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1. INTRODUCTION AND GENERAL DESCRIPTION

The consequences of the production of energy employing conventional sourc-
es on environment and public health has encouraged the interest of the soci-
ety in finding alternative methods to obtain power in a clean and efficient way. 
The development of renewable energy sources may be considered as one of 
the most suitable alternatives that can provide a solution to these problems 
( Directive ( EU ) 2018/2001 ). This chapter presents an analysis of the chal-
lenges and opportunities that the field of renewable energy production pose 
to our society. It is also about how the CSIC can contribute to tackle the for-
mer and take advantage of the latter, in order to position itself as a world lead-
er in this field.

1.1. Structure of this chapter
The energy sources that will be considered under this chapter are mainly those 
based on the conversion of solar ( section 8A.2 and 8A.3 ), wind ( 8A.4 ) and ge-
othermal ( 8A.5 ) power into electricity. Other renewable sources like those 
taking advantage of the energy accumulated or carried by large artificial 
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water reservoirs or rivers ( hydroelectric ), ocean ties or biomass are either not 
a subject of research within the institution, as it is the case of hydropower, or, 
on the contrary, the research activity carried out in our institution has been 
considered so significant as to devote entire chapters to them, as it is the case 
of biomass or hydrogen based technologies ( please see Challenges 5, and 8, 
respectively ). Also, some technologies go beyond production, as it is the case 
of those based on concentrated solar power, which offer the appealing possi-
bility of storing the generated power in the form of thermal energy. These as-
pects will be considered in Challenge 2, focused on energy storage. In those 
cases in which solar energy is the primary source employed to generate some 
other kind of sustainable fuel, such as hydrogen, all the discussions and im-
plications are left for the chapter specifically devoted to this fuel. Although 
not usually included in the list of renewable energy sources, we have includ-
ed a section on nuclear fusion ( section 1.6 ), as it is a highly promising source 
of clean energy. The activity in this specific field carried out in some of our lab-
oratories is relevant enough as to deserve to be addressed specifically. The 
very relevant environmental and socio-economic implications of renewable 
energy production will be dealt with in Challenge 9. Both aspects have also po-
litical derivatives of great significance that could also be eventually addressed 
if this report is analyzed in an even wider framework.

1.2. Renewable Energy Sources : Current and Prospective Relevance
Approximately 15% of the total daily average consumption of energy in the 
world is extracted from renewable, non-polluting sources ( WORLD STATIS-
TICS ). The main one of them is hydro, followed by wind, solar and the rest of 
renewables. In Spain, in 2019, out of the 261,020 GWh of electricity produced, 
36.8% came from renewable technologies ( RED ELÉCTRICA ESPAÑOLA ). 
Spain is indeed internationally recognized as a world leader in renewable en-
ergy generation and consumption ( INTERNATIONAL ENERGY AGENCY ), 
which is the result of a robust electricity system with high shares of wind and 
solar PV. Unlike most other countries, in Spain, wind energy is the main source 
of renewable energy in terms of installed power, as shown in Figure 1, followed 
by hydro, and solar photovoltaics. The latter surpassed 8,000 MW of installed 
power capacity at the end of 2019, becoming the technology whose presence 
has increased the most in the complete set of electricity generation facilities, 
with an increase of 93,2% compared to 2018. This growing trend is shared by 
many other countries in the world, boosted by the need to realize a transition 
to a more sustainable economy.
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The forecast for renewable energy technologies and markets worldwide is to 
be continuously reinforced. In this context, the European Union, which con-
stitutes the political and regulatory framework that defines the directives to 
be followed by our country as well by all the rest of member states, is one of 
the most active players in the mid to long-term commitment to reach a decar-
bonized economy. It has established well-defined goals for 2030, such as :

1. 40 % reduction in greenhouse gas emissions compared to 1990 ;
2. 32 % total gross final energy consumption from renewables for the entire 

EU ;
3. 32.5 % improvement in energy efficiency ;
4. 15 % electricity interconnection between the Member States.

Out of this four goals, in two of them renewable energy plays a central role. 
While the third and fourth of these goals are clearly the subjects of Challeng-
es 3 and 4, and the third one will be evidently fully included here in Chal-
lenge 1, the first one is also strongly linked to the subject of this chapter, giv-
en that a significant percentage of greenhouse gases originate in the energy 
system. This generic analysis reveals already the expected relevance of renew-
able energy production, both locally in Spain and in our nearest environment. 
The consecution of these goals has required from each Member State the im-
plementation of an Integrated National Energy and Climate Plan 2021-2030, 
which can be consulted here in the webpage of the European Commission 
( European Commision ).The Spanish plan is particularly ambitious and sets 

FIGURE 1—Evolution of the renewable power installed by technologies ( in MW ) in the peninsular 
electricity system in the period 2006-2019. Source : Red Eléctrica Española.
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even higher standards than those requested by the European Commission. In 
fact, it aims at reaching an electricity generation based 100% on renewable 
energy for 2050.

1.3. Global Challenges
There are distinct generic aspects to the problem of actual implementation 
of renewable energy as the primary source of energy in the world. The main 
one is to reach the capability to provide energy in enough quantity, on demand 
and at a competitive price, just like conventional power sources currently do. 
The barriers towards this ultimate goal can only be overcome by improving 
the efficiency, stability, costs and manageability of the different clean technol-
ogies. These specific challenges have different mid and long-term implications 
for each one of the technologies herein considered, and will be separately ad-
dressed in each section of this Challenge.

Although all renewable energy technologies analyzed in this Challenge are, 
as a whole, at a very high technology readiness level, there is still a lot of room 
for improvement based on scientific and technical research. Further spread-
ing of wind energy, so far the largest contributor to the electric power gener-
ation pool among all renewable power sources, requires new materials and 
electricity distribution networks capable of operating at extreme conditions. 
Photovoltaics, whose market is growing at a vertiginous pace, has still a lot of 
promising open routes in terms of novel materials and devices that could enor-
mously reduce the costs of energy production and reach new niche markets 
such as transportation and wearable devices. Concentrated solar power offers 
the attractive possibility to store the energy as it is produced and, although it 
could also be made more efficient by improving the materials and processes 
involved in the cycle of energy production, its main challenge lies in the inte-
gration with other clean sources. Geothermal energy holds the enormous po-
tential of being the only source of clean energy that is not fluctuating, but it is 
the less developed of them all and faces significant challenges in the efficien-
cy of the processes required to use it, like the geographic localization of the 
available sources, which affects both the location of plants and distribution. 
All these challenges are confronted by the renewable energy community at a 
global scale.

