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Abstract 

The paper presents a strategy for the market introduction of concentrating solar power (CSP) plants in the 
Middle East and North Africa (MENA) that will not require considerable subsidization and will not 
constitute a significant burden for electricity consumers in the region.  In the first section, the paper explains 
the need of MENA countries for sustainable supply of electricity and calculates the cost of electricity for a 
model case country. In the second part, the cost development of concentrating solar power plants is 
calculated on the basis of expectations for the expansion of CSP on a global level. After that, the challenges 
for the market introduction of CSP in MENA are explained. Finally, we present a strategy for the market 
introduction of CSP in MENA, removing the main barriers for financing and starting market introduction in 
the peak load and the medium load segment of power supply. The paper explains why long-term power 
purchase agreements (PPA) for CSP should be calculated on the basis of avoided costs, starting in the peak 
load segment. Such PPA are not yet available, the paper aims to convince policy makers to introduce them. 

Keywords: concentrating solar power, internationally insured power purchase agreement, electricity cost, 
Middle East, North Africa, MENA, CSP  

Introduction 

To-date, Spain and the United States are the only market places for concentrating solar 
power (CSP) with active supply channels. CSP project development is also taking place in 
India, South Africa, UAE, Morocco, Jordan and other countries. Although the Middle East 
and North Africa (MENA) have abundant resources for solar energy, CSP is still not used 
except for some minor demonstration plants. Main barriers are the large initial investment 
and the inefficiency of the MENA electricity sector. Public utilities are reluctant to charge 
higher electricity tariffs from their customers, and thus follow mainly a business as usual 
approach, in many cases even making losses on conventional electricity tariffs.  

However, crude oil prices peaking at 140 $/barrel in summer 2008 have shown that this 
strategy may be rather risky and may quickly change into a crisis, burdening energy 
consumers much more than the introduction of renewable energy. Therefore, several 
MENA countries have recently changed their attitude towards CSP, and are now starting 
with first steps to estimate costs and provide some initial markets. However, a clear 
strategy has not yet been defined. Calling for least cost power plants and for subsidies from 
international donor institutions may not suffice to reduce costs and risks to an acceptable 
level. In order to be successful, market introduction of concentrating solar power must be 
designed specifically to match the needs of the MENA region.    
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Needs of MENA Utilities 

Like any other country, countries in the Middle East and North Africa need an electricity 
supply structure that is inexpensive, secure and compatible with society and the 
environment, in one word, sustainable. Many public power utilities in MENA are obliged 
by their national laws to provide least cost electricity to their customers. That is one of the 
main reasons that have been holding them back from installing a significant share of 
renewable energy. Except for conventional hydropower, the share of renewable energy in 
the MENA electricity mix is still negligible, although there are very large potentials of 
solar and wind energy available in the region. Even those countries that are net energy 
importers claim to be too poor to afford renewable sources of energy and that they cannot 
put an additional economic burden on their electricity consumers.  

In principle, this attitude is very reasonable, but unfortunately it does not reflect realities. 
In summer 2008, when oil prices peaked at 140 $/barrel, some energy importing countries 
faced a rather helpless and desperate situation, as their national account balances went deep 
into the red (CIA 2008). At that moment it became clear that their present electricity 
supply structure is not at all sustainable, secure or inexpensive. “Fortunately”, the global 
financial crisis drove fuel consumption (-8 %) and hence prices down. Today, the barrel of 
oil is sold again at 75$.  

Subsidies on fossil fuels are very common in MENA, both in net energy importing and 
exporting countries. In fact, MENA economies seem to be built to a great extent on oil 
exploitation, exportation and consumption. Both exporters and importers are heavily 
dependent on oil and gas, and volatility of prices hits them both. Subsidizing fuels does not 
remedy this situation, because in that case the consumer pays less, but the state and tax 
payers pay more. Some oil exporting countries start to suffer from their economic growth, 
because they are forced to burn oil for their growing domestic demand which then cannot 
be sold any more on the world market.  

In order to demonstrate the real cost structure of power generation, we have applied a 
simple model of the electricity supply structure and the related levelized cost of electricity 
(LCOE) to a fictitious, but fairly representative country in North Africa. The model 
distinguishes between base load, medium load and peak load supply segments that are 
characterized by different capacity factors and by different fuels used for generating 
power. Our model case assumes an investment cost of 1200 $/kW for the power plant 
equipment and capacity factors, efficiencies, fuel prices and economic parameters as 
shown in Table 1. Monetary values are given in constant US-Dollars ($) for the year 2010, 
so inflation rates will have to be added to estimate nominal prices in the future. For the 
outlook into the future, we have assumed an annual inflation rate of real fuel prices of 1.5 
%. In that case, starting with an oil price of 75 $/barrel today, we finally arrive again at the 
oil price of summer 2008, but not before 2050.   

Our model case assumes a load curve with 7000 MW peak load and a total annual 
consumption of 42 TWh/a (Figure 1) for a fictitious country in the MENA region. Load 
curves in MENA are often characterized by a demand peak in summer, mainly due to 
cooling loads and air conditioning. Some countries also need heating in winter, leading to 
another, lower peak in the evening. Our model uses diesel and fuel oil with quality 
standard #2 at a price per thermal energy unit of 60 $/MWh for peak load, a mix of coal 
and fuel #2 at 35 $/MWh for medium load, and coal, gas and residual fuel oil at 15 $/MWh 
for base load. This model case stands both for oil importing and for oil producing 
countries, although in many countries oil is sold internally at sub-world market prices. 
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However, oil cannot be burned for domestic power and sold at the world market at the 
same time. Its opportunity cost – the world market price – is the same in both cases.  

