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ABSTRACT

	 During 2008-2013, the global economic crisis and financial uncer-
tainty brought important economic adjustments in developed countries 
and especially in the European Union (EU). Currently, however, key 
national and international agencies predict the consolidation and accel-
eration of growth of the European economy during 2014-2015, driven by 
recovery of trust and improved financial conditions.
	 According to the report of the International Energy Agency (IEA) 
and the reports of Spanish energy sector, final demand for electricity 
dropped 3.4% in 2013 over the previous year, which was evidence of 
lower economic activity and structural differences in consumption.
	 The final electricity demand in 2013 was 232,008 GWh, down 3.4% 
from the previous year. However, the forecast for 2014 and 2015 foresees 
an increase of 1.5%, which will influence the changing trend model of 
the electricity industry in Spain.
	 This model allows predicting the potential political and economic 
implications, which are dependant on the discussed variables. The 
most influential parameters that have been considered to establish the 
prediction model are: absorption and emission of carbon dioxide, forest 
cover, demand and primary energy intensity, energy carriers (coal, fuel, 
gas, hydro, nuclear and renewables), gross domestic product and rates, 
and energy vectors for all the variables in the period. The results clearly 
show that sustainability will be a fact when making energy efficiency 
programs, both in the electrical industry as in other energy sectors. 
Additionally, CO2 emissions will be reduced if proper action plans and 
efficiency policies are developed.
	 In evaluating scenarios proposed in this article, the model con-
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cludes that the efficiency scenario will save 107 Mt CO2, which will save 
€1.07 billion, according to the average estimate of the price of emission 
rights in the European Union.

INTRODUCTION

	 Power generation and its environmental impact are matters of 
global concern. Greenhouse gases—products of the electrical indus-
try—cause great impacts on the environment, the landscape, soil, agri-
cultural processes, and human health. We must advance the technology 
of electricity production but bear in mind at all times that protecting our 
environment is paramount. [2]
	 The objective of combating climate change is at the core of ongoing 
policies, and its achievement is directly connected to all the other objec-
tives set by the EU for 2020 (20% of renewable energy, 10% of biofuels, 
20% saving and efficiency energy, as well as additional measures such 
as CO2 capture and storage). [3] Many of these objectives are directly 
related to electrical energy production.
	 The European Union has adopted a strategic stance of great signifi-
cance and courage to take on the environmental challenges and the fight 
against climate change as central elements of this energy policy. The 
risks associated with climate change are such that the EU has decided to 
address them immediately. The objectives that are being established are 
increasingly ambitious: reducing emissions by 20% compared to 1990 
levels by 2020, reducing emissions by 80% by 2050, and a carbon-free 
economy. [4]
	 The latter objective could be increased with a post-Kyoto agree-
ment to reduce the GHG emissions by 80% in 2050, to limit soil tempera-
ture increase below 2ºC compared to preindustrial levels. It points to an 
average growth of electricity demand of 1.5% annually over the period 
2009-2014, 2.7% in the period 2015-2020 and 3% by 2030, as recommend-
ed by the International Energy Agency and the International Monetary 
Fund. [5]
	 According to the national allocation plan for emissions trading, in 
Spain, in the period 2008-2012, emissions should not exceed more than 
24% of 1990 emissions [3,6,8]. This value is obtained considering the 
Kyoto Protocol objective (+15%), the estimates of absorption by sinks 
(a maximum of 2%), and the credits to be obtained in the international 
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market (7%). These data provide a realistic idea of the future outlook in 
Spain if no other restrictions are applied to reduce the CO2 emissions.
[7,11]
	 Most forecasting models are based on assumptions—in many 
cases certainly reliable and of great value—but which involve no politi-
cal, economic and environmental energy variables, as done in this work. 
The Spanish energy model is very specific and requires an independent 
study for other countries due to Spain’s large energy dependence.[9,10]
	 The parameters considered most influential for establishing a pre-
diction model in the short term are absorption and emission of carbon 
dioxide, woodland, demand and primary energy intensity, energy carri-
ers (coal, fuel, gas, hydro, nuclear and renewable energy), gross domes-
tic product and energy carriers and rates for all variables in the period 
considered (2004-2030).[11]
	 In this work, the energy situation in Spain is analyzed considering 
the strategies to obtain a sustainable energy system in both economic 
and environmental aspects.