On the other hand, there are other challenges that belong to the realms of so-
ciology, politics and philosophy and that might be equally important to actu-
ally transform the world energy production into a cleaner and more 
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sustainable one. These are, for instance : the global political response to the 
claim of economically emerging countries for their right to use their oil, gas 
and coal to fulfil their need for large amounts of energy on demand ; or, the 
growing disbelief, many times fueled by political interests or simply based on 
pure ignorance, in the impartial scientific analysis and warnings of the world 
main threats, and, particularly affecting the subject of this chapter, in the ur-
gency to change to a more sustainable way of generating the energy our world 
needs. This sort of challenges is not being addressed in this Challenge, as it 
will be treated separately in Challenge 9, dealing with the economic, sociolog-
ical and philosophical aspects and implications of energy production and pro-
cessing as a whole.

2. PHOTOVOLTAICS

2.1. Impact in basic science panorama and potential applications
The conversion of sun light into electricity through photovoltaic ( PV ) tech-
nology will play a major role in the energetic paradigm shift towards a decar-
bonized society. Indeed, recent forecasts are predicting that several tens of 
terawatts of PV capacity will be deployed before 2050 ( Haegel, 2019 ). This 
would represent an investment of several tens of trillions of euros. A number 
of factors will enable the realization of this forecast, including : 1 ) the fact that 
the sun delivers on Earth hundreds of times the World’s energy consumption, 
being PV one of the most efficient technologies to convert light into electric-
ity ; 2 ) the existence of an already mature technology, based on silicon, whose 
cost is reducing very rapidly ; and 3 ) the springing of myriad emerging PV fam-
ilies that are meant to enhance the performance of the existing technologies 
or broaden the PV deployability.

Current research trends are ultimately related to the sun being a source of 
abundant but dilute energy compared to chemical energy stored in fossil fu-
els. As a consequence, vast areas need to be covered with PV panels in order 
to harvest enough energy to match present and future demands. This already 
implies the use of abundant and non-toxic raw materials with as low as pos-
sible embodied energy. For the conventional technologies, this means that re-
ducing embodied energy and/or increasing efficiency are very attractive de-
velopment avenues. In the case of the emerging technologies, they would find 
a market beyond niche applications if they exhibit a significantly enhanced 
efficiency, or, alternatively if they can complement or extend the range of ap-
plicability of silicon.
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Currently, most PV is deployed as solar farms. In the midterm, PV will be both 
centralized in more efficient farms and distributed throughout constructed 
land. They are expected to power portable devices, to be part of urban furni-
ture, or to be integrated in buildings ( BIPV ), awnings, roads, vehicles, clothes, 
bags… This vision will become true as more versatile technologies reach the 
market. Traits of some future PV technologies include low cost, short energy 
payback times, semitransparency, flexibility, color tuning, camouflage appear-
ance, lightweight, or hardness. In the long run, sustainability will increasing-
ly become the dominant factor for the development or choice of PV 
technology.

Consolidated Technologies
There are a number of photovoltaic technologies whose development started 
in the 1970s and that are currently commercially available. These include PV 
based on crystalline silicon heterostructures ( luminous to electric power con-
version efficiency : 26.7%), single-junction GaAs ( 29.1%), CIGS ( 23.4%), CdTe 
( 22.1%) and stabilized amorphous Si :H ( 14.0%), with the number between 
brackets being the corresponding certified lab-scale record power conversion 
efficiencies [ source : NREL chart, accessed on the 10th of March 2020 ], see Fig-
ure 2. Crystalline silicon ( c-Si ) is an indirect bandgap semiconductor, which 
results in a weak absorption that has to be compensated by very thick active 
layers. This motivated the search for alternative direct semiconductors that 
could be designed as thin films, and thus technologies based on CIGS, CdTe and 
Si :H were born. These technologies require less semiconducting material and 
lower processing temperatures, which leads to lower energy payback times 
compared to crystalline silicon. However, CIGS and CdTe are based on mate-
rials that are toxic and/or scarce. The most efficient single junction solar cells 
made to date is based on GaAs ( generally speaking, III-V semiconductors ), 
which is also the base for multi-junction solar cells that have reached efficien-
cies above 47% under concentration. As the cost is significantly higher than 
that of silicon, GaAs based PV has so far found mainly niche applications.

Despite the variety of technologies, crystalline silicon dominates the current 
PV market. The competitive advantages, given by a large production volume 
and decades of technological refinement, place silicon PV in a position that 
leaves little room for competitors attempting to offer lower prices. Silicon wa-
fer cost currently represents 8.6% of utility system costs and an even smaller 
fraction of the levelized cost of energy. While the current efficiency record for 
silicon solar cells is 26.7 %, state of the art commercial silicon modules have 
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efficiencies just above 20%. Silicon modules can also be made bifacial with a 
negligible increase in fabrication cost but with an energy production up to 30% 
higher by harvesting the backside light reflected from the ground.

Emerging photovoltaic technologies
Given the current cost and performance of crystalline silicon, do we need oth-
er technologies ? Despite the very impressive cost reduction and further effi-
ciency optimization, crystalline silicon has a number of fundamental limita-
tions that restricts its potential uses. First, the non-optimum electronic 
bandgap of Si appreciably limits its maximum efficiency unless tandem struc-
tures are designed. The efficiency is also severely affected by temperature, or 
by light impinging at non-normal incident angles. On the other hand, so far Si 
PV can only be made semitransparent by leaving gaps between cells ( or drill-
ing holes through it ), and color can be tuned by using filters, both of which 
have strongly detrimental effects on the resulting efficiency. Moreover, sili-
con is heavy and brittle, which prevent its use where flexibility, lightweight or 
mechanically robust materials/structures are needed. Finally, the high tem-
peratures needed to produce crystalline Si result in an unavoidably large em-
bodied energy. So a number of technologies are being developed trying to tack-
le ( some of ) these issues.

