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1 INTRODUCTION 

Solar energy provides one of the largest and most widely distributed renewable energy 

resources available on earth. RCG looks at one of the renewable technologies aimed at 

converting sunlight into energy; Concentrated Solar Power (CSP). 

Concentrated Solar Power (CSP) systems convert sunlight into thermal energy 

to generate electricity. They typically employ mirrors to reflect and concentrate 

sunlight from a large area onto a focal point or plane, resulting in the rapid 

warming of a heat transfer medium. The heat contained within this medium is 

then used to feed a steam cycle that drives a turbine to produce electricity. 

A range of CSP technologies and systems have been deployed, both through 

research and development projects and commercial installations. Unlike Solar 

Photovoltaic (PV) systems which can also produce electricity from diffuse light 

under cloudy conditions, CSP systems require direct sunlight to concentrate 

sunlight onto a focal area. Therefore, the technical and economic suitability of 

CSP systems is constrained by geography. This is a significant factor in 

determining the potential market for CSP.  

Political appetite and financial support have largely been constrained to 

developed markets.  The United States and Spain hold over 83% of global 

installed capacity, which currently stands at over 4,800 MWp (MW peak), but is 

less than 2% of globally installed PV capacity. However, emerging markets 

such as Morocco, are beginning to consider CSP for large-scale commercial 

deployments. 

There remain political and economic barriers to the large-scale deployment of 

CSP technology and systems, particularly in light of recent reductions in the 

cost of energy from PV installations. However, with the feasibility for integration 

of CSP with Thermal Energy Storage (TES) systems, and therefore the 

capability to provide a level of dispatchability in its generation, there is the 

potential for CSP to offer a technical and commercial advantage over PV. 

Hybridisation of CSP systems with conventional generation methods is also 

likely to be an important enabler for the development of this technology into the 

future. 

This report is intended to provide the reader with an introduction to CSP 

systems and market potential, giving an overview of technologies, geographic 

suitability, the market, and outstanding barriers and opportunities. 

.
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2 TECHNOLOGIES 

2.1 Overview 

There are currently four CSP technologies that exist in today’s market. Broadly 

speaking, these technologies can be grouped into two categories: those that 

concentrate sunlight onto a linear plane; and those that concentrate sunlight 

onto a single focal point. 

• Linear Focusing Systems: 

– Parabolic trough designs which utilise parabolic concave mirrors. 

– Fresnel reflector designs which employ flat mirrors placed at varying 

angles. 

• Point Focusing Systems: 

– Power tower designs that focus sunlight onto a central receiver tower by 

utilising dual axis mirrors (heliostats). 

– Stirling dish designs that reflect sunlight captured by a single large dish 

onto the high-temperature cylinder of a Stirling engine. 

Some CSP systems may be integrated with TES systems, which result in the 

capability to provide a level of dispatchability in its generation, depending on the 

storage capacity of the TES system. TES facilitates the decoupling of 

generation from sunlight hours, which enables the generation of electricity on-

demand and has great potential in meeting peak demand and stabilising the 

often-quoted variable power output associated with renewables. Through this 

integration, storage capability for large-scale generation systems has already 

reached many hours. Therefore, there is the potential for CSP to offer a 

technical and commercial advantage over PV. As such, CSP with integrated 

TES is comparable to PV with battery storage.  

Furthermore, there is the potential for hybridisation of CSP systems with 

conventional generating plant, again to enable greater dispatchability in 

generation. Whilst this would not represent a 100% renewable energy source, it 

would be able to reduce fossil fuel emissions compared to conventional plant. 

Political support is likely to focus around generation technologies which can 

offer dispatchability and therefore, hybridised CSP may be an attractive choice 

for governments looking to increase their renewables generation capacity, 

without compromising grid stability. 

 Political support is 
likely to focus around 
generation technologies 
which can offer 
dispatchability 
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Each of the technologies listed above are discussed in more detail in Sections 

2.2 to 2.5, and are compared and contrasted in Section 2.8. Section 2.6 

introduces TES systems, and Section 2,7 provides a general set of advantages 

and disadvantages over other renewable energy generation technologies. 

2.2 Parabolic Trough 

Parabolic trough systems, as the name suggests, are comprised of a series of 

parabolic shaped concave mirrors. The curvature of the reflectors concentrates 

solar radiation onto a linear central tube which lies at the focal point of the 

design. 

The first commercial example of a parabolic trough system was introduced at 

SEGS (California) in the 1980’s. Since then, the trough design has gone on to 

dominate today’s market, with the clear majority of CSP systems utilising this 

type of technology.  

Exhibit 1: An example of a Parabolic Trough system 

 

Source: NREL Image Gallery 

A heat transfer fluid contained within the central tube passes heat to a steam 

generator, which in turn drives a turbine. Alternatively, heat can be stored as 

part of a TES capability. Parabolic trough CSP systems must track the sun’s 

position in the sky to keep the focus along a single axis. 
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These systems are currently the most employed technology in the CSP market 

today. Early power plants have been based on this design, with the suggestion 

being that parabolic troughs are currently the economic choice amongst CSP 

alternatives. 

Pros: 

• Proven technology – Approximately 86% of operational CSP systems 

worldwide use the parabolic trough technology1 and hence have benefited 

from economies of scale required to drive down costs. Approximately 62% 

of current operational projects utilising parabolic trough technology are 

based in Spain.  