METHODOLOGY

	 The aim of this study is to analyze scenarios of electricity genera-
tion in Spain to 2030 and quantify its impact on the three axes—supply 
security, economic efficiency, and environmental sustainability—to 
extract guidelines that can help in the development of strategic plans 
near- and long-term.
	 The analyzes were performed on multiple scenarios, using a 
model that calculates the energy balance based on the generator park 
designed in each scenario. The model obtains economic indicators such 
as investment and operating costs; the CO2 portion of renewables; and 
security of supply energies (coverage ratio, degree of self-sufficiency, 
diversification).
	 This process performs the following steps:

•	 Uses the electricity market to obtain adequate signals about energy 
prices;

•	 Highlights the role of renewables in future demand coverage;

•	 Predicts savings and energy efficiency improvement;
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•	 Encourages positive involvement of regulatory agencies to ensure 
a level of permanent coverage of electricity demand;

•	 Provides support for R&D in advanced energy technologies;

•	 Encourages prudent use of coal and nuclear technologies in the 
transition towards a sustainable model; and

•	 Promotes compliance with international commitments.

	 According to the green paper, “A European Strategy for Sustaina-
ble, Competitive and Secure European Communities,” six key areas are 
identified to address the four challenges of sustainable energy models 
in European Union countries (including Spain):
•	 Competitiveness and the internal energy market
•	 Diversification of energy mix
•	 Solidarity
•	 Sustainable development
•	 Innovation and technology
•	 Foreign policy

	 The European energy policy should have three main objectives:

•	 Sustainability: Development of competitive renewable energy 
sources, plus containment of energy demand in Europe and lead-
ing global efforts to tackle climate change and improve local air 
quality.

•	 Competitiveness: Ensuring that opening the energy market is 
beneficial for consumers and the economy in general, while at 
the same time stimulating investment in clean energy production, 
increasing energy efficiency, mitigating the impact of increased 
international energy prices in the EU, and keeping Europe at the 
forefront of energy technologies.

•	 Security of supply:
—	 Slowing the growth of EU dependence on imported energy 

through an integrated approach to reducing demand;
—	 Diversifying types of energies consumed (“energy mix”) 

through greater use of indigenous energy and competitive re-
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newables and diversification of routes and sources of import-
ed energy supply;

—	 Creating a framework that encourages the right investments to 
meet growing energy demand;

—	 Improving the equipment of the EU to cope with emergency 
situations;

—	 Improving the conditions for European companies seeking 
access to global resources.[12,13,14]

	 The results of the energy model have been obtained using the tool 
“Globesight” (Figure 3), which is short for Global Foresight and has 
been developed by the Case Western Reserve University (Ohio, USA). 
It is presented as a “Reasoning Support Tool” (Mesarovich, 1996; Sreen-
ath, 2001) (Figure 1).
	 The tool represents the physical environment in interaction with 
the population growth, energy, and the development of GDP. Its concept 
requires actors to be actively involved in the operation of the system 
because they must provide subjective and qualitative elements. It is the 
so-called “human-in-the-loop” system. The study was implemented in 

Figure 1: Mesarovic Globesight. Variables defined in the methodology
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models of global environmental impact (Philip J.J. AÑO) and for educa-
tional purposes by UNESCO.
	 Their system is based on: demographics, energy, economy (GDP) 
and combines and interrelates two selected systems, energy and envi-
ronment. It applies the variables in the area of system representation 
through multi-level hierarchical models (Mesarovic, 1970.1972; Xer-
cavins, 2000) and its implementation using decision-making support 
tools.