Inorganic cells that build on the knowledge from CIGS use abundant and low 
toxicity materials, such as Cu2ZnSnS4( Se ), and currently reach efficiencies 
up to 12.6%. Quantum dot based cells are often processed from solution at 
low/moderate temperatures, which is an attractive trait. While the latter has 
led to lab scale cells exciding 16.5% power conversion efficiencies, the attempts 
to remove the undesirable lead have thus far resulted in much poorer perfor-
mance. Technologies based on organic materials, also known as excitonic pho-
tovoltaics, include a plethora or subclasses, such as dye sensitized solar cells, 
evaporated small molecule, and solution processed binary/ternary bulk het-
erojunction photovoltaics. The latter has experienced a recent boom with the 
continuous synthesis of novel compounds that have taken their efficiency up 
to 17.4% ( uncertified over 18%), while using non-toxic materials. Interesting-
ly, organic photovoltaics promise very short energy payback times as well as 
the possibility to tune color, transparency and flexibility. They suffer, howev-
er, of poor stability thus far, and present an efficiency that should also be im-
proved further. More recently, hybrid organic/inorganic lead halide per-
ovskites have attracted a well-deserved attention as their performance has 
gone from less than 10% to the current 25.2% in less than ten years, which is 
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an impressive value for a solution processed technology. Efforts in this case 
are placed on the replacement of Pb, improving stability and hybridizing with 
c-Si cells in multi-junction devices. Finally, other technologies are also ap-
pearing, such as solution processed all-oxide cells, which promise enhanced 
intrinsic stability and compatibility between different layers of the cell stack. 
Moreover, some oxides are ferroelectric, which could theoretically be through 
the so called bulk photovoltaic effect (<8% efficiency so far ).

2.2. Key challenging points
The European Commission, after consultation with many stakeholders, es-
tablished a SET Plan for the development of photovoltaics ( SET, 2016 ). The 
SET Plan established a series of ambitious goals for the PV technology in terms 
of efficiency, cost, sustainability and integration.

Efficiency
The goal of the SET Plan is to increase in 35% the PV module efficiency by 2030 
compared to the values in 2015. This target is set for both commercial tech-
nologies ( c-Si, CIGS, CdTe ) and new concepts. The capacity of a PV installa-
tion is the product of many factors ( cell efficiency, inverter efficiency, track-
ing, optical efficiency ). The trends towards higher efficiency in each one of 
these factors reinforce the others in a synergistic nonlinear positive feedback 
loop. The nominal standard efficiency of modules in utility-scale new instal-
lations is increasing by 0.6% per year on average. At the current rate we will 
reach the practical limits of single junction photovoltaic technology within a 
decade, noting that 80% of the U.S. utility-scale systems installed in 2016 al-
ready used tracking. A similar trend towards higher inverter efficiencies has 
also been reported.

The only proven method to significantly increase the c-Si efficiency beyond 
the limits of conventional technology is the use of multi-junction devices. 
Making a realistic estimate including temperature and spectral variability ef-
fects, it has been shown that the energy production of a silicon solar cell can 
be increased by 23% by stacking on top of silicon a semitransparent solar cell 
with an absorption threshold ( band gap ) of 1.69 eV [ Ripalda, 2018 ]. Strong ef-
forts are placed on the fabrication of tandem cells hybridizing silicon and hal-
ide perovskites as well as quantum dot technologies.

Perhaps motivated by the current climate emergency, by scientific policies at-
tracting researchers to the field and/or by the market pressure resulting from 
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the advent of hybrid perovskites, most technologies have experienced a sig-
nificant increase in certified efficiency values over the past five years. This is 
true for both conventional and emerging technologies, the only exceptions 
being amorphous silicon and dye sensitized solar cells ( DSSC ).

In the short term, demand for emerging PV technologies can be expected if 
these can exceed the efficiency of silicon single junctions or provide alterna-
tive benefits ( see below ). It is worth noting that the cell efficiency of multi-cat-
ion hybrid perovskite has rocketed up to values above 25% in one decade, a 
value that is already higher than those for multicrystalline and thin-film crys-
tal silicon cells. Strong efficiency improvements at cell level have also been 
witnessed by both quantum dot cells and organic photovoltaics, currently ex-
hibiting around 17%.

Cost
The SET Plan aims at reducing “ turn-key system costs by at least 50% by 2030 
compared to 2015 with the introduction of novel, potentially very-high-effi-
ciency PV technologies manufactured at large scale ”. The current cost struc-
ture for a large scale PV system is 0.10 $/W for silicon wafers, 0.25 $/W for 
other components and costs in PV modules, 0.21 $/W for support structures 
and trackers, 0.06 $/W for power electronics ( inverters ), 0.04 $/W for land 

FIGURE 2—NREL research cell efficiency chart for different technologies, accessed on the  10th of 
March 2020.
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acquisition, and 0.45 $/W for balance of system costs ( taxes, profit, margin, 
minor expenses ) ( Fu, 2017 ). Thus the cost of PV generated electricity is now 
mostly determined by costs other than that of the device itself. In this con-
text, increasing the energy efficiency not only results in a higher return on in-
vestment, but also lessens the environmental impact of PV installations. The 
second consequence of such cost structure is illustrated in Figure 3, where the 
green area is the parameter space of PV technologies competitive with silicon 
in terms of dollars of capital investment per peak watt of capacity. Clearly, 
emerging technologies should combine sufficient efficiency with the use of 
abundant materials deposited through processing schemes exhibiting low 
thermal and vacuum budgets in order to become competitive technologies. 
While many of these factors have been proven for some of the emerging tech-
nologies at cell level ( e.g. hybrid perovskites and organics ), upscaling is still 
work in progress.

3. CONCENTRATED SOLAR POWER ( CSP )

3.1. Impact in basic science panorama and potential applications
A concentrated solar power ( CSP ) plant generates electrical energy with a 
thermal power block that uses the heat produced by concentrating the sun ir-
radiation by means of mirrors or heliostats. Three main designs are commer-
cially used : ( i ) parabolic trough power plant, ( ii ) power tower systems and 
( iii ) linear Fresnel technology. Currently, the installed capacity worldwide is 
around 5.5 GW ( Concentrating Solar Power Projects, 2019 ) [ Source : Nation-
al Renewable energy laboratory ( NREL ), “ Concentrating Solar Power Pro-
jects,” 2019.], whilst the roadmap proposed by the International Renewable 
Energy Agency ( Remap Case 2050 ) estimates an ambitious total installed 

FIGURE 3—The green shaded area represents the 
parameter space of PV technologies competitive 
with silicon in terms of dollars of capital investment 
per peak watt of capacity. The blue dot is the current 
status of commercial silicon PV technology.
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capacity of 633 GW by 2050 ( Solarpace, 2020 ) [ Source : Global Energy Trans-
formation - A roadmap to 2050. IRENA, 2018 ]. Thus, a huge deployment of 
CSP technology is expected. Spain is leader in concentrated solar energy pro-
duction with 50 operating plants with 2.3 GW cumulative capacity ( Solarpace, 
2020 ). Most of them ( 45 ) are parabolic trough, while three are power tower 
systems and two have linear Fresnel technology. Moreover, the first commer-
cial power tower plants in the world were constructed in Sanlúcar la Mayor 
( Sevilla ), PS10 in 2007 and PS20 in 2009, with 11 y 20 MW, respectively. Plac-
es such as the US, Southern Europe, the Gulf region, Chile and South Africa 
have a great potential for concentrating solar power ( Lilliestam, 2018 ). Ac-
cording to the international energy agency a total of 40 projects are to be com-
missioned over the next five years ( IEA, 2020 ). Most projects, 21, will be tow-
ers, followed by  15 parabolic troughs and  4 linear Fresnel technology. 
Moreover, projects will grow, typically greater than 100 MW to benefit from 
economy of scale.

