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Decarbonisation of the global economy is necessary to achieve the climate targets set by the Paris Agreement at
COP21. Significant investments are required in low-carbon technologies on the supply and demand side of en-
ergy systems; the scale of these may pose challenges to national economies. In this paper, an energy forecast
model, a cost-optimisation model and an input-output model are combined to conduct an economy-wide
assessment of policy pathways for energy transition in Cyprus. The results of the study indicate that a sce-
nario with additional energy efficiency measures and a modal shift in the transport sector can reduce final energy
consumption by 10% as compared to a reference case in 2030. The macroeconomic assessment shows that the
measures have a moderate but positive effect on economic growth. The construction, metal products and
transportation sectors are those mainly benefiting in terms of economic output generation, while the largest
negative effects are observed in the energy sector. Our findings highlight the importance of targeted investments

to ensure a positive impact of energy policies on the broader economy.

1. Introduction

The Paris Agreement achieved at COP21 in 2015 highlighted the
widespread consensus on the ramifications of a changing climate and
signalled the intention of 195 nations to contribute towards the miti-
gation of anthropogenic greenhouse gas (GHG) emissions [1]. Specif-
ically, Parties to the UNFCCC agreed to work towards keeping the global
temperature rise well below 2 °C above pre-industrial levels and, if
possible, limit the temperature increase to 1.5 °C. At the same time, the
United Nations Sustainable Development Goals (SDGs) call for imme-
diate action to combat climate change and its impacts (SDG13) and for
universal access to affordable, reliable, sustainable and modern energy
services (SDG7), stressing the need for an increased share of renewable
energy [2].

Achievement of the objectives set by the Paris Agreement and the UN
SDGs requires a transition towards decarbonisation of the global econ-
omy. In turn, this entails investments in low-carbon technologies on the
supply and demand sides of the energy system. The New Policies sce-
nario of the International Energy Agency’s World Energy Outlook pro-
jects that by 2040 renewable energy technologies will be the dominant
source of electricity generation on a global scale [3]. Further, a
continued increase in final energy consumption is projected, adding to
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the requirement for investments in energy infrastructure. Nonetheless,
careful planning is necessary, as investments in energy technologies
have long lifetimes and can potentially lead to a lock-in effect with a
substantial cost associated to it. Similarly, the adoption of energy efti-
ciency measures and the expansion of clean technologies to mitigate
GHG emission of the energy sector requires new investments that affect
the entire economy.

The Republic of Cyprus is a European Union (EU) member state
bound by several short- and long-term energy and climate targets. The
Cypriot energy system is currently heavily dependent on imported oil
products, while the renewable energy share is under 10%; according to
targets set by the European Union, this share should increase to 13% in
2020 and 23% in 2030 [4]. The electrical grid system of the island state
has no interconnection to neighbouring systems and is based on
fossil-fired generation. Specifically, 91% of the total electricity genera-
tion was powered by heavy fuel oil and diesel in 2018, while 9% was
generated by renewable energy sources [5]. Similarly, the renewable
energy share in the transport sector is currently limited to 3%, while the
relevant targets are 10% by 2020 [6] and 14% by 2030 [7]. Thus, it is
evident that significant investments are required to achieve the energy
transition foreseen at a regional and, subsequently, at an international
level. However, the Cypriot economy is quite small and its industrial
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output is minimal, while it is almost entirely dependent on fuel and
technology imports. As such there are concerns as to whether the energy
transition is financially viable or whether it will impose a heavy eco-
nomic burden on the consumers.

Energy system models have been used for several decades to guide
decision makers in regards to energy planning [8]. These models are
typically classified as either bottom-up technoeconomic models or
top-down macroeconomic models [9]. The former category utilises a
high degree of technological detail but provides limited insights on
economy-wide implications of technology options. Optimisation models
form a subcategory of bottom-up technoeconomic models, satisfying a
specific objective function, which often is the minimisation of a partic-
ular system’s cost. Typically, focus is on a single sector, thus optimisa-
tion considers a section of the economy, ensuring that demand and
supply are in equilibrium. Hence, optimisation models are often referred
to as partial-equilibrium models [10]. Several examples of optimisation
models used for energy planning purposes can be found in the literature
[11-17].

Top-down macroeconomic models employ aggregated sector-
specific energy demand and supply projections, assessing effects on
the entire economy but are not suitable to prove technology investment
outlooks, due to insufficient technical detail [9,10]. Various methodol-
ogies have been used in the literature to estimate the macroeconomic
impacts of the transition of the energy sector, including Input-Output
(I0) models [18-23], Computable General Equilibrium (CGE) models
[24,25], econometric models [26,27] and analytical methods [28]. IO
models have often been used for the quantification of the direct, indirect
and induced effects of energy policies, having the advantage of trans-
parency, and for using recent national accounts data [29]. Lambert and
Silva [28] found that IO techniques were better suited to national and
international studies, while analytical studies using extensive surveys
were found to be more appropriate for regional studies.

The importance of assessing the technoeconomic and socioeconomic
impacts of policy pathways using both bottom-up and top-down energy
system models has been recognised in the literature. Howells and Laitner
employed a bottom-up optimisation model and a top-down input-output
model to illustrate benefits to the economy achieved by energy effi-
ciency measures in South Africa’s industrial sector [30], while the same
model types were used by Howells et al. to estimate emission rebound
effects by the proposed substitution of gas-fired generation with nuclear
power in Korea [31]. Merven et al. [32] linked an optimisation model
with a top-down CGE model to assess the socioeconomic effects of
improved energy efficiency and the introduction of an ambitious CO2
reduction target in South Africa. Krook-Riekkola et al. [33] conducted a
similar effort, soft-linking an optimisation model with a CGE model for
the case of Sweden and highlighting the challenges faced when
exchanging information between them in such analyses due to inherent
differences in the structure of these models. Input-output models are
also used for such soft-linking. For example, Siala et al. [34] combined a
linear programming optimisation energy systems model and a
multi-regional input-output model to analyse the environmental and
socioeconomic effects of new energy systems in Germany. Similarly,
Rocco et al. [35] soft-linked a cost-optimisation model with an
input-output model to assess the economic and environmental impli-
cation on the Egyptian economy due to changes in electricity production
mix towards 2040.

Combining elements of both bottom-up and top-down modelling
approaches, Integrated Assessment Models (IAMs) have been used for
several decades to support climate policy. These quantitative models
attempt to represent the interactions between biogeochemical and so-
cioeconomic components, allowing an assessment of the impact of pol-
icy choices on greenhouse emission trajectories and the associated
climate change scenarios [36]. A selection of IAMs exists in the literature
(see for instance Ref. [37-41]); these have primarily a global focus. IAMs
have been criticised for an overestimation of mitigation costs, an un-
derestimation of potential benefits connected to mitigation efforts, as
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well as a lack of appropriate emphasis on the uncertainty behind core
assumptions [42]. Furthermore, IAMs often fail to agree on the specific
baseline characteristics, while they are criticised for an unfair temporal
treatment of cost and benefit estimation, connected with the assumed
discount rates, and for their inability to assess the distributional impacts
of climate policy [36]. Another limitation of IAMs is the representation
of consumer behaviour through simplified economic relationships; an
attempt to tackle this has been conducted by McCollum et al. [43].
Similarly, Pietzcker et al. [44] highlight the weakness of IAMs to capture
challenges related to the integration of variable renewable energy, due
to the spatial and temporal aggregation of these models, and evaluate
recent approaches used to address this aspect.

