Seventh Carbon Budget, 2025.

R. Hodgkin, COP29: Keir Starmer needs to deliver on his bold clean power
commitments, Available from: https://www.instituteforgovernment.org.
uk/comment/cop29-keir-starmer, 2024.

K. Khan, C.W. Su, A. Khurshid, M. Qin, Does energy security improve renewable
energy? A geopolitical perspective, Energy 282 (2023) 128824.

D. Bunn, T. Yusupov, The progressive inefficiency of replacing renewable
obligation certificates with contracts-for-differences in the UK electricity market,
Energy Policy 82 (2015) 298-309.

[2]

[3]

[4]
[5]

[6

[7


https://www.herbertsmithfreehills.com/notes/energy/2024-posts/AR6-CfD-Results
https://www.herbertsmithfreehills.com/notes/energy/2024-posts/AR6-CfD-Results
https://www.carbonbrief.org/analysis-how-the-uk-plans-to-reach-clean-power-by-2030/
https://www.carbonbrief.org/analysis-how-the-uk-plans-to-reach-clean-power-by-2030/
https://www.eea.europa.eu/en/analysis/indicators/greenhouse-gas-emission-intensity-of-1#:&tnqh_x223C;:text=Generatingonekilowatthouris,lessthanadecadeago
https://www.eea.europa.eu/en/analysis/indicators/greenhouse-gas-emission-intensity-of-1#:&tnqh_x223C;:text=Generatingonekilowatthouris,lessthanadecadeago
https://www.eea.europa.eu/en/analysis/indicators/greenhouse-gas-emission-intensity-of-1#:&tnqh_x223C;:text=Generatingonekilowatthouris,lessthanadecadeago
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0020
https://www.instituteforgovernment.org.uk/comment/cop29-keir-starmer
https://www.instituteforgovernment.org.uk/comment/cop29-keir-starmer
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0030
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0030
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0035
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0035
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0035

V.G. Pashakolaie et al.

[8]
[91

[10]

[11]

[12]

[13]
[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]
[23]
[24]
[25]
[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

J. Liu, J. Wang, J. Cardinal, Evolution and reform of UK electricity market,
Renew. Sust. Energ. Rev. 161 (2022) 112317.

F. Baker, Have technology specific measures for the UK electricity market reform
gone far enough, J. Clean Energy Technol. 4 (2) (2016).

M. Jansen, P. Beiter, I. Riepin, F. Miisgens, V.J. Guajardo-Fajardo, 1. Staffell, et
al., Policy choices and outcomes for offshore wind auctions globally, Energy
Policy 167 (2022) 113000.

P. Beiter, J. Guillet, M. Jansen, E. Wilson, L. Kitzing, The enduring role of
contracts for difference in risk management and market creation for renewables,
Nat. Energy 9 (1) (2024) 20-26.

I. Schlecht, C. Maurer, L. Hirth, Financial contracts for differences: the problems
with conventional CfDs in electricity markets and how forward contracts can help
solve them, Energy Policy 186 (2024) 113981.

M. Welisch, R. Poudineh, Auctions for allocation of offshore wind contracts for
difference in the UK, Renew. Energy 147 (2020) 1266-1274.

DESNZ, CfD Register, Low Carbon Contract Co Electr Settlements Co, Available
from: https://www.lowcarboncontracts.uk, 2023.

N. Watson, P. Bolton, Contracts for Difference. House of Commons, 2024,

pp. 1-11 (October).

M. Jansen, 1. Staffell, L. Kitzing, S. Quoilin, E. Wiggelinkhuizen, B. Bulder, et al.,
Offshore wind competitiveness in mature markets without subsidy, Nat. Energy 5
(8) (2020) 614-622.

R. Poudineh, Can UK green hydrogen contract for difference (CfD) match the cost-
saving success of renewable electricity?, in: OIES Paper ET, 2024.

