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Abstract—The study simulates the Iberian power system till
2040. As Europe is aiming for a greener power system, the
European Commission presented a package of targets for the year
2020 and 2030. Targets to reduce the CO2 emissions, to increase
the production from renewable energy sources, and to improve
the energy efficiency. First, previous studies are briefly discussed
to show what has been done and how it differs to the present
study. After, the current Iberian power system is explained,
and each source of energy is described. The five main energy
software programs are introduced and the reason to choose the
EnergyPlan is presented. In order to ensure that the model of the
future Iberian power system is calibrated, the reference model
is compared to the real data. Since Portugal and Spain have
a high hydropower production, three different hydro scenarios
were created. A hydro wet, average, and dry year. These scenarios
are compared to each other in terms of electricity production,
CO2 emission, share of renewable energy source, and cost. The
Iberian power system has five different projections that present
distinct outcomes and conclusions. In the future Iberian power
system, the hydro conditions are fundamental in order to meet the
targets set by the European Commission. A hydro wet year makes
the power system to produce less CO2 emissions and increases
the renewable energy sources production when compared to the
hydro average year and hydro dry year.

Index Terms—CO2 Emissions, Iberian Power System, Renew-
able Energy Sources, EnergyPlan

I. INTRODUCTION

A. Topic Overview
According to the Intergovernmental Panel on Climate

Change [1], the planet is warming 0.2 degrees Celsius per
decade, with global temperatures already increasing 1 degree
Celsius over, and by 2060 it could reach 2 degrees Celsius.

The Paris Agreement’s [2] central aim is to establish the
global response to the threat of climate change by restricting
the global temperature rise, this century, to 1.5 degrees Celsius.
Additionally, the agreement aims to increase the ability of
countries to deal with the impacts of climate change, and
at making finance flows consistent with a low Greenhouse
Gas emissions and climate-resilient pathway. Each countries’
government agreed to come together every five years to set
more ambitious targets and track progress towards the long-
term goal through a robust transparency and accountability
system.

The European Commission [3] presented an action plan that
goes into line with the Paris Agreement’s [2] objectives and
has developed targets for the year 2020 and 2030.

i 20% (2020) and 40% (2030) cut in Greenhouse Gas
emissions compared to 1990’s levels.

ii 20% (2020) and 32% (2030) of European Union’s energy
produced by Renewable Energy Source.

iii 20% (2020) and 32.5% (2030) improvement in energy
efficiency.

For all of this to happen, there is a need for investment. One
of the investments should be a well-integrated European mar-
ket. The failure to increase the transmission capacity between
countries would increase the risk of unserved energy. It would
also affect the expansion of renewable energy production
because it would prevent the possibility to export the extra
energy produced and so the non-renewable coal unit would
produce more.

Portugal and Spain, the Iberian Peninsula, are part of the
European Union, meaning that the European Commission’s
objectives and targets are valid for 2020 and 2030.

B. Previous Studies

There are many articles related to EnergyPlan simulation of
power and energy systems in many countries and regions.

In Chongming, China [4], the impact of high renewable
energy sources penetration was investigated through the re-
lationship between the amount of produced Critical Excess
Electricity Production (CEEP) and various renewable energy
capacities. It concludes that a careful plan for the Photo Voltaic
capacity installation is vital due to its high sensitivity in
terms of excess electricity production. Also concludes that
the combination of different Renewable Energy Source can
contrast the increase in excess production and simultaneously
improve the renewable energy sources penetration. It suggests,
however, that small and medium-sized Combined Heat and
Power plants, as well as heat pumps, need to contribute to the
task of securing a balance between electricity production and
consumer demands.

In Croatia [5], the energy system is highly import-
dependent, and the integration of a high share of Renewable
Energy Source is essential. Through a study of eight different
scenarios and calculations made by EnergyPlan, it is possible
to observe different hydrological conditions while analysing
import dependency, economic cost and CO2 emissions. The
results settle that energy systems with a large share of non-
flexible power plants have more difficulty adapting to wind
power plants productions.

In Hungary, an article used the EnergyPlan software to
create a model able to simulate, on an hourly basis, all sectors
of the national energy system [6]. Two models were created,



one natural gas plus biomass, and one only with biomass, to
analyse how the energy system could have been operated in
an optimised way from an environmental point of view, within
the existing infrastructures. In the biomass alternative model,
the utilisation of primary renewable energy sources almost
doubles, causing a decrease of 10% in CO2 emissions. By
modifying the distribution of fuels by a different power plant
utilisation, more beneficial fuel consumption characteristics
exist.

An article developed an energy system for Portugal that
solely relies on renewable energy for the year 2050 [7]. It uses
the EnergyPlan to calibrate the model. It concludes that the
future system will rely significantly on wind and solar power
while hydropower becomes less prominent in comparison to
today. The storage capacities of dammed hydropower as well
as carbon-neutral gas, will be used to balance out the system.