In this study, instead of using a single model to address all relevant
aspects, three distinct quantitative tools are employed to assess the
future development of the energy sector in Cyprus. A long-term energy
forecast model provides final energy consumption for all sectors of the
economy except transport. Then, in the main part of the analysis, the
outputs of a long-term dynamic optimisation model (Open Source En-
ergy Modelling System - OSeMOSYS) [45] are soft-linked with an IO
model to assess the economy-wide effects of potential energy pathways
in Cyprus in terms of economic output generation (see par. 2.4.1). Apart
from being the first paper to provide a macroeconomic analysis of en-
ergy policies in Cyprus, the main novelty of this study lies in the com-
bination of an energy forecast model with an optimisation model and an
10 model for providing an integrated assessment of the energy system
decarbonisation process in the medium-term (2030).

The first section of the paper sets the context and highlights the
importance of the assessed topic. The second section of the paper pro-
vides an overview of the methodology and describes the tools used to
carry out the analysis; the steps followed to link the various tools are
described here. The main outputs of the analysis are presented in section
3, while a discussion on the implications of the results is provided in
section 4. The paper concludes with a brief overview of the key messages
of the analysis in section 5.

2. Methods
2.1. Modelling approach
The analysis uses outputs from three separate models which are soft-

linked according to the flowchart provided in Fig. 1. Firstly, a long-term
energy forecast model (model 1 in Fig. 1) is used to project final energy

A. Final Energy
Consumption
rojections

1. Energy Forecast
model

B. Households’ 2. Cost-
energy Optimisation
expenditures model

C. Cost
projections

3. Input-Output
model

D. Economic
Output

Fig. 1. Simplified flowchart with the soft-linking process for the three models.
The models are indicated in light blue colour, while the steps where informa-
tion is generated from one model and passed on to the next are indicated in
light green. The economic output projections, indicated in grey, is the final
output of the linking process and is generated by the input-output model.
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consumption in the electricity and heating and cooling sectors (step A),
which is inserted in a cost-optimisation model (model 2). The energy
forecast model uses projections of national GDP and international oil
prices, along with assumptions on the short-term and long-term income
and price elasticities of energy consumption [46]. The energy forecast
model also provides projections of the annual energy consumption
expenditure of households (step B), which are introduced in the IO
model (model 3) to estimate the multiplier effect of changes in private
consumption in the economy of Cyprus. In the second phase of the
analysis, a technoeconomic cost-optimisation model (model 2) is used to
project the technology and energy mix in the electricity supply and
transport sectors, while it also facilitates the estimation of necessary
investments in the heating and cooling sector to satisfy the demand
projected in the first step. Finally, the associated investments outlook,
along with the costs for operation and maintenance of all technology
options, are quantified by the cost-optimisation model (step C) and
passed on to the I0 model (model 3) to estimate the economy-wide
impacts on economic growth across the different sectors of the local
economy (step D). It should be clarified that, for reasons of consistency,
all assumptions are aligned between the three models. The employed
models are discussed further in the following subsections.

Two scenarios are evaluated based on specific sets of policies and
measures to move towards decarbonisation of the energy system.
Table A.1 in the Appendix provides a brief summary of the main mea-
sures upon which each scenario is developed:

e Reference (REF) Scenario: An existing package of policies and mea-
sures already implemented or officially announced by the authorities
is adopted in this scenario. These correspond to the policies and
measures mentioned under the ‘With Existing Measures’ (WEM)
scenario of the government in its National Energy and Climate Plan
(NECP) [4]. Among the major measures adopted is the substitution of
oil-fired electricity generation with gas-fired electricity generation,
foreseen to occur by the end of 2021. Other than the existing mea-
sures, no additional action is forced by the model, but further in-
vestments in low-carbon technologies are allowed, if considered
cost-effective. In the transport sector, no promotion of a modal
shift is envisioned, as the number of public buses remain at relatively
constant levels.

Energy Efficiency (EE) Scenario: This scenario is inspired by the
Cypriot government’s proposed additional measures [4] and poten-
tial energy efficiency measures examined by Vougiouklakis et al.
[47] and Sotiriou et al. [48]. It assumes that emphasis is given on
substantial, yet at realistic levels, investments in energy efficiency
measures on the end-user side. Examples of such measures include
improvements in the thermal insulation of household and commer-
cial buildings, as well as investments in energy-efficient industrial
equipment. These aim towards a reduction in the final energy con-
sumption across the major economic sectors. Furthermore, heavy
investments in sustainable mobility modes are employed in an effort
to reduce fuel consumption in the road transport sector, which has
the highest share in the final energy consumption of Cyprus. These
entail an enhancement of the public transport fleet to consist of a
tram line in the capital city and a considerably higher number of
buses. Specifically, the targeted modal shift requires an increase in
the total number of buses from approximately 3450 in the REF sce-
nario to 6000 in the EE scenario in 2030, according to estimates
provided by the Public Works Department.

Even though the modelling horizon of the energy forecast and cost-
optimisation models runs until 2050 on an annual resolution, results

Energy Strategy Reviews 29 (2020) 100495

are reported until 2030 to be in line with the 2030 reporting horizon of
EU member states’ National Energy and Climate Plans and consistent
with the input-output model’s temporal outlook. The latter’s outlook is
constrained due to the considerable uncertainty in regards to the
economy’s structure and growth trajectory in the longer term. In view of
the medium term (2020-2030) horizon of the study, the industrial
structure may be assumed to remain unchanged over this period.

2.2. Energy forecast model

As an initial step in the analysis, an energy forecast model developed
for Cyprus is applied to project final energy consumption across the
economy [46]. The energy forecast model has been used to support
official energy planning efforts of national authorities in the recent past
[4] and is described in detail in a relevant publication by IRENA [49].
Utilising energy balance statistics for the period 2010-2018 supplied by
the Statistics Service of the Republic of Cyprus, an outlook to 2050 is
provided. The main energy-consuming sectors of the economy are
separately modelled, namely: agriculture, households, cement industry,
other industry, services, road passenger transport, road freight transport
and aviation. Demand growth for the various energy forms is driven by
exogenously defined macroeconomic assumptions obtained from the
Ministry of Finance, technology costs and fuel prices, while it is subject
to income and short-term and long-term price elasticities; these vary
across the different sectors of the economy and are based on national
econometric analyses and data from the international literature. In this
study, the forecast model provides final energy consumption projections
for all sectors except road transport. These are used as input in the
cost-optimisation model. It also provides estimates of the energy con-
sumption expenditure of households, which are used as input in the IO
model.

2.3. Cost-optimisation model

2.3.1. 0SeMOSYS modelling framework

The model employed in the second stage of the analysis is developed
within the Open-Source Energy Modelling System (0SeMOSYS), which
is a long-term cost-optimisation energy system model [45]. OSeMOSYS
has been used in numerous studies with focus ranging from a global,
regional and national scale [50-52]. It is a bottom-up technoeconomic
model that is demand-driven, which means the exogenously defined
demand has to be met, no matter the cost. The choice of technologies
and energy mix is based on the adopted technoeconomic assumptions (e.
g. fuel costs, technology costs, resource availability, emission limits).
The model’s objective function is the minimisation of the total dis-
counted system cost over the entire modelling horizon. An existing
model of the Cyprus electricity supply system [53], using code en-
hancements that allow consideration of short-term grid constraints [54],
is expanded to include the transport and heating and cooling sectors.

