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Abstract

Instability in global energy supply and fluctuating international oil and gas prices push
European countries to reduce fuel import dependency through energy saving measures
and faster deployment of renewable energy. Calculating the fuel import bill, as usually
done to illustrate the impact of the continent’s energy dependency, offers only a partial
picture of the challenge. This paper applies an economy-wide assessment for Cyprus, a
country which greatly relies on imported fossil fuels but has made some progress
towards decarbonisation. We combine energy, economic and trade statistics with
technical calculations and find that renewables deployed in the last decade have already
today contributed to very substantial net benefits of 469 million Euros at 2023 prices,
leading to a benefit-cost ratio ranging between 11 and 19. Input-output modelling shows
that economy-wide benefits have led to a cumulative additional value added of the
order of 1.4 billion Euros’2023 during the decade 2015-2024, with a 0.5-1% GDP increase
per year thanks to renewables investments and avoided fossil fuel imports. The
approach presented here minimises the uncertainties and assumptions that are
necessary to run more sophisticated economic models and can offer credible insights on
the economic dividends of decarbonisation policies in any country, contributing also to
improved energy security.

Keywords: decarbonisation; energy policy; energy security; input-output analysis;
renewable energy; trade balance
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1. Introduction

Energy policy at national and international level has traditionally been formulated with
a view to addressing the ‘energy trilemma’, i.e. choosing policy mixes that would strike
a balance between keeping energy costs affordable for households and firms, ensuring
security of supply, and mitigating the energy system’s adverse environmental impacts.
More recently, the trilemma has been re-formulated to include geopolitical stability
(International Energy Agency, 2023). Especially in countries that depend on imports to
satisfy most of their energy needs, the importance of energy security has been
extensively studied in the international literature due to its crucial role for economic
development and social welfare. The interplay between energy costs, security of supply
and decarbonisation policies has been particularly relevant for the European Union (EU),
whose energy import dependency is still around 60% (Eurostat, 2026a), at times of
geopolitical risks that lead to supply shortages and fluctuating oil and gas prices, and
with an ambitious green agenda that includes the European Climate Law committing
countries to achieve net zero greenhouse gas emissions by 2050 (European Union,
2021).

Research findings about the economic impact of energy dependence vary within the EU
depending on national endowments with energy resources, the level of each country’s
economic development and several other factors. Still, the primary result that emerges
from numerous economic analyses deploying diverse methods (econometric,
computable general equilibrium and integrated assessment models) is that avoided
fossil fuel imports due to decarbonisation policies will generate welfare gains in Europe
that are higher than the costs of clean energy investments, even without accounting for
the avoided air pollution and climate damages (Borozan, 2025; Dolphin et al., 2024;
Schreyer et al., 2025). However, Europe-wide studies, while providing a robust analysis
with rich datasets, cannot capture all national particularities that country-specific
studies can take into consideration.

At the same time, most of the immediate policy-related analyses focus on the direct
impacts only, i.e. the effect of higher fossil fuel prices on the EU’s import bill. For
example, the European Commission (2026) estimated the EU fossil fuel import bill to
reach 550 billion Euros in 2022 and fall to 427 billion Euros in 2024, accounting for about
2.2-3.4% of EU’s GDP in the last years. Senior leaders refer to the additional costs of
energy imports, such as the reference of the European Commission’s President on 13
April 2026 that “since the beginning of the conflict — 44 days ago — our bill for fossil fuel
imports has increased by over 22 billion Euros”!. SolarPower Europe (2026), a group
representing the European solar photovoltaics sector, estimated that without the
existing solar electricity, the EU would have paid several billion Euros more in March
2026 for their fuel imports. The think tank Ember (2025) estimated that the EU paid a
930 billion Euro penalty for fossil import reliance during the energy crisis of 2021-2024.
However, the import bill provides only a partial picture of the broader impacts as it does
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not consider how these costs diffuse in the entire economy and to what extent they
crowd out investments or expenditures in other economic sectors; moreover, looking at
the fuel import bill alone ignores, among other factors, the costs of imports of renewable
energy equipment in Europe, which must also be considered in order to examine the net
effect on the economy.

To overcome the shortcomings mentioned above, i.e. the partial assessment provided
by some policy institutions and the aggregate nature of the EU-wide studies, this paper
provides a policy-relevant analysis for the Republic of Cyprus, an island EU Member
State that does not possess indigenous fossil fuel resources, depends on imported oil
products for most of its power generation but also imports all major renewable energy
equipment, and does not have any energy interconnections with other countries. As the
country is small and quite different from the EU average in its energy characteristics, a
detailed look into its own energy dependence is much more relevant than EU-wide
analyses. For this purpose, we rely on actual official national data from the most recent
decade to examine the direct impact of renewable energy deployment, which has
contributed to a partial independence from fossil fuel imports. We then apply input-
output modelling to explore the indirect impacts, i.e. how the costs and benefits of
decarbonisation spread in the entire economy, and assess the impacts on economic
growth and employment by sector.

Cyprus had the seventh highest per capita greenhouse gas emissions in the EU in 2023
(Eurostat, 2025a) and is the only EU country whose emissions in 2023 were higher than
in 1990 (Eurostat, 2025b). Moreover, being a small service-based economy that imports
a large part of the goods it consumes, and as an island state that depends on maritime
and air transport for the movement of people and commodities, it had the highest
consumption-based greenhouse gas footprint in the EU in 2023 with 16.6 t CO,eq per
capita — compared to the EU average of 10.7 t COeq (Eurostat, 2025c). As an EU
Member State, the country must reach carbon neutrality by 2050 in line with the
European Climate Law, but progress has been quite slow so far. This is mainly due to the
slow decarbonisation of power generation and the intensive use of fossil-fuelled private
cars.

As far as power generation is concerned, it is dominated by plants using fuel oil and gas
oil; most of the power plants are expected to switch to natural gas around 2030, after
very long delays. At the same time, penetration of renewable energy sources (RES) in
power generation reached almost 24% in 2024, doubling within four years, but is still
quite low against an EU average of 47.5% (Eurostat, 2025d); this low performance is
expected, however, because Cyprus has limited water resources and hence cannot
exploit hydropower and also has limited wind potential. On the other hand, the country
has championed the use of solar energy for domestic water heating since many years,
so that average exploitation of renewables in the entire energy system (not only for
electricity) reached 21.9% in 2024, against an EU average of 25.2%. The fast deployment
of solar photovoltaics — both as PV parks and on household rooftops — has not been
accompanied by the installation of energy storage facilities yet, so that a substantial
fraction of solar and wind electricity generated is currently curtailed; the first major
storage units are expected after the end of 2026.



The other major carbon-intensive sector is mobility, with Cyprus being among the EU
countries with the highest vehicle ownership and average vehicle age. There has been a
sustained promotion of public transport and micromobility in the last years, but these
investments take time to materialise and achieve their full potential. Electrification of
cars is also moving slowly, similarly to most other Mediterranean and Eastern European
EU member states, but with the availability of several affordable car models in the
European market in the coming years and the projected further cost reductions it seems
to be possible to achieve a share of 8-10% of electric vehicles in the vehicle fleet by 2030,
in line with projections of the European Commission and the International Energy
Agency (2025a) for EU member states.