While investigating the potential ways to increase flexibility,
two ways are possible [8]. One is the interconnection between
energy systems, between two countries, and the second is
cross-sector interconnection, between different parts of an
energy system. The article seeks to compare the types of inter-
connectivity and discuss to which extent they are mutually
beneficial using the EnergyPlan software. The results show
that while both measures grow the system utilisation of
renewable energy and the system efficiency, the cross-sector
interconnection gives the best system performance.

II. IBERIAN POWER SYSTEM

The Iberian Peninsula is composed mainly of Portugal and
Spain’s mainland. It is part of the European region, European
Union, and European Commission. It has its characteristics
meaning that the projections for the region are unique to any
other region in Europe.

The current power system in the Iberian Peninsula charac-
terises the sum of the Portuguese and Spanish power systems.
In terms of physical dimensions, the Portugal mainland area
is five times smaller than Spain’s mainland, which means
it expects different dimensions for their energy demand and
production.

When it comes to Portugal, the installed power capacity as
of 2017 was 19.8 GW, increasing 260 MW concerning the
previous year [9]. In 2017, renewable technologies generated
40% of the demand, which was the lowest amount since 2012,
mainly due to the low precipitation during the year. The year
2017 was the second consecutive year that Portugal was an
exporter towards Spain.

In Portugal, there are several regions where specific tech-
nology produces electricity. The biggest:

– Hydroelectric stations are in Alto Lindoso with 630 MW,
Miranda with 369 MW and Aguieira with 336 MW. In
2017 generated 5.536 TWh.

– Wind power stations are in Viseu with 1,093.4 MW, Vila
Real with 665 MW and Guarda with 517.3 MW. In 2017
generated 11.974 TWh.

– Photo Voltaic stations are in Amareleja with 45.78 MW
and Serpa 11 MW. In 2017 generated 0.852 TWh.

– Coal-fired power stations, as of 2017, are in Sines with
1,256 MW and in Pego with 628 MW. In 2017 generated
13.608 TWh.

– Natural gas power station is in Tapada do Outeiro with
990 MW. In 2017 generated 17.648 TWh.

In Spain, the installed power capacity was, in 2017, 104.122
GW. It was 455 MW less than the previous years due to
the closure of a nuclear power station that was inactive since
2012 in Santa Maria de Garoña [10]. Renewable energy had
a noticeable decrease in terms of generation, as in Portugal,
due to low hydroelectric production. Overall renewable energy
generated 33.7%, a fall when compared to the previous year.

Spain, by the second consecutive year, was an importer
country. Importing 3.6% of the total demanded energy from
other countries, Portugal included. This trend is recent as for
ten consecutive years, Spain was an energy exporter.

In Spain, there are several regions where specific technology
produces electricity. The biggest:

– Hydroelectric stations are in the north of the country
in Coruña with 223.34 MW, Huesca with 179.59 MW
and Navarra with 162.14 MW. In 2017 generated 18.361
TWh.

– Wind power stations are in Castilla y León with 5,595
MW, Castilla-La Mancha with 3,817 MW and Galicia
with 3,422 MW. In 2017 generated 47.498 TWh.

– Photo Voltaic stations are in Puertollano with 70 MW and
Olmedilla de Alarcón with 60 MW. In 2017 generated
7.988 TWh.

– Concentrated Solar Power stations are in Aldeire Granada
with 150 MW, San José del Valle Cádiz with 49.9 MW
and Sevilha with 31 MW. In 2017 generated 5.348 TWh.

– Nuclear power stations are in Vandellos with 1,045 MW
and Almaraz I and II with 1,011 MW and 1,006 MW,
respectively. In 2017 generated 55.609 TWh.

– Coal-fired power stations are in Almería with 1,159 MW
and in Teruel with 1,050 MW. In 2017 generated 42.593
TWh.

– Natural gas power station is in Sagunto with 1,200 MW.
In 2017 generated 33.855 TWh.

The low production of hydroelectric energy had a direct
impact on the generation mix, both in Portugal and Spain,
leading to an increase of fossil fuel use as a primary source of
energy from the combined cycle and coal-fired power stations.

III. ENERGYPLAN AND MODEL CALIBRATION

Doing a simulation requires one software. A software that
has the desired characteristics and presents the results in an
easy-analysed document. One software that has been used by
others in scientific projects to have credibility. The chosen one
was EnergyPlan [11]. With it, it was possible to test the model
and generate the simulations.

A. Energy Software Programs

There are many energy software programs available as
Long-range Energy Alternatives Planning (LEAP) [12], Hy-
brid Optimisation of Multiple Energy Resources (HOMER)



[13], RETScreen [14], The Integrated Markal-Efom System
(TIMES) [15], and EnergyPlan [11], each with its character-
istics.

LEAP [12] is primarily an accounting system, but users
can also build econometric and simulation-based models. It
supports both final and useful energy demand analysis as
well as detailed stock-turnover modelling for transportation
and other analysis. On the supply side, it supports a range
of simulation methods for modelling both capacity, expansion
and plant dispatch.