Catapult, Renewable energy auction results in no bids for offshore wind,
Available from: https://ore.catapult.org.uk/resource-hub/blog/renewable-ene
rgy-auction-results-in-no-bids-for-offshore-wind, 2023.

R.A. Ward, Investigating the Importance of UK Government Support for Offshore
Wind: The Impact of Higher CfD Strike Prices on Developers’ Share Returns,
2024.

A.D. Owen, Environmental externalities, market distortions and the economics of
renewable energy technologies1, Energy J. 25 (3) (2004) 127-156.

M.L. Weitzman, Can negotiating a uniform carbon price help to internalize the
global warming externality? J. Assoc. Environ. Resour. Econ. 1 (1/2) (2014)
29-49.

M. Swilling, The Age of Sustainability: Just Transitions in a Complex World,
Taylor & Francis, 2020.

M. Ortega, P. Del Rio, E.A. Montero, Assessing the benefits and costs of renewable
electricity. The Spanish case, Renew. Sust. Energ. Rev. 27 (2013) 294-304.

M. Ortega-Izquierdo, P. Del Rio, Benefits and costs of renewable electricity in
Europe, Renew. Sust. Energ. Rev. 61 (2016) 372-383.

B.K. Sovacool, Energy policymaking in Denmark: implications for global energy
security and sustainability, Energy Policy 61 (2013) 829-839.

J. Zhao, K. Dong, X. Dong, M. Shahbaz, How renewable energy alleviate energy
poverty? A global analysis, Renew. Energy 186 (2022) 299-311.

P.K. Adom, F. Amuakwa-Mensah, M.P. Agradi, A. Nsabimana, Energy poverty,
development outcomes, and transition to green energy, Renew. Energy 178
(2021) 1337-1352.

L. Marti, R. Puertas, Sustainable energy development analysis: energy trilemma,
Sustain. Technol. Entrep. 1 (1) (2022) 100007.

ONS, Low carbon and renewable energy economy, UK, Available from: https://
www.ons.gov.uk/economy/environmentalaccounts/bulletins/finalestimates/
2022, 2023.

S. Gasperin, A Second Wind, 2024.

E. Atkins, The geographies of ‘stranded communities’ in energy transitions, Prog.
Hum. Geogr. 48 (5) (2024) 614-635.

M. Cotton, C. Cooper, J. Milner, L. Towers, Hydrogen innovation and just
transitions: exploring sociotechnical configurations of energy futures in a post-
industrial community, Energy Res. Soc. Sci. 127 (2025) 104181.

A. Garvey, J.B. Norman, M. Biichs, J. Barrett, A “spatially just” transition? A
critical review of regional equity in decarbonisation pathways, Energy Res. Soc.
Sci. 88 (2022) 102630.

LCCC, Actual CfD Generation and avoided GHG emissions, Available from: https
://dp.lowcarboncontracts.uk/dataset/actual-cfd-generation-and-avoided-ghg-e
missions, 2025.

A. Savoldelli, D. Landi, C. Rizzi, Environmental and social impacts of a televisit
process: combined qualitative and life cycle assessment, Environ. Impact Assess.
Rev. 115 (2025) 108030.

Y. Malakar, A. Walton, L.J.M. Peeters, D.M. Douglas, D. O’Sullivan, Just trade-
offs in a net-zero transition and social impact assessment, Environ. Impact Assess.
Rev. 106 (2024) 107506.

W. Zhao, M. He, Impact of energy transition policy on energy justice: an
effectiveness evaluation and policy learning forecast, Environ. Impact Assess.
Rev. 116 (2026) 108132.

A. Dehnhardt, T. Grothmann, J. Wagner, Cost-benefit analysis: what limits its use
in policy making and how to make it more usable? A case study on climate change
adaptation in Germany, Environ. Sci. Policy 137 (2022) 53-60.

D. Grimson, G. McDonald, N. McDonald, J. Monge, C. Brown, Accounting for
economy-wide effects, risk aversion, and inequality aversion in the cost-benefit
analyses of extreme events, Int. J. Disaster Risk Reduct. 102 (2024) 104254.