2.3.2. Key assumptions

This subsection provides a brief summary of the main assumptions
affecting the developed scenarios. Additional information on technology
assumptions are provided in Tables A.2-A.4 of the Appendix. All cost
figures are provided in terms of constant Euros 2016, while a currency
conversion rate of 1.128 is assumed for Euros to US dollars.

Since the energy system of Cyprus is heavily dependent on imported
fossil fuels, the projected price of relevant commodities directly affects
the energy mix outlook. As such, oil and natural gas price projections
from the country’s NECP [4] are adopted in the present analysis
(Table 1). Furthermore, an Emission Trading System (ETS) CO; price is
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Table 1
Fossil fuel and ETS price assumptions [4].
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Oil €2016/GJ 5.1 5.4 5.7 6.0 6.3 6.6 6.7 6.8 6.9 6.9 7.0
Natural Gas €2016/GJ 5.2 5.4 5.7 6.0 6.3 6.7 6.8 6.8 6.9 7.0 7.1
ETS price €2016/ton CO, 15.5 17.6 18.6 20.7 21.7 23.3 25.9 27.9 30.0 321 34.7
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Fig. 2. Final electricity consumption in each scenario, excluding consumption
in the transport sector.

used for power generation and heavy industry, based on the official
projections of the European Commission [55].

As aforementioned, final electricity consumption projections are
retrieved from the outputs of the energy forecast model. As a result of
the assumed energy efficiency measures implemented in the EE sce-
nario, a difference of 9% is estimated between the two scenarios by 2030
(Fig. 2). It should be noted that in the case of the transport sector, any
electricity consumption in plug-in hybrid or battery electric vehicles is
considered as additional to the final electricity consumption projection
provided by the energy forecast model. This choice is due to the fact that
the entire final energy consumption of the land transport sector,
including fossil fuels and biofuels, is derived solely from the cost-
optimisation model, which has a greater technological detail than the
energy forecast model.

Major infrastructure projects are, naturally, crucial to investment
requirements. By the end of 2021, a Floating Storage and Regasification
Unit (FSRU) will be developed to enable natural gas imports. This
project is estimated to cost approximately €300 million [4]. A second
major planned project is the EuroAsia interconnector with the aim to
connect the Cypriot grid with the Greek and Israeli grids. Despite recent
obstacles arising in the development of the interconnector [56], the
project is still part of the official plans of the local government. How-
ever, since the systems of Israel and Greece are not explicitly modelled in
the present analysis, the level of electricity trade between the three
systems is highly uncertain and cannot accurately be represented. Even
though projected electricity prices from Israel and Greece exist on an
annual basis [57], OSeMOSYS considers endogenously a cost of elec-
tricity generation that varies between seasons and between day parts.
Due to this inconsistency in terms of available information and the
project’s speculative development prospect, the EuroAsia Inter-
connector is excluded from the analysis.

Additional to the foreseen increase in public bus lines in the EE
scenario, the tram line in Nicosia will require €225 million in capital
expenditure and a yearly operation and maintenance budget of €12
million [58]. Furthermore, infrastructure investments that promote
sustainable modes of transport are estimated by the Public Works
Department at €500 million for the period 2020-2030; these funds will
be diverted towards the development of cycle lanes, bus lanes, bus stops
and improvements in pedestrian walkways. According to the figures
provided by the same authority, the additional investments in the EE
scenario are projected to reduce the trips conducted with private motor

vehicles by 21% as compared to the REF scenario for 2030.

Investments in the heating and cooling sector include the replace-
ment of energy-intensive equipment and deployment of alternative
technologies, such as heat pumps and solar thermal panels. In addition,
energy efficiency measures such as roof and wall insulation, windows
replacement and use of efficient lighting are considered exogenously;
the technoeconomic assumptions for these measures are provided by
Sotiriou et al. [48].

2.4. Input-output analysis

2.4.1. Input-output model

The second tool presented in this paper is based on the Input-Output
(I0) analysis, which is a quantitative technique for studying the inter-
dependence of production sectors in an economy over a stated time
period [59]. IO analysis has been extensively applied for policy impact
evaluation [60], energy use analysis [61] and environmental analysis
[62].

Continuous time models have been applied in macroeconomic
studies to analyse the impacts of alternative policy pathways [63]. In
this study, a continuous demand-driven IO model with disequilibrium
adjustment processes, hereafter I0 model, is developed and applied to
assess the macroeconomic impacts of the EE scenario in comparison to
the REF scenario in the mid-term (i.e. until 2030). Recently, I0 models
have been applied to forecast energy demand [64-66], assess the en-
ergy, economic and environmental performance of bioenergy technol-
ogies [67], analyse the dynamics of bioenergy supply chains [68] and
renewable resources [69].

The static version of the IO model can be formulated by equation (1):

X=AX+Y €9)

where, the supply X is an n x 1 vector of production in each sector of
economic activity. Total demand (consumption) for each sector’s
product is the sum of intermediate demand (AX) and final demand (Y). A
is a (nxn) matrix of technical coefficients a; that denotes the total output
from sector i that is required to produce one unit of output in sector j as
follows:

aj :xif/ Xj @

The I0 model applied in this study is based on the dynamic macro-
economic model developed by Leontief [70] and adapted by Johnson
[71] and Bryden et al. [72]. In these models, the static equilibrium
conditions of the variables are replaced by equations of motion and the
system is described as a disequilibrium adjustment process [73,74].
Similar to ecologic or mass-balance systems, production and consump-
tion move toward equilibrium at a rate that depends on the difference
between demand and supply, which is a function of the unplanned
change in inventories [72]. Inventories are used as buffer mechanisms to
absorb the short-run differences between demand and supply. When
production and consumption are equal, inventories are in equilibrium,
while when inventories are larger or smaller than ideal, then production
decreases or increases respectively. The economy, in general, is not in
equilibrium. Because of unexpected changes in demand, there are
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unplanned changes in inventories of the commodities [75,76]. Defining
changes in inventories as the equilibrium changes plus any changes due
to disequilibrium adjustments, the basic equation of IO analysis in
disequilibrium conditions is as follows [71,75,76]:

X(1)=A x X(t) + Yexp(t) + Yeons(t) + Yaw (t) + INVENT(1)° — INVENT (1)
+U(r)
3)

The functional notation indicates that each element of these vectors
is a continuous function of time with the exception of technical co-
efficients (A) and the superscript E indicates variables at their equilib-
rium levels. Total economic output (X(t))is the sum of intermediate
demand (A x X(t)) and final demand that consists of exports (Ygxp(t)),
private and government consumption (Ycons(t)) and investment demand
Yy (£)); INVENT(t)E is the equilibrium level of inventories;
INVENT(t)® — INVENT(t) is the equilibrium change in inventories, and
U(t) is the difference between actual rate of production and the equi-
librium levels.