Buildings are also a major consumer of energy — mostly electricity — since all buildings
before 2008, corresponding to three quarters of the building stock, did not have to
comply with any energy performance requirements. Renovation rates are still at low
levels and must be accelerated in order to meet the requirements of the revised Energy
Efficiency Directive (EU) 2023/1791 and Energy Performance of Buildings Directive (EU)
2024/1275. The buildings sector is highly electrified, with more than half of final energy
consumed in the residential and tertiary sector (including a significant portion of space
heating) satisfied by heat pumps and other electric appliances and equipment.

The above brief overview of the decarbonisation prospects of Cyprus provides a mixed
picture. Progress has been tangible but slow, and carbon neutrality requires much faster
deployment of green technologies and enabling policies in the coming years. However,
it is easy for the public opinion to dismiss or ignore the progress made so far. Having this
as a starting point, our study digs into the environmental and economic benefits from
decarbonisation that has been achieved in Cyprus up to now. We focus explicitly on
power generation, where progress has been the strongest so far, which allows drawing
useful broader conclusions about the low-carbon transition.

Combining energy, economic and trade statistics with technical calculations, we find
that already by mid-2025, renewables deployed in Cyprus over the past decade have
contributed to the accumulation of net benefits of 469 million Euros at 2023 prices.
Benefits will continue to accrue in the coming years and are expected to cumulatively
reach almost 3 billion Euros’2023 up to 2035. If the avoided costs from air pollution are
accounted for, the net benefits exceed 5 billion Euros’2023, leading to a benefit-cost
ratio ranging between 11.4 and 19.2. Input-output analysis shows that economy-wide
benefits have led to a cumulative additional value added of the order of 1.4 billion
Euros’2023 during the decade 2015-2024. Especially after 2020, when renewables
deployment accelerated, we find a 0.5-1% GDP increase per year thanks to renewables
and avoided fossil fuel imports, leading also to almost 30,000 new jobs.

The paper continues with the description of our methodology (Section 2), the data used
(Section 3), the results (Section 4), and the discussion and concluding comments.



2. Methodology

2.1. Overview

Replacement of fossil fuels by renewable sources in power generation generates direct
costs and benefits, which are then propagated in the entire national economy due to
the interdependence of economic activities. Within the context of Cyprus, which
imports all its fossil fuels as ready products (i.e. it has no refinery), Figure 1 presents the
method we used to assess the economy-wide impact of renewable energy deployment.

Substitution of a Part of Fossil Fuelled Power
Generation with Renewable Energy

¥

Direct Impact | | Indirect Impact

Trade balance benefits: . X X
. . Allocation of domestic savings due to
+ Avoided fuel import costs .
improved trade balance:

— Import costs for RES equipment > -

. . + Higher domestic consumption
— Import costs for equipment enabling + Higher domestic investment
RES integration in the grid g

Lower electricity costs to consumers: _| Allocation of electricity cost savings:
+ Avoided GHG allowance costs “| + Higher consumption of households
+ Higher investments of firms

+ Higher wages of firm employees

Higher domestic demand for RES:
+ Local content of investments in RES l
and grids >

Economy-Wide Impact
from RES Investments

Other welfare benefits:
+ Avoided air pollution costs

A 4

Figure 1: Outline of the methodology to assess the economy-wide impact of renewable
energy deployment in Cyprus. “+” denotes a positive economic impact while “-” a
negative impact.

2.2. Direct impacts

To assess direct costs and benefits we apply an accounting approach using official past
data and the minimum possible assumptions. All electricity generated by renewable
sources satisfies a part of demand that would otherwise by met by additional amounts
of fossil fuels burnt in the country’s power plants. As mentioned above, thermal power
generation in Cyprus involves the combustion of fuel oil and gas oil, all quantities of
which are imported from abroad as ready fuels, since the country has no oil refinery;
hence any fuel imports avoided thanks to RES is a benefit, reducing the operating costs
of power plants and improving the country’s trade balance. Since the penetration of RES
is still modest, as described in the previous section, we consider that the reduction of



fossil fuel imports has no negative effect on the economic output of the fuel imports and
power generation sectors of the economy. In other words, at the current level of RES
penetration there are no stranded assets nor any redundant employees in fossil fuel
related sectors.

Additional benefits from green energy use accrue because less combustion of fossil fuels
reduces the amount of greenhouse gases (GHG) and air pollutants emitted, thereby
lowering costs to society a) by reducing the amount of emission allowances to be
purchased for GHG emissions in the EU Emissions Trading System, which are passed
through to electricity consumers as additional costs, and b) by improving air quality and
alleviating the consequent health impacts thanks to declining air pollutant emissions.

At the same time, RES penetration also has its costs because almost all the equipment
(e.g. wind turbines, PV cells and the related accessories) are imported from abroad.
Moreover, the integration of RES in the electricity grid requires the installation of
specific equipment that would otherwise not be needed; hence, the import costs of this
equipment must also be considered on the cost side of the equation.

Since the RES penetration is still modest, we do not assume that it affects the
investments in new power plants; therefore, we do not consider benefits from a
potential avoidance of the investment costs in new conventional power capacity.
Furthermore, we do not account for the future investments in energy storage nor for
those to be devoted to the expansion and modernization of the electricity grid because
we consider the benefits brought about by the deployment of RES up to now. This means
that we also omit the benefits that would arise if no curtailment of RES had happened
in case energy storage investments had already been implemented.

Finally, we note that impacts on taxes or other aspects of public finances are not
considered in this analysis because they involve redistribution of some financial
resources within the country (between the state, consumers and firms), hence they do
not bring net impacts to the national economy. Section 3.1 describes the data and
assumptions used to assess individual costs and benefits outlined above.

2.3. Indirect impacts

To assess the economy-wide effect stemming from the direct impacts described above,
we employ an input-output framework to quantify the macroeconomic impacts of
renewable energy investments. The analysis considers four key transmission channels
through which renewable energy investments affect the economy: (i) household
electricity cost savings, (ii) firm cost reductions, (iii) improvements in the trade balance,
(iv) domestic investment in renewable infrastructure. Economy-wide effects are
estimated through the corresponding input-output multiplier structure.

Economic effects are propagated through the production system using the standard
Leontief input-output model (Miller and Blair, 2008):

AX = —-A)"1 -4y (1)



where 4X is the vector of changes in gross output by sector; I is the identity matrix; A
is the matrix of technological coefficients; AY is the vector of changes in final demand;
(I — A)~! is the Leontief inverse matrix, capturing direct and indirect production
linkages.

Type | multipliers are employed, while induced consumption effects are modelled
explicitly through a behavioural representation of household income allocation, thereby
avoiding double counting within the input-output system. Sectoral Gross Domestic
Product (GDP) and employment effects are estimated by applying fixed gross value
added (including taxes less subsidies)-to-output and employment-to-output coefficients
to total output changes, respectively.

Symmetric input-output tables for Cyprus covering the period 2015-2022 were obtained
from the database of the European statistical service (Eurostat, 2026b). Each table was
used to estimate the economy-wide effects of renewable energy investments in terms
of GDP generation and employment creation. The 2022 table, being the most recent
available, is employed to project impacts for the years 2022-2024. The original
classification of 65 economic sectors is aggregated into 26 sectors to ensure analytical
tractability and consistency with the available data (Table Al in the Annex).