• Modular design – The output of systems can be varied by increasing or 

decreasing the number of trough units.  

 

Cons: 

• Lower steam cycle temperatures – When compared with power tower 

systems (covered in Section 2.3 below), this technology does not offer high 

steam cycle temperatures, resulting in lower turbine efficiencies. 

• Land requirement – Large areas of land (of low gradient) are required for 

these systems. Parabolic trough systems concentrate sunlight along a linear 

plane and hence installation on slopes is not practical. This poses 

limitations on the number of suitable locations for technology deployment. 

2.3 Power Tower 

Power tower systems are characterised by their ability to achieve higher steam 

temperatures than other CSP alternatives. This is achieved through the nature 

of their design. Many dual axis mirrors (called heliostats), covering a large area, 

track the sun’s position concentrating radiation onto a single central focal point 

raised high above the ground at the summit of a tower. 

Molten salt, or an alternative heat transfer fluid is circulated through the tower’s 

heat exchanger. The fluid is then passed through another heat exchanger that 

heats the water to drive the steam turbine cycle. The high temperatures offered 

at the focal point of the system heat the transfer fluid to temperatures between 

290-565 °C depending on whether thermal oil or molten salt is used. Higher 

operating temperatures not only result in improved thermal efficiencies, but if 

TES is incorporated within the design of a CSP system, will provide the storage 

of thermal energy for longer times. 

 

                                                      
1 https://www.nrel.gov/csp/solarpaces/, accessed October 2017 

https://www.nrel.gov/csp/solarpaces/
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Exhibit 2: The Crescent Dunes Solar Energy Project, a 110 MWp power tower facility 
in Nevada (United States) 

  

Source: BLM Nevada 

Early power tower designs utilised water or alternative heat transfer fluid for the 

primary heating circuit. Modern systems focus on a dual tank molten salt 

arrangement. For these arrangements, molten salt is pumped from the cold 

storage tank through the heat exchanger at the summit of the tower, before 

being allowed to flow into the hot storage tank. Molten salt is held in the hot 

storage tank, from where it can be dispatched when electricity generation is 

required. 

The first power tower, Solar One (10 MWp), was introduced in 1981 in the 

Mojave Desert (California). The power plant was designed by the DOE and was 

run as a pilot project. Power tower systems make up 12% of the operational 

fleet1 with the largest projects (Ivanpah and Crescent Dunes) located in the 

United States with capacities of 377 MWp and 110 MWp respectively. Recent 

trends indicate that future power tower configurations will utilise dry cooling 

methods and seek to store thermal energy for longer to enable more consistent 

generation.  

Pros: 

• Higher turbine efficiencies – Through turbines operating at higher steam-

cycle temperatures, these systems can run at greater efficiencies. 
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Cons: 

• Land requirement – These types of systems require the largest area of 

land for the same power output, when compared with the other CSP 

technologies. Power tower systems are less sensitive to changes in surface 

gradient as heliostat fields utilise point focusing. Deployment onto slopes 

would however increase the complexity of tracking systems and has the 

potential to introduce mirror shading from adjacent heliostat structures. 

• Larger plant size results in increased optical losses – For heliostats 

around the perimeter of the occupied space, optical losses will increase with 

the radial distance away from the central focal point. This will place an 

upper limit on the feasible project capacity. 

• Added complexity of dual axis tracking – Heliostats require dual axis 

tracking of the sun’s position through the sky. This places an extra demand 

on the computer control system, leading to a surplus cost and higher 

potential for mechanical failures. 

• Visual impact – The receiver towers of these designs often reach many 

metres in height. For example, the tower heights at the Ivanpah facility in 

the United States are around 140 metres (459 ft.). 

• Environmental concerns – Bird deaths and large land requirements may 

pose consenting issues. 

2.4 Fresnel Reflector 

Fresnel reflector systems utilise a combination of flat mirrors positioned at 

angles to reflect solar radiation. Radiation is concentrated onto a linear receiver 

tube, positioned at the focal point above the mirrors. Although single axis 

tracking is used, focal errors necessitate the inclusion of a secondary parabolic 

reflector above the receiver tube for refocusing. 

These types of CSP systems constitute 2% of the operational fleet1. The first 

commercial project to utilise this technology was the Puerto Errado (1.4 MWp) in 

2009 in Spain, followed by the 30 MWp Puerto Errado 2 Fresnel reflector set-up 

introduced in 2012. Another notable location includes India’s Dhursar 125 MWp 

generating system introduced in 2016. 
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Exhibit 3: An example of a Fresnel Reflector system 

 

Source: NREL Image Gallery 

These systems may offer a cheaper solution in terms of materials and 

development costs, but suffer from lower plant efficiencies when compared to 

other designs. In absolute terms, the solar to electric efficiency (as highlighted 

in Exhibit 6) is 7% to 14% lower than that of other CSP technologies and is 

related to the maximum achievable solar concentration factor (the ratio of 

concentrator area to receiver area). 

Pros: 

• More affordable design and installation – Compared to other types of 

CSP technology, Fresnel Reflector designs are the simplest arrangement, 

leading to reduced cost. 

• Land use efficiency –These designs tend to have a smaller footprint for 

the same power output. This enables the recovery of a portion of the 

inherent efficiency losses (mentioned below).  