S. Feuillette, H. Levrel, B. Boeuf, S. Blanquart, O. Gorin, G. Monaco, et al., The use
of cost-benefit analysis in environmental policies: some issues raised by the Water
Framework Directive implementation in France, Environ. Sci. Policy 57 (9)
(2016) 79-85.

Y. Zhu, B. Lin, R. Zhu, Impact assessment of green finance reforms on renewable
energy development, Environ. Impact Assess. Rev. 114 (2025) 107913.

12

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]
[59]
[60]
[61]

[62]
[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

Energy Research & Social Science 138 (2026) 104842

B. Wei, C. Zhao, J. Yan, J. Li, Assessing the impact of green finance development
on clean renewable energy use in cooking: a new perspective at the household
level, Environ. Impact Assess. Rev. 114 (2025) 107934.

V.G. Pashakolaie, B. Gudlaugsson, T.G. Ahmed, From investment to impact:
exploring socio-economic prospect of hydrogen investment in Tees Valley, UK,
Socio Econ. Plan. Sci. 103 (2026) 102371. Available from: https://www.sciencedi
rect.com/science/article/pii/S0038012125002204.

B. Gudlaugsson, T.G. Ahmed, H. Dawood, C. Ogwumike, M. Short, N. Dawood,
Cost and environmental benefit analysis: an assessment of renewable energy
integration and smart solution technologies in the InteGRIDy project, Clean
Energy Syst. 5 (2023) 100071.

M. Farghali, A.I. Osman, Z. Chen, A. Abdelhaleem, I. Thara, I.M.A. Mohamed, et
al., Social, environmental, and economic consequences of integrating renewable
energies in the electricity sector: a review, Environ. Chem. Lett. 21 (3) (2023)
1381-1418.

A. Almena, V.G. Pashakolaie, M. Martin, Unlocking BECCS viability through
monetizing societal benefits by techno-socio-economic assessment, Sustain. Prod.
Consum. 59 (2025) 255-273.

J. Glasson, B. Durning, K. Welch, T. Olorundami, The local socio-economic
impacts of offshore wind farms, Environ. Impact Assess. Rev. 95 (2022) 106783.
N. Trifonova, B. Scott, R. Griffin, S. Pennock, H. Jeffrey, An ecosystem-based
natural capital evaluation framework that combines environmental and socio-
economic implications of offshore renewable energy developments, Prog. Energy
4 (3) (2022) 32005.

R.D. Prasad, Jreeta, N. Reddy, A. Kumar, W. Dbouk, E.B. Yiadom, et al.,
Empowering Kavewa: the socio-economic and environmental impact of biogas
technology adoption in rural Fiji, Energy Res. Soc. Sci. 120 (2025) 103940.
Available from: https://www.sciencedirect.com/science/article/pii/S2214629
625000210.

V.G. Pashakolaie, S. Gonella, I.B. Muhit, Integrating modern bioeconomy into
macroeconomics: a comprehensive review of impacts and interactions, Bioresour.
Technol. Rep. 30 (2025) 102125. Available from: https://www.sciencedirect.co
m/science/article/pii/S2589014X25001070.

P.M.J. Fuentes, K. Khalilpour, A. Voinov, Solar energy surge: the socio-economic
determinants of the photovoltaic systems growth in Australia, Energy Res. Soc.
Sci. 116 (2024) 103695. Available from: https://www.sciencedirect.com/scienc
e/article/pii/S221462962400286X.

J. Shao, H. Chen, J. Li, G. Liu, An evaluation of the consumer-funded renewable
obligation scheme in the UK for wind power generation, Renew. Sust. Energ. Rev.
153 (2022) 111788.

V.G. Pashakolaie, M. Cotton, M. Jansen, The co-benefits of offshore wind under
the UK Renewable Obligation scheme: integrating sustainability in energy policy
evaluation, Energy Policy 192 (2024) 114259.