A concentrated solar power plant consists of the basic following elements : ( i ) 
solar field, ( ii ) receiver, and ( iii ) thermal power block. The total efficiency of 
the plant is the product of the efficiencies of the different elements. Thus, it is 
determined by the optical, receiver, and power block efficiencies. Moreover, 
these efficiencies depend on concentration ratio and receiver temperature 
( Cahen, 2017 ). Therefore, increasing the plant efficiency implies increasing 
the concentration ratio and/or temperature. Nevertheless, it should be also 
considered that technologies for increasing efficiency might lead to an in-
crease in construction costs that should be taken into consideration. CSP elec-
tricity price is currently higher than that obtained from PV, but CSP has the 
possibility of incorporating a thermal energy storage unit to produce electric-
ity even without solar irradiation ( dispatchable renewable energy technolo-
gy ). Thermal energy can be stored as sensible, latent, or thermochemical heat. 
Storage of heat is nowadays cheaper than storage of electricity. Moreover, new 
solutions are expected that couple CSP thermal cycle to other applications 
such as water desalination systems.

In recent years, the high cost pressure and industry development produced 
significant cost decrease and learning rates increasing 20%. Such trend is ex-
pected to continue in the near future ( Lilliestam, 2017 ). Significant efforts 
have been done to reduce the electricity cost of CSP with the goal of being 
competitive with conventionally generated electricity without subsidies. The 
EC H2020 program has recognized the importance of research focused on 
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this cost reduction. Thus, in the Work Program it is specifically stated that it 
is needed to “ improve the competitiveness of the CSP technology, by demon-
strating cost reductions and increased performance and reliability of CSP 
plants, therefore strengthening the European industrial sector and improv-
ing the prospects for CSP deployment in Europe ”. There are 26 active H2020 
projects within CSP topic. The same objective is shared by the SunShot pro-
gram from the Department of Energy of the USA government. Within the tar-
gets of such program is the aim of reducing the cost of electricity by an addi-
tional 50%, to 5¢ per kilowatt hour for dispatchable CSP, between 2020 
and 2030. Based on these further cost reduction in CSP, for countries with 
high solar irradiation such as Spain, a high development of complementary 
photovoltaic and CSP plants is expected, as they are economically more in-
teresting than the integration of electricity storage or fossil back-up systems 
( Pitz-Paal, 2017 ).

3.2. Key challenging points
The European Solar Thermal Electricity Association set a strategic research 
agenda 2020-2025 for the development of the CSP energy ( ESTELA, 2012, 
2016 ). In this agenda detailed research topics and related targets for this in-
dustry are presented for the next future. Three main objectives have been pro-
posed which serve to identify the main global challenges that the technology 
poses :

Challenge 1 : Increase efficiency and reduce generation, operation and main-
tenance costs. In order to reach this goal, the development of novel materials 
that could outperform currently employed ones has been identified as one of 
the key achievements that will lead to a more efficient CSP technology. More 
specifically : new advanced mirrors, with improved reflectivity and durability 
( antisoiling coatings ); new receivers, made of selective coatings with better 
optical properties and new engineered materials capable of standing higher 
temperatures ; new heat transfer fluids, based on low melting temperature 
mixtures or pressurized gases, as well as absorber tubes that can stand high-
er pressures and direct the steam generation. Other challenges to improve the 
technology belong to the realm of engineering, such as new conversion cycles 
and systems, which require advanced power cycles and thermal storage sys-
tem integration schemes or advanced hybridization schemes with other re-
newable energy sources. It is also relevant to improve control, prediction and 
operation tools.
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Challenge 2 : Improve dispatchability, which implies hybridization and inte-
gration systems, and in particular integration with large steam plants, with 
gas turbine and combined cycle plants, or with biomass or PV plants. Also, it 
involves hybridization, for the direct systems, using the same molten salt mix-
ture as high temperature fluid and heat storage medium. This objective also 
covers advances in storage, which is one of the most attractive features of this 
technology, a concept that will be further detailed in Challenge 8B.

Challenge 3 : Improve Environmental Profile. It is worth describing some of 
the solutions that are currently being explored and might indicate the path to 
go for the next decade. One of the most actives and promising fields of research 
affecting CSP technology is that of outstanding solar-thermal absorbers. So-
phisticated solutions such as three-dimensional structured graphene meta-
material ( SGM ) have been recently proposed ( Lin, 2020 ). Moreover, signifi-
cant efforts are being done in raising the temperature of the process to increase 
efficiency. In commercial CSP plants, the state of the art is the use of molten 
nitrates with maximum working temperatures limited to about 565 ºC, as both 
heat transfer fluid and heat storage material. The thermal decomposition of 
nitrate salts can result in changes in their composition or potential risks of 
NOx emissions. So, there is also active research to propose new fluids for high-
er temperatures. In this field new proposals are expected by using more com-
plex mixtures with larger operational ranges of temperatures and improved 
thermal properties such as higher thermal conductivity. Moreover, new cor-
rosion studies are required as experimental conditions of use are quite harsh. 
Proposals of new materials or coatings will be also needed.

4. WIND ENERGY

Energy harvesting from wind is one of the most extended and implemented 
renewable energy sources. Accordingly, it is expected to be the largest con-
tributor to the energy target planned in the SET-plan. In Europe, wind gen-
eration power achieved 169 GW at the beginning of 2018, almost 16 GW being 
offshore and 153 GW onshore. By 2020, it is expected to achieve 210 GW, sup-
plying 14% of the global demand. By 2030, it expected to grow up to 350 GW 
from which 70 GW would be offshore, thus achieving up to 30% of the power 
demand ( SET, 2018 ). Remarkably, in Spain, during 2019, out of the 36.8% pen-
etration of the renewals achieved in the pool of energy of the electrical sys-
tem, 20.6% corresponds to wind ( REESA, 2020 ).
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The high expectations for the implementation of wind energy as a reliable and 
cost competitive energy resource integrated in the grid has led to the opening 
of an attractive market and, simultaneously, has set significant and numerous 
challenges. This interest was based on the advantages of the wind technology 
in terms of reliability, long and efficient life, low investment and maintenance 
costs, and low environmental impact. In turn, the intrinsic irregularity of en-
ergy generation based on wind, requires the development of specific strate-
gies and technologies to adapt the electrical grid.