• Modular design – variable output by increasing or decreasing the number 

of units. This opens the opportunity to supply direct heat for industrial 

applications. For example, these systems could be used in the chemical, 

textiles and food industries. 

• Lower wind loads – Flat mirror arrangements reduce the wind loads 

experienced by the system. This reduces the chance of wind damage to the 

structures of Fresnel designs. 
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Cons: 

• Increased chance of mirror shading – The dense packing of mirrors 

increases the probability of shading from adjacent mirrors.  

• Lower turbine efficiency – Fresnel reflector systems have the lowest solar 

to electric efficiency of all the CSP technologies due to the lower attainable 

operational temperature. 

2.5 Stirling Dish 

The appearance of a Stirling dish system is comparable to that of a large 

satellite receiver. The concentrated light is focused onto the high-temperature 

cylinder of a Stirling engine. Expansion and compression of a fluid within the 

engine provides the rotational mechanical work to a generator producing 

electricity. 

The only commercial megawatt-scale Stirling dish system in operation is the 

Tooele Army Depot project1 situated within the United States. This project 

employs 429 individual units to produce 1.5 MWp of electrical power. Projects in 

the United States have abandoned the use of these types of designs in favour 

of PV technologies, suggesting that the cost of large Stirling dish arrays is 

greater than other technologies. 

Exhibit 4: Examples of Stirling Dish systems 

 

Source: NREL Image Gallery 

Pros: 

• Technology can be installed on land of varying gradient – Whereas 

other CSP technologies need to be installed in areas of large flat land, 

Stirling Dish systems can be installed on lands of varying gradients (e.g. 

mountainous regions) due to the small footprint of their designs. 
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• High thermal efficiency – This CSP technology offers high thermal 

efficiency when compared to the alternatives mentioned above. This is 

related to the high concentration factors that are achievable by using this 

type of CSP design. 

• Dry cooling – Without making major modifications, these systems can be 

dry cooled. In the absence of water, this is particularly valuable in arid 

climates. 

 

Cons: 

• Absence of Thermal Energy Storage – A fundamental flaw of this type of 

design is that there is no ability to integrate TES within the system. 

• Individual solar tracking – Solar dish systems must constantly re-position 

themselves to follow the position of the sun through the sky. This adds a 

further requirement for more complex software and control systems 

hardware and increases the chances of mechanical failure. 

• Expensive for large solar arrays – As an individual Stirling engine is 

required for each generating unit, the cost for a large Stirling dish array is 

likely to be significant. 

• Land requirement – These systems have a larger land requirement for the 

same power output when compared with parabolic trough or Fresnel 

reflector systems. 

2.6 Thermal Energy Storage (TES) Systems 

TES systems store energy by raising the temperature of a medium within an 

insulated container. Inherently, CSP allows the straightforward integration of 

TES within the design of the power system, due to the heating effect of 

concentrating solar radiation. As TES facilitates the decoupling of generation 

from sunlight hours, this enables the generation of electricity on-demand, which 

gives it the characteristic of being able to provide more stable, “firm” power 

outside of hours of sunlight, a characteristic that creates a fundamental benefit 

of CSP over PV systems. 

Exhibit 5 illustrates the basic principle of how TES may be embedded within the 

design of a CSP power plant. During the day, cold heat transfer fluid in the 

primary circuit is pumped from the cold storage tank through the mirror 

receivers, where it is heated and eventually stored. During the night, or low light 

conditions, the thermal energy contained within the hot storage tank is used to 

feed the steam generator. 
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Exhibit 5: A simplified diagram of a commercial-scale Parabolic Trough CSP power 
plant with Thermal Energy Storage (TES), consisting of two circuits; the 
primary heating circuit and the secondary steam cycle.  

 

Source: RCG 

 

CSP technology shares many of the same components as found in 

conventional thermal power generation and hence electricity can be produced 

as part of an interdependent system. The steam turbine cycle can be driven by 

heat from a combination source (solar and a fossil fuel system situated 

alongside the CSP arrangement). As an example, the Aurora project in 

Australia, discussed in more detail in Section 4.3.3, is planned to be delivered 

as an integrated CSP and TES system, and as such is more comparable to PV 

with battery storage than solely PV. 

In addition to TES, hybridisation can increase the capacity factor of CSP plants, 

whilst reducing CO2 emissions when compared with 100% fossil fuelled 

generation and therefore is likely to be an important enabler for the 

development of CSP technology into the future.  
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2.7 Advantages and Disadvantages of CSP 

There are a number of advantages of CSP over other forms of renewable 

generation. 

Advantages: 

• Thermal Energy Storage (TES) – If TES is integrated with the CSP 

system, it allows for the decoupling of sunlight hours from electricity 

generation for peak matching and dispatchable “firm” power. 

• Hybrid technology – Most CSP technology can produce electricity as part 

of an interdependent system, where the steam cycle is driven by heat from 

a combination, solar and fossil fuel source.   

• Consistent performance over project lifetime – Mirrors do not suffer from 

the performance degradation over time, which is seen in PV technology. 

 

Disadvantages: 

• Only economic within the sun-belt region – CSP systems can only 

generate sufficient energy to be financially feasible in sun-belt regions (see 

Section 3). This limitation places restrictions on suitable geographical 

locations. 

• An infant technology – Due to lack of deployment, there is currently a 

shortfall of detailed information regarding project and technology 

performance. Project learning through experience will lead to cost 

reductions.  