HOMER [13] uses optimisation and sensitivity analysis
algorithms to evaluate the economic and technical feasibility
of a large number of technology options and to account for
variation in technology costs and energy resource availability.

RETScreen International Clean Energy Project Analysis
Software [14] is a project analysis and decision support tool.
It has extensive use to evaluate the energy production, costs,
and Greenhouse Gas emission reductions for various types of
Renewable Energy Technology.

TIMES [15] is an energy/economic/environmental tool, used
to estimate energy dynamics in local, national or multi-
regional energy systems over a long-term, multi-period time
horizon. It is a partial equilibrium model as the quantities and
the prices in each period are such that the suppliers produce
exactly the quantities demanded by the consumers.

EnergyPlan [11] is an hourly model that simulates the
energy system over one year period using 8784-time slices
(366 days). It allows users to simulate the whole energy
infrastructure of a territory, considering potential synergies
between the different sectors. There are two general categories
of regulation strategies in EnergyPlan: market economic and
technical. In market economic regulation, the model dispatches
units according to short term marginal costs, and in technical
regulation, the model dispatches units according to optimal
technical performance. The technical simulation strategy fo-
cusing cover the estimated heat demand only, or otherwise,
on both electricity and heat demand. It adjusts the output
power from different renewable energy sources, like Combined
Heat and Power, condensing power units and Power Plant to
satisfy the required electricity and heat demand so that the
excess electricity generated by the system can be avoided or
minimised.

B. EnergyPlan

The EnergyPlan software gives preference to production
technologies of a use-it-or-lose-it nature, and the user can
decide from several regulation strategies how dispatchable
units operate.

One strength of EnergyPlan is to identify synergies between
the sectors of the energy system, meaning it can analyse the
system and use the resources available to fulfil the demand,
every hour. The synergies increase the integration of renewable
energy in a way that the Smart Energy System concept can
become a reality. It also allows the analysis of any thinkable
energy systems and simulates any desired energy pathway
without cost as a driver.

EnergyPlan does not have any policy boundaries, which
means that it assumes very high levels of reallocation and
risk-sharing. With these assumptions, a future scenario can be
developed and optimised. Its economic perspective focuses on
society.

EnergyPlan software prevailed because it is user-friendly
with much-related information available online. It allows the
creation of an energy system model of a country or region. It
generates an hourly simulation with all consumption sectors
and a focus on the integration of fluctuating Renewable Energy
Source. EnergyPlan is the only one that has the simulation,
scenario, bottom-up and operation tools available.

C. Model Year

In order to make a simulation of the Iberian Peninsula, a
model year is necessary. The chosen year was 2017 because
it is recent enough to have all the values needed from both
countries.

Both Portugal and Spain’s Transmission System Operator,
Redes Energéticas Nacionais (REN) [16] and Red Eléctrica
de España (REE) [17], create a yearly document with the
technical results of each year and compare them to the
previous ones, [9] [10]. These documents describe the amount
of energy needed and produced and the production share of
each technology. These values helped to create the model year
of 2017 on the software.

1) Demand: For the demand part, only the electricity
demand is necessary, and the value is of 302.378 TWh, Table
I.

TABLE I
IBERIAN PENINSULA’S ELECTRICITY DEMAND IN 2017 [9] [10]

2017 Portugal Spain Sum

Electricity Demand (TWh) 49.638 252.740 302.378

The amount of electricity generated in Portugal and Spain
was 54.544 TWh and 248.424 TWh, respectively.

2) Supply: The production of energy must meet with the
amount demanded. Portugal and Spain have technologies
capable of producing energy with high levels of capacity.

The leading technologies considered were Power Plant,
which is the sum of coal-fired and gas-fired power plants, and
Nuclear for the non-renewable, Table II.

TABLE II
IBERIAN PENINSULA’S NON-RENEWABLE TECHNOLOGIES’ CAPACITY IN

2017 [9] [10]

2017 Portugal Spain Sum

Power Plants (MW) 6,403 40,302 46,705
Nuclear (MW) 0 7,117 7,117

The renewable technologies considered were Biomass,
Wind, Hydro, Photo Voltaic, and Concentrated Solar Power,
Table III.



TABLE III
IBERIAN PENINSULA’S RENEWABLE TECHNOLOGIES’ CAPACITY IN 2017

[9] [10]

2017 Portugal Spain Sum

Biomass (MW) 624 852 1,476
Wind (MW) 5,090 22,922 28,012
Hydro (MW) 7,193 17,030 24,223

Photo Voltaic (MW) 490 4,439 4,929
Concentrated Solar Power (MW) 0 2,304 2,304

In realistic energy production, distribution profiles exist;
otherwise, the results would be identical for regions with
entirely different climate exposures, for example. These dis-
tribution profiles are load diagrams with hourly values of
the entire year. The renewable energy profiles are the most
important ones because they are the ones that vary the most
each year.