4.1. Impact in basic science panorama and potential applications
Inland
The evolution of wind generators in the last decades, specially for inland instal-
lations, has been based on the power production of each unit. In the last gener-
ation, a typical power of 2-3 MW per unit has been achieved, being the power 
limited by the impact of the large size of the blades of the turbine blades and the 
inconstant blowing regime of the wind, as well as by the requirement of an op-
timization of the LCOE ( Levelized Cost Of Energy ) concerning maintenance 
and investment costs. The production of wind generators attends industrial cri-
teria to minimize costs of civil works, transport and installation. From the point 
of view of the selection of the site, additional requirements are : an adequate av-
eraged wind speed and the proximity of electrical connections to grid with 
enough capacity to drain the power generated. The so-called wind farm includes 
all the items required for the connection to the grid, and this pattern is repro-
duced by all manufacturers and investors. There are more than 100 manufac-
turers worldwide that warrant a competitive market. Most of them operate and 
manufacture in Europe : Siemens-Gamesa, Vestas, General Electric, Enercon, 
Nordex, Goldwind, Suzlon, etc. Each one accumulates more than 10.000 oper-
ating generators, the first of this list surpassing already 50.000 units.

Although the market has a high level of competence, and the technologies do 
not differ in a high degree, there is room for innovation and development to 
diminish the maintenance costs, increase the operating time and life time, di-
minish their carbon footprint, and avoid the extensive use of the so called stra-
tegic raw materials. All this research and innovation is required if we want 
wind energy to be a major player within the future energy systems.

Off-shore
Major advantages of wind power generation by off-shore farms are the availa-
ble room for large turbine blades and the constant blowing rate of the wind. 
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These advantages have pushed the manufacturers and investors to consider 
building wind generators of higher power, but pose several challenges associ-
ated to the structure of the wind generator, which must be adapted to strong 
winds, the extreme conditions of the wet and salty environment, the low tem-
peratures, and the few days that the generator can be accessed for maintenance 
and building up. The development of 10 MW wind turbines is now achievable.

An additional shortcoming concerns the link of the remote placement of the 
wind energy collectors in off-shore plants with the land grids. This requires the 
development of specific sea networks able to concentrate the energy in farm 
nodes that, acting as energy islands, enable energy transport to other nodes and 
lines in the land. New power electronics developments, functionalities based 
on the unique properties of high temperature superconducting ( HTS ) materi-
als and the development of procedures for an effective environmental protec-
tion and anti-icing functions, are new strategies to be deployed to cope with the 
requirements of a safe and efficient off-shore operation. New devices based on 
the unique performances of the superconducting materials, such as fault cur-
rent limiters, simplified electric generators able to work at low rotational speed 
in direct connection to the turbine or robust systems for energy storage to pre-
vent short time failures, and cables with ultra-low impedance are presently be-
ing tested. HTS materials are now produced in 100 ’s of kilometres per year, be-
ing the cost one of the most relevant challenges for the application.

4.2. Key challenging points
Despite the apparent maturity of wind generators, the two essential elements, 
generator and grid integration, are in continuous development. In what fol-
lows, we identify a series of technical challenges affecting the performance of 
the generator and other parts of the windmill, as well as others aspects spe-
cifically related to grid interconnection, although this matter will also be dealt 
with in Chapter 8D, focused on electrification strategies.

From the research point of view, the field requires efforts to develop materi-
als with specific electrical and magnetic properties in order to lightening the 
mill structures and enabling the construction of larger and more efficient gen-
erators. It also demands the development of new devices to improve the grid 
resilience. In addition, the development of materials to ensure continuous 
operation in extreme conditions during long time and efficient forecasting 
models for optimization of resources and minimizing environmental impact 
should be promoted following the trends developed by the European Green 
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Deal. Key points regarding these issues encompass the following aspects : i ) 
regarding the generator, simplification, reliability, improve efficiency, decrease 
inertia, reduce maintenance cost and expand the time between maintenance 
actions ; ii ) concerning the turbine, decrease corrosion and improve anti-ic-
ing or de-icing functions in extreme conditions, that call for the development 
of improved materials and functional coatings ; and iii ) regarding grid inte-
gration, improvement of wind forecasting and energy storage and manage-
ment procedures, in order to apply reliable predictive models.

Although incremental improvement in these aspects is expected by the appli-
cation of current technologies, breakthroughs are still expected through the 
incorporation of radically new technologies based on HTS materials. This will 
be the case for the design of novel current limiters, transformers, and hybrid 
energy storage systems as SMES to enhance power and safety of the grid and 
to protect the generator against electrical events. For this, it is mandatory to 
reduce the HTS materials cost and increase their production capacity and 
strong efforts are being devoted to prepare HTS tapes with a low cost/perfor-
mance ratio ( Puig, 2020 ). Other issues, where the incorporation of HTS solu-
tions can be an option with respect to standard alternatives based on perma-
nent magnets, concern the system design and aim at diminishingthe weight 
of the generator and its kinetic moment, at increasing the power density and 
to apply the concept of “ direct drive ” or medium speed to avoid or diminish 
the complexity of the gear box. HTS also allows facing the impact of the crit-
ical raw materials required by the permanent magnet alternatives. All these 
call for an improvement in HTS manufacturing procedures and costs, mag-
netic field behaviour of the critical current, homogeneity of the wires, quench 
resilience and in mechanical properties, topics that are matter of research 
challenges nowadays.

In wind farms located off-shore and in other placements with aggressive en-
vironmental conditions, emerging problems deal with the effect of salty wa-
ter, the usually stronger wind and the low, very frequently minus zero, tem-
peratures that lead to increasingly higher maintenance costs. Formation of 
ice aggregates on the blades and other components may be a critical problem 
in cold climates ( Golovin, 2013 ). The foreseen progression in the installation 
of wind facilities in locations where corrosion is very severe makes the find-
ing of protection solutions and in-place analytical monitoring techniques crit-
ical to reduce the environmental impact ( Kirchgeorg, 2018 ). Innovative sur-
face engineering solutions, in-situ and automatic monitoring and alarm 
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systems will be some of the future developments that will be implemented to 
reduce aging of the facilities and derived environmental deleterious effects.