2.3.1. Household electricity cost savings

Renewable energy deployment reduces wholesale electricity prices, by decreasing
reliance on GHG emission allowances, generating household savings (Sy) relative to a
counterfactual scenario without renewable investment. A share of these savings is
reallocated to consumption (ACy) based on the average propensity to consume:

ACy = (1—5) - Sy 2)

where s denotes the saving rate derived from national accounts. The resulting
consumption increase is distributed across sectors according to observed household
expenditure patterns and introduced as a final demand shock in the input-output model.

2.3.2. Firm cost savings

Firms also benefit from lower electricity costs, generating operational savings (Sz) that
are allocated across investment (41), labour income (AW), and retained profits (AIT)
according to observed national accounts income shares:

AI=aI'SF, AW=(p'aW'SF, An=an-'SF (3)

where a;, a,, and a, are the observed shares of gross fixed capital formation (GFCF),
employee compensation, and gross operating surplus in sectoral value added (Eurostat,
2026¢; 2026d); @ € [0,1] is a wage pass-through parameter capturing the partial
transmission of cost savings to labour income, calibrated in the range 0.10-0.30
consistent with empirical evidence on rent-sharing (Katz et al., 1989; Blanchflower et al.,
1996; Card et al., 2018). The constraint a; + ¢ - a,, + a; = 1 ensures internal
consistency with national accounting identities.



Only the components that translate into additional demand are incorporated into the
input-output framework. The investment component is introduced as an exogenous
increase in GFCF, distributed across sectors using the observed investment structure.
The labour income component augments household income and generates additional
consumption (ACy,):

ACy = (1—5) - AW (4)

The profit retention component (4IT) is not explicitly modelled. While retained earnings
can in principle stimulate secondary demand through dividends, share buybacks, or
reinvestment (Fazzari et al., 1988; Opler et al., 1999), their aggregate effect depends on
heterogeneous household behaviour across income classes (Piketty and Saez, 2003;
Dynan et al., 2004) - a dimension not captured by standard input-output models, which
treat all households as a single group with uniform spending behaviour (Miller and Blair,
2009).

2.3.3. Trade balance benefit

Renewable energy deployment reduces dependence on imported fossil fuels,
generating foreign exchange savings (St) retained within the domestic economy. These
resources are reallocated to domestic consumption (4C;) and investment (41;)
according to the observed final demand composition:

ACr = ac¢ - Sr, Al = a; - St (5)

where a. and a; are the consumption and investment shares in total final demand,
calibrated from national accounts. Both components are injected into the input-output
model using the corresponding sectoral structures. This approach captures the direct
demand stimulus from import substitution, abstracting from general equilibrium
feedback effects such as exchange rate appreciation or shifts in export competitiveness
(Armington, 1969; Corden and Neary, 1982).

2.3.4. Direct domestic investment in renewable energy infrastructure

Renewable energy deployment generates direct economic activity through domestic
investment in infrastructure, particularly in photovoltaic installations and the associated
grid connection works. These investments constitute an exogenous increase in final
demand within the input-output framework, reflecting expenditures that are realised
locally in Cyprus. Two investment components are distinguished: (i) expenditures
associated with photovoltaic installations, and (ii) expenditures related to the
connection of renewable energy systems to the electricity grid. The sectoral allocation
of investment expenditure is based on the technology-specific cost structure proposed
by Taliotis et al. (2020).



3. Data

3.1. Data for the components of direct costs and benefits

This section presents the data used and assumptions made for the calculation of all
components of the direct economic impact outlined in the methodological Section 2.1.
A summary of all the assumptions and input values is provided in Table 1. All costs and
benefits of past years have been expressed at constant Euros of the year 2023, using
GDP deflators stemming from the official national accounts published by the national
Statistical Service (Cystat) in spring 2025.



Table 1: Assumptions and input data for the calculations of this paper.

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 Comments

Electricity generated from RES (GWh) 321.87 382.96 419.70 445.94 473.50 501.61 583.87 759.73 893.62 1115.87 1388.13 Source: Eurostat SHARES database (Eurostat, 2026e).
CO2 emissions saved (kt) 241.41 287.22 314.78 334.45 355.13 376.21 437.90 569.80 670.21 836.90 1041.10 Weighted average fuel oil & gas oil emission factor: 0.75t CO2eq/MWh

Source: German Emissions Trading Authority. Average auction prices for EUA (excluding
ETS allowance price (€/tCO2e) 5.9 7.6 5.3 5.8 14.9 24.7 24.6 52.5 80.4 83.7 65.0 aviation allowances) from the primary (auction-level) market:

https://www.dehst.de/EN/Home/home_node.html

Emission costs saved (M€) 1.4 2.2 1.7 1.9 5.3 9.3 10.8 29.9 53.9 70.0 67.7 . - " . .
3 Allocation of emission cost savings between households and firms is based on the share of
Savings for households 0.5 0.8 0.6 0.7 1.9 3.5 4.4 11.7 19.7 24.2 23.4 . . .
3 N each category in final electricity consumption peryear
Savings for businesses 0.9 1.4 1.1 1.2 3.4 5.8 6.3 18.2 34.2 45.8 44.3

Fuel oil saved (kilotonnes) 70.0 83.3 91.2 96.9 102.9 109.0 126.9 165.2 194.3 242.6 301.8 Assuming a th‘ermal efficiency of power plants of the Electricity Authority of Cyprus (EAC) of
40% and heating value of 11.5 kWh/kg
Based on EAC data:
https://www.eac.com.cy/EN/RegulatedActivities/Supply/tariffs/Pages/Fuel-Cost.aspx &
https://www.eac.com.cy/EN/RegulatedActivities/Supply/tariffs/Pages/anaprosarmogitimiska
vsimou.aspx.
Fuelimport costs saved (M€) 35.1 27.3 22.3 32.1 43.0 50.0 52.1 90.2 180.4 212.0 239.1

Fuel oilimport price (€/tonne) 501 328 245 332 418 459 410 546 929 874

Emission factors of fossil fuel power generation in Cyprus (t/GWh of electricity generated)

g‘:lmfuernd?z;?s: E’S\‘C());)) gii; ggi; ggi; g?i; g?i; gii; gii; 8323 833‘; g?gg 33‘912 For 2020-2023, emission factors are based on actual operational data; for 2024, based on
p. : : : : : : : : : : : NECP projections; assumption that pre-2020 the same EFs with 2020 apply.

Particulate matter (PM) 0.053 0.053 0.053 0.053 0.053 0.053 0.053 0.056 0.054 0.064 0.064
NOx emissions avoided (t) 170.8 203.2 222.7 236.6 251.2 266.1 309.8 249.9 298.5 379.0 484.1
S0O2 emissions avoided (t) 240.6 286.2 313.7 333.3 353.9 374.9 436.4 552.2 625.2 842.4 1106.2
PM emissions avoided (t) 17.1 20.3 22.2 23.6 25.1 26.6 30.9 42.5 48.0 70.9 88.4
Air pollution costs avoided (M€'2023) 46.2 54.9 60.2 64.0 67.9 71.9 83.7 104.4 118.3 159.3 209.0
Costs of PVimports (M€) 4.9 5.4 7.1 6.2 20.1 18.3 23.0 51.3 42.0 25.8
Costs of equipment for connecting RES 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4
to the distribution system (M€)
To net—meteggf;g:;b:g:i;;sfg:g 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 13 batain current prices. See main text for source of data.