The resulting cost structure of our model case is shown in Figure 2 for the peak, medium 
and base load segments as well as for the resulting weighted average cost of electricity. 
The graph shows the LCOE for new plants including capital, operation and fuel for a 
business as usual case. Business as usual is defined by maintaining the electricity mix 
exactly as defined in Table 1 and applying a fuel cost inflation rate of 1.5 % for the fuel 
mix required for power generation. Fuel cost escalation and fuel consumption of newly 
installed power capacity is especially relevant for quickly growing economies with high 
demand growth rates, as it will directly affect economic development in a negative way. 
For our model case, we have assumed a rather moderate 3.6 %/a growth of electricity 
demand, while growth rates of over 7% per year can be observed in some countries like 
Egypt or Saudi Arabia.  
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Figure 1: Annual load curve of the model case: peak load 7000 MW, demand 42000 GWh/a (artificial 
load curve scaled to 7 GW peak load based on electricity consumption in Jordan (Paul 2007)  

Base Load Capacity MW 4000
Base Load Annual Electricity GWh/a 30000
Base Load Fuel Cost (Coal + NG + HFO) $/MWh 15.0

Medium Load Capacity MW 2500
Medium Load Annual Electricity GWh/a 10000
Medium Load Fuel Cost (Coal + Fuel #2) $/MWh 35.0

Peak Load Capacity MW 1000
Peak Load Annual Electricity GWh/a 2000
Peak Load Fuel Cost (Diesel + Fuel #2) $/MWh 60.0

Cost Escalation of Fossil Fuels %/a 1.5%
Specific Power Block Investment (B+M) $/kW 1200
Specific Power Block Investment (Peak) $/kW 400
Project Rate of Return % of Inv./a 10.0%
O&M Rate % of Inv./a 2.5%
Fuel Efficiency Base & Medium Load % 35.0%
Fuel Efficiency Peak Load % 30.0%  

Table 1: Parameters for a model case electricity supply structure  
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Figure 2: Levelized cost of electricity (LCOE) of new plants for base load, medium load and peak load 
electricity supply and cost development until 2050 for a model case as defined in Table 1. 

 

This results in an average cost of electricity from new plants of 8 ct/kWh in 2010, which is 
close to the cost of the base load segment of 6 ct/kWh. Inflation of the average electricity 
cost is moderate, arriving at 10 ct/kWh in 2020 and 11 ct/kWh in 2030. This scenario looks 
rather comfortable, but what will happen once the global financial crisis is over? The need 
of MENA countries is clear: establish a sustainable electricity supply system and avoid 
dramatic future situations like the summer 2008 oil price crisis, by starting today with a 
technology supply mix similar to that of our model case. 

 

Perspectives and Barriers for CSP 

CSP is a promising technology in this context because its resource potential in MENA is 
rather high and the plant configuration is similar to that of a conventional power plant, 
which can be adapted to any load segment. CSP capacity expansion perspectives and cost 
learning curves from different sources were taken as a basis for the modelling of the 
levelized cost of electricity (LCOE) of concentrating solar power plants. The present feed-
in tariff in Spain is 27 €ct/kWh, which has proven to be sufficiently high to trigger 
considerable investment in CSP. We will use this as a reference value for successful 
market introduction in 2009/2010 and define an equivalent value for the MENA region in 
US$ currency. Assuming an exchange rate of 1.19 $/€ and a reference direct normal 
irradiance in MENA of 2400 kWh/m²/a compared to a typical DNI in Southern Spain of 
2090 kWh/m²/a, our equivalent required tariff for CSP in our model case would be 28 US-
ct/kWh in the year 2010 (Figure 3).  

It is important to note that this cost level is within the spectrum of plants that have been 
financed, built, and commissioned in Spain and the U.S. (AT Kearney 2010). Considering 
sites with higher DNI and new CSP technologies coming up recently like power towers 
and linear Fresnel systems, the costs in MENA will certainly be lower. This is especially 
true for first projects that will not start before 2012 or 2013, if project development starts 
today. For example, the CSP Technology Roadmap for Concentrating Solar Power of the 
International Energy Agency starts in 2010 with costs ranging from 20-30 US-ct/kWh and 
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reaches 17-25 US-ct/kWh by 2013, depending on annual solar irradiance (IEA 2010). 
Nevertheless, we will use the conservative estimate described above for further analysis in 
order to show that there is a business case for CSP in MENA even under conservative 
frame work conditions.   

For the calculation of cost development of CSP in the future, we have taken expectations 
of global CSP expansion from different sources (IEA 2010, Greenpeace 2009, AT Kearney 
2010). Expectations for CSP capacity expansion range from 2900 MW to 29,000 MW by 
2015, from 20,000 MW to 150,000 MW  by 2020 and from 230,000 MW to 340,000 MW 
by 2030. Expectations for 2050 range from 850,000 MW to 1,500,000 MW of cumulated 
world-wide installed CSP capacity. In order to calculate cost reduction effects for our 
model reference case, we have selected a moderate global expansion scenario, reaching 
8250 MW in 2015, about 39,000 MW in 2020 and 240,000 MW in 2030. This conservative 
guess will be the basis for our cost model scenario. In 2050 about 950,000 MW are 
assumed to be installed.  