5. GEOTHERMAL ENERGY

Geothermal energy utilizes the heat from the Earth interior to produce elec-
tricity and/or deliver heating and cooling. The highest heat gradients are 
found around tectonic plate boundaries and in active volcanic areas. A remark-
able characteristic of this renewable energy is its capacity to provide a con-
stant output of energy if required. Thus, geothermal energy can cover the base 
of smart thermal and electricity grids. However, only a small portion of the 
geothermal potential is currently being exploited, leaving a huge potential for 
further deployment ahead ( Bertani, 2016 ). Geothermal energy can be classi-
fied into power generation and/or direct use of heat. Power requires of high 
enough temperature to boil a fluid to move turbines. Once the fluid conden-
sates, its heat can still be used, maximizing efficiency. Heat can also be used 
in a cascade way, using it in various applications that require a progressively 
lower temperature, to enhance efficiency ( Shortall, 2019 ).

5.1. Impact in basic science panorama and potential applications
The global installed capacity of geothermal power plants is 11 GWe, 3 GWe of 
which are installed in Europe in 127 geothermal power plants ( Uihlein, 2018 ) 
( Dumas, 2018 ). Geothermal energy represented the 6.8 % of the energy sup-
plied by renewables in 2017 ( IEA, 2018 ). 93 % of the installed capacity world-
wide is concentrated in ten countries : United States, the Philippines, Indo-
nesia, Turkey, Mexico, New Zealand, Italy, Iceland, Kenya and Japan. 
Currently, Spain does not produce electricity from geothermal energy. The 
generalization of the use of geothermal energy for heating and cooling pur-
poses can significantly contribute to reach carbon neutrality ( HEAT ROADM-
AP EUROPE, 2019 ). If the geothermal power development targets of all coun-
tries are met, the installed capacity would reach 32 GWe in 2030 ( Matek, 
2016 ). Furthermore, it is estimated to scale up by one order of magnitude 
by 2050 provided that research and development comes up with innovative 
solutions for reducing the current pre-development costs and high risks ( Lim-
berger, 2018 ) ( De Simone, 2017 ).

5.2. Key challenging points
To generalize the use of low-enthalpy geothermal systems to climatize build-
ings. Representing half of the total energy demand, building climatization 
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through heating and cooling requires to undergone a profound transforma-
tion to decarbonize the sector and achieve near Zero-Energy Buildings 
( nZEB ). Geothermal energy is a ubiquitous renewable source and, as such, it 
can be used anywhere in the planet for heating and cooling purposes through 
Ground Source Heat Pumps ( GSHP ) and Underground Thermal Energy Stor-
age ( UTES ).

To lower the temperature required for generating electricity from medi-
um-enthalpy geothermal systems. Such achievement would imply generating 
electricity at shallower depths, facilitating operations because permeability 
of geological media usually decreases with depth. Furthermore, it will enable 
the combination of geologic carbon storage with geothermal energy 
production.

To attain enhancing permeability in tight rock for high- and very high-en-
thalpy geothermal systems. Deep geothermal systems rarely present enough 
permeability to be operated without having to stimulate the wells. Effective 
stimulation techniques with a low induced seismicity risk should be devel-
oped to permit enhancing reservoir permeability without inducing large 
earthquakes. Improving zonal isolation is key to stimulate individual frac-
tures in a controlled way, rather than stimulating the whole open well simul-
taneously. Combination of hydro-fracturing and hydro-shearing should per-
mit creating a reservoir permeable enough to circulate fluids between the 
doublet of wells without imposing an excessive pressure gradient.

To mitigate corrosion and scaling issues caused by the high reactivity of chem-
ical species in high temperature environments. Geochemical modelling can 
assist the operators of geothermal plants to set the optimum operating con-
ditions in order to minimize corrosion problems and clogging due to scaling. 
Such issues imply elevated maintenance costs and replacing equipment, like 
pumps. Methodologies to reduce these problems as well as potential ways of 
utilizing precipitated minerals will be necessary as geothermal energy scales 
up.

To forecast induced seismicity in order to minimize the risk of inducing perceiv-
able and damaging earthquakes as a result of geothermal energy production. 
Forecasting injection-induced seismicity is a big challenge that will require 
of ground-breaking solutions. Current protocols have proven unsuccessful 
and thus, a new paradigm is required.
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6. FUSION : AN ALTERNATIVE CLEAN ENERGY SOURCE

Fusion energy has been, since many years, a promise of unlimited, safe and 
carbon-free electricity energy source. Fusion is a source of heat-related gen-
eration route, which could become a base load of electricity source or even an 
energy source for renewable fuels ( Hydrogen for instance ). The most suita-
ble nuclear reaction for fusion reactors is D + T = He + n + 17.6 MeV, where D 
is deuterium and T tritium. Since the concentration of deuterium in the 
oceans is rather high and tritium can be generated through the nuclear reac-
tion of neutrons with Li, there exists enough fuel to generate the energy re-
quired for mankind for millions of years. This reaction, however, requires a 
temperature ( T ) in the range of 100 millions degrees and to achieve a plasma 
density ( n ) high enough to overcome the Coulomb repulsion during a long 
enough time.

6.1. Impact in basic science panorama and potential applications
Historically, the progress towards the fusion goal made a quantum leap with 
the design of tokamaks as magnetic confinement systems for plasma. Initiat-
ed in the Kurchatov Institute in Moscow in the late 60 ’s, since then several to-
kamak models have been built and plasma properties for fusion were tested 
all around the world. All this R&D led to the largest international scientific 
installation ever organized ( 35 countries, a cost of at least 10 bn€ in 30 years 
of life ), the International Thermonuclear Experimental Reactor ( ITER ). 
ITER is nowadays under construction in Cadarache ( France ), ignition should 
start in 2023 and its design is based on the best materials available in the ear-
ly 2000s. ITER is an experimental reactor, still not intended to generate usa-
ble energy. Electricity is instead scheduled to be generated in the next proto-
types, the so-called DEMO reactors, being at present in the initial stage of 
design in several continents ( Europe, Japan, China, …) and which should in-
corporate novel materials and technologies. Overall, these “ classical ” fusion 
technologies based on low temperature superconductor ( LTS ) materials are 
expected to generate clean energy beyond mid-21st century.

A game changer appeared just after ITER was designed in 1986 : high temper-
ature superconductors ( HTS ) and the development of high magnetic field 
conductors based on REBa2Cu3O7 coated conductors ( REBCO CCs, where RE 
stands for Rare Earth or Y ), which allowed the development of ARC ( Afforda-
ble, Robust, Compact ) tokamak reactors ( Sorbom, 2015 ). HTS magnets are 
expected to generate magnetic fields of 12 T at the center of plasma, compared 
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to the 5 T of ITER, which has a huge effect on the energy gain that can be 
achieved with a fusion reactor, which is proportional to ~ B 3 while the power 
density is ~B 4. As a consequence, ARC compact reactors (~500 MW ) have a 
core radius of 1.5 m instead of 6.2 m of ITER and the overall plasma volume 
is 10 times smaller ( Whyte, 2016 ).