APPLICATION OF THE METHODOLOGY OF
THE ENERGY MODEL IN SPAIN

	 Once the set of variables that affect the environment for each 
electricity generation technology have been identified, the next step is 
to determine how to distribute their effects and how they can be imple-
mented to achieve the objectives, interacting with the energy policies, to 
be taken into account on the top level of the analysis.[15]
	 Three levels of analysis can be identified in the model structure 
(Figure 3):

•	 Model Level 3. Known input variables. The GDP of Spain and pol-
lutant emissions from various electrical generating sources.

•	 Model Level 2. Results derived from Level 3, implemented in the 
program. Net Emissions.

•	 Model Level 1. Results derived from Level 2 and implemented 
with the planning model of energy sustainability.

	 A variance partition is done, converting a portion of it in system-
atic variation, and the other is split according to their sources of varia-
tion: emissions, GDP, and generation sources. The predictions are vital 
for the demand forecasting, actions in energy plans and evaluation of 
data obtained under the different models and scenarios that arise in this 
work.[16,17]
	 The main structure to be used for the timing of the variables in 
the model is defined through a formula that relates the data of a cer-
tain year with the forthcoming years. Primary Energy Intensity (PEI), 
shows how it evolves over time, and it can be observed on the first 
level of Equation (1).
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PEIt = PEIt–1
GPEIt–1

100 + 1
	 Eq. 1

		
where PEIt is the primary energy intensity in year t and GPEI is the 
growth rate of primary energy intensity in percent.[18]

MATHEMATICAL MODEL STRUCTURE

	 The data of the primary energy intensity for a certain initial year 
are known from statistical sources. The value of the rate of growth is 
more uncertain, and it is obtained from the growth statistics of recent 

Figure 2: Structure of the model

Figure 3: Methodology. Variables and levels of analysis
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years, selecting the data from various forecasts and relevant sources. To 
eliminate as much as possible the uncertainty in the value of the rate of 
growth, the model includes a new formula with variable rates.

	 GPEIt = GPEIdt–1 GPEImt–1	 Eq. 2

where GPEIt is the historical growth rate of primary energy intensity 
and GPEIm is the multiplier. [Figure 4]

	 The historical growth rate of the variables is selected based on the 
analyzed data from official statistics or other reliable and proven sourc-
es.[3,4] The multiplier GPEIm has by default a unity value, indicating 
that the outlook for the variable chosen future will be similar to the past 
historical behavior. If one has evidence or reliable data to establish that 
the variable will take a very different historical growth, variations in 
the multiplier can be included that change the rates to be established. In 
this way, one can create different forecasting scenarios for later analysis, 
thus presenting possible future changes in the studied variables.[19]
	 It is believed that the energy demand can be classified in two types, 
depending on its origin being fossil fuels or not. That is, it is extrapo-
lated from the energy demand, which in turn is derived from the pro-
duction of energy sources that harm the environment and sustainability 
and from those that do not harm the environment and can improve it.

	 DemENvent (r)(f) = vent (r)(f) x DemENvt (r)(f)	 Eq. 3

where DemENvent (r)(f) is the energy demand by source, in Ktep, vent 
(r)(f) is the energy vector by source in per unit and DemENvt (r)(f) is the 
total energy demand by region and source.

	 It also calculates the energy demand, distinguishing the supplies 
that use fossil fuels (coal, oil and gas) from the demand that comes from 
sources that do not use fossil fuels for the energy production.

	 DemENcft (r) = DemENvencart (r) x
	 DemENvenfuelt (r) x DemENvangast (r)	 Eq. 4

where DemENcft (r) is the demand for energy with fossil fuels, DemEN-
vencart (r) is the energy demand with coal, DemENvenfuelt (r) is the en-



17Winter 2016, Vol. 35, No. 3

ergy demand with oil, and DemENvengast (r) is the energy demand with 
gas. All values in Ktep.