Fig. 1. Hydro Capacity Index From 2008 to 2017 [9]

The year 2017 had the lowest hydro capacity index matching
the year 2012 with 0.47, making it a dry year. The year with
the highest hydro capacity index was 2016 with 1.33, making
it a wet year. The year 2011 is the closest to a year with a
capacity index equal to one with 0.92, making it an average
year. In order to have the most realistic scenarios, these three
years were used to create the distribution profiles for each
hydro scenario. Using the data for the year 2017, 2011 and
2016, provided by REN [18] and REE [19], the distribution
profiles for the dry, average and wet year were created, Figure
2.

Fig. 2. Hydro Distribution Profiles For The Dry (a), Average (b) and Wet (c)
Scenario [18] [19]

3) Model Simulation: After introducing the values men-
tioned before, testing the model and compare its values to the
ones obtained in real life, in the year 2017, is mandatory.

In the EnergyPlan software, the energy production values for
nuclear and biomass, and for natural gas and coal are summed,
which means, as an example, the value of 62.03 TWh is the
sum of the nuclear and biomass energy production. Only in
fuel consumption, the values are individual. For the real fuel
consumption data, is necessary the energy production and the
efficiency of each technology.

TABLE IV
REAL DATA AND MODEL ERROR ANALYSIS FOR THE YEAR 2017 [9] [10]

2017 Real Data Model Data Error (%)

Electricity Demand (TWh) 302.378 302.38 -0.001

Electricity Generation (Twh)
Wind 59.472 59.47 0.003
Hydro 23.897 23.88 0.071

PV and CSP 14.188 14.18 0.056
Nuclear 55.60

62.03 -0.010
Biomass 6.415

Natural Gas 79.949
137.12 -0.712

Coal 56.201

Fuel Consumption (TWh)
Nuclear 168.512 168.50 0.007
Biomass 53.458 53.50 -0.078

Natural Gas 122.998 123.72 -0.587
Coal 124.891 125.60 -0.587

CO2 Emission (Mton) 81.675 80.10 1.928

Share of Renewable Energy (%) 36.85 36.30 1.493

The error calculated is as presented in Equation 1:

Error (%) =
real data−model

real data
∗ 100 (1)

The error values obtained are low, which means the model
is close to what happened in 2017.

IV. SCENARIOS AND SIMULATION CONDITIONS

In order to make a simulation until the year 2040, pro-
jections for the electricity demand, technologies’ capacity,
distribution profiles, and transmission line capacity must exist
since that is the input of the EnergyPlan software.

Three types of entities considered, each with its projection
for the future Iberian power system. The governmental en-
tity consists of the Portuguese and Spanish ministry’s pro-
jection, which will be named Roteiro para a Neutralidade
Carbónica (RNC) + Plan Nacional Intergrado de Energía y
Clima (PNIEC). The private entity is (APREN) [20], the
Portuguese association of renewable energy producers, with
a single projection. The final entity is the European entity
with European Network of Transmission System Operators
for Electricity (ENTSOE) [21], which has three different
projections depending on the path the region decides to take.
The Sustainable Transition projection consists of replacing
coal by gas in the power sector. The Distributed Generation
projection represents a more decentralized development with
a focus on end-user technologies, enabling efficient usage
of renewable energy resources. The Global Climate Action
projections goes for full speed global de-carbonization and
large-scale renewable development.

The reason to have such entities is simple. In order to have
a high level of confidence in the results, it is better if the same
information comes from different sources. These three entities



are not directly related and have different values for the same
information without a significant deviation from one another.

In addition to these projections, for each simulation, three
different hydro distribution profile scenarios were considered,
a dry, an average, and a wet scenario, Figure 2. This addition
increases the number of simulations. The confidence levels
also increase because the weather, and mainly rain, tend to
differ every year, turning a single result into three different
ones for the same projection. With three different results from
three different types of hydro scenarios, there is an area where
the future real data should appear. The dry and wet scenario are
the perimeters of such area. The scenarios selected represent
the extreme situations experienced in the last years. So, the
results of such a scenario will be the minimum and maximum
values for everything, making them the borders of the area
mentioned above.

For every projection, the electricity demand projected in-
creases throughout the years. However, when it comes to
capacities, natural gas and coal decrease in every projection,
and nuclear tend to either remain constant or to decrease. The
renewable technologies’ capacity increase and the main ones
are Photo Voltaic, wind, and hydropower.

In order to have a simple and organised structure, with the
fundamental information, only one projection is going to be
fully presented. The projection chosen was the government’s
RNC + PNIEC because is the most ambitious projection in
terms of renewable energy penetration.

For the government’s projection, there is one projection in
each country. In Portugal, the Ministry of Environment and En-
ergy Transition has a projection of the future of Portuguese’s
demand and technologies’ capacity [22]. In Spain, the Ministry
for the Ecologic Transition has a projection for Spain’s future
demand and technologies’ capacity [23].

The sum of each country’s projection generated the govern-
ment’s RNC + PNIEC projection.