Starting with 28 US-ct/kWh in 2010 for our reference case as described above, the required 
tariff for CSP is reduced according to the world wide installed capacity, with a progress 
ratio of PR = 0.88. A progress ratio of 0.88 means according to a model by Neij, that the 
cost is reduced by 12% every time the world wide installed capacity doubles (Neij 2003). 
This empirical model can be used with different progress ratios for any capital good and is 
well known in the renewable energy sector.  

Under these conditions the required tariff for CSP is reduced to 19 ct/kWh by 2015, 14 
ct/kWh by 2020 and 10 ct/kWh by 2030. In the long term, a cost below 8 ct/kWh is 
achieved. This model case assumes the cost parameters given in Table 2. In comparison to 
expectations of other studies our cost reduction model turns out to be conservative. The 
cost of CSP is not calculated from a detailed cost model taking into account investment 
and operation cost for specific plants, but on a fixed tariff known to be acceptable for 
industry (by the experience in Spain). In our case, this requisite is more important than an 
exact determination of interest rates, investments and running cost, as we are looking for a 
market introduction strategy that will be accepted by all stakeholders.  
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Figure 3: Expansion of globally installed CSP capacity and resulting reduction of required tariff for 
the model parameters shown in Table 2 
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Reference LCOE of CSP in 2010 $/kWh 0.280
Reference Direct Normal Irradiance kWh/m²/a 2400
CSP Progress Ratio % 88.0%
Exchange Rate $/€ 1.19  

Table 2: Model case parameters for the required revenue of CSP 

The learning curve of CSP shows that it can be a cost stabilizing element in a future 
electricity mix. Moreover, it has several important added values for a national economy 
that may over-compensate the additional initial cost:   

 tapping into a new domestic source of energy usually requires investment, so it is 
natural that additional money has to be raised, 

 adding solar energy is a prevention against fuel shortages, 

 building a robust platform for economic development based on domestic sources 
that acts like a hedge against external oil price shocks,  

 increasing national share of supply, local industry and human capital leads to local 
added value and competence,  

 stabilization of future energy cost acts as insurance against cost escalation, 

 lower costs on the national budget thanks to fuel savings, better foreign outputs 
balance, avoided subsidies, lower health and military expenses, less environmental 
damages, etc. 

There are obviously many good reasons for CSP, but there are also several initial barriers 
to market introduction in MENA that must first be overcome. The most important barrier is 
the higher cost of electricity compared to present average market prices. Comparing Figure 
2 and Figure 3 we see that the initial cost of CSP is well above the average cost of 
electricity of our model case for conventional power. However, the average cost of a 
national electricity mix is not necessarily the only possible value to be compared to the 
cost of CSP.   

Barrier 1 - high initial investment: A concentrating solar power plant is composed of a 
power block (similar to a conventional, fuel-fired power station), a concentrating solar 
thermal collector field and optionally a thermal energy storage system. While the capacity 
of the power block is constant, the size of the solar collector field will define the capacity 
factor (annual full load hours) of the plant. An appropriate size and configuration of 
thermal energy storage together with a fuel-fired backup steam generator will guarantee the 
availability of power in the peak, medium and base load segment (Figure 4). This makes 
CSP a very flexible option for capacity planning.  

The investment for the power block is comparable to that of any conventional power 
station, but adding solar field and storage means adding considerable investment. One 
could say that a CSP plant is nothing else but a conventional power plant, but the amount 
of fuel usually burned during the total lifetime of the plant is bought on the first day and 
placed beside the power block in the form of a solar collector field. Running cost for fuel is 
replaced by upfront capital investment. The main problem is that capital investment will 
generate higher costs of finance and insurance usually not required for fuel. Replacing fuel 
by durable means of construction is in principle favourable for a national economy, as this 
creates labour and industrial activities. However, the large investment involved is a major 
financing challenge. 
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Figure 4: Different configurations of CSP plants adding collector fields and storage to a power block 
with constant capacity lead to different investment and to higher capacity factors (more operating 
hours per year). CSP plants can be designed for peak, medium and base load supply, specifically 
adapting solar field and storage size. Hybrid operation with fuel guarantees firm capacity on demand.  

 

Barrier 2 - fuel price volatility: After the year 2000, fuel prices have rocketed unexpectedly 
by a factor of five (Figure 5). On the other hand, peaking in summer 2008 at 140 $/barrel, 
oil prices have now come back to 75 $/barrel. Even coal prices that used to be stable for 
decades, are now subject to strong fluctuation. This leaves energy planners with the 
problem of predicting the future development of the cost of their electricity mix: will costs 
explode, go down or stay constant? MENA countries are sensitive to such volatility as their 
economy is often built on subsidized prices, which may heavily burden the national budget 
in case fuel costs increase due a global peak oil situation (Nashawi et al. 2010).     

For CSP investors, this volatility represents a significant barrier. Although the high fuel 
prices in 2008 would have justified implementation of CSP, this did not trigger any CSP 
projects in MENA. CSP stands for a known, immediate, large scale investment with high, 
mainly fix capital cost. The volatility of oil prices may tempt decision makers to “hope for 
better days” and thus postpone the introduction of CSP and other renewable sources of 
energy for later.  