T. Nelson, T. Dodd, Contracts-for-Difference: an assessment of social equity
considerations in the renewable energy transition, Energy Policy 183 (2023)
113829.

H. Chen, J. Li, N. O’Leary, J. Shao, Regulatory spillover: the impact of the
Contracts for Difference scheme on wholesale electricity prices in the United
Kingdom, Energy Res. Soc. Sci. 138 (2026) 104788.

H. Chen, J. Li, G. Liu, J. Shao, Termination amounts and the enforcement gap in
the Contracts for Difference scheme: insights from offshore wind project finance
in the United Kingdom, Energy Climate Manag. 2 (2) (2026) 9400034.

D. Pearce, G. Atkinson, S. Mourato, Cost-benefit analysis and the environment:
recent developments, Organisation for Economic Co-operation and Development,
2006.

G. Atkinson, S. Mourato, Environmental cost-benefit analysis, Annu. Rev.
Environ. Resour. 33 (1) (2008) 317-344.

Treasury HM, The Green Book: Central Government Guidance on Appraisal, Open
Gov Licence, London, 2022.

A.C. Harberger, Project Evaluation: Collected Papers, University of Chicago Press,
1976.

R. Therivel, G. Wood, Methods of Environmental and Social Impact Assessment,
Taylor & Francis, 2017.

R.J. Brent, Applied Cost-Benefit Analysis, Edward Elgar Publishing, 2006.

R.H. Haveman, S. Farrow, Labor expenditures and benefit-cost accounting in
times of unemployment, J. Benefit-Cost Anal. 2 (2) (2011).

P.O. Johansson, B. Kristrom, On the social opportunity cost of unemployment,
J. Econ. Policy Reform 25 (3) (2022) 229-239.

T. Zuidema, Cost-benefit analysis in a situation of unemployment: calculating the
decline in unemployment as a result of the realization of a government project,
Public Finan. Q 15 (1) (1987) 105-115.

T.J. Bartik, Including jobs in benefit-cost analysis, Ann. Rev. Resour. Econ. 4 (1)
(2012) 55-73.

UNFCCC, Tool to calculate the emission factor for an electricity system-version
7.0, Annex. Available from: https://cdm.unfccc.int/methodologies/PAmethodolo
gies/tools/am-tool-07-v1.1.pdf/history_view, 2009.

N. Kozlov, Contracts for difference: risks faced by generators under the new
renewables support scheme in the UK, J. World Energy Law Bus. 7 (3) (2014)
282-286.

V. Ghorbani Pashakolaie, M. Cotton, M. Jansen, The co-benefits of offshore wind
under the UK Renewable Obligation scheme: integrating sustainability in energy
policy evaluation, Energy Policy 192 (2024) 114259. Available from: https://
www.sciencedirect.com/science/article/pii/S0301421524002799.

V.G. Pashakolaie, K. Heydari, A. Almena, Monetization of policy costs and
sustainability benefits associated with renewable energy in fossil fuel-rich
countries (FFRCs), Environ. Sustain. Indic. 19 (2023) 100271.