N P . 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1

medium/low voltage grid
Costs ofeqm_pm.entforconnectlng RES 0.0 0.0 4.0 0.7 0.8 0.5 1.2 0.9 0.6 28
to the transmission system (M€)
Auxiliary data
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Deflators to 2019 (Cystat) 0.972 0.967 0.977 0.987 1.000 0.988 1.018 1.086 1.128 1.168 Source: National Accounts, Cyprus Statistical Service, 23/04/2025
Deflators to 2023 (Cystat) 0.862 0.857 0.866 0.875 0.887 0.876 0.903 0.963 1.000 1.035

Assumed marginal damage costs per tonne of NOx, PM and SO2: 9,006, 140,000 and 17,122 Euros’2016. Source: CASES (Cost Assessment for Sustainable Energy systems) — Final Conference Proceedings and External Costs Database. 2008. http://www.feem-
project.net/cases/downloads_deliverables.php

Euros'2023/t
NO,

PM2.5

SO,

Deflator 2016-2020: 1.13
Deflator 2016-2023: 1.3
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3.1.1. Avoided fuel import costs

Total annual power generation from all renewable sources was obtained from Eurostat’s
SHARES (Short Assessment of Renewable Energy Sources) database (Eurostat, 2026e).
Each kilowatt-hour of electricity generated from RES every year is considered to replace
one kilowatt-hour that would be generated from a thermal power plant. Based on the
annual reports of the Electricity Authority of Cyprus (EAC), the weighted average
thermal efficiency of the power plants operating during the last decade in Cyprus was
around 40%. In this way one can calculate the amount of fuel saved thanks to the
operation of RES.

To calculate the cost savings, we combined the amount of fuel saved per year with the
annual average fuel import cost as reported by EAC for the period 2013-20242. These
cost savings can be considered as directly benefiting the Cypriot economy as they reduce
the value of total imports and thereby improve the country’s trade balance.

3.1.2. Reduction in greenhouse gas emissions and their costs

In line with the emission factors suggested by the IPCC, for the fuel mix of thermal power
generation in Cyprus (consisting of fuel oil and gas oil) and for the average thermal
efficiency of the specific power plants, we assume a weighted average GHG emission
factor of 0.75 tonnes of COz-equivalent per Megawatt-hour of electricity generated.
Hence, each kilowatt-hour of electricity generated from RES is considered to save 0.75
kilograms CO.eq.

Emission savings were converted to cost savings by using the average annual price of
emission allowances covered by the EU Emissions Trading System (ETS). These were
obtained by the German Emissions Trading Authority (DEHSt)3.

3.1.3. Avoided health damages

We consider that three air pollutants from combustion in power generation are
responsible for adverse health impacts: nitrogen oxides (NOXx), sulphur dioxide (SO2) and
particulate matter with an effective radius of up to 2.5 microns (PM2:s). In line with the
emission factors for these air pollutants reported by EAC and from information in
standard emission factor handbooks (European Environment Agency, 2023), and based
on the average operation of EAC’s power plants in recent years, we arrived at emission
factors of 0.53, 0.75 and 0.053 grams of NOx, SO, and PM; 5 respectively per kilowatt-

2 See https://www.eac.com.cy/EN/RegulatedActivities/Supply/tariffs/Pages/Fuel-Cost.aspx &

https://www.eac.com.cy/EN/RegulatedActivities/Supply/tariffs/Pages/anaprosarmogitimiskavsimou.asp
x - last accessed on 30 March 2026.

3 The data we used refer to average auction prices for EUA (EU emission allowances excluding aviation
allowances) from the primary (auction-level) market (https://www.dehst.de/EN/Home/home_node.html
- last accessed on 23 August 2025). Data from the secondary auction market differ only very slightly.
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hour of electricity generated. Therefore, each kilowatt-hour of electricity from RES saves
the equivalent amounts of air pollutants.

The health effects of the main air pollutants are well documented in the literature, and
there is a growing number of assessments about the actual impacts to human health
due to exposure of people to high levels of ambient concentrations of certain air
pollutants. The impacts are usually expressed in premature deaths and in years of life
lost. Emission reductions due to less operation of thermal power plants lead to an
improvement in air quality, and thus to a decrease in adverse health impacts. Such
health benefits can be expressed in monetary terms by using assessments of the
external cost of each pollutant; this is the sum of the economic damage caused per
tonne of pollutant emitted to the atmosphere on human health, crops, materials and
biodiversity — although damages related to human health dominate. For assessing the
cost of NOx, PM and SO, emissions, we used calculations of the European CASES project
(FEEM, 2008) for emissions from power plants, as was also done in the National Energy
and Climate Plan of Cyprus. All values were converted to constant Euros’2023 per tonne
of pollutant. Benefits are strongest from the reduction in PM emissions because these
have the most adverse health impacts and hence the highest damage costs per tonne.
Based on the above-mentioned study, the assumed marginal damage costs per tonne of
NOx, PM and SO2 were 11,708, 182,000 and 22,259 Euros’2023 respectively.

3.1.4. Import costs for renewable energy equipment

RES equipment, primarily wind turbines, PV panels and their accessories, are imported
in Cyprus from abroad. Therefore, to formulate a balanced assessment about the effect
of the green transition on the trade balance, it is necessary to identify the value of
imports of these items.

We obtained such information from detailed official trade statistics. These were
available in Cystat’s online database from year 2021 onwards* and in Cystat external
trade publications for earlier years. In post-2021 statistics, these were the import data
for commodity codes 85017100, 85017200, 85018000, 85414200, 85414300. For
statistics up to 2021, we used the data for the available commodity code 85414090
(photosensitive semiconductor devices), which is more aggregate but seems to account
almost exclusively for PV panels. We used data for the decade 2015-2024, hence we
focused on PV imports because essentially all wind farms had been installed before 2015
(Eurostat, 2026e). Before 2013 there was also significant exporting activity of PV panels
from Cyprus to other countries due to domestic PV production.

As shown in Table 1, the value of PV imports was around 5 million Euros per year in
2015-2016, reached a peak of 51 million Euros in 2022 and declined in 2023-2024 to 42
and 26 million Euros respectively, most probably reflecting the decrease in PV costs over
the years, in combination with fluctuating international transport costs and declining
demand from the PV park investors post-2022 as the PV park installation programme
under the transitional market scheme in Cyprus had been completed. It is important to

4 See https://cystatdb.cystat.gov.cy/pxweb/en/8.CYSTAT-DB/ - last accessed on 20 April 2026.
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keep in mind that these costs are related to new PV panels installed, which means that
these imports offer benefits throughout the lifetime of the panels.

3.1.5. Import costs for equipment enabling the integration of RES

The integration of renewables in the electricity grid requires specialised investments,
both in the transmission system (i.e. at high voltage) and at the distribution system (at
low and medium voltage). A large part of these investments involves the installation of
equipment (substations, transformers, inverters etc.) which is imported from abroad.
These import costs must be accounted for when assessing the net effect of RES
deployment on the economy, whereas labour and overhead costs for the firms installing
this equipment are not considered as costs to the national economy because they
involve employment of local personnel, company profits, etc. To assess the import costs
of such equipment, we obtained information from experts on the transmission and
distribution system of Cyprus the Cypriot electricity grid.

As regards the distribution system, two cost items were considered:

— Costs for equipment that enables self-consumption of RES by citizens and firms who
benefit from net-metering and net-billing schemes. This cost was estimated at 250
Euros per installation, out of which the equipment cost amounts to around 150
Euros. By the end of 2024, around 83,000 net-metering and 1700 net-billing
customers were connected — essentially all of them with PV panels. At 150 Euros
each, the equipment cost reached 12.7 million Euros for all systems that had been
installed up to 2024.