• Large transmission distances – Expansive land requirements in 

combination with the necessity for direct solar radiation force the location of 

CSP plants away from electricity demand. The remoteness of these 

locations requires transmission links of greater length introducing surplus 

cost and energy loss or even the potential for curtailment in the absence of 

infrastructure. 

• Construction and Installation costs – As CSP is a relatively immature 

technology, initial and capital costs are currently high.  

• Environmental concerns – Bird deaths and large land requirements may 

pose consenting issues. 

• Wet cooling impractical in arid locations – CSP systems require cooling 

to condense the working steam into water. Conventional wet cooling options 

are not readily available in arid locations and dry cooling options result in 

lower cycle efficiencies and increased cost. 
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2.8 Comparison of CSP technologies 

Exhibit 6 compares the properties of the four CSP technologies mentioned 

above. 

Exhibit 6: Comparison table for the properties of each CSP technology 

Comparator Parabolic Trough Power Tower Fresnel Reflector Stirling Dish 

Make up of operational fleet 
(%) 

86 11 2 - 

Concentration factor2 – ratio 
of concentrator to receiver 
area 

70 – 80  600 – 1,200  25 – 100  600 – 4,000 

Focusing Type Linear Point Linear Point 

Typical operating 

temperature (°C)2  
293 – 393 290 – 565  140 – 275  250 – 700  

Maximum solar to electric 

efficiency (%)2 18 20 11 >25 

Average land use efficiency 

(hectares/MWp)1 – MW 

based on installed capacity 

3.79 6.79 2.92 4.58 

Typical TES range (hours)1  6 – 10 10 – 17.5 < 1 Not possible 

 

For CSP technologies that concentrate solar radiation onto a linear plane, 

system and tracking mechanism design are of lower complexity. This translates 

into cost savings, realised through reduced development expenditure. This does 

however, come at the cost of lower achievable solar to electric efficiencies. 

Technologies that concentrate solar radiation onto a single point offer higher 

solar to electric efficiencies, but on a per capacity basis, have greater land 

requirements. Early developments in parabolic trough type systems are justified 

as these designs offer the best combination of conversion and land use 

efficiencies at low cost. 

Despite offering the highest solar to electric efficiencies, commercial-scale 

systems of Stirling dish type require large numbers of individual generating units 

and are limited in that they offer no TES capability. 

                                                      
2 World Bank Group, Concentrated Solar Power 2016 Market Survey and Trends, 2017 
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For PV systems, typical solar to electric efficiencies sit between 14% – 21%3, 

with land use requirements (in the United States) at an average of 3.19 

hectares/MWp
4. This suggests that their performance is comparable with 

parabolic trough type CSP systems. 

By facilitating many hours of stable power generation, TES is a defining 

advantage of CSP technology over PV, enabling higher capacity factors. 

Parabolic trough and particularly power tower systems, which offer the highest 

storage capabilities (in terms of hours of thermal storage) are the most likely 

designs to be adopted into the future. CSP systems which can offer improved 

TES capabilities will be able to provide more stable, “firm” generation.  

Although it is not 100% renewable, hybridisation can increase the capacity 

factor of CSP plants, whilst reducing CO2 emissions when compared with fossil 

fuelled generation. This alternative route to TES integration, may also be an 

important enabler for the development of CSP technology in the future, again 

providing the ability to deliver firm generation. 

 

                                                      
3 World Energy Council, World Energy Resources Solar 2016, 2016 
4 NREL, Land-Use Requirements for Solar Power Plants in the United States, 2013 
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3 GEOGRAPHIC SUITABILITY 

CSP systems require high levels of direct solar radiation (sun travelling in a straight line from 

sun to the earth’s surface) in order to reflect and concentrate solar energy onto a focal area. 

Contrary to CSP, PV systems can produce electricity under more diffuse light, 

which occurs in cloudy conditions). This inherent constraint of CSP systems 

limits the number of suitable locations to regions approximately 40 degrees 

north and south of the Equator, known as the “sun-belt region”5. This includes 

large areas of Southern Europe, North & South America, Africa, Southern Asia 

and Australia. 

CSP systems also typically require large areas of flat land of minimal gradient, 

in order to maximise the solar energy that can be captured. This requirement, in 

combination with the necessity to deliver energy efficiently to population 

centres, further narrows the range of acceptable locations. Exhibit 7 below 

illustrates the locations of some of the world’s notable CSP power plants1. 

 

Exhibit 7: Map of notable Concentrated Solar Plant locations around the globe; locations in the United States, Spain, 
Morocco, South Africa, the UAE and India 

 

                                                      
5 IRENA, Concentrating Solar Power – Technology Brief, 2013 

Solana (Arizona) – 250 MW – operational October 2013 
Genesis (California) – 250 MW – operational April 2014 
Ivanpah (California) – 392 MW – operational Feb 2014 
Crescent Dunes (Nevada) – 110 MW – operational Dec 2014 
Mojave (California) – 250 MW – operational – late 2014 

Shams 1 – 100 MW – operational March 2013 

Solaben – 200 MW – operational 2012/2013 
Solnova – 150 MW – operational 2010 
Andasol – 150 MW – operational 2008-2011 
Extresol – 150 MW – operational 2010-2012 
Manchasol – 100 MW – operational – 2011 

Dhursar – 125 MW – operational November 2016 

Sun-belt region 

KaXu Solar One – 100 MW – operational March 2015 
Khi Solar One – 50 MW – operational February 2016 
Bokpoort – 50 MW – operational March 2016  

40°S 

40°S 

40°N 

40°N 

Noor 1 – 160 MW – operational February 2016 
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Source: RCG  
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4 THE MARKET 

This section reviews the established and emerging markets for CSP systems. Financial 

incentives and governmental policy support in mature markets have been significant drivers for 

CSP development in the past, but demand in emerging markets is now growing. 