A key issue of ARC reactors, besides the smaller size and the lower cost, is the 
long term life expectance. While in ITER replacing any material in the core 
becomes a tantalizing technological problem involving very complex robot-
ics, ARC reactors are much more compact and demountable, thus making ac-
cessible the inner vacuum vessel for any replacement. This novel design has 
an enormous impact in the long term requirements on materials and engi-
neering devices of the fusion reactors, particularly it reduces the concerns on 
irradiation effects by enabling spare replacements.

ARC fusion reactors are, therefore, a very recent breakthrough requiring still 
intensive R&D of materials and plasma physics, but they have the potential to 
bring fusion energy to reality much sooner and much cheaper. First estimates 
and technological development plans of the novel spin-off companies ( for in-
stance, Commonwealth Fusion System in US and Tokamak Energy in UK ) is 
that 2030 is a reasonable horizon to have net fusion energy generation. Fu-
sion energy appears again, therefore, as a unique opportunity to become a 
clean energy source in a reasonable time scale.

6.2. Key challenging points
There are many scientific and technical challenges associated to the compact 
fusion reactors, many of them related to the relevance of neutron ( 14.1 MeV ) 
irradiation effects on the vessel, magnets and other advanced materials around 
the core of the reactor. But even if these issues are significant, the most rele-
vant challenge is to further improve the performance of REBCO CCs and the 
corresponding magnets.

The requirements related to CCs are multiple because tokamak reactors are 
composed of different magnets working under different physics conditions. 
Some of them are :

 Ț Achieving high critical current densities under these extreme 
conditions ; this is a very challenging objective which is even stronger 
when we consider that low cost manufacturing techniques are needed to 
obtain competitive km-long conductors.
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 Ț Achieving a high figure of merit cost/performance (€/kA m, i.e. cost of 1 
m of CC having 1 kA of critical current ), needed to advance in low cost 
chemical methodologies, such as Chemical Solution Deposition ( CSD ), 
and high throughput production ( fast growth techniques ) of REBCO 
CCs ( Obradors, 2014 ).

 Ț Development of efficient stabilization architectures against quenching, 
since lifetime of magnets depend critically on the fast propagation of 
quench.

In conclusion, among the demands of R&D related to compact ARC fusion re-
actors we should consider many issues related to the plasma handling and ma-
terials working under extreme conditions, but the technological development 
of HTS materials and magnets stands as the most relevant challenge.

7. CONCLUSION

From all the facts and figures presented in this chapter, it can be stated that 
our country is called to play a key role in the future development and com-
mercialization of renewable energy. We have natural resources, a high level 
of technological advancement already achieved and the international recog-
nition of our position in this field at all levels. There is, therefore, a clear op-
portunity to overcome the endemic and historical dependence of our econo-
my on highly fluctuating activities such as tourism and construction and try 
to establish ourselves as world leader in a technological field. Coordinated ef-
forts devoted to renewable energy by all potentially contributing national ac-
tors should be highly encouraged. In this context, CSIC have all the potential 
to become a central piece in this picture if proper planning and allocation of 
resources are in place.
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TABLE 1—List of challenges to be addressed for the Challenge 1

SHORT TERM 
(< 5 YEARS)

MID TERM 
(5-10 YEARS)

LONG TERM 
(> 10 YEARS)

PHOTOVOLTAICS •  Create a CSIC PV technology 
platform as a vehicle to 
communicate and find 
synergies between PV 
technologies. Position CSIC 
as expert on PV related 
topics at national/
international levels.

•  CSIC to consolidate links 
with the most relevant 
energy institutes working 
on PV

•  Proof of concept hybrid 
photovoltaic technologies 
based on two PV 
technologies.

•  IP protection and 
dissemination of novel 
device concepts, materials 
and processing protocols.

•  Determination of main 
factors limiting device 
stability in the different 
technologies.

•  Demonstration of emerging 
solar cell technologies with 
high efficiency and 
durability for small scale 
applications (e.g. powering 
IoT)

•  Rise public awareness of 
the energy problem.

•  CSIC to gain critical mass on 
priority PV topics. Possible 
creation of a CSIC Institute 
of Energy Research to unify 
efforts in a multidisciplinary 
approach to the energy 
challenge. Coordination of a 
European Energy Flagship 
(international leadership). 
Cooperation to reduce 
non-PV related cost of the 
systems.

•  High efficiency solar cell 
technologies with no scarce 
or toxic elements.

•  Demonstrated long term 
stability for selected PV 
technologies. IP protection 
on encapsulation 
strategies.

•  Demonstration of ultrahigh 
PV efficiency >50%.

•  Proof of concept hybrid PV/
non-PV technologies.

•  Achievement of high TRL 
for novel concepts that 
facilitates a wide 
deployment of building 
integrated photovoltaics.

•  CSIC/Industry co-
development of upscaling 
and manufacturing process 
for selected PV 
technologies.

•  CSIC to exploit the 
generated intellectual 
property on PV.

•  Demonstration of solar cell 
technologies with energy 
return on investment 
greater than 50 for 
unrivaled energy generation 
sustainability.

•  Achieving high TRLs for 
hybrid concepts with very 
high efficiencies.

•  Availability of a large 
palette of efficient and 
durable solar cell 
technologies to enable 
nationwide deployment at 
all levels (solar farms, 
buildings, public 
infrastructure, designs, 
textiles, advertisement 
infrastructure, portable 
devices, vehicles, etc.). 
Wrapping cities on PV.
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SHORT TERM 
(< 5 YEARS)

MID TERM 
(5-10 YEARS)

LONG TERM 
(> 10 YEARS)

CONCENTRATED 
SOLAR POWER

•  Development of new high 
temperature range (low 
melting point and high 
stability temperature) 
fluids

•  Development of nanofluids 
with improved thermal 
properties (heat capacity or 
heat conductivity

•  Developments in Latent 
and sensible heat storage 
systems (achievement of 
higher TRL)

•  Development of new 
receiver materials and 
coatings with high 
absorptivity and high 
thermal stability

•  Studies in Materials 
compatibility with new 
thermofluids

•  Advanced solar mirrors

•  Integration with high 
temperature power cycles

•  Global CSP systems cost 
reduction (LCOE 5-7 c€/
kWh)

•  Integration of CSP with 
other technologies (such as 
water desalination)

•  Achievement of high TRL of 
new thermochemical 
storage systems

•  Hybrid systems integration 
(such as CSP/PV)

WIND ENERGY •  Improve passive and active 
de-icing systems and their 
integration in blades and 
other components

•  Development of new 
low-weight structural 
materials for the building of 
lighter structures

•  New corrosion protective 
coatings and materials

•  Improve sensitivity of 
distributed analytical 
monitoring systems

•  Design and test under 
device working conditions 
of novel (cost/performance) 
competitive HTS 
nanostructured materials

•  Design of simplified 
generators using HTS and 
easy grid integration for 
high power wind mills.