— Costs for equipment that is installed in RES parks connected at medium and low
voltage. By the end of 2024, 159 parks had been connected at medium voltage (3
wind farms, 5 biomass installations and the rest were PV parks) and 1861 PV parks
had been connected at low voltage. Considering the very different equipment costs
for the connection of RES parks at medium and low voltage (200,000 Euros and 5000
Euros respectively), the total equipment cost is estimated at 41 million Euros®.

As regards the transmission system, investments planned over the decade 2015-2024
were of the same order with those of the distribution system, but the ones which have
been actually implemented and were specifically intended for enabling the connection
of RES with the grid is estimated by experts at around 12 million Euros for the decade
2015-2024. These investments will need to grow in the coming years to accommodate
more RES capacity, but it is reasonable to assume that these have been sufficient for
integrating the amounts of RES that have already been installed in the national energy
system.

5> This is in line with an alternative calculation provided by experts, using the apportionment method: total
investments to modernise, upgrade and expand the electricity distribution system of Cyprus reached 400
million Euros over the decade 2015-2024, and an expert estimate assumes 10% of these investments were
dedicated to the installation of equipment connecting RES projects to the grid — which leads to a RES-
relevant equipment cost of 40 million Euros.
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As also mentioned in the previous section, these costs are related to infrastructure with
along lifetime, which means that these equipment imports offer benefits for many years
in the future.

3.2. Data for economy-wide impacts

To assess the local content of RES expansion, as explained in the methodology, one
needs to obtain data on two investment components: those associated with
photovoltaic installations as such, and those related to investments in enabling
infrastructure, i.e. to connect renewables to the electricity grid.

For the local content of PV installations, we considered that this equals the amount of
capital expenditure for PV panels each year of the decade 2015-2024 minus the PV
import costs per year as available from the trade statistics mentioned above. Annual
capital expenditures were calculated by multiplying the amount of newly installed
capacity per year (in MW) with the investment costs per year (in Euros'2023 per MW).
The capacity installed per year is available from the annual reports of the Transmission
System Operator of Cyprus (2026). The investment cost of PV panels in the Cypriot
market conditions was derived from a combination of official statistics of the
International Renewable Energy Agency (2025b) with the investment cost estimates
used in the first and the second National Energy and Climate Plans of Cyprus (Republic
of Cyprus, 2020; 2024), which reflect actual Cypriot market conditions per year. We used
an estimate of the average of rooftop PV and utility-scale PV installation costs, since the
amount of installed capacity has been similar in the two categories.

As for the local content of grid investments, we relied on expert assessments from senior
experts from the Transmission and Distribution System Operators of Cyprus. According
to these, the labour and overhead costs (i.e. the local content) for installation of self-
consumption systems (net-metering and net-billing) in the distribution system amount
to 67% of the corresponding equipment costs, whereas for utility-scale PV parks this cost
is about 40% of the equipment costs. For investments in the transmission system, which
are more capital-intensive, the labour and overhead costs are estimated at 10% of the
corresponding import costs of equipment.

Table 2 presents the results of these calculations and assumptions, which were used as
input to the input-output model. As a next step, this local content was allocated to
economic sectors based on the assumptions reported by Taliotis et al. (2020).
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Table 2: Parameters to calculate the local content of RES investments in Cyprus in the decade 2015-2024. More information about data

sources is provided in the text.

(ME'2023)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 Total 2015-2024 Comments
. . Source: IRENA Renewable power generation costs in 2024 (2025) &
PVinstallation cost (€'2023/kW 219 2075 1957 1839 1722 1604 1495 1406 1242 1125
| ) assumptions usedinthe NECPs of Cyprus of 2020 & 2024
Source: Annual reports of the Transmission system Operator of
Installed PV capacity (MW) 76.5 8.7 121 1227 1495 229 293 431 623 797 P o ¥ P
Cyprus - https:/ftsoc.org.cy/organization/annual-reports/
New nstallations /year (MW) 155 9.2 264 106 26.8 79.5 64 138 192 174 736 Additional capacity per year, based on the data of the previous row
New installed capacity (previous row) multiplied by installation cost
CostofrewPVinsteletins ME2023) 340 194 517 195 461 175 %57 1989 285 1957 10217 ledcapecty(p mitpledby
peryear (first row)
Costs of new PV imports (M€'2023) 5.7 6.3 8.2 71 2.7 2.9 25.5 53.2 420 249 2166  DatafromTable 1, converted to Euros at 2023 prices
Local content (labour + equipment) of This is equal to the difference between the previous two rows: total
laboursequipmen)ot 0 s g5 L4 B W68 M2 W06 1965 1708 g5 o et iO MECIIETEICEREEEn I pEtols Horol
PVinstallations (M€2023) cost of PV installations minus the cost of their imports
venti
Localcontenlt(labour eqmpm'ent)‘for Based on total equipment costs for connecting RES to the
connecting RES to the distribution 29 29 29 2.8 2.8 28 2.8 26 2.5 24 4 . .
, distribution and transmission system (see Table 1) and private
system (M€'2023) o . y
communication with current and former senior staff of electricity
Local content (labour +equipment) for authorities about the costs of labour and overheads of Cyprus-based
connecting RES to the transmission 0.0 0.0 05 0.1 0.1 0.1 0.1 0.1 0.1 0.3 1.3 firms performing threse installations
system (M€'2023)
Local content (labour + equipment) , o
Sum of the local content of investments in the distribution +
forcomectingREStothegid 29 29 33 29 29 29 29 27 26 27 %7 > VESHTES e AT

transmission systems
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4., Results

4.1. Direct costs and benefits

Table 3 shows the calculated costs and benefits according to the methodology outlined
in the previous section. Instead of accounting for the installed RES capacity and
assuming the degree of its utilisation per year, we consider the actually generated
electricity in all years of the decade 2015-2024, during which essentially all RES capacity
installed comprised solar PVs (in commercial parks as well as on rooftops). We remove
the effect of RES installed prior to 2015 by considering only the additional electricity
generated from 2015 onwards in comparison to that generated in 2014. This allows us
to focus only on the electricity generated by new PV panels from 2015 onwards, for
which we also have their import costs (from official trade statistics as explained in
section 3.1.5). Since we focus on the actual power generation, we don’t need to make
assumptions about the level of curtailment per year and per PV type; we take into
consideration the curtailment actually implemented to PVs in the entire national energy
system each year up to 2024.

To properly assess the benefits of PV installations, we must consider their entire lifetime
because the import costs of PV panels and the infrastructure that were incurred during
2015-2024 to connect these panels to the grid have a long lifetime that exceed the time
horizon of that decade. As PV panels have a lifetime of 15 to 20 years and we are here
exploring the effect of panels installed between 2015 and 2024, we extend the
calculation of cost savings up to the year 2035. We thereby assume that all PVs installed
up to the year 2024 will yield economic benefits equal to those of year 2024 for another
eleven years (i.e. 2025-2035); this is a quite conservative assumption, since the PV
panels installed between 2021-2024 will be less than fifteen years old in 2035, but allows
the calculations to be on the safe side since we do not account a) for import costs of PV-
related equipment (e.g. inverters) that may need to be replaced during the lifetime of
the PV panels and b) for disassembly costs of PVs, which may partly be a cost to society
(e.g. waste to be managed properly).