However, after the end of the global financial crisis, oil prices may quickly return to their 
pre-crisis level and energy importing countries might soon face the same problem as in 
2008. One could also look at the capital cost of CSP as an opportunity rather than a 
challenge: CSP plants can guarantee firm electricity prices for their complete lifetime. 
Their cost is paid in form of capitals in the first day while the capital return to investors is 
constant. If operated in solar only mode, the LCOE of CSP is not subject to any cost 
volatility, aside from inflation rates on personnel and spare parts which make up for only 
20% of the LCOE. If operated in hybrid mode, inflation only applies to fuel, which 
however is not a drawback compared to other plants that would use much more fuel. One 
may say that a CSP plant delivers electricity together with a hedge against cost escalation. 
It is an important cost stabilizing element for electricity supply.  
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Figure 5: Fuel prices in the past in units of thermal heating value in $/MWh (Sources: eia 2010, 
www.oilnergy.com, 2010 own estimates). 

 

Barrier 3 - electricity price volatility: In the framework of its renewable energy feed-in 
tariff system based on the renewable energy act implemented in the year 2000, Germany 
has installed in the past decade a nominal wind power capacity of over 25,000 MW. To 
this adds a 10 GW photovoltaic power capacity installed by the end of 2009 (BMU 2010). 
Taking into account that the German base load segment of around 55,000 MW is presently 
dominated by nuclear, lignite and coal plants – all of them base load plants that are 
optimized to run at constant load – it becomes clear that Germany is increasingly facing 
situations when its mix of power technologies becomes difficult to control. As a result of 
introducing wind and photovoltaic power to the electricity mix, the need for conventional 
base load plants subsequently disappears, while the need for balancing power increases 
(IWES 2009).   

A consequence of this is a phenomenon that has already occurred several times during low 
demand periods with high wind power availability: spot market prices for electricity 
became negative, due to a significant over-production of wind power that could not be 
compensated by the running base load plants (Figure 6). In a robust grid infrastructure like 
central Europe, this can be compensated technically by exporting power to the neighbours, 
but a small country in MENA would have massive technical problems facing such a 
situation. Its only option would be to dim the output of its wind parks.  

The main problem for renewable energy producers is that they cannot really calculate their 
future revenues in open markets. If situations like the one described above would appear 
frequently, they may be losing significant money by dimming. However, their running cost 
– mainly capital cost – is high, constant and fixed. At the moment, the German feed-in law 
protects wind power producers, guaranteeing their feed-in tariff at any time. However, the 
increasing problem of balancing power must be addressed in short term.     

This shows that a renewable energy act like in Germany, opening the power sector to an 
unlimited expansion of wind, photovoltaic and other fluctuating renewable electricity 
sources, is not a viable solution for developing countries: if added power capacities are not 
under the control of public power utilities and consistent with the national requirements for 
capacity planning, problems like this will arise.  
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Figure 6: Wind power and spot market prices in Germany during the first weekend of October 2009 
(Hufendiek 2009) 

 

This is not a general objection to a feed-in tariff system or to wind and photovoltaic power, 
but it shows that a tariff system for MENA must be designed in a way that is consistent 
with the specific demand for capacity additions according to national electricity needs and 
policy. The goal is to achieve a well balanced mix of power sources that altogether are able 
to supply base, medium and balancing power on demand. On one hand, CSP has the 
advantage of delivering electricity and firm capacity on demand. On the other hand, CSP 
faces the same situation of having fixed cost but unknown revenues, if fluctuating power 
sources within the national power park can reduce market prices of electricity in an 
unpredictable way.  

 

A Strategy for CSP Finance  

Looking at the challenges described above, the requirements for a successful market 
implementation of CSP become clear: the associated large long-term investments require 
equivalent long-term, secure revenues. An investor cannot take the risk of investing in a 
huge stock of fuel for 40 years of operation in the form of a solar collector field, if s/he is 
unsure of the stability of a project’s revenue streams. Projects with costs that are fixed but 
revenues that are not will have a difficult time attracting the desired financing at the 
required cost.  

One method that can be used to overcome this barrier is a long-term power purchase 
agreement (PPA) that covers the investment, financing cost, insurance, personnel and 
operation cost of the CSP plants while allowing for a reasonable return for investors. In 
most cases in MENA, the buyer of electricity will be a public national power utility, while 
the project structure can be public, private or mixed finance with a BOO, BOOT, corporate 
finance or other structure.  

As described before, a long-term PPA is not necessarily a disadvantage for the buying 
party, as on the other hand a CSP plant can guarantee a long-term fixed tariff for solar 
electricity with no risk of cost escalation. A public utility can incorporate the CSP tariff 
into its annual budget and add it to the electricity prices for consumers. Governments also 
may add taxes, if required. In any case, long term power purchase agreements should be 
designed according to the specific needs of the national electricity plan. The ability to plan 
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capacity additions and their specific function within the power park is very important for 
grid stability.   

In order to reduce risks for national and international investors especially in developing 
countries, a guarantee of the PPA should be obtained from international insurance entities 
(UNEPTIE 2004). A long-term PPA together with an international guarantee will have the 
effect of reducing the cost of finance, because risks translate directly into interest rates. In 
addition to that, tariffs should be inflation linked and exchange rates should be hedged. 
Credibility, the ability to plan future capacity additions and the stability and reliability of 
the legal, political and economic framework conditions of such a scheme are very 
important in order to reduce investment risks and to trigger local manufacturing industries. 