4.1 Global Capacity 

Comparing the current global installed capacity of CSP to that of PV (as of 

August 2017), it can be deduced that it is a relatively immature market. Global 

installed capacity of CSP stands at 4,869 MWp, with PV at 291,064 MWp
6. 

In the deployment of CSP, six countries currently lead the way, with Spain and 

the USA holding the majority of the global installed capacity. Current market 

share is presented in Exhibit 8 below: 

Exhibit 8: Global installed capacity of CSP (MW)  

 

Source: IRENA data and statistics database (accessed October 2017) 

                                                      
6 http://resourceirena.irena.org/gateway/dashboard/, accessed October 2017 

Spain, 2300

USA, 1758

India, 229

South Africa, 
200

Morocco, 180
UAE, 100 Rest of the 

World, 102

http://resourceirena.irena.org/gateway/dashboard/
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4.2 Spain and the United States 

Slightly over 83% of the global capacity is located in just two countries, and the 

disparity between Spain and United States and other countries is the result of 

the various financial incentives that have been offered over the last decade 

within these countries. 

In Spain, the period of 2004-2007 saw the development of a favourable 

landscape for the CSP industry. As part of a royal decree, feed-in tariff (FiT) 

schemes rose from €0.12/kWh and eventually offered up to €0.27/kWh to power 

producers. In December 2009, more than 2,000 MW of capacity met the royal 

decree requirements. These projects were granted subsidy in four phases 

throughout 2010-20137. Feed in tariff schemes were cancelled in January 2012, 

a delayed effect of the 2008 financial crisis, which saw the withdrawal of 

financial support for renewable energy projects. 

In the United States, 2005 saw the Department of Energy (DOE) create the 

Loan Programs Office (LPO). Under Section 1705, which was added to the 

Energy Policy Act in 2009, LPO loans were temporarily available for new 

renewable energy systems that could offer significant improvements when 

compared to the commercial technologies that were in service in the United 

States. Initially, these loans helped generation technologies like CSP obtain 

financing to enable them through demonstration to commercialisation. 

This policy drove the recent uptake of United States CSP technology with the 

five largest CSP plants receiving Section 1705 LPO loans totalling US$5.84 

billion8. The last LPO loan under Section 1705, was issued to a CSP project at 

the Mojave facility (California) in September 2011. The 1705 loan program also 

expired in September 2011 at the end of its term9. 

In April 2014, under a different section of the Energy Policy Act (Section 1703), 

the United States made available around US$4 billion in LPO loans for 

Renewable Energy and Efficient Energy Projects. However, as of June 2017, no 

CSP project had received a Section 1703 LPO loan8. 

The SunShot Initiative was launched by the DOE’s Office of Energy Efficiency & 

Renewable Energy (EERE) in 2011, aimed at bolstering R&D efforts and 

making both PV and CSP electricity competitive with conventional sources by 

2020. As part of this program, the target cost of energy for CSP was set at 

US$0.06/kWh. From its 2011 high of US$0.21/kWh, the SunShot initiative 

                                                      
7 CSP Today, The history of American CSP, 2012 
8 https://energy.gov/lpo/loan-programs-office, accessed October 2017 
9 https://www.congress.gov/111/plaws/publ5/PLAW-111publ5.pdf  

 

https://energy.gov/lpo/loan-programs-office
https://www.congress.gov/111/plaws/publ5/PLAW-111publ5.pdf
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claims to have witnessed a reduction in the average cost of CSP of 

US$0.09/kWh, reaching a cost of energy of US$0.12/kWh in 201510. 

However, President Trump’s 2018 federal budget imposes cuts to renewable 

energy funding, including a cut of around US$1.4 billion to the Office of EERE, 

which corresponds to a 69.3% reduction to their budget from 201711. The Loan 

Programs Office will wind down operations in Fiscal Year (FY) 2018 with the 

expectation that it will shut down in FY 2019 with remaining loan monitoring and 

closeout activities transferred to another office. These cuts reflect the Trump 

administration’s desire to fund early stage R&D and reflects an increased 

reliance on the private sector to fund later stage development. 

Mature technologies such as PV and wind power are likely to be somewhat 

resistant to federal government intentions. With the responsibility of the energy 

mix ultimately lying under state control, corporate appetite and competitive 

prices will drive these industries. Relatively immature technologies, such as 

CSP, for which incentives and policy support are required to achieve cost 

reductions, are at greater risk. The future scrapping of Section 1703 LPO loans 

is likely to curtail any remaining momentum, but for now the SunShot initiative 

remains in existence. 

Exhibit 9 presents historical capacity delivered and cumulative capacity in 

operation for CSP technology within Spain and the United States from around 

2006 through to 2016. 