To calculate cost savings post-2024, we assume that fuel prices and carbon allowance
prices will remain up to 2035 at the levels of 2024, and that curtailment will also remain
on average as large as in 2024. There are reasons to regard some of these assumptions
as under- or over-estimations, but they offer a reasonable accounting framework.

This means that Table 3 reports the costs and the benefits only from the operation of
those RES installed during the decade 2015-2024 up to the end of their lifetime. The
corresponding costs and benefits of RES investments before 2015 and those deployed
from 2025 onwards are not accounted for in Table 3. Figure 2 summarises the same
results, accounting only for monetary costs and benefits (top graph) and considering
also air quality related benefits (bottom graph).
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Table 3: Costs and benefits from the deployment of the renewable electricity investments implemented in Cyprus during the decade 2015-2024.
The table shows only the impact that is additional to that caused by renewables installed prior to 2015.

Additional effects from RES deployment in the decade 2015-2024 (change in comparison to the year 2014)

. Total for the| Benefit-
Total for Projected for .
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 period 2015 Cost
2015-2024 2025-2035 2035 Rati
atio

Electricity generated from RES (GWh) 61.1 97.8 124.1 151.6 179.7 262.0 437.9 571.7 794.0 1066.3 3746 11729 15475
CO2 emissions saved (kt) 45.8 73.4 93.0 113.7 134.8 196.5 328.4 428.8 595.5 799.7 2810 8797 11606
Emission costs saved (M€'2023) 0.4 0.5 0.6 1.9 3.7 5.5 19.1 35.8 49.8 50.2 168 552 720
Cost savings for households (M€'2023) 0.1 0.2 0.2 0.7 1.4 2.3 7.5 13.1 17.2 17.3 60 191
Cost savings for businesses (M€'2023) 0.3 0.3 0.4 1.2 2.3 3.2 11.6 22.7 32.6 32.9 108 361
Fuel oil saved (kilotonnes) 13.3 21.3 27.0 33.0 39.1 57.0 95.2 124.3 172.6 231.8 814 2550 3364
Fuelimport costs saved (M€'2023) 5.1 6.1 10.3 15.7 20.2 26.7 57.6 119.8 150.9 177.4 590 1952 2541
NOx emissions avoided (t) 32.4 51.9 65.8 80.4 95.4 139.0 144.0 191.0 269.7 371.9 1441 4090 5532
SO2 emissions avoided (t) 45.7 73.1 92.7 113.3 134.3 195.8 318.3 400.0 599.4 849.7 2822 9347 12169
PM emissions avoided (t) 3.2 5.2 6.6 8.0 9.5 13.9 24.5 30.7 50.5 67.9 220 747 967
Air pollution costs avoided (M€'2023) 10.2 16.4 20.5 24.9 29.1 42.9 66.6 78.6 113.4 155.0 558 1705 2263
Costs of PV imports (M€'2023) 5.7 6.3 8.2 7.1 22.7 20.9 25.5 53.2 42.0 24.9 217 217

Costs of equipment for connecting RES
to the distribution system (M€'2023)
To net-metering / net-billing customers 1.5 1.5 1.5 1.5 1.4 1.4 1.4 1.3 1.3 1.2 14 14
Connection of RES parks to

6.2 6.3 6.2 6.1 6.1 6.1 6.0 5.6 5.4 5.2 59

X R 4.8 4.8 4.7 4.7 4.6 4.7 4.6 4.3 4.1 4.0 45 45
medium/low voltage grid
Costs of equipment for connecting RES

- 0.0 0.0 4.6 0.8 0.9 0.6 1.3 0.9 0.6 2.7 13

to the transmission system (M€'2023)

Total costs (M€'2023) 288 0 88

Monetary benefits (M€'2023) 757 2504 6
Total benefits incl. avoided
1315 4209 4 9

pollution costs (M€'2023)

Monetary net benefits per GWh of solar PV generated (M€):| 0.192

Total net benefits per GWh of solar PV generated (M€):| 0.338

Monetary net benefits per MW of solar PV installed (M€): 5.23 Assuming a lifetime of 17 years and 1600 kWh/kW PV generation per year (actual figure is higher, especially for commercial PV parks, but
Total net benefits per MW of solar PV installed (M€): 9.20 this is a conservative assumption to account for gradual degradation of PVs during their lifetime and some degree of curtailment).
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Benefits to the Cypriot Economy from new RES installations of 2015-2024 (MEuros'2023)
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Figure 2: Costs and benefits from RES deployment, considering monetary items only
(upper graph) and accounting for air pollution costs as well (bottom graph).
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Our assessment shows that the RES deployment of the decade 2015-2024, thanks to the
operation of these installations until 2035, is expected to yield net direct benefits to the
Cypriot economy of almost 3 billion Euros at constant prices of year 2023. We estimate
that the benefits already realised up to now (in 2015-2024) accrued to 757 MEuros’2023
(590 million of fuel import cost savings and 168 million of emission cost savings), versus
217 million of PV import costs and 72 million of imports for equipment that enabled the
integration of PVs in the grid. This means that already by mid-2025 the RES deployed in
Cyprus in the past decade had yielded net benefits of 469 million Euros’2023.

Benefits will continue to accrue in the coming years and, as mentioned above, are
expected to cumulatively reach almost 3 billion Euros’2023 up to 2035. If the avoided
costs from air pollution are accounted for, the net direct benefits exceed 5 billion
Euros’2023. This leads to a benefit-cost ratio ranging between 11.4 and 19.2 — a clear
indication of the very substantial socioeconomic benefits offered by the deployment of
renewable electricity in a country depending on imported high-carbon fuels for its
power generation.

The bottom part of Table 3 provides also an assessment of the net benefits per unit of
electricity generated and per unit of PV capacity installed. It turns out that each
Gigawatt-hour of electricity produced by RES yields economic benefits between 192 and
338 thousand Euros’2023; and considering the lifetime electricity generation of PV
panels (under the assumptions reported in Table 1), each Megawatt of PV capacity
installed in Cyprus during the last decade is expected to yield net economic benefits of
5.2-9.2 million Euros’2023 in total throughout its lifetime.

4.2. Economy-wide impact

We now turn to the assessment of how these direct benefits have been diffused in the
economy, by applying the input-output methodology described in Section 2.3. We ran
the 10 model for each year of the decade 2015-2024, which allowed to look into the
economy-wide effect of decarbonisation, i.e. the combined effect of investments in
renewables and reduction in fossil fuel imports for power generation.

We distinguish between the individual indirect impacts shown on the right part of Figure
1, i.e. (i) higher domestic private consumption due to improved trade balance, (ii) higher
domestic investments due to improved trade balance, (iii) higher household
expenditures due to lower electricity costs, (iv) higher investments of firms due to lower
electricity costs, and (v) higher employee wages due to lower electricity costs of firms.
Finally, the economic impact of the local content of RES investments is also included.

Table 4 shows the summary impact on GDP and employment for each year of the decade
2015-2024. Detailed sectoral results for each one of the six impacts on output, GDP and
employment can be provided by the authors upon request. We find that decarbonisation,
i.e. the combination of investments in renewables with the reduction in the use of fossil
fuels for power generation, increased the GDP of Cyprus by 0.5% on average during the
last decade. The effect has been stronger since 2020, when RES deployment
accelerated: the positive impact on growth ranged between 0.5% and 1.1% of GDP per
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year, leading also to a rise in employment between 0.6% and 1.4% as the shift benefited
more labour-intensive sectors. About half of the positive effects are due to RES
investments as such, which increased economic activity of Cypriot companies. The rest
of the positive impact is primarily due to the improved trade balance that freed up
resources for domestic consumption and investments in the economy.