Guarantees are usually linked to additional fees. On one hand, international policy for 
climate protection and economic development could support such a scheme by creating 
institutions and funds able to take over such guarantees. E.g. carbon credits could be used 
to finance such insurance fees. On the other hand, depending on performance and cost 
evolution of CSP and on the future development of fuel costs, such fees could become part 
of the electricity cost and be covered by long-term PPA. 

Enhanced security and reliability from long-term PPA and international guarantees 
together with lower interest rates for investors and banks is the easiest way to reduce the 
LCOE of CSP, as capital cost makes up for about 80% of the electricity price. Moreover, 
the electricity cost will drop significantly after the loan is finally reimbursed. In this 
context it must be mentioned that high quality of equipment and maintenance is crucial in 
order to extend the plant’s useful lifetime as much as possible beyond the loan period.  

Adequate tariffs for CSP do not necessarily have to be defined on the basis of average 
costs of the conventional power sector and less on the basis of base load power, but 
specifically on the avoided cost in each of the different supply segments, base load, 
medium load and peak load. The high avoided cost of peak load electricity allows for a 
much higher tariff in that segment and as a consequence will require lower subsidies.  

In the MENA region, it is possible to design CSP plants specifically to match the 
requirements of peak load, medium load or base load, because the availability of solar 
energy is fairly well distributed over the year. As an example, the monthly electricity yield 
of a CSP plant in Egypt in winter is only about 25% lower than in summer (TRANS-CSP 
2006). A further advantage is a very good daily and seasonal correlation of power demand 
and solar energy availability. Air conditioning is more and more becoming an important 
driver of demand in MENA and is very well correlated with the availability of solar power. 
Due to thermal energy storage and hybrid operation with fuel, the design and output of a 
CSP plant can be almost perfectly adjusted to match any demand of the power grid.  

Considering this, CSP can already today be competitive in the peaking segment, and the 
relatively high initially required CSP tariff can be justified by equivalent avoided costs 
(Figure 7). Some countries cover peak load to a great extent with gas turbines fired with 
Diesel that have a much lower efficiency than that of 30% assumed here for average 
peaking power, and with accordingly higher cost of production. In summer 2008, when the 
oil-price was at 140 $/bbl, the electricity cost from such plants was in fact well above 30 
ct/kWh. Therefore, we propose to introduce CSP primarily in those niche markets, where 
conventional power is most expensive.  

Looking at Figure 7, starting a CSP project today could enable a first plant installed by 
2012 or 2013 (point B1). Considering our model case, by that time, the plant will already 
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be competitive with conventional, new peaking plants fired with fuel oil. Plants installed in 
the following years in the same segment will be even less expensive, and by about 2020, 
CSP would start to be competitive with medium load plants (B2). If this process is 
continued by filling up the medium load segment with CSP and substituting more and 
more fuel in this sector, the break even with the average electricity cost will be achieved 
before 2030 (point B), and by 2040 CSP will break even in the base load segment (B3). 
The strategy behind this is to establish CSP step-by-step in cost competitive environments 
that will not need any subsidization of the produced solar power, if conventional power is 
not subsidized either. In the latter case MENA countries could decide whether to provide 
an equivalent subsidy to CSP or not. However, we will see later, that this is not stringent.  

Our model case shows that the market introduction of CSP in MENA must not necessarily 
be based on subsidies. In our model a significant rate of return (including interest and 
redemption of equity and loan) of 10% of the investment per year was assumed for the 
baseline conventional plants, while the assumed tariff for CSP is known to be very 
attractive for investors, considering the present capacity expansion in Spain.  

Considering that many MENA utilities are obliged to provide least cost electricity to their 
consumers, one could even argue that they are forced to implement CSP into their 
electricity mix. In any case, it will be a win-win situation for those who do so: if fuel prices 
go up further, they will immediately realise significant cost savings and stabilize their 
national budget. In case fuel prices go down, they would have additional financial means to 
start this important investment into a sustainable supply structure and to avoid future crises 
like the one in summer 2008. MENA countries are blessed with an enormous potential of 
solar energy, and present net energy importers like Morocco or Jordan could completely 
change their paradigm and become exporters of solar electricity in the medium term 
(DESERTEC 2010).  

Figure 8 shows how in our model case the conventional peak, medium and base load 
segments are subsequently replaced by CSP. This is a very simple model of a national 
power park that is only composed of conventional and CSP plants. In reality, there will be 
additional capacity from other sources like hydropower, wind energy and photovoltaics, 
and the structure, efficiency and mix of the conventional fossil fuel-fired plants will also be 
different. Careful planning of additional capacity and its function in the different power 
segments is very important. Long-term power purchase agreements for CSP should be 
provided according to the capacities that are needed by national energy planning, and not 
opened to uncontrolled expansion. The same holds for all other renewable power 
technologies. For conventional power, this is the usual procedure anyway. 