•  Develop new coating to 
avoid corrosion and icing in 
the blades

•  Incorporate automatic 
operation systems for 
de-icing. 

•  Connect monitoring 
systems with integrated 
alarm procedures both for 
operational and 
environmental control.

•  Development of new low ac 
losses HTS conductors with 
improved quench resilience 
and cryogenic systems

•  Implementation of HTS 
devices for ultrafast 
electrical protection as HTS 
fault current limiters and 
SMES

•  Development of new wind 
mill concepts and designs 
that outperform the current 
technology (e.g., sea 
movable structures, 
structures based in more 
than one tower, etc.) 
incorporating all the energy 
efficiency, aging and 
monitoring systems 
developed previously.

•  Incorporation of singular 
test facilities and pilot 
plants in collaboration with 
engineers and wind energy 
industry
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SHORT TERM 
(< 5 YEARS)

MID TERM 
(5-10 YEARS)

LONG TERM 
(> 10 YEARS)

GEOTHERMAL 
ENERGY

•  Adaptation of the 
legislation to regulate the 
efficient use of geothermal 
resources 

•  Development of techniques 
to efficiently enhance 
permeability of hot tight 
rock with a low risk of 
inducing seismicity

•  Successful demonstration 
of 5 MWe geothermal 
power plants in Enhanced 
Geothermal Systems (EGS)

•  Achievement of high TRL 
for Organic Rankine Cycles 
(ORC) or kalina cycles to 
generate electricity at 
temperatures well below 
100 °C 

•  Development of reliable 
forecasting methodologies 
of induced seismicity

•  Scale-up of 5 MWe 
geothermal power plants in 
deep hot rock

•  Technological development 
of geothermal energy 
production in deep volcanic 
areas in pilot tests

•  Generalization of the use of 
shallow geothermal 
resources to climatize 
buildings and district 
heating 

•  Achievement of high TRL 
for the combination of 
geologic carbon storage 
with geothermal energy 
production at industrial 
scale

•  Widespread deployment of 
5-30 MWe geothermal 
power plants in deep hot 
rock

FUSION •  Design and test under 
device working conditions 
of novel (cost/performance) 
competitive HTS 
nanostructured materials.

•  Development of 
computational tools to 
analyze HTS behavior on 
the device system.

•  Dedicated programs to 
strengthen joined 
collaborations between 
CSIC, institutions and 
industry.

•  Investigation of the 
wire-to-device properties 
like thermal runaway, 
electromagnetic and 
mechanical properties, ac 
losses, electrical insulation, 
joints, geometries for 
compact fusion reactors

•  Prof-of-concept for HTS 
tapes and magnets for the 
compact fusion concept
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ONE SLIDE SUMMARY FOR EXPERTS

Challenge
Develop the knowledge and technology needed to substitute the use of con-
taminant power sources by clean and renewable ones.

Approach
The actual implementation of renewable energy as the primary source of en-
ergy in the world requires reaching the capability to provide energy in enough 
quantity, on demand and at a competitive price, just like conventional power 
sources currently do. The barriers towards this ultimate goal can only be over-
come by improving the efficiency, stability, costs and manageability of the dif-
ferent clean technologies. These specific challenges have different mid and 
long-term implications for each one of the technologies considered, i.e. Pho-
tovoltaics, Concentrated Solar Power, Wind, Geothermal and Fusion.

Social and economic impact
There is an urgent environmental and economic need to substitute the tradi-
tional fossil based power sources, highly contaminant and main contributors 
to the greenhouse effect, for cleaner and renewable ones. This field will play 
a key role in the transition to a more sustainable economy worldwide. From 
a national perspective, it can be stated that our country is called to play a cen-
tral role in the future development and commercialization of renewable en-
ergy. The existence of natural resources, a high level of technological advance-
ment already achieved and the international recognition of our position in 
this field at all levels indicate that there is a clear opportunity to overcome the 
endemic and historical dependence of our economy on highly fluctuating ac-
tivities such as tourism and construction and try to establish ourselves for the 
first time as world leader in a technology based market.

Involved teams
CSIC’s research is aligned with European initiatives such as the EERA ( Eu-
ropean Energy Research Alliance ). Its main strength lies in the high quality 
and wide diversity of expertise hold inside the institution, mainly, but not only, 
in the area of Energy Materials Science and Technology, with very relevant 
active public and industrial projects. Current activities target both the im-
provement of existing technologies and the development of new concepts and 
focus mostly in technology readiness levels ( TRL ) ranging from proof-of-con-
cept to technology demonstration.
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ONE SLIDE SUMMARY FOR THE GENERAL PUBLIC

Challenge
Develop the knowledge and technology needed to substitute the use of con-
taminant power sources by clean and renewable ones.

Approach
The actual implementation of renewable energy as the primary source of en-
ergy in the world requires reaching the capability to provide energy in enough 
quantity, on demand and at a competitive price, just like conventional power 
sources currently do. The barriers towards this ultimate goal can only be over-
come by improving the efficiency, stability, costs and manageability of the dif-
ferent clean technologies. These specific challenges have different mid and 
long-term implications for each one of the technologies considered, namely, 
Photovoltaics, Concentrated Solar Power, Wind, Geothermal and Fusion.

Social and economic impact
Our world faces serious environmental and economic challenges. Climate 
change is directly linked to economic activity and specifically to the way in which 
we produce the energy we need. Thus, reducing the impact of human activity 
on the environment requires finding new cleaner ways of producing the ener-
gy we consume. For this reason, the development of stable, reliable, efficient 
and profitable renewable power sources is of outmost importance, now more 
than ever. Also, from a national perspective, this challenge poses an opportuni-
ty for our country to become a world leader in a technology based field in which 
we have already a strong position. This will help us overcome the endemic and 
historical dependence of our economy on low added value activities.

Involved teams
CSIC’s research is aligned with all relevant national and international initia-
tives in renewable energy, and has a long tradition of productive cooperation 
with industrial partners working in this field. Current activities target both 
the improvement of existing technologies and the development of new 
concepts.
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