Table 5 shows the aggregate impact by economic sector. Decarbonisation has primarily
provided stimulus to sectors related to RES installation (manufacturing of machinery,
equipment and metal products) as well as to some sectors which already drive the
Cypriot economy (construction, real estate, food manufacturing and trade) and have
probably enjoyed higher demand thanks to the redirection of expenditures for fossil fuel
imports to consumption and investments in the national economy.

20



Table 4: Impact of RES deployment on GDP and economy-wide employment in Cyprus during the decade 2015-2024.

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 20152024
Impact on GDP (million Euros)

Impact ofimproved - Domestic consumption 4.1 4.8 7.6 117 15.0 19.9 42.8 866 1083 1175 418.2
trade balance on:  Domestic investments 0.6 11 2.0 2.9 3.6 53 11.8 24.1 32.0 328 116.2
... Household expenditure 0.1 0.2 0.2 0.6 1.2 1.8 59 114 14.9 138 50.2

Impact of electricity o
. Firminvestments 0.0 0.1 0.1 0.3 0.5 0.7 2.6 5.0 7.6 6.6 234
COSLSAMESON' e lojeewages 00 00 00 01 02 03 09 20 29 27 92
Local content of RES investments 28.2 141 4.1 138 194 9.7 655 1287 1787 1557 744.0
TotalImpact 33.1 20.2 51.1 294 399 1267 1295 2576 3445 3291 1361.2
Totalimpact at constant prices (MEuros'2023) 39.1 24.0 59.9 34.2 457 1470 1458 2721 3445 3191 1431.4
Actual GDP at constant prices (MEuros'2023) 21149 22540 23836 25331 26819 25956 28914 31306 32439 33718 272007
Impact of RES on the economy as % of GDP 0.2% 0.1% 0.3% 0.1% 0.2% 0.6% 0.5% 0.9% 1.1% 0.9% 0.5%

Impact on employment (no. of jobs)

Impactofimproved  Domestic consumption 1075 1329 1969 2947 3658 5144 9767 18151 23283 25684 9300.8
trade balance on:  Domestic investments 11.6 22.1 34.2 44.9 52.8 814 1778 2938 4034 4217 1543.8
.. Household expenditure 3.6 4.2 5.3 156 29.7 476 1359 2382 3209 3020 1102.9

Impact of electricity o
. Firminvestments 0.6 12 15 4.0 6.9 11.2 38.6 60.5 96.3 84.8 305.6
COSLSAMMESON'— plojeewages 06 07 09 27 50 69 205 388 585 548 1893
Localcontent of RESinvestments 7979 421.8 10896 3338 3742 24683 14498 27504 38414 33823 16909.6
Totalimpactonemployment 9218  583.0 13284 6957 8343 31299 27993 5196.9 70487 6814.0 29352.0
Total employment (thousands)  369.1 386.3 4071 4315 4521 4504 4637 - 4825  49%.6  506.7 4446
Impact of RES on the economy as % of GDP 0.2% 0.2% 0.3% 0.2% 0.2% 0.7% 0.6% 1.1% 1.4% 1.3% 0.7%
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Table 5: Aggregate impact on the economy from investments in RES and reduction in
fossil fuel imports during the decade 2015-2024, by economic sector.

n/n NACE Sector Description GDP (r::::i:,asr; Labour (njz.b?;
1| AO1, A02, AO3 Agriculture 12.3 436.5
2 B Mining 4.9 81.3
3 C10, C11, C12 Food Manufacturing 43.0 1334.5
4 C13, C15 Textile 15.7 589.5
5 Cle, C17, C18 Wood and Paper 2.7 89.2
6 C19--C23 Chemical and Plastic Products 14.4 267.8
7 C24 - C25 Metal Products 98.1 2132.7
8 C26--C33 Machinery Equipment 505.1 11256.8
9 D Energy 22.6 325.0

10 E Water Supply, Treatment 4.4 62.5
11 F Construction 136.1 3739.1
12 G Trade 75.4 1756.2
13 H49 Land transport servic.es anFj trfans;.oort 79 175.4
services via pipelines
14 H50 Water transport services 5.8 70.3
15 H51 Air transport services 11.2 325.1
16 H52-H53 Transport Warehousing 7.1 128.0
17 | Accommodation and food services 83.9 2437.2
18 J Information and communication 27.3 342.7
19 K Financial insurance activities 36.0 435.5
20 L Real Estate 146.0 563.5
2 M Professional, scientific and techr)if:al 48 78.3
activities
2 N Administrative and support sgryice 41 94.9
activities
23 0] Public Administration 18.1 340.3
24 P Education 23.2 592.2
25 Q Health 12.9 281.0
26 R-S-T-U Other services 38.8 1416.6
Total Impact 1361.2 29352.0
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5. Discussion and Conclusions

At a time of great instability in global energy supply and uncertainty about the future of
oil and gas prices, it is evident that countries that are net fossil fuel importers seek
independence from fuel imports. This is particularly relevant for European countries that
have suffered from oil and gas price spikes since 2022. Apart from investing in energy
efficiency, an obvious way out of this dependence is through the faster deployment of
green energy. However, this may create new dependencies on suppliers of raw materials
and manufactured products that are crucial for the transition to net-zero economies.

The usual discussion in such cases is about the fuel import bill that European countries
are undergoing, especially during periods of elevated oil and gas prices. This, however,
is only part of the picture. To examine the economy-wide impact of decarbonisation one
must account for imports of substitutes and for the impacts of the green transition on
economic output across all sectors. We have applied in this paper such an economy-
wide approach for Cyprus, a country which relies on imported, high-carbon fossil fuels
for its power generation, but — thanks largely to EU energy and climate policies — has
made slow but tangible progress towards decarbonisation of its electricity system.

As the transition to carbon neutrality by 2050 requires much faster deployment of green
technologies, problems and barriers to decarbonisation receive prominent coverage in
the public debate. However, our analysis has shown that renewable energy deployment,
although dependent on imported equipment itself, saves the Cypriot economy and
society very substantial resources that would otherwise be spent on even more imports
of fossil fuels and more purchases of carbon emission allowances for the greenhouse
gas emissions of thermal power plants. It also helps reduce some of the air pollution
generated by the combustion of fossil fuels in power plants.

We focused on the deployment of renewable electricity in the most recent decade 2015-
2024 since we were able to obtain official and consistent statistical data for this period.
Essentially all RES investments of this decade involved solar PV panels on rooftops and
in commercial PV parks. Instead of making assumptions about the actual utilisation of
these investments by year, and of conducting scenario projections for the future, we
opted to rely on officially reported actual electricity generation of this period.