There are further options for the optimization of the national electricity mix, including also 
other sources of renewable energy like wind power, PV, biomass, hydropower, geothermal 
energy and others that may increase the overall achievable renewable share of power 
generation. As an example, if deficits of solar energy availability occur in winter, 
hydropower, biomass and wind energy may help to compensate seasonal shortages. In any 
case this should also be investigated when designing a national renewable energy plan. 

While tendering CSP plants, a country can offer an adequate PPA with a fixed tariff, 
calculated on the basis of actual technology cost and the available solar energy resource 
including compensation for currency and inflation risks. On the other hand, a call for 
tender should include requirements for a maximum national share of supply and high 
quality of equipment and maintenance, in order to guarantee sufficient national 
participation as well as longevity of the plants. General recommendations for policy and 
finance are summarized in Table 4. 
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Figure 7: Levelized cost of electricity of concentrating solar power plants compared to the specific cost 
of peaking, medium and base load plants 

B1 = Break Even with Peaking Power  

B2 = Break Even with Medium Load  

B   = Break Even with Average Electricity Cost 

B3 = Break Even with Base Load  
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Figure 8: Market introduction of CSP starting with peaking, then medium and finally base load power 
production of the model case, subsequently substituting first expensive and later less expensive fuels in 
the power market. The expansion of CSP is consistent with the replacement of old plants. Note that not 
necessarily 100% of each load segment must be replaced by CSP, but only a competitive share.  
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Figure 9: Average cost of new power plants: a) without CSP the cost of new capacity goes up; b) with 
CSP substituting the average mix of plants the cost first increases, then stabilizes and decreases after 
2029; c) when applying CSP specifically for peaking first, then for medium and base load, there is no 
extra cost on consumers and newly added capacity immediately stabilizes the cost of national power 
production.  

 

In order to reduce investment risk and thus reduce the cost of finance also in developing 
countries, such power purchase agreements should be guaranteed by the state and in 
addition by a guarantee from a strong international insurance entity. Such an 
internationally insured power purchase agreement (iPPA) should at least be valid for the 
debt period, and provide a tariff high enough to cover the total cost of capital, insurance 
and operation, and in addition provide a reasonable return to investors and the power 
producer. The tariff may only be provided for the solar share, while hybrid (fuel) portions 
of electricity supply may be delivered and paid for on demand. The required tariff for the 
iPPA will differ for each individual country and may be calculated by an independent 
advisor commissioned by national power authorities. It will be very important that tariffs 
are reduced every year for new plants, in a predictable way, in order to drive investments 
into technical improvements and cost reduction, and to give a reliable framework for 
national industries to start producing CSP equipment. The difference to a feed-in tariff 
system like in Germany will be that any additional capacity will be strictly limited to 
national capacity requirements and planning.    

Figure 9 summarizes different strategies that our model case country could follow: 

a) Follow business as usual and pay a slowly increasing price for conventional power, 
if cost escalation of fuels is moderate and steady. A certain risk lies in the volatility 
of fossil fuel prices, which may increase with increasing global competition and 
environmental impacts. 

b) Add concentrating solar power in the same way as renewable sources of energy are 
added within the German feed-in tariff system, accepting that added solar power is 
taken off with priority replacing conventional power according to the average 
electricity mix. Any measures to compensate for fluctuating capacity will be 
charged on the total budget and not to CSP. In this case, the initially higher tariffs 
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of CSP compared to the average cost of fossil fuel-fired plants will lead to a 
temporary need for subsidies between 2012 and 2030. After that, CSP costs will be 
lower than the average cost of a business as usual strategy. In principle, such an 
investment is justified by the added value of solar energy described before, but an 
added cost on electricity may not be acceptable for some MENA countries.      

c) Added CSP capacity will first replace peak load, then medium load and finally base 
load plants, leading to immediate savings in those supply segments. CSP plants will 
specifically be designed for and operated within each segment. If the savings in the 
preceding section are large enough, a new section can even be tapped before CSP 
cost is lower than the average cost within this section. In our model case this 
happens in 2030 when CSP will enter the base load segment (Figure 8), even 
though its cost will not yet be as low as the cost of base load electricity (Figure 7). 
In that case, the average LCOE will rise, but will still remain well below the 
business as usual case. This strategy leads to immediate cost savings and puts no 
extra burden on electricity consumers or utilities. It is based on un-subsidized 
prices for fossil fuels. It must be noted that it is not compulsive to replace the 
complete peak, medium or base load capacity, if only the most expensive parts of 
each segment are replaced and thus become niche markets for CSP.    

d) MENA countries with subsidies in the conventional power sector could follow a 
fourth, intermediate strategy. This represents a case where the national utility offers 
a PPA with a tariff equivalent to the subsidized cost of conventional power that will 
be lower than the real market price, and in addition guarantees an equivalent 
subsidy for CSP plants. In this case the savings effect for the utility will be smaller, 
as the subsidy will be linked to rising fuel prices, but after some time the cost 
reduction of CSP will over-compensate this effect and stabilize overall production 
costs. A strategy providing equal subsidies to CSP and to conventional power 
would have a rather paradoxical effect: it would provide a higher return for CSP 
investors, because they would profit from rising fuel prices, which they normally 
cannot when recovering their investment by a constant capital return.   

Thus, a recommendable strategy for our model country as well as for any MENA country 
would be strategy c). In this case, the high CSP tariff is justified by equally high avoided 
costs and would relieve the national economy from eventual fuel shortages. It is not only a 
least cost strategy to add a new, domestic source of energy to a country’s power portfolio, 
but it is also a general least cost strategy for sustainable, secure, stable and inexpensive 
power. This may as well apply to other renewable sources of energy and shall be subject to 
further investigations.  