                                                      
10 https://energy.gov/eere/sunshot/sunshot-initiative-goals, accessed October 2017 
11 https://energy.gov/cfo/downloads/fy-2018-budget-justification, accessed October 2017 

https://energy.gov/eere/sunshot/sunshot-initiative-goals
https://energy.gov/cfo/downloads/fy-2018-budget-justification
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Exhibit 9: Chart of CSP capacity delivered by year, and cumulative capacity in 
operation, for the United States and Spanish Markets (MWp) Circa 2006-
2016. 

 

Source: IRENA data and statistics database (accessed October 2017) 

The United States had installed around 400 MW of CSP capacity prior to 2013, 

which was the result of the early developments in the 1980s at Solar Energy 

Generating Systems (SEGS), a collection of CSP systems based in California. 

No CSP project has received an LPO loan since 2011; a result of the expiration 

of Section 1705 loans in September of that year. The rise and fall in capacity 

delivery from 2013 to 2016 can be attributed to the realisation of the original five 

CSP projects receiving loans, in conjunction with the absence of the Section 

1705 LPO support mechanism.  

The effect of the termination of the Spanish feed in tariff scheme can be seen in 

Exhibit 9. Project cancellations in 2012 stunted the rate of CSP capacity 

delivery after the scheme attracted large volumes of development during the 

period 2008 to 2012. Since 2013 Spain has seen no additional commercial-

scale CSP projects to its operational fleet. 

Financial incentives and governmental policy support to date have been 

significant drivers for CSP development, but in analysing recent trends, it is 

evident that the rate of delivered capacity has reduced. Focus is now shifting 

towards emerging markets and away from the historical base of this technology. 
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Emerging markets (away from Spain and the United States) are now more 

attractive for the following reasons: 

• Subsidy and policy support – More attractive subsidy and policy support 

is available in greater volume in the emerging markets such as India, China 

and some African nations, as discussed in Section 4.3.  

• Greater demand in emerging economies – The requirement for increased 

energy production and security in emerging markets, leads to them being 

more suitable for CSP, in these locations where there is high solar resource.  

4.3 Emerging Markets Review 

4.3.1 India 

India has a rapidly growing population and economy, both of which are driving 

and increasing energy demand. Over-dependence on fossil fuel imports and the 

need to provide clean power to its citizens have accentuated the need for local 

renewable energy projects. 

India has a large direct solar resource suitable for CSP. With ambitious 

renewable energy targets in place, a positive landscape is evident. The 

Jawaharlal Nehru National Solar Mission, launched in 2008, sets the revised 

governmental target of 100,000 MW of solar power by 2022. Along with 

40,000 MW of rooftop PV, the mission aims to introduce at least 60,000 MW of 

solar power (both CSP and PV) through large- and medium-scale grid 

connected projects12.  

To support CSP deployment, the Indian Renewable Energy Development 

Agency offers loans of up to 75% of the total cost of a CSP project, with a 

payback period of 10-15 years and interest rates of between 10.3% and 11.5% 

per annum13. This should be viewed in the context of the current benchmark 

interest rate, set by the Reserve Bank of India, of 6.0%. 

4.3.2 China 

Within China, the most technically suitable locations for CSP development, 

based on levels of direct solar radiation, are west and north-west China. 

However, limitations lie in the requirement for large areas of flat land with low 

gradient, combined with the sheer distance between suitable locations and the 

population centres with their great energy demand far to the east. 

                                                      
12 http://www.mnre.gov.in/solar-mission/jnnsm/introduction-2/, accessed October 2017 
13 http://www.ireda.gov.in/default.aspx, accessed October 2017 

 

http://www.mnre.gov.in/solar-mission/jnnsm/introduction-2/
http://www.ireda.gov.in/default.aspx
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Despite these technical challenges progress has been made; only around 

11 MWp of CSP are currently in operation but almost 3,400 MWp of projects are 

in the pipeline14. 

In 2015, the Chinese government introduced ambitious renewable energy 

targets through the 13th five-year plan (which targets 10,000 MWp of installed 

CSP capacity by 2020). Although delivered capacity is likely to be significantly 

behind this goal, a CSP development scheme involving numerous 

demonstration facilities and megawatt-scale projects is planned from 2018 to 

2020. Through this scheme, China’s program is hoping to achieve cost 

reductions and technological advancements. 

4.3.3 Australia 

Australia also boasts large land spaces and the high levels of direct solar 

radiation required for CSP deployment. However, in June 2015 the Abbot 

government reduced the annual renewable energy production target for 2020 

from 41,000 GWh to 33,000 GWh. This was followed, in October 2017, by the 

announcement by the Turnbull government that this renewable energy target 

would be scrapped in favour of a National Energy Guarantee (NEG).  

Under the NEG, retailers are required to maximise grid reliability, by ensuring 

that a certain proportion of their electricity is provided through dispatchable 

generation technologies such as coal, gas and pumped hydro.  Retailers will 

also need to guarantee that their generation portfolios meet low-emission 

regulatory requirements such as the Paris Agreement15. 

The Australian Renewable Energy Agency (ARENA), was created by the 

Australian government in 2012. ARENA’s mission is to drive innovation and 

commercialisation in renewable energy technologies by providing funding to 

scientists and businesses. ARENA has been granted an investment budget of 

AU$ 2 billion up to 2022, and has already invested a proportion of this into CSP 

research and the 1.2 MWp Jemalong CSP performance validation project in 

201416. 

South Australia plans for the addition of the Aurora 150 MWp CSP plant with up 

to eight hours of thermal energy storage, which is set to enter operation in 2020. 