In such system dynamic models, the production changes in response
to the short-term imbalance in supply and demand (U(t)) as follows [75,
76]:

X(t)=A[X(1) — (A x X(£) + Yxp(t) + Ycons(t) + Yiny (1) + INVENT ()"
— INVENT(1))]
(€]

where, A is the inter-sectoral adjustment rate and the dot over the var-
iables indicate a first derivative with respect to time. Consequently,
changes in exogenous expenditures, i.e. expenditures for investments,
exports and private and government consumption, represent changes in
the final demand of the economic sectors.

One of the assumptions underlying the demand-driven nature of the
applied I0 model is the unrestricted supply of factor inputs. Here, this
assumption is justifiable as the purpose of the model is to quantify the
supply of factor inputs required under each scenario and compare the
available factors over the scenarios’ required factor inputs. Instead,
production is constrained when labour supply is lower than the labour
demand [72,75]. Other sources of uncertainty typically associated with
I0 models relate to the assumptions of: (a) constant returns to scale; (b)
fixed prices and (c) fixed technical coefficients [59].

2.4.2. Data and application

The initial static equilibrium conditions of the IO model are based on
the latest available national symmetric IO table of Cyprus for the year
2015 [77], which includes 65 sectors of economic activity. The national
table is aggregated into 20 sectors of economic activity (Table A.5 in the
Appendix). Similar to the energy forecast model, the demand growth
rates for the economic sectors are defined based on the GDP projections
for the period up to 2030, which were obtained from the Ministry of
Finance and comprise the official macroeconomic forecasts of the gov-
ernment of Cyprus that were submitted to EU authorities by the end of
2018.

2.5. Linking 0SeMOSYS with 10 model

The rationale of linking an energy optimisation model with an IO
model is that the EE scenario will involve additional and/or diverse
types of investments during the period 2020-2030 in comparison to the
REF scenario, thus generating different macroeconomic impact. The
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Table 2
Total installed capacity in the electricity supply sector in each scenario.
2020 2025 2030
REF EE REF EE

Existing thermal units 1478 1120 1120 1120 1120
New CCGT units 0 432 432 432 432
Solar PV 360 565 460 1141 879
Solar Thermal 0 50 50 50 50
Wind 175 175 175 175 175
Biogas 17 50 50 50 58
Pumped Hydro 0 0 0 130 0

projected annual expenditures, including capital investments and
operation and maintenance costs, from the 0SeMOSYS model (section
0SeMOSYS modelling framework) are introduced in the IO model to
reflect changes in the investment demand of the specific sectors. These
expenditures are classified in seven categories, namely: (a) industry, (b)
power generation technologies, (c) electricity storage technologies, (d)
gas infrastructure, (e) public transport, (f) private transport, and (g)
buildings (i.e. energy efficiency measures, heat pumps, solar water
heaters etc.). The shares of spending for the development and operation
of all interventions under the two scenarios to the various sectors of
economic activity have been allocated based on information obtained
from relevant literature [78,79], as well as on experience from the
development and operation of actual projects in Cyprus; the relevant
assumptions are presented in the Appendix (Tables A. 6-A. 8).

3. Results

The first and second parts of this section of the paper present results
on technology and energy mix, and the associated investments extracted
from the cost-optimisation model. The third part of this section presents
the impacts of the two scenarios on economic growth, as estimated by
the input-output analysis.

3.1. Technology and energy mix outlook

The projected increase in electricity consumption along with the
assumed fuel and technology cost trends result in capacity investments
in the power system (Table 2). Specifically, two new combined cycle gas
turbine (CCGT) units of 220 MW are installed in both scenarios by 2030.
During this time, renewable energy technology investments also take
place. A planned concentrated solar thermal installation of 50 MW is
developed, while the capacity of biogas-fired generation units also in-
creases substantially. A considerable volume of the investments is
directed to solar PV deployment; total installed capacity of this tech-
nology increases to 1141 MW and 879 MW in the REF and EE scenarios
respectively by 2030. The difference between the two cases is attributed
to the lower electricity consumption projection adopted in the latter case
(Fig. 3), which results in lower capacity investment requirements.
Similarly, whereas a pumped hydro facility of 130 MW is developed in
the REF scenario driven by the increased integration of variable
renewable energy technologies, the lower level of solar PV in the EE
scenario removes this necessity.

The foreseen power expansion outlook leads to a corresponding
generation mix evolution (Fig. 3). A planned shift from oil-fired gener-
ation to gas-fired generation by the end of 2021 has a direct impact on
the fuel mix of the electricity supply sector in both scenarios. Even
though the absolute contribution of fossil-fired generation remains
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Fig. 3. Generation mix in 2025 and 2030 in the REF and EE scenarios.

relatively stable throughout the period 2020-2030, the aforementioned
renewable energy investments increase the renewable energy share of
the electricity supply sector. This increases from 16% in 2020 to 35% in
the REF scenario and 32% in the EE scenario in 2030.

In the transport sector, a shift towards alternative technologies is
observed, albeit at varying levels in each of the two scenarios. As one of
the main vehicle technologies deployed, the total number of battery
electric vehicles (BEVs) increases substantially to approximately 38,000
in the REF and 57,000 in the EE scenario by 2030 (Table 3). The number
of hybrid vehicles also increases to 7% of the total vehicle fleet by 2030
in both scenarios. The main aspect to highlight is the fact that the total
number of vehicles in 2030 is lower by 145,000 in the EE scenario as
compared to the REF scenario. The difference is attributed to a lower
number of passenger cars, whose passengers are primarily served by an
increased bus fleet and a tram line to be developed in the city of Nicosia;
the total number of buses in 2030 is nearly double in the EE scenario.
Even though such a difference between the two scenarios may appear
highly optimistic, the EE scenario assumes that the passenger car fleet
will be reduced by merely 10% as compared to the present situation.

The final energy consumption projections in both scenarios indicate
a gradual decrease in the consumption of fossil fuels, accompanied with
an increased level of electricity consumption and a slight increase in the
contribution of renewable energy sources (Table 4). Even though the
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improvement is largely achieved through a higher share of renewable
energy in the electricity supply sector, as well as a shift towards more
energy efficient gas-fired generation. In terms of greenhouse gas emis-
sions, the total emissions decrease from 6380 ktons in 2020 to 4940 and
4540 ktons by 2030 in the REF and EE scenarios respectively.

3.2. Investment requirements

The two scenarios illustrate mild but important differences in terms
of technology and infrastructure investments. In the REF scenario, these
are focused primarily on supply side technologies in the electricity
supply sector and private-owned passenger cars in the transport sector.
However, in the case of the EE scenario, the level of investments in
energy efficiency measures and in the development of sustainable modes
of transport is increased compared to the REF scenario (Table 5). Despite
these larger investments in certain aspects of the energy system, overall
cost savings are foreseen in this latter case; annual capital cost savings
reach up to €82 million in 2030 (Fig. 4). The main reason for this dif-
ference is the lower number of passenger cars, enabled by the larger
number of buses and the tram development in Nicosia.