http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0040
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0040
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0045
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0045
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0050
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0050
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0050
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0055
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0055
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0055
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0060
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0060
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0060
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0065
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0065
https://www.lowcarboncontracts.uk
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0075
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0075
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0080
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0080
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0080
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0085
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0085
https://ore.catapult.org.uk/resource-hub/blog/renewable-energy-auction-results-in-no-bids-for-offshore-wind
https://ore.catapult.org.uk/resource-hub/blog/renewable-energy-auction-results-in-no-bids-for-offshore-wind
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0095
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0095
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0095
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0100
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0100
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0105
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0105
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0105
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0110
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0110
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0115
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0115
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0120
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0120
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0125
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0125
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0130
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0130
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0135
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0135
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0135
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0140
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0140
https://www.ons.gov.uk/economy/environmentalaccounts/bulletins/finalestimates/2022
https://www.ons.gov.uk/economy/environmentalaccounts/bulletins/finalestimates/2022
https://www.ons.gov.uk/economy/environmentalaccounts/bulletins/finalestimates/2022
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0150
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0155
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0155
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0160
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0160
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0160
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0165
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0165
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0165
https://dp.lowcarboncontracts.uk/dataset/actual-cfd-generation-and-avoided-ghg-emissions
https://dp.lowcarboncontracts.uk/dataset/actual-cfd-generation-and-avoided-ghg-emissions
https://dp.lowcarboncontracts.uk/dataset/actual-cfd-generation-and-avoided-ghg-emissions
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0175
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0175
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0175
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0180
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0180
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0180
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0185
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0185
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0185
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0190
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0190
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0190
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0195
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0195
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0195
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0200
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0200
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0200
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0200
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0205
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0205
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0210
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0210
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0210
https://www.sciencedirect.com/science/article/pii/S0038012125002204
https://www.sciencedirect.com/science/article/pii/S0038012125002204
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0220
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0220
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0220
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0220
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0225
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0225
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0225
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0225
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0230
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0230
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0230
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0235
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0235
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0240
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0240
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0240
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0240
https://www.sciencedirect.com/science/article/pii/S2214629625000210
https://www.sciencedirect.com/science/article/pii/S2214629625000210
https://www.sciencedirect.com/science/article/pii/S2589014X25001070
https://www.sciencedirect.com/science/article/pii/S2589014X25001070
https://www.sciencedirect.com/science/article/pii/S221462962400286X
https://www.sciencedirect.com/science/article/pii/S221462962400286X
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0260
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0260
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0260
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0265
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0265
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0265
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0270
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0270
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0270
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0275
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0275
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0275
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0280
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0280
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0280
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0285
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0285
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0285
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0290
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0290
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0295
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0295
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0300
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0300
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0305
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0305
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0310
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0315
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0315
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0320
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0320
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0325
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0325
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0325
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0330
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0330
https://cdm.unfccc.int/methodologies/PAmethodologies/tools/am-tool-07-v1.1.pdf/history_view
https://cdm.unfccc.int/methodologies/PAmethodologies/tools/am-tool-07-v1.1.pdf/history_view
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0340
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0340
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0340
https://www.sciencedirect.com/science/article/pii/S0301421524002799
https://www.sciencedirect.com/science/article/pii/S0301421524002799
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0350
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0350
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0350

V.G. Pashakolaie et al.

[71]
[72]

[73]
[74]
[75]

[76]

[77]

[78]

[79]

[80]

[81]
[82]
[83]
[84]
[85]
[86]
[87]
[88]

[89]

[90]

[91]

[92]

[93]

R. Poudineh, Social Discount Rate and the Energy Transition Policy, 2020.

FSB energy, Spinning Up to Support Sustainable Energy: Carrington Power
Station, 2017.

sse Thermal, Keadby 2, 2023.

A.O. Banke-Thomas, B. Madaj, A. Charles, N. Van Den Broek, Social return on
investment (SROI) methodology to account for value for money of public health
interventions: a systematic review, BMC Public Health 15 (1) (2015) 1-14.

P. Bean, J. Blazquez, N. Nezamuddin, Assessing the cost of renewable energy
policy options—a Spanish wind case study, Renew. Energy 103 (2017) 180-186.
UK Government, Carbon Emission Factors and Calorific Values From the UK
Greenhouse Gas Inventory (Ricardo Energy & Environment, 2022) to Support the
UK ETS, Available from: https://assets.publishing.service.gov.uk/government/
uploads/system/uploads/attachment_data/file/1104052/carbon-emission-facto
rs-calorific-values-2022.xlsx, 2023.

M. Jansen, L. Staffell, R. Green, Daily marginal CO, emissions reductions from
wind and solar generation, in: 2018 15th International Conference on the
European Energy Market (EEM), IEEE, 2018, pp. 1-5.