The Aurora facility was part funded by the state after it secured a 

AU$ 110 million low-interest loan from the federal government17. 

                                                      
14 Wang et.al, Status and future strategies for Concentrating Solar Power in China, 2017 
15 https://www.energy.gov.au/government-priorities/better-energy-future-australia, 

accessed December 2017 
16 https://arena.gov.au/, accessed November 2017 
17 Djordjevic (PV Magazine), South Australia: 150 MW CSP plant to supply government’s 

power needs, 2017 

https://www.energy.gov.au/government-priorities/better-energy-future-australia
https://arena.gov.au/
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Federal and state governments are apprehensive about introducing large-scale 

intermittent renewables and therefore value generation technologies that can 

ensure grid stability. A technology like CSP is likely to be considered for 

meeting renewable energy targets, particularly if integrated with TES in order to 

offer dispatchable generation. 

4.3.4 Africa 

CSP installations on the African continent have been driven largely by the 

countries of Morocco and South Africa. 

Morocco recently installed the 160 MWp Noor I CSP project which became 

operational in February 2016. The completed Noor CSP systems will comprise 

of three CSP plants, in three phases, totalling ~ 500 MWp
1. The additions to 

capacity come as part of the country’s ambitious target to achieve 52% of 

electrical generation from renewable sources by 2030 and are evidence of its 

desire to reduce dependency on foreign fossil fuel imports. The country, through 

the Moroccan Agency for Solar Energy, has borrowed around US$ 2.3 billion 

from a variety of development support funds to finance the projects which 

highlights Morocco’s commitment to improving their infrastructure and meeting 

their renewable energy targets18. 

South Africa has high solar radiation and land resource, meaning it is 

particularly suited for CSP generation. The Renewable Energy Independent 

Power Producer Procurement Programme (REIPPPP), which was introduced in 

2011 by the government, aims to install 17,800 MWp of renewable generating 

capacity by 2030. Of this target, a further 1,200 MWp of capacity, on top of the 

200 MWp in operation is planned to be allocated towards CSP technologies19.  

2017 will see a further 100 MWp of operational CSP capacity delivered in South 

Africa. With REIPPPP policy support attracting foreign investment through a 

dependable procurement program, CSP capacity is set to rise towards the 

targets set out within this policy. This will, of course, depend on the ability of the 

state-owned grid utility to accommodate new independent power producers 

(IPPs). 

Geographically, Africa is well suited to the development of CSP on a large scale 

and further adoption of this technology is likely, because CSP: 

• can help to reduce dependency on fossil fuel imports; 

• can provide socio-economic benefits such as employment in remote 

regions; and 

• can offer predictable generation for weak electrical grid infrastructures when 

integrated with TES. 

                                                      
18 http://projects.worldbank.org/P131256?lang=en, accessed October 2017 
19 https://www.ipp-renewables.co.za/, accessed October 2017 

http://projects.worldbank.org/P131256?lang=en
https://www.ipp-renewables.co.za/


Concentrated Solar Power  
  

 

  

The Renewables Consulting Group 25 
 

4.3.5 Future Insights 

Future candidate countries for the uptake of CSP technologies are those with 

the most suitable conditions for CSP deployment. The key technical constraints 

and challenges for CSP site prospecting and selection are as follows: 

• Exposure to direct solar radiation – The economic benefit of situating 

CSP systems in areas of high direct solar radiation is clear. More diffuse 

radiation found in cloudy conditions cannot be concentrated due to its multi-

directional properties and hence generation is maximised in areas exposed 

to direct solar radiation for significant periods of the year. 

• Site gradient – Most CSP systems currently in operation which focus 

sunlight onto a linear plane (parabolic trough and Fresnel reflector systems) 

require large areas of flat land, where the slope of the land is typically 

inclined at less than 4%20. Installation on a gradient would not only 

introduce additional complexity in the installation itself, but result in the need 

for more intricate solar tracking, along with the potential for mirror shading 

from adjacent structures. This would reduce power output and reduce 

economic efficiency. 

• Access to water, or alternative means, for cooling of steam turbines – 

CSP plants which utilise steam generators also require cooling to condense 

the working steam into water, with superheated steam typically being 

condensed through the evaporation of water. However, in arid regions that 

are most suited to CSP development, water is a scarce resource. Dry 

cooling methods, such as air-cooled condensing, are likely to take 

precedence, but do come at an economic and energetic cost. 

 

Within the African continent, the forests of Central Africa receive precipitation 

and cloud cover on levels unsuitable for CSP deployment, with West Africa 

suffering from relatively low direct solar radiation levels21. Although provision of 

water is an important consideration for site prospecting, site selection is 

predominantly determined by the availability of high levels of direct solar 

resource. Therefore, due to their high levels of direct solar radiation, it is 

considered that southern and northern/north-eastern countries such as 

Namibia, Algeria and Sudan offer the most promising regions for the 

deployment of CSP technologies within the African continent.  

If supported by policy and subsidy initiatives, CSP will prosper in regions where 

the potential technical and geographical challenges can be overcome. 

                                                      
20 IRENA, Concentrating Solar Power, Cost Analysis Series, 2012 
21 IRENA, Estimating the Renewable Energy Potential in Africa, 2014 
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5 BARRIERS 

This section presents challenges that CSP faces; whether it can overcome these hurdles will 

determine its success in large-scale deployment. 