	 It is important to carefully select the variables used in the model, 
based on the rigor and research. To this end, data are taken from official 
reports of the IEA (International Energy Agency) and other institutions, 
which have allowed choosing the variables that provide a strict and reli-
able energy model.[20]

IMPLEMENTATION OF ENERGY AND 
ECONOMIC VARIABLES IN A MODEL

	 The model is divided into several structures and forecast scenari-
os. It begins by analyzing the first variables and consequences, and with 
the obtained results different situations and submodels are built.[21,22]
	 The main results obtained are the primary energy intensity; pri-
mary energy demand with and without fossil fuels; and the value of 
absorptions and carbon dioxide emissions for different technologies, 

Figure 4: Graphic Model



18 Strategic Planning for Energy and the Environment

sources and territories. The major environmental factors studied in the 
discussed model are the emissions of polluting gases, focusing on car-
bon dioxide because it accounts for the largest environmental problem 
for the proposed sustainable energy model.
	 Carbon dioxide emissions are the main output variable and one 
of the biggest problems facing the electric power industry in Spain, 
now and in the long term. Historically it is found that economic 
growth is highly correlated to the growth in emissions of greenhouse 
gases.[23]
	 Spain ratified the 1993 UN Framework Convention on Climate 
Change (UNFCCC) in 1992 and 2002, and the Kyoto Protocol in 1997. In 
accordance with the agreement of “shared responsibilities” between EU 
governments, and in compliance with article 4 of the Kyoto Protocol, 
Spain agreed to limit the growth of net emissions of greenhouse gases 
(GEI) 15% above 1990 for 2008-12. Carbon dioxide accounts for 80% of 
these emissions.
	 With these data, the current emissions model is outlined, an analy-
sis of recent years’ growth is made (shown as the growth rate of emis-
sions), and the net absorptions due to forest growth in Spain are defined 
(these are subtracted from the emissions due to burning and other 
processes). Another aspect to be taken into account is the absorption of 
carbon dioxide from carbon sinks. A sink can be defined as any system 
or process where the air is extracted from the gas or gases and stored. 
Vegetation acts as a sink for major life function, photosynthesis.
	 Using this function, the plants absorb carbon dioxide, compensat-
ing for losses from the breathing process and other natural processes 
such as the decomposition of organic material. The Kyoto Protocol 
considers the activities of land use, changes in the land use, and forestry 
(LULUCF) as sinks. Although net absorption from forests does not pro-
duce an effect that can be considered as important compared to the total 
net emissions, it is considered in the calculation.
	 In Spain, absorptions by sinks account for approximately 10% of 
total emissions from anthropogenic effects. With all the data analyzed 
and inventoried, this study evaluates the effects of pollutant emissions 
on the current energy model, which directly influences the energy de-
mand of the region’s gross domestic product rate, woodlands.
	 Spain and the autonomous communities are considered as a re-
gion. The study takes into account that regions calculate their GEI in 
terms of emitted gases, not consumed ones. The energy model also cal-
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culates the carbon dioxide emissions by fuel type, detailing the source 
of emission.
	 In the definition of the proposed model, several hypotheses have 
been made:

•	 The requirements of the Energy White Paper in Spain to build the 
energy model and the Green Paper on European Strategy for sus-
tainable, competitive and secure energy production.

•	 Growth rates that start with the model trend have been obtained 
from the statistics since 1995. However, to eliminate uncertainty as 
much as possible, the model includes a new formula that allows 
calculating a variable rate.

•	 The main scenario that is considered offers the results until 2030, 
and references will be used for other scenarios.

•	 The main results obtained are the primary energy intensity, pri-
mary energy demand (with and without fossil fuels), the value of 
takeovers, and carbon dioxide emissions for different technolo-
gies, sources and territories.

	 Despite the difficulty of linking the considered variables and the 
limitations and restrictions that involve the interaction of different 

Figure 5: Energy Intensity Scenarios (Ktep/109€)
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data (economic, energetic and environmental), the model reflects quite 
closely the expected results, compared with other studies and previous 
research using prediction models and plans.[24,25]
	 The proposed model has many applications, and it is very flexible, 
since to simply change any of the used data, either energetic or eco-
nomic, leads to a new scenario forecasting.