DESNZ, Guidance: determinations of the UK ETS carbon price, Available from: htt
ps://www.gov.uk/government/publications/determinations-of-the-uk-ets-carb
on-price/, 2023.

Office for Budget Responsibility, Emissions trading scheme (UK ETS), Available
from: https://obr.uk/forecasts-in-depth/tax-by-tax-spend-by-spend/emissions-tr
ading-scheme-uk-ets, 2024.

DESNZ, Traded carbon values used for modelling purposes, Available from: https
://www.gov.uk/government/publications/traded-carbon-values-used-for-mode
lling-purposes-2023/traded-carbon-values-used-for-modelling-purposes-2023,
2023.

Thrust, The social cost of carbon, Available from: https://thrustcarbon.com/in
sights/the-social-cost-of-carbon, 2023.

J. Burke, R. Byrnes, S. Fankhauser, How to price carbon to reach net-zero
emissions in the UK, in: Policy Report, London Sch Econ London, 2019.

J. Dunlop, M. Segrave, The Theory of Wage Determination, Springer, 2016.

M. Modini, S. Joyce, A. Mykletun, H. Christensen, R.A. Bryant, P.B. Mitchell, et
al., The mental health benefits of employment: results of a systematic meta-
review, Australas. Psychiatry 24 (4) (2016) 331-336.

J. Kansky, Benefits of well-being: health, social relationships, work, and
resilience, J. Posit. Psychol. Wellbeing 1 (2) (2017) 129-169.

S.E. Black, P.J. Devereux, K.G. Salvanes, Losing heart? The effect of job
displacement on health, ILR Rev. 68 (4) (2015) 833-861.

D. Sullivan, T. Von Wachter, Job displacement and mortality: an analysis using
administrative data, Q. J. Econ. 124 (3) (2009) 1265-1306.

A. Oster, J. Agell, Crime and unemployment in turbulent times, J. Eur. Econ.
Assoc. 5 (4) (2007) 752-775.

S. Mirasgedis, C. Tourkolias, E. Pavlakis, D. Diakoulaki, A methodological
framework for assessing the employment effects associated with energy efficiency
interventions in buildings, Energy Build. 82 (2014) 275-286.

ONS, UK LCRE multipliers, Available from: https://www.ons.gov.uk/file?ur
i=/economy/environmentalaccounts/datasets/lowcarbonandrenewableener
gyeconomyindirectestimatesdataset/current/lcreedirectandindirectestimatesofe
mployment20142020.xlsx, 2023.

J. Bryan, N. Evans, C. Jones, M. Munday, Regional electricity generation and
employment in UK regions, Reg. Stud. 51 (3) (2017) 414-425.

R. Haveman, J. Krutilla, Unemployment, excess capacity, and benefit-cost
investment criteria, Rev. Econ. Stat. (1967) 382-392.

NCS, Explore careers, Available from: https://nationalcareers.service.gov.uk,
2023.

13

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

Energy Research & Social Science 138 (2026) 104842

Glassdoor, Glassdoor salaries, Available from: https://www.glassdoor.co.uk/ind
ex.htm, 2024.

R. Cowell, G. Ellis, F. Sherry-Brennan, P.A. Strachan, D. Toke, Energy transitions,
sub-national government and regime flexibility: how has devolution in the United
Kingdom affected renewable energy development? Energy Res. Soc. Sci. 23
(2017) 169-181.

R. McKenna, I. Mulalic, 1. Soutar, J.M. Weinand, J. Price, S. Petrovi¢, et al.,
Exploring trade-offs between landscape impact, land use and resource quality for
onshore variable renewable energy: an application to Great Britain, Energy 250
(2022) 123754.

M. Cotton, Planning, infrastructure and low carbon energy, in: S. Davoudi (Ed.),
Companion to Environ Plan Sustain, 2019, pp. 248-256.