5.1 The rise of Solar PV 

When compared with CSP, PV is a more mature technology holding the larger 

market share; greater R&D effort and financial investment has led to dramatic 

reduction in equipment costs in the last few years. There are also fewer 

limitations to the location and scale that PV systems can be deployed due to the 

high modularity of the technology, offering potential for domestic power 

generation, where CSP is not practical at such compact levels. PV systems are 

therefore currently more attractive to investors. 

PV plus energy storage offers potential benefit in providing dispatchable power. 

If future investment starts to focus around the most economic renewable 

generation/storage combination, it is interesting to compare the Levelised Cost 

of Energy (LCoE) of the following two configurations, for the same hours of 

energy storage: 

• Solar PV with battery storage. 

• CSP with TES. 

The LCoE for solar PV (0.05 – 0.07 US$/kWh) is currently lower than that for 

CSP (0.09 – 0.175 US$/kWh)2. The assumptions for the LCoE do, however, 

assume that TES is integrated within the design of a CSP system.  

Current cost reductions in battery storage technologies are being realised 

through economies of scale. Manufacturing demand has increased significantly 

through the establishment of the electric vehicles industry along with the 

requirement for larger cell types suitable for grid-scale storage. Other factors 

include the presence of competitive markets, continuing R&D efforts and the 

development of best practices.  

If advancements and cost reduction in battery storage can continue at a faster 

pace than developments in concentrated solar, these technologies are likely to 

be disruptive to the progression of CSP. 
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5.2 Technical & Environmental Challenges 

As previously indicated, for the majority of CSP technologies, installation 

requires extensive areas of flat land. This restriction in combination with the 

requirement for direct solar radiation, means that most suitable locations are 

remote from population centres, or even “off-grid”. High voltage grid 

connections in most cases will have to accommodate the large distances 

between supply and demand resulting in higher transmission costs and energy 

losses. 

The cooling of CSP plants in the arid regions most suitable to CSP and where 

water is a scarce resource is an obstacle to the progression of these 

technologies. Innovation in cooling methods is likely to be an important forcing 

function for the uptake of CSP into the future.  

Environmental challenges exist; bird fatalities have already been reported at 

power tower systems. Other problems lie in the visual impact of the 

technologies with a large footprint. 

5.3 Inexpensive Natural Gas 

Fast ramping natural gas plants can supply peaking power load. The 

comparative cost of the two technologies is an important consideration towards 

the future of CSP, although a CSP plant will not suffer from changes in fuel 

costs. The LCoE of open cycle gas turbine systems is currently between 0.05 

and 0.08 US$/kWh, which is lower than the current LCoE range for CSP 

technologies2 (0.09 – 0.175 US$/kWh). 

5.4 Lack of CSP Policy 

CSP development to date has been heavily dependent on financial incentives 

and governmental support as seen in the case of Spain and the United States. 

Policies and programs like the SunShot initiative in the United States will need 

to be replicated in greater volume across the globe and build upon the 

developments made to date to continue R&D efforts and build the economies of 

scale that can drive down the LCoE for CSP. 
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6 PROSPECTS 

This section focuses on current developments which suggest a positive landscape for CSP 

development. 

6.1 Research and Development Programs 

The Middle East and North Africa (MENA) CSP Knowledge and Innovation 

Program, a joint initiative by the World Bank and Clean Technology Fund (CTF) 

launched in late 2016, is a program designed to support the exploration of CSP 

technologies in the region. 

The program aims to advise and inform senior energy officials on development, 

technology and financing of projects in the region, which is geographically 

suited towards CSP development.  

Lessons have already been learned from deployment in the region. As is the 

case in Morocco, investment has seen the cost of energy being produced by 

CSP systems reduce. The winning power purchase agreement (PPA) bid for the 

first Moroccan Noor I project was at US$0.189/kWh, with the bid for the Noor II 

being won at US$0.14/kWh. Both contracts were won by Saudi company ACWA 

Power, demonstrating that cost reductions may be realised through project 

experience1. 

It is not only reductions in cost that are apparent, as technological 

advancements are also being seen; the CSP plants in Morocco now store 

thermal energy for more hours plus incorporate dry cooling. 

Technology innovations which can reduce both material usage and the large 

land area required for CSP deployment are likely to be drivers of future cost 

reduction. 

6.2 A Bright Future? 

From California in the 1980s, to revival in Spain and the United States from 

2004, through to 2014, progress in CSP technology has been influenced heavily 

by financial incentives. 

Financial support systems will need to be replicated across the globe for CSP to 

become cost competitive with the range of renewable energy alternatives.  



Concentrated Solar Power  
  

 

  

The Renewables Consulting Group 29 
 

These policies are being used in emerging markets, such as China, India and 

Africa, which are likely to be preferable locations for deployment into the future. 

Despite this financial challenge, CSP can offer promising technological 

advantages over renewable energy alternatives, notably its ability to integrate a 

TES system into an existing thermal power plant design to deliver dispatchable, 

or firm, generation, alongside its capability to hybridise system design with 

conventional power generation methods. 

Should the cost of this technology follow the same path as its cousin’s, solar 

PV, CSP will become an attractive choice for sun-belt regions looking to provide 

clean dispatchable power in potentially remote areas where grid stability is a 

factor. 

 CSP could become an 
attractive choice for sun-
belt regions looking to 
provide clean dispatchable 
power 
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