As shown in Table 5, a higher volume of investments occurs in the EE
scenario in energy efficiency measures, such as improvements in ther-
mal insulation of buildings and substitution of energy-intensive equip-
ment, in the industrial, residential and commercial sectors. The required
level of renovations and their associated investments correspond to
those foreseen in the “Realistic” scenario of a separate study conducted
by Vougiouklakis et al. [47]. These measures ultimately result in a
decrease of the final energy consumption in the EE scenario. In turn, a
lower electricity consumption reduces the need for power generation
and electricity storage infrastructure, leading to corresponding cost
savings. Both scenarios assume that the Floating Storage and Regasifi-
cation Unit for gas import purposes is developed as scheduled; hence, no

Table 4
Evolution of Final Energy Consumption (ktoe) in each scenario.

REF scenario foresees a growth of the total final energy consumption, 2020 2025 2030
this decreases to a small extent in the EE scenario. The EE scenario REF EE REF EE
achieves a reduction in total final energy consumption of 158 ktoe by -
2030 as compared to the REF scenario, corresponding to a difference of Diesel 284 260 277 270 273
s comp = KL scenarlo, corresp g - Gasoline 398 423 361 387 273
approximately 10%. This is primarily attributed to a reduced gasoline LPG 63 63 62 68 65
consumption by 115 ktoe in the transport sector, as a result of the Pet Coke 77 59 59 51 51
assumed modal shift, and to a secondary degree to a decrease of 43 ktoe Other petroleum products 163 160 158 158 154
in electricity consumption, enabled by the additional energy efficiency Electricity ) 437 502 479 576 533
h . v fi ith Biomass (includes biofuels) 40 55 53 60 61
measures. When the primary energy supply figures are compared wit Geothermal 1 1 1 1 1
the total final energy consumption, we can see an overall energy system Solar thermal 72 76 73 90 84
efficiency improvement. Specifically, the efficiency of the system rises District Heating and Cooling - - - - 6
from 69% in 2020 to over 75% in both scenarios by 2030. This Total 1534 1600 1523 1661 1503
Table 3
Evolution of the motor vehicle fleet in the two scenarios until 2030.
2020 2025 2030
REF EE REF EE
Passenger cars Diesel 69,175 40,372 53,722 53,560 57,163
Diesel Plug-in Hybrid 0 0 252 0 799
Gasoline 471,730 539,790 459,927 473,209 333,432
Gasoline Hybrid 5170 5170 5170 59,927 46,300
BEV 100 100 100 38,006 54,858
LPG 214 739 739 1174 1174
Buses Diesel 3014 3230 4372 3450 5574
BEV 0 0 138 0 436
Motorcycles Gasoline 50,925 54,667 48,476 58,383 46,000
Trucks Diesel 12,978 13,923 14,146 14,542 13,738
BEV 0 0 0 326 1573
Light Trucks Diesel 119,614 128,323 126,670 137,032 133,726
Total 732,920 786,314 713,710 839,609 694,771
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Table 5
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Difference in Energy and Climate Related Investments (million Euros) between the REF and EE scenarios. Negative values denote higher investments in the REF
scenario, while positive values denote higher investments in the EE scenario.

Investments by Economic Sector 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Industry Capital 7 7 7 7 7 7 7 7 7 7 7
Investments (m€)
O&M Investments 0.1 0.2 0.2 0.3 0.3 0.4 0.4 0.5 0.5 0.6 0.7
(m€)
Power generation (new CCGT plants, PVs etc.) Capital 0 0 0 0 0 -11 -31 -52 -52 -17 -20
Investments (m€)
O&M Investments 0 0 0 0 0 -1 -2 —4 -4 0 -1
(m€)
Electricity storage technologies (pumped hydro & Capital 0 0 0 0 0 0 0 0 -14 —14 -14
batteries) Investments (m€)
O&M Investments 0 0 0 0 0 0 0 0 -2 -2 -2
(m€)
Gas Infrastructure (FSRU) Capital 0 0 0 0 0 0 0 0 0 0 0
Investments (m€)
O&M Investments 0 0 0 0 0 0 0 0 0 0 0
(m€)
Sustainable mobility (bus lanes, cycle lanes, buses &  Capital 8 29 50 71 92 113 135 156 215 226 250
tram) Investments (m€)
O&M Investments 0 1 1 2 3 3 4 5 17 18 18
(m€)
Private transport (more efficient cars, hybrid Capital -1 —42 -83 -126 -165 —207 —241 —255 —293 —329 —374
vehicles, electric cars etc.) Investments (m€)
O&M Investments 0 -7 -13 —-20 -27 —34 —41 —47 —54 —62 —69
(m€)
Residential & commercial buildings (energy Capital 66 70 68 70 60 62 66 65 65 65 69
efficiency renovations, heat pumps, solar panels Investments (m€)
etc.) O&M Investments 2 2 2 3 3 3 3 3 4 4 4
(m€)
Total All investments 82 61 33 7 —-27 —64 —101 —120 —110 —103 —130
(m€)
Cyprus. The shift examined in the EE scenario has to be backed by
ree [ considerable public investments, which would pose very different
g questions to economic planners compared to the private ownership-
e [ centric approach of the REF scenario. It is the view of the authors,
however, that significant changes pointing towards decarbonisation in
9 o - an energy system with high reliance on private transportation cannot
- s happen without the necessary investments.

500 1,000 1,500 2,000 2,500

Annualised capital investment requirements (million €2016)

W Electricity Transport Heating & Cooling

Fig. 4. Annual level of annualised capital investments (M€) in each scenario for
the three sectors of the energy system.

cost difference is observed in this regard.

The most significant differences between the two scenarios are
observed in the transport sector. The modal shift from passenger cars
towards sustainable modes of transport diverts investments away from
privately-owned motor vehicles towards public transport infrastructure.
It should be highlighted that the cost savings resulting from a lower
purchase and ownership rate of private motor vehicles significantly
exceeds the financing requirements for sustainable mobility. A total cost
difference of €175 million is observed in 2030. Table 5 provides a
summary of the capital, operation and maintenance investments of the
relevant investment categories, which are introduced in the IO model.

Here, we have to note that the pronounced modal shift does not
assess the fiscal impact of the proposed measures on the economy of

The distribution of the annual spending, associated with investments
and private consumption by sector of economic activity under the REF
and EE scenarios for the period 2020-2030, is presented in the Appendix
(Tables A. 9 and A. 10 respectively). As the geographical scope of this
study is limited to Cyprus, a critical factor of the analysis is to what
extent the production of the necessary equipment for implementing the
investments of the two scenarios, and thus the relative expenditures,
occurs inside the local economy. The estimation of the associated mac-
roeconomic impacts is based on this part of the expenditure that is spent
in the economy of Cyprus. Impacts on foreign economies are not eval-
uated. Economic sectors with a high share of domestically-produced
inputs lead to larger output gains within the domestic economy,
compared to sectors with relatively high share of imports [29].

3.3. Economy-wide effect of proposed policies

The results of the IO model simulations, in essence the economy-
wide effects in terms of generated economic output by the investments
and private consumption under the two scenarios, are presented in
Table 6. The investments in the EE scenario result in an annual increase

Table 6
Annual total economic output (in million €) associated with the investments under REF and EE scenarios for the period 2020-2030.
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
REF 57,522 59,219 60,778 62,274 63,722 65,097 66,569 68,123 69,681 71,264 72,747
EE 57,657 59,381 60,930 62,420 63,845 65,210 66,679 68,233 69,817 71,427 72,926
Difference (EE-REF) 0.23% 0.27% 0.25% 0.23% 0.19% 0.17% 0.17% 0.16% 0.20% 0.23% 0.25%
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Table 7

Change in economic output by main sector of the national economy of
Cyprus in 2030 due to investments in the EE scenario, in comparison
to the REF scenario.