The deployment of PV panels yields four kinds of direct benefits: it stimulates the
economy by boosting local activity and local labour in sectors related to the installation
of solar panels; it reduces the needs for additional imports of fossil fuels for power
plants, thereby improving the trade balance; it lowers the GHG emissions of power
generation and hence the amount of allowances that need to be purchased from the EU
Emissions Trading System which are passed through to retail electricity prices; and it
decreases the emissions of air pollutants from power plants thus improving air quality
and ameliorating adverse health impacts to the population. On the other hand, the
substituted thermal power generation requires imports of PV panels and auxiliary
equipment for their operation as well as additional equipment that is necessary to
integrate PVs in the transmission and distribution system.
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Combining energy, economic and trade statistics with technical calculations, our study
has found that already by mid-2025, renewables deployed in Cyprus in the past decade
have contributed to the accumulation of very substantial net benefits to the economy,
which will continue to accrue in the coming years. The resulting benefit-cost ratio of
between 11 and 19 - depending on whether avoided air pollution damages are
considered or not — is a clear indication of these benefits. There are hardly any studies
conducting a similar analysis which would allow a comparison of our findings, as most
relevant studies involve projections into the future, which are fraught with uncertainties
— whereas our study is solely based on past data and does not depend on assumptions
for the future. For example, the UK Climate Change Committee (2026) reported that for
every pound invested in sustainable energy, the benefits outweigh the costs by a factor
of 2.2 to 4.1, but these refer to projections until 2050 and include the entire economy,
where decarbonisation is more expensive in some sectors like transport and heavy
industry, so that the benefits are expectedly relatively lower. The European Commission
(2024), in its impact assessment of its 2040 climate target, shows the negative
macroeconomic impact of energy price shocks and refers to the co-benefits of
decarbonisation, but its rich quantitative analysis does not present directly comparable
results with those of our study.

We then applied these estimates of direct impacts to an input-output model that
accounts for the linkages of each sector within the economy and found a very significant
positive impact, with decarbonisation boosting GDP and employment in Cyprus
considerably, and by more than 1% per year from 2023 onwards. These positive effects
are equally attributable to the economic stimulus brought about by RES investments and
to the improved trade balance that freed up resources for domestic consumption and
investments in the economy.

As explained in sections 3 and 4, there are reasons to consider some of the assumptions
as underestimation and others as overestimation of costs or benefits. We consider,
however, the overall framework and the reported assumptions as a reasonable
approximation of the actual impact of RES deployment on the Cypriot economy, and a
much more accurate assessment in comparison to EU-wide assessments provided by
international organisations with the aid of models that use less granular data.

The above findings refer to the costs and the benefits only from the operation of those
RES installed during the decade 2015-2024 in Cyprus, up to the end of their lifetime. This
means that the corresponding impact of RES investments before 2015 and those
deployed from 2025 onwards are not accounted for here. Pre-2015 effects are
comparatively lower because of the low RES deployment at that period. On the other
hand, the quantification of post-2024 impacts would need a slightly different
assessment from the one presented in this paper for two reasons. First, the electricity
system of Cyprus has currently reached a stage where additional investments on
renewables require substantial deployment of energy storage and to some extent a
further expansion and modernisation of the electricity grid. Second, future RES
deployment will yield additional economic benefits because investments in new
conventional power capacity will be avoided — in contrast to the situation up to now
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when the modest progress in RES installations has not helped avoid new conventional
power investments.

Therefore, the results we showed in this paper regarding the green investments of the
decade 2015-2024 may not immediately apply to future RES investments as the post-
2025 calculations will need to consider the above points as well. In any case, deep
decarbonisation is expected to yield important and sizeable socioeconomic benefits
over the longer term as outlined in another recent study on the net-zero transition of
Cyprus (Zachariadis and Taliotis, 2023).

A comment must be made with regard to the environmental impact of renewables,
especially from the installation of PV panels and wind farms in high nature value
farmland, as well as environmentally sensitive ecosystems and protected areas (e.g.
Natura 2000 sites, flyways and migratory routes of birds, forests, wetlands, etc). Our
assessment has not considered these impacts, although it is likely that the operation of
some PV parks and wind farms has already adversely affected such areas in Cyprus. A
detailed bottom-up assessment of individual cases of PV parks and wind farms would be
needed for this purpose, as well as a demanding attempt to monetise the environmental
impacts in a way similar to the monetisation of the air quality impacts presented in this
paper; the latter, however, is based on established methodologies and EU-wide studies,
whereas the valuation of natural ecosystems needs a tailored approach that would be
appropriate for the specific areas to be studied. A rough approximation by the authors
is that the costs of such adverse environmental impacts do not exceed the benefits from
improved air quality thanks to RES deployment. This does not mean that adverse
impacts can be ignored, but that one can focus on the monetary costs and benefits of
this study to appreciate the very positive socioeconomic effects of green investments so
far. At the same time, strict implementation of spatial planning and environmental rules
for the protection of agricultural land and protected areas will be imperative for the
future.

It must also be stressed that this study has observed the impact of RES deployment in
an aggregate manner and has not addressed how the economic benefits have been
distributed within the Cypriot society. In the absence of real competition in the national
electricity market, most citizens and firms have enjoyed much less the advantages of
decarbonisation than some market actors. A few private investors in RES parks have
obtained large profits during these years. Moreover, households which had sufficient
financial resources and space to install rooftop PVs — less than a third of total households
in Cyprus — have benefited considerably, whereas citizens that could not afford (or did
not have sufficient space in their residences) to install solar panels essentially subsidised
the electricity system. Changes in the electricity regulatory regime can spread the
benefits of RES deployment to broader parts of society — which is particularly important
for households suffering from energy poverty that may also be disproportionately
vulnerable to deteriorating climatic conditions.

The European Central Bank has recently underlined that green energy strengthens
macroeconomic stability and supports economic growth and Europe’s strategic
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autonomy®. Our analysis confirms these findings, and we consider this approach
appropriate to be applied in any country. At the same time, it is important to note that
the application of our method in Cyprus offered analytical advantages. First, the country
does not have a significant fossil fuel sector since it neither possesses indigenous fossil
energy resources nor does it have oil refining capacity — it imports all its oil in the form
of final products from abroad. Second, we have analysed a period in which RES
penetration has been small to modest; therefore, it was safe to assume that activities
around storing and distributing oil to the thermal power plants did not suffer any serious
setback in their economic output and there were no stranded assets. Applying this
method to other countries may require considering other channels of positive and
negative impact in addition to those depicted in Figure 1. Still, the granular approach
presented here minimises the uncertainties and assumptions that are necessary to run
more sophisticated economic models, and thus can offer credible and valuable insights
on the economy-wide impact of strengthening national energy security through
decarbonisation policies.

6 Blog post of Frank Elderson, Member of the Executive Board of the ECB, 7 April 2026.
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ANNEX

Table A1l. NACE (statistical classification of economic activities in the European Union)
codes of the sectors of economic activity that make up the 26 sectors for the input-
output analysis.

n/n Sector Description NACE

1 AO01, A02, AO3 Agriculture

2 B Mining

3 C10,C11,C12 Food Manufacturing

4 C13,C15 Textile

5 Cle, C17,C18 Wood and Paper

6 C19--C23 Chemical and Plastic Products

7 C24-C25 Metal Products

8 C26--C33 Machinery Equipment

9 D Energy

10 E Water Supply, Treatment

11 F Construction

12 G Trade

13 H49 Land transport services and transport services via pipelines
14 H50 Water transport services

15 H51 Air transport services

16 H52-H53 Transport Warehousing

17 I Accommodation and food services

18 J Information and communication

19 K Financial insurance activities

20 L Real Estate

21 M Professional, scientific and technical activities
22 N Administrative and support service activities
23 ) Public Administration

24 P Education

25 Q Health

26 R-S-T-U Other services

Source: Eurostat (2008).
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