Figure 6: Energy Demand Scenarios (Ktep)

ENERGY INTENSITY ASSESSMENT
BY THE EFFICIENCY MODEL

	 The variation of the 2004-2012 energy intensity is –0.9% per year, 
stabilizing in 2013 and maintaining its value until the end of the pe-
riod, 2030. In this way, it is lowered from 236 Ktep/109€ in 2004 to 222 
Ktep/109€ in 2030. (Figure 5)
	 This downward trend will cause a decrease in direct proportion 
to the primary energy demand, which will lead the country to move 
towards an efficiency scenario similar to other countries in the EU-15.
	 Figure 6 shows that the upward trend in energy demand has been 
reversed, compared to baseline values. The growth rate of the efficiency 
model compared to the trend model implies a decrease of –1.04% from 
2004 to 2016 and –0.63% from 2017 to 2030.
	 Figure 8 refers to the total emissions from consumption of fossil 
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fuels (EMs), total emissions minus removals due to the Spanish forests 
(EMT), and emissions that the Kyoto treaty has established as viable and 
efficient indicators (EMKIOTO). In the energy model, carbon dioxide 
emissions are calculated by fuel type, detailing the sources of emissions. 
(Figure 8)

	 EMt (r)(f) = tas CO2(f) x [PEIt (r) x GDPt (r)]	 Eq. 5

where EMt (r)(f) are carbon dioxide emissions by region and source; tas 
CO2 (f) is the rate of carbon dioxide by source, PEIt (r) is the primary 
energy intensity by region, and GDPt (r) is the gross domestic product 
by region.

	 Equation (5) relates the carbon dioxide output with the economic 
activity through the gross domestic product and the energy intensity of 
each considered region. The rate of emissions by source is obtained from 
statistical data, clearly defined in different analytical studies for each 
energy source.[7,17,24]
	 In order to relate the total anthropogenic emissions one must add 
all of them by source.

	 EMst (r) = ∑tEMt (r)(f)[EMst (r) = ∑tEMt (r)(f)]	 Eq. 6

where EMst (r) are gross emissions by region and EMt (r)(f) are the car-
bon dioxide emissions by region and source.
	 In this way the total gross emissions due to fuel consumption is 
obtained. The net emissions can be determined subtracting the absorp-
tions due to carbon sinks.

	 EMTt (r) = EMst (r) – ABSt (r)]	 Eq. 7

where EMTt (r) are the net emissions by region and ABSt (r) are the re-
movals by region due to carbon sinks.

	 The calculation of CO2 removals taking place in the woods is done 
through the recommendations of the Report of the Ministry of Environ-
ment of Spain, in its study on the emission inventories of greenhouse 
gases in April 2003. It is accounted for by statistical National Forest In-
ventory, net annual increment in the volume of live biomass in wooded 
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areas of major and minor feet, as well as the surrounding vegetation of 
bush type.

	 INABT = {VCC x 1,6 x (1AVC/VCC)
	 	 + [(Cant.p.m.) x 0.00314 x 0,02 x 1,4]}
	 	 – {1/2 x (Cortasmad) x (1,28539) x 1,6}	 Eq. 8

where INABT is the net annual increase of fresh biomass, m3, VCC is the 
volume of timber with bark trunk, m3, IAVC is the net annual increase 
of VCC (m3 per year), 1.6 is the factor used to expand timber volume 
over bark to total live tree biomass, including the surrounding scrub 
vegetation, Cant.p.m. is the number of minor feet inventories in the 2º 
IFN (National Forest Inventory), 0.00314 is the estimate of the volume 
of the trunk of a foot less representative m3, 0,02 is the annual growth 
rate of stem volume less representative of one foot, 1,4 is the factor used 
to expand the volume of the trunk of the minor foot beyond their total 
living biomass, including the surrounding scrub vegetation.
	 Cortasmad is the volume of a classified part of the timber cutting 
as shown in the monograph “Yearbook Agricultural Statistics” in m3; 1/2 
is the factor that is introduced to take into account the percentage of 50% 
of cases in which the timber harvesting operation is later in the year of 
sampling for forest inventory; 1,28539 is the ratio (15458903/12026616) 