Sectors of economic activity 2030
Agriculture —0.11%
Forestry 0.00%
Mining 0.19%
Food Manufacturing —0.09%
Textile 0.02%
Wood and Paper 0.45%
Chemical and Plastic Products 0.27%
Metal Products 1.10%
Machinery and Equipment 0.11%
Energy —1.42%
Construction 1.80%
Trade —0.31%
Accommodation and Food Services 0.06%
Transportation 0.63%
Banking-Financing 0.19%
Real Estate 0.20%
Public Administration 0.00%
Education 0.01%
Health 0.00%
Other Services 0.11%

of the economic output of the country ranging from 0.16% to 0.27%
higher compared to the annual increase due to the investments under
the REF scenario for the period 2020-2030. Specifically, in 2030 the
economic output of the country under the EE scenario will be higher by
0.25% compared to the respective figure of year 2030 under the REF
scenario.

The estimated macroeconomic effects of the EE scenario are rela-
tively higher during the first (i.e. from 2020 to 2022) and the last (i.e.
from 2028 to 2030) years of the study period. The largest effects on the
generation of economic output from 2020 to 2022 are attributed to the
increased capital and operational investments for the Metal Products,
Chemical and Plastic Products and Construction sectors. These are
driven by investments in energy efficiency measures in residential and
commercial buildings, which are higher in this period than in the middle
of the decade (Table 5). The increased generation of economic output
from 2028 onwards is mainly attributed to the large investments for the
transportation sector in the EE scenario, namely substantial investments
in new buses, the Nicosia tramline and other interventions to promote
sustainable urban mobility. Thus, the increase in the demand for prod-
ucts and services of sectors with high backward linkages (e.g. Con-
struction and Transportation) through demand for investments,
generate indirect growth effects to the other sectors of the economy (e.g.
Machinery and Equipment, Banking-Financing, Real Estate, Accommo-
dation and Food Services and others).

The sectoral distribution of the generated economic output in the
Cypriot economy in 2030 associated with the investments and personal
consumption under the REF and EE scenarios is presented in Table 7.
The differences are overall quite small without a single sector showing
disproportionately large changes compared to the others. It can be
observed that the economic sectors which mainly benefit in the EE
scenario are Construction (1.80%), Metal Products (1.10%), Trans-
portation (0.63%) and Wood and Paper (0.45%). The Construction
sector has a strong local character and creates the highest backward
linkages in the economy and it is skewed by large-scale investments
under the EE scenario, notably in new transport and energy infrastruc-
ture. In the rest of the economy, there is a notable increase in the output
of the Metal Products sector due to their use in the energy efficiency
measures adopted under the EE scenario. The highest negative multi-
plier effects are observed in the economic output of the energy sector,
reaching —1.42%, due to the reduced energy consumption that is
attributed to the implementation of energy efficiency measures in the EE
scenario. A minor negative effect in the economic output of traditional
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activities of the economy such as agriculture is created, principally due
to lower numbers of biofuels diverted towards additives for diesel,
which is forecasted to be used in larger quantities in the EE scenario.

4. Discussion

Two sets of measures have the biggest impact on the energy mix of
Cyprus. Namely, measures on energy efficiency and promotion of sus-
tainable modes of transport are of importance. Promotion of energy
efficiency lowers the need for additional supply and storage infrastruc-
ture investments, while it decreases the rate at which existing infra-
structure is operated, thus reducing operation and maintenance costs.
The “energy efficiency first” principle is already an integral part of EU
energy and climate policy [80].

Moreover, the analysis highlights the central role that transport
sector measures have in the official planning towards decarbonisation of
the Cypriot energy system, as the package of relevant measures in the EE
scenario leads to a further reduction in greenhouse gas emissions in
2030 by 340 ktons CO- eq as compared to the REF scenario. Giannakis
et al. [81] estimated that the CO, emissions of the road transport sector
in Cyprus will grow by 24% between 2016 and 2030 if no action is taken
and highlighted the urgency of implementing in-sector cost-effective
decarbonisation strategies. Besides the prospective climate change
mitigation potential, these measures can lead to substantial financial
benefits. Nonetheless, the success of the modal shift depends on the
political will to push the proposed plans forward and mobilise funds for
the development of the necessary infrastructure. Even though the cost
savings from the lower deployment of private vehicles outweigh the
projected cost of the sustainable mobility plans in the EE scenario, it has
to be highlighted that the latter will be financed primarily through
public funds. In addition, the social acceptance of the measures is a
critical factor, as individuals will have to be convinced that use of sus-
tainable modes of mobility is a viable alternative to the use of private
motor vehicles.

The potential for improvements in energy efficiency and reduction in
greenhouse gas emissions through promotion of public transport has
been recognised in the literature. Peng et al. projected that the transport
sector’s energy consumption and CO; emissions in the city of Tianjin can
decrease by 22% in 2040 by shifting passenger journeys from private
vehicles to public transport modes [82]. In another study, Zawieska and
Pieriegud [83] estimated that smart public transport solutions may offer
up to 10-15% CO3 emissions reduction in Warsaw, even though 46% of
passenger trips are already conducted with public transport. Similarly,
Bueno [84] calculated a final energy consumption reduction potential of
57% in the transport sector of the Basque Autonomous Community, via
aggressive deployment of public transport, carpooling and carsharing
schemes.

The large-scale utilization of energy efficiency measures in Cyprus
during the upcoming decade in the context of the European Union’s
2030 climate and energy framework is expected to have positive,
although marginal, implications on the macroeconomic environment of
the country. The results of this study are in line with the findings from
reviewed articles [18,85], which also claim positive macroeconomic
impacts of energy efficiency and renewable energy policies and mea-
sures, although it is difficult to compare results of studies employing
different methodologies and applied in heterogeneous locations.

Specifically, Yushchenko and Patel [18] estimated the impact of
energy efficiency programmes on the gross domestic product (GDP) in
Switzerland. The results of the study indicated net positive effects, that
is, for each Swiss Franc within the energy efficiency program 0.2 Swiss
Franc of additional GDP are created in comparison with the reference
case scenario. Markaki et al. [79] measured the macroeconomic impact
of clean energy investments on the Greek economy. The authors showed
that €47.9 billion investments over the period 2010-2020 result in an
annual average increase of GDP by €9.4 billion. The largest positive
effects are observed in the output of the manufacturing and construction
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sectors, while negative effects appear on the output of the electricity
sector. Kamidelivand et al. [19] applied an extended IO model to
compare the net macroeconomic impacts on Ireland’s economy when
substituting imported fossil fuels for electricity with renewable re-
sources. They found that the substitution of gas and coal imported for
electricity generation with renewables resulted in small positive net
value-added impact of €0.9-5 million for gas and €0.4-3 million for coal.
Andini et al. [27] applied a structural vector autoregression model to
estimate the macroeconomic impact of renewable electricity power
generation projects for Portugal. Their findings suggest that these pro-
jects have positive effects on real economic growth in the medium term,
through both the investment and the operations phases. There are,
however, examples of negative macroeconomic impacts of renewable
energy policies available in the literature [86,87].