TABLE V
ELECTRICITY DEMAND (RNC + PNIEC PROJECTION)

TWh 2020 2030 2040

Demand 300.37 323.12 367.30

TABLE VI
TECHNOLOGIES’ CAPACITY (RNC + PNIEC PROJECTION)

MW 2020 2030 2040

Wind 32,933.00 58,323.00 80,323.00
Hydro 33,430.00 38,830.00 44,580.00

PV 9,804.00 43,277.00 80,333.00
CSP 2,303.00 7,303.00 12,303.00

Biomass 1,755.00 3,055.00 4,255.00
Nuclear 7,117.00 3,355.00 0.00

Natural Gas and Coal 47,493.00 33,655.00 31,709.00

V. SIMULATIONS, RESULTS AND DISCUSSION

The goal, following the European Commission, is to have
the CO2 emissions reduced by 20% of the 1990 levels in 2020
[24] and by 40% in 2030 [25].

In 1990, the Iberian Peninsula emitted around 73.777 Mton
of CO2. So, in 2020 and 2030, the expected CO2 emissions
are 59.021 Mton and 44.266 Mton, respectively, Table VII.

TABLE VII
IBERIAN PENINSULA’S CO2 EMISSION IN 1990, AND TARGETS FOR 2020

AND 2030

Iberian Peninsula (Mton)

1990 73.777
2020 59.021
2030 44.266

Another goal of the European Commission is to have at
least 32% share for renewable energy by 2030 [25].

If the results of simulation have values that meet with these
goals, then the result’s projection should be considered for the
future of the Iberian Peninsula.

Each projection’s results, from 2020 to 2040, were analysed
and computed into graphics to interpret the results. The years
between 2017 and 2019 were not considered in the analysis of
the following simulations because they have already passed.
The graphics generated go from the electricity production of
each technology, fuel consumption, hydro pump’s consump-
tion, batteries’ installed capacity, CO2 emissions, the share of
Renewable Energy Source to costs.

The transmission line capacity was considered null meaning
that there is no import or export from the Iberian Peninsula
and the neighbouring regions. However, the system is most
likely to have CEEP. Instead of considering this electricity as
unserved, this same electricity is going to be used to pump
water back to the dams and to charge batteries. This stored
electricity can be later used if necessary. The addition of
batteries into the system helps to solve the CEEP intricacy.
The yearly installed capacity of such technology depends on
each projection’s results because each result has its amount of
CEEP. From the three different scenarios, the wet scenario is
the one that should have the necessity for a higher amount of
installed capacity of batteries because the hydro production is
higher than the other scenarios and so increases the difference
between the electricity production and the demand of the
system.

Each projection has three different hydro scenarios, a dry, an
average, and a wet scenario, and for each of those scenarios, a
Technical and Market Economic Simulation was carried out.
The Technical Simulation was the type of simulation chosen
to analyse and compare the results because it presents more
realistic results than the Market Economic Simulation.

Adding to the different hydro scenarios and the Technical
Simulation, the different Minimum Grid Stabilisation Share
value increases the complexity of the simulation and the num-
ber of results for each projection. In order to have realistic CO2



emission results, only 15% and 0% values were considered.
From 2020 to 2025 the Minimum Grid Stabilisation Share
value is 15% and from 2025 to 2040 the value changes to
0%.

The results of each projection’s scenario are analysed indi-
vidually, and in the end compared with each other depending
on the weather scenarios. In order to have a simple and
organised structure, with the fundamental information, only
one projection’s result and one weather scenario are going
to be fully presented. The projection chosen was the govern-
ment’s RNC + PNIEC, and the weather scenario was the hydro
average scenario.

A. Government’s Results - RNC + PNIEC

From the projection in Table V and Table VI, the results
of the technical simulation with the three different weather
scenarios are from Figure 3 to Figure 9.

Fig. 3. Electricity Demand and Production in Hydro Average Scenario (RNC
+ PNIEC)

The majority of electricity production throughout the years
comes from Renewable Energy Source. However, the amount
of pollutant sources is still present and is fundamental to
reach the hourly demanded value each year until 2038, Figure
3. Government RNC + PNIEC is the only projection where
the installed capacity of nuclear and coal technologies has a
phase-out. The coal and nuclear’s installed capacity becomes
null in 2030 and 2035, respectively. After 2035, nuclear
and biomass production remains constant due to the steady
biomass’s production. The Power Plant’s production has a
similar value from 2025 to 2035, decreasing in the other
years. There is a surplus of electricity production during the
bulk of the year, meaning that the electricity produced is
higher than the electricity demand. When comparing with the
other weather scenarios, the differences are in the amount
produced by the Power Plant and Renewable Energy Source,
and the surplus of electricity. Nuclear and biomass production
stays even. The Power Plant production decreases from the
dry scenario to the wet scenario, and the Renewable Energy
Source production has the opposite reaction, tends to increase
due to the increased hydropower production. The surplus of
electricity increases from the dry to the wet scenario.