Figure 7: Evolution of Electricity Demand. Efficiency (GWh)
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from the “Yearbook of Agricultural Statistics”—as the ratio of the two 
values—the variable used to expand variable timber cutting to the to-
tal, including those for classified and unclassified wood; and 1,6 is the 
factor used to expand the volume of timber cutting to the total living 
biomass affected by these cuts.
	 The end result is the value of net INABT in tonnes of CO2:

	 INABTF = INABT – Incend	 Eq. 9

where INABTF is the annual net capitation due to changes in the forests, 
INABT is the net annual increase of fresh biomass and Incend is the loss 
due to forest fires, all values in tonnes of CO2.

	 Figure 8 shows that growth of net emissions in 26 years in Spain 
is 79% compared to 2004, 36 points less than the Model Trend-BAU, 
indicating deceased output of 107 million tonnes of CO2 into the at-
mosphere. Although these numbers are not close to those required by 
the EU and the Kyoto Protocol, since the increase over 1990 levels far 
exceeds those established by the model, it is clear that avoiding this 
amount of emissions is not ideal, but it is an important value.
	 The only solution to meet current regulations regarding emissions 
is to buy that of a third country, a policy that is taking place nowadays 
to reach the quota established in international treatments.[26]

COMPARISON FOR OTHER STUDIES
AND ACTION PLANS

	 To validate the model, the results are compared with those of other 
studies of reference. The proposed energy model is implemented with 
the Globesight software that evaluates measures and trends. This soft-
ware has been used in other studies such as human evolution, pollution 
and energy.
	 The main studies that are referenced to make the comparison with 
the Globesight are the United Nations Framework Convention on Cli-
mate Change (referring to Spain), the Stern Report on climate change 
applied to Spain, Strategy and Efficiency Savings in Spain (2004-2012, 
the report World Energy, Technology and Climate Policy Outlook-WE-
TO 2030).
	 These studies and reports are made primarily for the horizon year 
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of 2012, except for the WETO that extends it until 2030 but refers to the 
EU as a whole, and consequently no comprehensive comparison can be 
made.[4]. The Action Plan and Energy Efficiency Savings [2011-2020] of 
the Ministry of Industry, Tourism and Trade of Spain, proposed a prima-
ry energy savings in that period by 20% compared to the BAU baseline 
scenario, which would mean a decrease of primary energy demand in 
the period of 35.585 Ktep [2010-2020].
	 According to the results obtained in this work, there was a sav-
ing of primary energy for the same period in the efficiency scenario of 
30.749 Ktep. This result is significantly lower than the one proposed by 
the Efficiency and Savings Plan.[28] According to the evolution of con-
sumption and energy intensity proposed by the Action Plan [2010-2020], 
the consumption of primary energy by renewable energy sources will 
increase by 12.968 Ktep, a 19.60% increase in the total primary energy 
mix. In the results obtained in the efficiency model that is proposed in 
this article, the increase in primary energy coming from renewables is 
13.611 Ktep, a 13.48% increase in the primary energy mix.[27]
	 The report of the United Nations Framework Convention on Cli-
mate Change proposes two scenarios for the outcome of GEI emissions. 

Figure 8: CO2 Emissions (Mt.)
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A scenario “with measures,” which aims to achieve savings in 2020 of 
68.884 Kt. of CO2 equivalent compared to a scenario without measures.
	 In the proposed efficiency model, savings of 70 million tonnes of 
CO2 are achieved by 2020. This value approaches with great accuracy 
the provisions of the United Nations Framework Convention.