The likely reason underlying the relatively low impact of the selected
energy measures on the economic output of the country in this study is
that Cyprus heavily relies on imports for the manufacturing and instal-
lation of the necessary equipment. Similar findings are reported for
other Mediterranean countries, such as in Greece [79].

5. Conclusions

In this study, an energy forecast model and a dynamic optimisation
model are successfully linked with an I0 model to estimate the macro-
economic consequences of the imminent energy transition in Cyprus in
the next decade. The results of the present analysis indicate that the
energy transition does not compromise economic growth. Despite the
overall lower level of investments in the EE scenario, targeted in-
vestments and measures can strengthen the local economy. In the case of
Cyprus, lower investments in specific technologies lead to a reduction in
associated imports. As shown in the present analysis, adoption of pro-
posed measures leads to positive economic output, even though the
impact is not homogeneous across the economy. For instance, energy
efficiency measures in the building sector boost the output of the con-
struction sector, but lead to negative effects in the energy sector’s output
due to reduced fuel consumption. Then again, the benefits to the econ-
omy from reduced fuel consumption are not fully captured and should
be evaluated further in a separate study; Cyprus has domestic gas re-
serves which could be dedicated for export rather than domestic
consumption.

The findings presented in this paper can support policy makers in
evaluating the consequences of energy policies from a national and
sectoral perspective. The positive macroeconomic impacts of energy
efficiency policies could be enhanced by preferring expenditures on
local goods and services by executing a significant part of the
manufacturing activities domestically. Identification of components that
are essential for the projected technological integration can bring forth
opportunities for the development of an associated local industry.
However, the present analysis assumes that the level of reliance on
imported goods for each sector of the economy remains constant
throughout the model horizon. Another important limitation relates to
the estimation of the economic impact of the package of measures as a
whole; an evaluation of the impact of each measure separately,
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quantifying economic output in each economic sector, could assist
decision-makers in the prioritisation of these measures and potentially
facilitate a more robust policy design minimising negative impact. These
are aspects that merit further investigation and can be pursued in future
enhancements of this work. Future research could analyse the welfare
impacts of energy policies in Cyprus through the application of a
recursive dynamic CGE model. The scenarios examined in this study
could be expanded both in terms of technological pathways towards
GHG reductions, and also for time-frames beyond 2030 with an eye on
the currently debated 2050 carbon neutrality for Europe. Furthermore, a
weakness of the analysis relates to the soft-linking process, which re-
quires information to be exchanged between models, while making sure
underlying key assumptions, such as cost of electricity, remain consis-
tent in all tools. This can be time-consuming and necessitates a certain
degree of iterative process.

Even though the focus of the study is on Cyprus, the insights offered
can be representative of other national and sub-national economies with
comparable economic size and structure. Many European states are
reliant on fossil fuel imports, while several are also dependent on
technology imports; especially so when considering technologies at the
forefront of the energy transition. This applies for a range of developed
and developing countries beyond Europe as well. As such, quantification
of the economy-wide effects of energy pathways should form an indis-
pensable part of national energy planning.
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Table A. 1
Key measures adopted in the analysis.
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Sector REF scenario

EE scenario (additional to REF)

Electricity supply =~ Net-metering scheme for PV systems in households
Net-billing scheme for generation from renewable energy
sources (RES)

Self-consumption scheme of electricity from RES
Installation of RES for operation within the competitive
electricity market

Transport Biofuel blending with conventional fuels
“Park and drive” stations for use of public transport
Reduction in average age of bus fleet to 10 years
Installation of public charging points for electric vehicles
Development of natural gas pumping stations in each district

Buildings & Minimum energy performance requirements for new
Industry buildings
Schemes for deep renovation of residential and commercial
buildings

Minimum 25% RES in new buildings

Scheme for the promotion of roof thermal insulation and use
of RES in households

Energy efficiency measures in existing public buildings

Other Promotion of anaerobic digestion for the treatment of animal
waste
Rollout of smart meters
Import of natural gas by last quarter of 2021
Energy Efficient street lighting

Improved forecasting for PV and wind electricity generation
Development of Renewable Energy Communities

Nicosia Tramway System

Environmental Fees for use of Road Network

Sustainable Urban Mobility Plans in each city

Promotion of public vehicles with low or zero GHG emissions
Incentives for the purchase of battery electric vehicles
Incentives for RES-based process heat systems

Energy efficiency measures in the public sector

Removal of administrative barriers on energy efficiency investments

Promotion of renewable cooling measures (e.g. reversible heat pumps, photovoltaic cooling,
vapour compression cooling systems)

Financing mechanism for energy efficiency investments

Scheme for energy efficiency investments in agriculture

Use of Refuse-Derived Fuel for district heating and cooling

Reduction of organics to landfills
Biogas recovery from landfills

Source: National Energy and Climate Plan of the Republic of Cyprus [4].

Table A. 2
Renewable energy generation technology technoeconomic assumptions.

Investment Cost (EUR2016/kW) Fixed Cost O&M cost (EUR2016/kW) Capacity Factor Lifetime (years)
2020 2030
Utility-scale PV 1161 886 9 18.5% 20
Wind 1394 1330 53 16% 25
Biomass-biogas 2461 2438 62 48.5% 30
Rooftop PV 1467 1241 12 18.5% 20
EOS 50 MW CSP with storage 3355 106 39.3% 30

Table A. 3

Motor vehicle purchase cost projections for each vehicle category and technology.

Vehicle purchase cost (EUR2016/unit)

2020 2025 2030
Passenger Cars Diesel 17,063 17,063 17,063
Gasoline 16,230 16,230 16,230
Hybrid Gasoline 19,764 19,636 19,509
Hybrid Diesel 19,654 19,459 19,265
PHEV Gasoline 27,167 26,856 26,548
PHEV Diesel 27,987 27,666 27,349
BEV 29,040 28,456 27,883
CNG 18,366 18,366 18,366
LPG Conversion 1463 1463 1463
Motorcycles Gasoline 5762 5762 5762
Buses Diesel 292,553 292,553 292,553
CNG 382,824 379,011 375,235
BEV 409,500 401,126 392,924
Trucks Diesel 31,693 31,693 31,693
BEV 124,394 121,857 119,372
CNG 56,073 56,073 56,073
Light Commercial Vehicles Diesel 19,791 19,791 19,791
BEV 46,428 45,488 44,566
PHEV 32,187 31,817 31,452
Hybrid Diesel 23,056 22,826 22,599
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Table A. 4

Technology costs for solar panels and heat pumps in the Heating and Cooling sector.
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Building type Resource Technology Investment cost (EUR2016/kW) Fix O&M (EUR2016/kW)
Households Electricity Heat pumps 1263 9.3
Solar Solar panels 1191 23.8
Other buildings Electricity Heat pumps 838 16.8
Solar Solar panels 893 17.9
Table A. 5
NACE (Statistical classification of economic activities in the European Union) codes
of the sectors of economic activity that make up the 20 sectors for the input-output
analysis for Cyprus (2015).
Sector Description NACE
Agriculture A01, AO3
Forestry A02
Mining B
Food Manufacturing C10, C11, C12
Textile C13, C15
Wood and Paper Cl6, C17, C18
Chemical and Plastic Products C19-C23
Metal Products C24, C25
Machinery and Equipment C26-C33
Energy D
Construction F
Trade G45-G47
Accommodation and Food Services I
Transportation H49-H53
Banking-Financing K64-K66
Real Estate L68
Public Administration o
Education P
Health Q
Other Services E, J58-63, M69-75, N, R, S, T, U
Table A. 6

Assumptions on distribution of spending (%) for the development (C) and operation (O&M) of the power generation technologies, divided into imported (I) and local

(L) investments.