D. Sevinc, A. Green, J.R. Bryson, S. Collinson, R. Riley, S. Adderley, Ensuring
skills are available in the right locations: are we there yet? A regional analysis of
qualification gaps, Reg. Stud. 54 (8) (2020) 1149-1159.

K. Nieradzinska, C. Maclver, S. Gill, G.A. Agnew, O. Anaya-Lara, K.R.W. Bell,
Optioneering analysis for connecting Dogger Bank offshore wind farms to the GB
electricity network, Renew. Energy 91 (2016) 120-129.

D. Byrne, Industrial culture in a post-industrial world: the case of the North East
of England, City 6 (3) (2002) 279-289.

C. Ogwumike, A. Akponeware, A. Oyewole, H. Dawood, R. Pinedo-Cuenca,

J. Ling-Chin, et al., Transitioning or tinkering at a net-zero economy? Introducing
an assessment framework for industrial cluster decarbonisation in the United
Kingdom, Energy Res. Soc. Sci. 110 (2024) 103459.

M. Cotton, D. Tyfield, N. Gray, A. Yuille, The politics of freeports-a place-based
analysis of regional economic regeneration in the United Kingdom, Local Econ. 38
(6) (2023) 562-581.

DUKES, Load factors for renewable electricity generation, Available from: https
://www.gov.uk/government/statistics/renewable-sources-of-energy-chapter-6-di
gest-of-united-kingdom-energy-statistics-dukes, 2024.

House of Commons, Planning for onshore wind, Available from: https://research
briefings.files.parliament.uk/documents/SN04370/SN04370.pdf, 2024.

M. Harper, B. Anderson, P.A.B. James, A.S. Bahaj, Onshore wind and the
likelihood of planning acceptance: learning from a Great Britain context, Energy
Policy 128 (2019) 954-966.

J. le Maitre, Price or public participation? Community benefits for onshore wind
in Ireland, Denmark, Germany and the United Kingdom, Energy Res. Soc. Sci. 114
(2024) 103605.

B.J.A. Walker, B. Wiersma, E. Bailey, Community benefits, framing and the social
acceptance of offshore wind farms: an experimental study in England, Energy Res.
Soc. Sci. 3 (2014) 46-54.

P. Roddis, K. Roelich, K. Tran, S. Carver, M. Dallimer, G. Ziv, What shapes
community acceptance of large-scale solar farms? A case study of the UK’s first
‘nationally significant’ solar farm, Sol. Energy 209 (2020) 235-244.

M. Cotton, S. Langford, A. Kuria, K. Parkhill, A technology to solve the water-
energy-food crisis? Mapping sociotechnical configurations of agrivoltaics using Q-
methodology, Energy Res. Soc. Sci. 119 (2025) 103872.

DESNZ, Electricity generation costs, Available from: https://www.gov.uk/gove
rnment/publications/electricity-generation-costs-2025, 2025.

J. Shao, J. Li, G. Liu, The impacts of consumer-funded renewable support schemes
in the UK: from the perspective of consumers or the electricity sector? Renew.
Sust. Energ. Rev. 183 (2023) 113498.

DESNZ, Contracts for Difference for Low Carbon Electricity Generation
Consultation on Introducing a CfD Sustainable Industry Reward, 2023 (March).