Fig. 4. Technologies’ Electricity Production in Hydro Average Scenario (RNC
+ PNIEC)

Apart from nuclear and biomass, and Power Plant’s produc-
tion decrease, all the Renewable Energy Source technologies
increase throughout the years, Figure 4. In the dry and wet
scenario, only the values that change are the hydropower
and Power Plant’s production. In the dry scenario, the hy-
dropower’s production is lower, and the Power Plant is higher
compared to the average scenario. In the wet scenario is the
other way around.

The surplus electricity production observed in Figure 3
allows to pump water back to the dams. When the surplus
is so high that the pumps reach their maximum capacity, the
extra electricity goes into charging batteries. These batteries
can be stored, and its electricity is available for later use when
needed.

Fig. 5. Hydro Pump’s Consumption (RNC + PNIEC)

When the hydro production is higher, the Renewable Energy
Source production increases, which leads to an increase in the
overall electricity production. This electricity production rise
makes the surplus of electricity increase as well because the
electricity demand is constant in every hydro scenario. The
higher surplus of electricity means that there is more water
available to pump back into the dams. For these reasons, the
wet scenario has a higher amount of hydro pump consumption,
Figure 5.



Fig. 6. Batteries’ Installed Capacity (RNC + PNIEC)

After the hydro pump production, if there is still an excess
of electricity production, it goes into charging batteries. Since
there is no projection on the amount of batteries’ capacity
installed, every projection has its own capacity amount need
in order to have no CEEP. The necessary installed capacity
is in Figure 6. The wet scenario is the one with the highest
amount of necessary battery capacity, and the dry scenario is
the one with the lowest capacity amount needed.

Fig. 7. CO2 Emission (RNC + PNIEC)

All the Power Plant’s production leads to CO2 emissions,
which are harmful to the environment. One of the goals set
for the future of the Iberian Peninsula’s power system is to
reduce these amounts to specific numbers. The objectives for
2020 and 2030 are set in Table VII and presented in Figure
7. Every scenario has a trajectory towards lower values. The
dry scenario does not meet with the 2020 objective, but it
does meet with the 2030 objective. If the hydro conditions in
the next couple of years are in between the average and wet
scenario, then it is possible to say that the Paris Agreement
will be met.

Since every year the Renewable Energy Source’s production
increases, it is expected that the share of their production on
the overall electricity production to have the same tendency,
Figure 8. The difference between the three different scenarios

Fig. 8. Share of RES (RNC + PNIEC)

is the amount of Renewable Energy Source production each
year. The dry scenario has the lowest amount of Renewable
Energy Source production and so the lowest share, and the
wet scenario has the highest share.

Fig. 9. Annual Cost (RNC + PNIEC)

The annual cost is the sum of the Variable Operations and
Maintenance, Fixed Operations and Maintenance, and Annual
Investment. The Variable Operations and Maintenance changes
from scenario to scenario because it takes into consideration
the fuel, marginal and CO2 emission costs, but the tendency
is to decrease throughout the years. The Fixed Operations
and Maintenance increase throughout the years because more
capacity is installed. The Annual Investment changes from
projection to projection, and it is dependent on the installed
capacity that is needed for each year. From these three values,
only the Variable Operations and Maintenance differs from
scenario to scenario, meaning that the dry scenario is the one
with the highest annual cost and the wet scenario is the one
with the lowest, Figure 9.

B. Projection’s Comparison

So far, the only comparisons made were between the three
scenarios of each projection. The conclusion is that the wet



scenario has better results than the other two scenarios because
it has lower CO2 emissions, a higher share of Renewable
Energy Source and lower annual costs. In order to verify which
projections have the best results, a comparison between the
five different projection in each scenario is necessary. For each
scenario, the different projections are compared and analysed
in terms of CO2 emissions, the share of Renewable Energy
Source, annual costs, and the necessary installed battery ca-
pacity.

1) Dry Scenario: The dry scenario is the scenario where
the hydro conditions are reduced, and so it is expected to have
worse results when compared to the other two scenarios. Even
though it has such results, it is a realistic scenario and one that
may occur again, as it has in the past.

TABLE VIII
CO2 EMISSION IN 2020, 2030 AND 2040 (HYDRO DRY SCENARIO)

Mton 2020 2030 2040

Objective 59.02 44.27 -

RNC + PNIEC 65.73 25.90 22.25
APREN 80.87 76.30 52.67

Sustainable Transition 74.20 49.80 46.04
Distributed Generation 74.20 44.80 63.58
Global Climate Action 74.20 49.80 27.67

In Table VIII are the five different projections’ CO2 emis-
sions throughout the years. It is possible to conclude that none
of the projections meets with 2020 emissions’ objective and
only the Government’s RNC + PNIEC meets with the 2030
emissions’ objective.

TABLE IX
SHARE OF RES IN 2020, 2030 AND 2040 (HYDRO DRY SCENARIO)

% 2020 2030 2040

Objective 20.00 32.00 -

RNC + PNIEC 44.00 74.60 94.00
APREN 37.10 41.40 55.60

Sustainable Transition 41.50 58.10 66.30
Distributed Generation 41.50 59.50 64.20
Global Climate Action 41.50 58.10 88.30

In terms of renewable share in the total electricity produc-
tion, every projection has an ascending values, meaning an
increase of Renewable Energy Source production, Table IX.
Every projection meets with the 2020 and 2030’s objectives.