Power Generation New thermal technologies Solar PV Solar Thermal Wind Biogas
Sector of economic C o0& I L C Oo&M I L C (6] I L C (073 I L C (6] I L
activity M & M &
M M

Agriculture
Forestry
Mining
Food Manufacturing
Textile
Wood and Paper
Chemical and Plastic 6 100 12 5 100

Products
Metal Products 14 100 14 100 12 100 5 100
Machinery and 60 35 100 63 40 100 58 40 100 43 42 100 50 15 100

Equipment
Energy 15 100 35 100 35 100 15 100 10 100
Construction 274 375 10 90 20 100 25 100 26 100 40 5 100
Trade 1.5 1 90 10 25 90 10
Accommodation and 0.5 0.5 100 05 2 100 5

Food Services
Transportation 3.5 2 100 1 100 0.5 100 1 1 100 0.5 25 100
Banking-Financing 1 1 100 1 5 100 05 5 100 0.5 100 05 5 100
Real Estate 4.7 1 100 2 20 100 1.5 20 100 4 30 100 35 10 100
Public Administration 1.4 1 100 1 100 1 100 1 100 0.5 100

11
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Table A. 7
Assumptions on distribution of spending (%) for the development (C) and operation (O&M) of the storage technologies, divided into imported (I) and local (L)
investments.
Storage Pumped Hydro Li-Ion batteries
Sector of economic activity C O&M I L C O&M I L
Agriculture
Forestry
Mining
Food Manufacturing
Textile
Wood and Paper
Chemical and Plastic Products
Metal Products 2 100 25 100
Machinery and Equipment 23 35 95 5 10 70 100
Energy
Construction 65 15 100 15 100
Trade 45 90 10
Accommodation and Food Services
Transportation 1 100
Banking-Financing 1.5 20 100 1.5 10 100
Real Estate 6.5 30 100 3 20 100
Public Administration 1 100 0.5 100

Table A. 8
Assumptions on distribution of spending (%) for the development (C) and operation (O&M) of the infrastructure upgrades, divided into imported (I) and local (L)
investments.
Infrastructure Gas infrastructure Public transport Private transport
Sector of economic activity C O0&M I L C O&M I L C O0&M I L
Agriculture 3 90 10
Forestry
Mining
Food Manufacturing 1 100
Textile
Wood and Paper
Chemical and Plastic Products 5 100
Metal Products
Machinery and Equipment 73 70 95 5 6.2 70 95 5 79.5 95 5
Energy 1.3 0.5 100
Construction 10 10 100 25 10 100 6 100
Trade 52.5 10 90 10 81.2 19 90 10
Accommodation and Food Services 1 100 0.5 100
Transportation 10 50 50 10.3 100
Banking-Financing 1 10 100 2 8 100 2 1 100
Real Estate 4.5 10 100 3 2 100
Public Administration 1 100 0.5 100 1 100

Table A. 9

Annual spending associated with investments and households’ consumption under the REF Scenario by sector of economic activity for the period 2020-2030 (in

million Euros).

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Agriculture 0.7 1.1 1.5 1.9 2.4 2.8 3.2 3.7 3.8 3.8 3.9
Forestry 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mining 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Food Manufacturing 2.4 3.8 5.1 6.4 7.8 9.3 10.7 12.2 12.5 12.8 13.1
Textile 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Wood and Paper 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Chemical and Plastic Products 9.0 8.5 8.7 8.5 9.5 9.9 10.0 10.1 10.3 10.4 10.5
Metal Products 4.5 4.2 4.3 4.2 4.7 5.0 5.0 5.1 5.2 5.2 5.3
Machinery and Equipment 14.1 17.4 16.8 16.4 16.1 16.0 15.6 15.3 16.0 16.2 16.2
Energy 448.4 475.2 498.1 516.5 531.7 545.2 566.1 586.9 604.1 625.8 638.3
Construction 119.5 143.5 162.6 175.5 197.7 215.7 233.6 252.5 266.8 273.1 276.3
Trade 51.7 65.1 78.6 92.2 105.8 119.5 133.0 147.3 150.6 153.9 157.2
Accommodation and Food Services 0.7 1.0 1.1 1.2 1.3 1.4 1.4 1.5 1.5 1.6 1.5
Transportation 5.2 10.0 11.1 12.4 14.3 15.4 16.8 18.0 18.3 19.4 18.2
Banking-Financing 16.4 20.6 24.4 27.9 315 35.1 38.7 42,5 43.9 44.8 45.7
Real Estate 6.1 9.8 11.6 12.1 13.7 14.5 15.6 16.7 18.2 18.6 18.6
Public Administration 3.3 4.9 5.8 6.7 7.8 8.7 9.7 10.7 11.0 11.3 11.5
Education 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Health 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Other Services 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Table A. 10

Annual spending associated with investments and households’ consumption under the EE Scenario by sector of economic activity for the period 2020-2030 (in million

Euros).

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Agriculture 0.7 1.1 1.4 1.7 2.0 2.3 2.7 3.1 3.1 3.1 3.1

Forestry 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Mining 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Food Manufacturing 2.4 3.5 4.5 5.5 6.6 7.7 8.8 10.3 10.2 10.2 10.2

Textile 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Wood and Paper 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Chemical and Plastic Products 16.6 16.6 16.6 16.6 16.6 17.2 17.6 17.8 18.0 18.1 18.6

Metal Products 8.3 8.3 8.3 8.3 8.3 8.6 8.8 8.9 9.0 9.0 9.3

Machinery and Equipment 18.0 21.6 20.9 20.7 19.9 20.2 20.3 20.3 21.0 20.7 21.0

Energy 448.0 473.3 493.7 510.9 523.9 534.1 551.7 568.8 583.4 603.1 614.2

Construction 156.8 185.6 206.6 223.4 243.7 263.3 282.7 302.3 321.0 336.8 345.1

Trade 54.5 65.6 76.7 87.9 99.0 110.5 122.3 136.5 139.7 140.6 141.5

Accommodation and Food Services 0.7 1.2 1.3 1.5 1.7 1.9 2.1 2.2 2.5 2.7 2.7

Transportation 6.1 13.0 16.3 19.8 23.8 27.1 30.6 33.9 40.1 43.0 44.2

Banking-Financing 16.5 20.3 23.7 26.8 30.0 33.0 36.2 40.0 42.2 43.0 43.3

Real Estate 6.4 10.7 13.1 14.3 16.5 17.6 18.7 19.8 22.0 24.1 24.7

Public Administration 3.3 4.8 5.6 6.4 7.5 8.2 9.0 10.0 10.3 10.5 10.6

Education 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Health 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Other Services 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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