Looking at our model case that assumes that a 100% solar share would be technically 
achievable in the future, the question arises about how much of the peak, medium and base 
load power according to our load curve in Figure 1 can be substituted by solar energy in 
the short term using present state of the art technology and following the described 
strategy. In principle, it is not necessary to substitute the complete load segment by solar 
power, as long as the produced solar electricity is less expensive than that provided by 
conventional plants in that segment (Figure 10). As an example, if in our case the required 
peak capacity is 1285 MW, we may initially install only 600 MW CSP peaking plants and 
leave 685 MW of conventional, residual power capacity to complement supply in peak 
load situations. The conventional plants will thus guarantee full power availability at any 
time, while the CSP plants will significantly reduce fuel consumption (DLR 2010).  



Submitted to Energy Policy on July 6, accepted on October 1, 2010 

- 15 - 

0

1000

2000

3000

4000

5000

6000

7000

8000

1 3 5 7 9 11 13 15 17 19 21 23

Hour of Day

L
o

a
d

 (
M

W
)

Peak Load

Medium Load

Base Load

Solar

Peak Load

0

1000

2000

3000

4000

5000

6000

7000

8000

1 3 5 7 9 11 13 15 17 19 21 23

Hour of Day

L
o

a
d

 (
M

W
)

Peak Load

Medium Load

Base Load

Solar

Peak Load

 

Figure 10: Illustration of first CSP plants (red frame) operating within the peak load segment  

 

Load Segment Peak Load Medium Load Base Load Total
Installed Capacity (MW) 1285 2455 4000 7740
Electricity Production (GWh/a) 1925 10004 30095 42024
CSP Capacity (MW) 600 1700 3200 5500
CSP Solar Multiple 1 2 3.5 --
CSP Storage (h) 6 8 18 --
CSP Solar Share (GWh/a) 1159 6574 21313 29046
CSP Fuel Share (GWh/a) 537 3124 6560 10221
Residual Capacity (MW) 685 755 800 2240
Residual Electricity (GWh/a) 230 306 2222 2758
Solar Share 60% 66% 71% 69%  

Table 3: Installed capacity, layout and electricity yield of the different CSP and backup plants of our 
model case scenario for a peak demand of 7000 MW and an annual consumption of 42000 GWh/a 
according to the load curve in Figure 1. The term “residual” is referring to that part of each load 
segment that remains to be covered by conventional plants.  The total installed capacity (7740 MW) is 
higher than peak load (7000 MW) due to the need for reserve capacities in each load segment. The 
“Solar Multiple” defines the size of the solar field with respect to the turbine capacity. A solar multiple 
of SM=1 describes a solar field exactly delivering the nominal heat input required by the turbine in 
design point. A solar multiple larger than SM=1 usually requires thermal energy storage of the excess 
heat for later use. In case of a CSP peaking plant, there is a storage in spite of a standard solar field 
size with SM=1. This allows the collection of solar heat at daytime and delivery of solar heat at night.    

 

Table 3 gives the results for our model case and shows the different solar shares achievable 
in each load segment with present state of the art technology. Based on hourly time series 
modelling of CSP plants with different configurations according to the demand in each 
load segment, we have found that between 60% and 70% of the three segments could be 
covered by CSP in the short term with state of the art technology, reducing the overall fuel 
consumption by 69% and stabilizing the long-term overall cost of power generation. The 
required capacity of conventional plants is reduced by roughly 65%. The remaining 
(residual) 35% can also be substituted sooner or later, if other renewable sources are used 
in addition and/or if CSP technology develops with better storage options and more cost-
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efficient collector technologies than today’s state of the art. If maximum CSP solar shares 
would remain like the achievable present state of the art shown in Table 3, then Figure 9 
would transform into Figure 11 and Figure 8 would transform into Figure 12: in that case, 
our strategy would still lead to least cost electricity supply, but more fuel burned in hybrid 
operation in the CSP plants and in residual conventional plants would lead to a higher 
long-term average cost of electricity than in the reference case. More detailed information 
on the performance model can be found at (DLR 2010).  
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Figure 11: Average cost of power generation following different strategies as described in Figure 9, but 
with maximum achievable solar shares limited to present state of the art according to Table 3.  
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Figure 12: Market introduction of CSP starting with peaking, then medium and finally base load 
power production of the model case, but assuming that maximum achievable solar shares would 
remain limited to present state of the art according to Table 3.  



Submitted to Energy Policy on July 6, accepted on October 1, 2010 

- 17 - 

This example shows that hybrid operation of CSP plants with fossil fuels covering only 
part of the load segment by solar energy would not affect the benefits of the strategy 
described, but would also lead to cost stabilization. The better CSP technology develops in 
the future, the higher will be the available solar shares and the stronger will be the effect of 
cost stabilization by introducing CSP to the power park.  