The annual cost, as mentioned before, is the sum of
the Variable Operations and Maintenance, Fixed Operations
and Maintenance and Annual Investment. In Table X is
the comparison between each projection’s annual cost. Only
ENTSOE’s Global Climate Action reduces its annual costs
throughout the years.

Table XI indicates how much capacity is needed to install in
order to have zero CEEP every year. The Government’s RNC
+ PNIEC and ENTSOE’s Global Climate Action are the ones

TABLE X
ANNUAL COST IN 2020, 2030 AND 2040 (HYDRO DRY SCENARIO)

Million Euro 2020 2030 2040

RNC + PNIEC 26,337 25,308 27,351
APREN 26,329 30,492 29,066

Sustainable Transition 27,205 27,034 26,899
Distributed Generation 27,205 28,475 30,348
Global Climate Action 27,205 27,034 24,481

TABLE XI
BATTERIES’ INSTALLED CAPACITY IN 2020, 2030 AND 2040 (HYDRO

DRY SCENARIO)

MW 2020 2030 2040

RNC + PNIEC 3.42 795.77 3,606.56
APREN 0.00 0.00 457.65

Sustainable Transition 0.00 169.63 528.23
Distributed Generation 0.00 513.43 1,432.15
Global Climate Action 0.00 169.63 5,219.72

two projections with the highest amount of battery installed
capacity needed.

From the last comparisons, it is possible to conclude that
the Government’s RNC + PNIEC and ENTSOE’s Global
Climate Action projections have the best results when the
weather scenario is dry. However, the Government’s RNC +
PNIEC projection is better than the ENTSOE’s Global Climate
Action projection. It has the lowest amount of CO2 emissions,
emitting less 357.31 Mton. It has the highest percentage of
RES share, with a 10.96% higher average share. It has the
lowest total annual cost, with less 11,986.1 Me. On top of
these conclusions, it needs to install less 1,613.16 MW of
battery capacity to have zero CEEP in the system, in 2040.

2) Average Scenario: The average scenario is the one most
likely to occur or that the results of each year are more
probable of being closer. The analysis made of each projection
had special attention for this scenario for its high probability
to occur.

TABLE XII
CO2 EMISSION IN 2020, 2030 AND 2040 (HYDRO AVERAGE SCENARIO)

Mton 2020 2030 2040

Objective 59.02 44.27 -

RNC + PNIEC 57.57 21.96 18.77
APREN 73.18 69.45 46.70

Sustainable Transition 65.51 41.77 39.89
Distributed Generation 65.51 38.23 57.17
Global Climate Action 65.51 41.77 23.28

Only the Government’s RNC + PNIEC projection meets
with both emissions’ objective, and only Private’s APREN
projection does not meet both emission’s objectives, Table XII.
The European entity’s projections meet only with the 2030



emissions’ objective. ENTSOE’s Distributed Generation has
an upward tendency after 2030, which makes it not desirable
for the Iberian Peninsula’s future power system.

TABLE XIII
SHARE OF RES IN 2020, 2030 AND 2040 (HYDRO AVERAGE SCENARIO)

% 2020 2030 2040

Objective 20.00 32.00 -

RNC + PNIEC 48.70 78.90 98.30
APREN 41.40 45.30 59.00

Sustainable Transition 46.30 62.90 70.80
Distributed Generation 46.30 64.20 68.40
Global Climate Action 46.30 62.90 93.20

In terms of renewable share in the total electricity produc-
tion, every projection has an ascending value, meaning an
increase of Renewable Energy Source production, Table XIII.

TABLE XIV
ANNUAL COST IN 2020, 2030 AND 2040 (HYDRO AVERAGE SCENARIO)

Million Euro 2020 2030 2040

RNC + PNIEC 25,348 24,408 26,556
APREN 25,296 29,222 27,911

Sustainable Transition 26,118 25,850 25,494
Distributed Generation 26,118 27,132 28,854
Global Climate Action 26,118 25,850 23,477

In Table XIV is the comparison between each projection’s
annual cost. Only ENTSOE’s Global Climate Action reduces
its annual costs throughout the years.

TABLE XV
BATTERIES’ INSTALLED CAPACITY IN 2020, 2030 AND 2040 (HYDRO

AVERAGE SCENARIO)

MW 2020 2030 2040

RNC + PNIEC 18.21 1,278.46 4,474.04
APREN 2.28 4.55 661.43

Sustainable Transition 3.42 360.88 858.38
Distributed Generation 3.42 839.03 1,896.63
Global Climate Action 3.42 360.88 6,160.06

The Government’s RNC + PNIEC and ENTSOE’s Global
Climate Action are the ones two projections with the highest
amount of battery installed capacity needed, Table XV.