http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0355
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0360
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0360
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0365
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0370
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0370
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0370
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0375
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0375
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1104052/carbon-emission-factors-calorific-values-2022.xlsx
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1104052/carbon-emission-factors-calorific-values-2022.xlsx
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1104052/carbon-emission-factors-calorific-values-2022.xlsx
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0385
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0385
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0385
https://www.gov.uk/government/publications/determinations-of-the-uk-ets-carbon-price/
https://www.gov.uk/government/publications/determinations-of-the-uk-ets-carbon-price/
https://www.gov.uk/government/publications/determinations-of-the-uk-ets-carbon-price/
https://obr.uk/forecasts-in-depth/tax-by-tax-spend-by-spend/emissions-trading-scheme-uk-ets
https://obr.uk/forecasts-in-depth/tax-by-tax-spend-by-spend/emissions-trading-scheme-uk-ets
https://www.gov.uk/government/publications/traded-carbon-values-used-for-modelling-purposes-2023/traded-carbon-values-used-for-modelling-purposes-2023
https://www.gov.uk/government/publications/traded-carbon-values-used-for-modelling-purposes-2023/traded-carbon-values-used-for-modelling-purposes-2023
https://www.gov.uk/government/publications/traded-carbon-values-used-for-modelling-purposes-2023/traded-carbon-values-used-for-modelling-purposes-2023
https://thrustcarbon.com/insights/the-social-cost-of-carbon
https://thrustcarbon.com/insights/the-social-cost-of-carbon
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0410
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0410
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0415
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0420
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0420
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0420
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0425
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0425
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0430
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0430
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0435
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0435
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0440
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0440
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0445
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0445
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0445
https://www.ons.gov.uk/file?uri=/economy/environmentalaccounts/datasets/lowcarbonandrenewableenergyeconomyindirectestimatesdataset/current/lcreedirectandindirectestimatesofemployment20142020.xlsx
https://www.ons.gov.uk/file?uri=/economy/environmentalaccounts/datasets/lowcarbonandrenewableenergyeconomyindirectestimatesdataset/current/lcreedirectandindirectestimatesofemployment20142020.xlsx
https://www.ons.gov.uk/file?uri=/economy/environmentalaccounts/datasets/lowcarbonandrenewableenergyeconomyindirectestimatesdataset/current/lcreedirectandindirectestimatesofemployment20142020.xlsx
https://www.ons.gov.uk/file?uri=/economy/environmentalaccounts/datasets/lowcarbonandrenewableenergyeconomyindirectestimatesdataset/current/lcreedirectandindirectestimatesofemployment20142020.xlsx
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0455
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0455
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0460
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0460
https://nationalcareers.service.gov.uk
https://www.glassdoor.co.uk/index.htm
https://www.glassdoor.co.uk/index.htm
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0475
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0475
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0475
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0475
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0480
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0480
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0480
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0480
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0485
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0485
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0490
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0490
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0490
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0495
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0495
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0495
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0500
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0500
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0505
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0505
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0505
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0505
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0510
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0510
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0510
https://www.gov.uk/government/statistics/renewable-sources-of-energy-chapter-6-digest-of-united-kingdom-energy-statistics-dukes
https://www.gov.uk/government/statistics/renewable-sources-of-energy-chapter-6-digest-of-united-kingdom-energy-statistics-dukes
https://www.gov.uk/government/statistics/renewable-sources-of-energy-chapter-6-digest-of-united-kingdom-energy-statistics-dukes
https://researchbriefings.files.parliament.uk/documents/SN04370/SN04370.pdf
https://researchbriefings.files.parliament.uk/documents/SN04370/SN04370.pdf
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0525
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0525
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0525
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0530
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0530
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0530
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0535
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0535
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0535
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0540
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0540
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0540
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0545
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0545
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0545
https://www.gov.uk/government/publications/electricity-generation-costs-2025
https://www.gov.uk/government/publications/electricity-generation-costs-2025
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0555
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0555
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0555
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0560
http://refhub.elsevier.com/S2214-6296(26)00313-0/rf0560

	More than megawatts: The uneven socio-environmental returns from renewable electricity Contracts for Difference in the Unit ...
	1 Introduction
	2 Literature review
	3 Methods and materials
	3.1 Socio-environmental return model
	3.2 CfD scheme
	3.3 Environmental impact assessment
	3.4 Social impact assessment
	3.4.1 Technology-specific unemployment rate


	4 Results
	4.1 Environmental (emission reduction) impact
	4.2 Social and employment impact
	4.3 CfD socio-environmental return

	5 Discussion
	6 Conclusions and policy recommendations
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	References