CONCLUSIONS

	 The estimated demand results from an analysis of the evolution of 
the electric intensity of the Spanish economy, which allows us to assume 
that the demand for electricity will continue, correlated with economic 
growth. It points to an average growth in electricity demand of 2.7% per 
year in the period 2004 to 2030 as the baseline scenario. This is moderate 
compared to the 3.7% growth in the period 1995-2009.
	 The growth of renewable energy sources implementing the action 
plans of sustainable energy, E4 and others, will assume 13.48% of the 
energy mix in 2030, 16.06% if the hydraulic energy is also considered. 
This percentage is fundamental to the evolution of efficiency in Spain, 
although not entirely acceptable, since it is not enough to establish an 
economic calm as far as CO2 emissions trading is concerned (Table 
1).[30,31]
	 The mainland electricity balance of January 2014 shows a demand 
coverage of 28.3% from wind power, 20.2% from nuclear energy, 16.9% 
from hydropower, 9.4% from coal power plants, and 6.6% from combined 
cycle natural gas. In relation to the production of energy from renewable 
sources, according to REE, 11,544 GWh were generated in January 2014, a 
49.3% increase over the same month last year (10,183 GWh).
	 Results clearly show that the main driving forces for energy devel-
opment in Spain, the energy intensity, GDP, energy demand and CO2 
emissions growth will suffer during the period 2004-2030. This will hap-
pen both in the pessimistic trend scenario and in the efficiency scenario, 
under the government’s energy policies, imposed by the Kyoto Proto-
col and the treaties and allocation of emissions rights in the European 
Union. [32,33]
	 Having analyzed the proposal in this work, the cost-benefit sce-
narios show that in the Efficiency Scenario savings are 107 Mt CO2, or 
€1.07 billion.
	 The market for emission rights in the European Union was estab-
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lished with the European Directive 2003/87/EC. The price for the first 
year exceeded 30 €/tCO2 in May 2006; during the last years the cost has 
dropped to levels below 10 €/tCO2. The explanation for changes in the 
cost is the influence of the economic crisis. All sectors covered by the 
European Directive 2003/87/EC have reduced their emissions; only the 
transport sector’s have increased.[34]
	 The evolution of the price of allowances will also be essential to 
the future of renewable electricity generation plants (Table 2).
	 Renewable energy will play a key role in providing new power 
generation and will contribute decisively to meeting environmental 
objectives. The Spanish renewables industry faces a period of con-
solidation as part of the energy mix and growth to meet forthcoming 
demands. In any future scenario, between 40 and 70% of the new capac-
ity will be renewable and will consume 50-80% of new investment in 
generation. [35]

Table 1: Evolution of the main model variables

*Increased percentage relative to the values of the National Plan of assignment
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Table 2: Price projections. IDAE. 2011
(IDAE: Institute for diversification and energy saving of Spain)

	 The 2011 technical study by the Institute for Diversification and 
Energy Saving in Spain states that technologies for generating solar 
photovoltaic and solar thermal are those that have reduced their costs 
over the past decade and will continue with this trend until 2030.[36,37]
	 For thermoelectric technology there is great potential for cost re-
duction through optimizing the scale of plants, because the size of exist-
ing plants (20 MW in the case of towers and 50 MW parabolic trough) is 
below optimum level.
	 In the case of photovoltaic technology, the main cost reduction 
is to improve the efficiency of the photovoltaic panels. Increasing the 
efficiency will reduce module surface. Crystalline and thin-film tech-
nologies will be critical to reducing costs. Also nanotechnology in this 
equipment could reduce costs by 30% by increasing the efficiency of 
photovoltaic modules. Analyses of generation costs in solar technology 
show reductions from an average of 20 c €/kWh in 2010 to 8 c €/kWh in 
2030.[38]
	 The state of renewable energy is at a critical moment that can 
make its future development. Despite the effects of the economic crisis, 
renewable energy continues to experience significant growth globally, 
to the extent that more countries are embarking on plans to develop re-
newable energy. Included are the EU with its Strategy 20-20-20, China, 
India (with India Solar Mission), Brazil and the US, where there is an 
increasing focus on renewable energy penetration with renewable port-
folio standards.
	 Many factors drive governments’ development of renewables: 1) 
the fight against climate change, 2) energy independence and security of 
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supply, and 3) national competitiveness and technological development 
and job creation. High oil prices only reinforce this trend.
	 We therefore hope that renewables constitute one of the most im-
portant sources of energy and the greatest potential for growth in the 
coming years.
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