From the last comparisons, it is possible to conclude that
the Government’s RNC + PNIEC and ENTSOE’s Global
Climate Action projections have the best results when the
weather scenario is average. However, the Government’s RNC
+ PNIEC projection is better than the ENTSOE’s Global
Climate Action projection. It has the lowest amount of CO2
emissions, emitting less 305.66 Mton. It has the highest
percentage of RES share, with a 10.46% higher average share.
It has the lowest total annual cost, costing less 6,910 Me ,
and it needs to install less 1,686.02 MW of battery capacity

to have zero CEEP in the system, in 2040. However, it is after
2034 that the battery capacity need is lower than the other
projection.

3) Wet Scenario: The wet scenario is the most desirable
because it represents a higher availability of water. Higher
availability of water means more electricity production, and
more use for such water, as agriculture, for example. In this
scenario, the CO2 emissions are the lowest.

TABLE XVI
CO2 EMISSION IN 2020, 2030 AND 2040 (HYDRO WET SCENARIO)

Mton 2020 2030 2040

Objective 59.02 44.27 -

RNC + PNIEC 48.53 17.86 14.89
APREN 64.17 61.71 41.43

Sustainable Transition 55.83 33.72 33.47
Distributed Generation 55.83 31.57 50.14
Global Climate Action 55.83 33.72 18.71

In Table XVI, every projection meets with both emission’s
objectives, except for Private’s APREN projection. ENTSOE’s
Distributed Generation has an upward tendency after 2030,
which makes it not desirable for the Iberian Peninsula’s future
power system.

TABLE XVII
SHARE OF RES IN 2020, 2030 AND 2040 (HYDRO WET SCENARIO)

% 2020 2030 2040

Objective 20.00 32.00 -

RNC + PNIEC 54.20 84.10 103.60
APREN 46.50 49.80 63.20

Sustainable Transition 51.80 68.50 76.30
Distributed Generation 51.80 69.80 73.50
Global Climate Action 51.80 68.50 98.90

In terms of renewable share in the total electricity produc-
tion, every projection has an ascending value, meaning an
increase of Renewable Energy Source production, Table XVII.

TABLE XVIII
ANNUAL COST IN 2020, 2030 AND 2040 (HYDRO WET SCENARIO)

Million Euro 2020 2030 2040

RNC + PNIEC 24,255 23,469 25,668
APREN 24,248 27,789 26,716

Sustainable Transition 24,906 24,664 24,023
Distributed Generation 24,906 25,773 27,287
Global Climate Action 24,906 24,664 22,431

In Table XVIII, only ENTSOE’s Sustainable Transition and
Global Climate Action reduce its annual costs throughout the
years.

The Government’s RNC + PNIEC and ENTSOE’s Global
Climate Action are the ones two projections with the highest
amount of battery installed capacity needed, Table XIX.



TABLE XIX
BATTERIES’ INSTALLED CAPACITY IN 2020, 2030 AND 2040 (HYDRO

WET SCENARIO)

MW 2020 2030 2040

RNC + PNIEC 130.92 2,054.87 5,594.26
APREN 22.77 29.60 1,076.96

Sustainable Transition 47.81 882.29 1,512.98
Distributed Generation 47.81 1,506.15 2,642.30
Global Climate Action 47.81 882.29 7,404.37

From the last comparisons, it is possible to conclude that
the Government’s RNC + PNIEC and ENTSOE’s Global
Climate Action projections have the best results when the
weather scenario is wet. However, the Government’s RNC +
PNIEC projection is better than the ENTSOE’s Global Climate
Action projection. It has the lowest amount of CO2 emissions,
emitting less 249.88 Mton. It has the highest percentage of
RES share, with a 10.10% higher average share. It has the
lowest total annual cost, costing less 2,620 Me , it needs to
install less 1,810.11 MW of battery capacity to have no CEEP
in the system, in 2040. However, it is after 2034 that the battery
capacity need is lower than the other projection.

VI. CONCLUSIONS

The conclusion is that it is possible to have a power system
in the Iberian Peninsula that meets with goals set by the Paris
Agreement. The hydro conditions are fundamental in order
to meet these objectives. The difference between a hydro dry
year and a hydro wet year is enormous when it comes to CO2
emissions. The hydro dry scenario produces more emissions
than the hydro wet scenario because it requires a higher
pollutant energy source production, such as power plants. A
higher power plant production leads to a lower dependency of
Renewable Energy Source, to a higher grid stability since this
technology is easily managed, and to a higher CO2 emission.
The variation between a hydro dry year and a hydro wet
year, in terms of emissions, is significant since the hydro
dry scenario has always higher emissions than the hydro wet
scenario. The government’s RNC + PNIEC’s CO2 emission
results show that in 2020 the hydro dry scenario emits more
17.20 Mton than the hydro wet scenario. This variation can
be decisive when analysing if the projection meets with the
Paris Agreement’s goals. If the projections’ results turn to be
accurate, then the probability of meeting the objectives is high.
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