A particularly interesting phenomenon is the intersection of the curves b and c in Figure 11 
around the year 2033. It indicates that a long-term change from strategy c to b would lead 
to lower average electricity cost. This would mean not only installing base load plants after 
that intersection, but plants that substitute fuel in all three load segments. This makes 
sense, as the remaining residual load could be better addressed by CSP plants if they are 
not limited to a specific load band. By opening CSP to all load bands in a later phase, 
almost 100% of the total load could be covered, approximating the reference case in Figure 
8 and Figure 9. Moreover, combining CSP with wind and photovoltaic systems as well as 
with biomass, geothermal or hydropower schemes could lead to synergies and ease the 
achievement of very large renewable shares in a national power mix, compared to a 
solution based on only one technology option like the one presented here. This will be 
subject to further investigation.  

Figure 13, Figure 14 and Figure 15 show variations of the model case in terms of direct 
normal solar irradiance (DNI), progress ratio (PR) and project rate of return (PRR). In all 
cases, the strategy explained here leads to cost stabilization by introducing CSP to the 
national power mix. The break even points vary from those of the reference case, occurring 
earlier for the cases of higher progress ratio, higher solar irradiance and lower project rate 
of return. Starting as early as in the reference case with the introduction of CSP leads in 
some cases to some additional cost that little later is over-compensated by cost savings. In 
this context, we may say that the strategy proposed here is rather robust with respect to 
different economic boundary conditions, and based on a conservative scenario of CSP cost 
reductions (compare e.g. to IEA 2010). In any case, a thorough analysis of the present 
structures of a national power park and a detailed calculation of conventional and solar 
tariffs in the different supply segments should be carried out in order to start market 
introduction of CSP as soon as possible. Even in the case of declining fuel costs, there 
would still be a business case for CSP at least in the peak and medium load segments. 

The model presented here shows a fictitious power park and load curve that can be 
compared to the different real situations in each MENA country. The market introduction 
of CSP within the different market segments for peak, medium and base load rests on 
assumptions which will only hold if adequate policy changes are made. In a first place, it 
will require the establishment of long-term internationally guaranteed power purchase 
agreements (iPPA) covering the total cost of production and being reduced year by year 
according to the CSP learning curve and to the national frame conditions available. Each 
country can repeat the exercise shown here in order to identify appropriate market niches 
for CSP and to reduce the economic load for electricity consumers to a minimum, as 
summarized and recommended in Table 4.   
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Figure 13: Variation of Direct Normal Irradiation between 2000 and 2800 kWh/m²/a 
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Figure 14: Variation of Progress Ratio between 90% and 86% 
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Figure 15: Variation of Project Rate of Return between 15%/a and 5%/a (constant 10%/a for fuel 
plants) 
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Table 4: Recommendations for policy and CSP finance in MENA countries 

 

Financing Concentrating Solar Power in the Middle East and North Africa 

 

1. Calculate the real structure of national power generation by identifying the real 
full cost per kWh of generating peak, medium and base load power and its 
possible development in the future according to Figure 2. 

2. Calculate the required tariffs for concentrating solar power investment under the 
conditions given in the country, mainly as function of the available annual direct 
normal irradiation, and define an adequate development of tariffs in the future 
according to Figure 3. 

3. Compare the cost of new conventional peak, medium and base load power plants 
to the required tariffs of CSP plants and identify possible cost break even points 
according to Figure 7. Grants or subsidies could accelerate cost break-even if 
available and if necessary. 

4. For these break-even points, quantitative requirements for additional capacity 
and its primary function within the peak, medium or base load segment must be 
identified. According to capacity planning call for tender, offering an 
appropriate long-term power purchase agreement together with inflation and 
currency adjustment and requesting bids for guaranteed quality and longevity of 
the CSP plants. Furthermore a reasonable national share of manufacturing of 
CSP equipment may be requested.  

5. Try to achieve governmental and in addition international guarantees for the 
long-term power purchase agreements to reduce investment risks. Internationally 
insured power purchase agreements (iPPA) can open a business case for CSP in 
MENA. The duration of each power purchase agreement may be synchronised 
with to the duration of the loan period for project finance.  

6. If CSP expansion is done by the private sector, provide transparent information 
on the calculation of the tariff and publish the long-term perspectives of tariff 
reduction according to the expected CSP learning curve and local conditions. 
Public utilities may be even obliged to use CSP if it is the least cost option. Get 
expert advice to calculate acceptable tariffs for CSP in each load segment.  

7. Support local companies that wish to start production of CSP components. 
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Conclusions 

There is a business case for Concentrating Solar Power in the Middle East and North 
Africa. The rather unexpected result of our model analysis shows that even a cost of CSP 
around 28 ct/kWh can be a least-cost option when compared to the average cost of power 
production of around 8 ct/kWh, which usually includes peak power at a much higher cost. 
Many utilities are obliged to provide least cost power to their customers, and CSP can help 
to achieve that now and in the long term. The statement that MENA countries are too poor 
to afford CSP has been proven wrong: if such a statement is applicable, they are first of all 
too poor to go on with business as usual. 

The key to this apparent paradox lies in the fact that CSP plants can replace peaking 
power, medium load power and base load power if specifically designed for these 
functions. CSP can start market introduction in the most expensive market segment, which 
usually is that of peaking power. Later, when a lower cost has been achieved by economies 
of scale and further research and development, market expansion can follow on with the 
medium and base load power segments. By subsequently using those niche markets for the 
market introduction of CSP, additional cost burdens to electricity consumers can be 
avoided, because CSP electricity can always be the least-cost-option as it moves through 
its cost learning curve.  

The methodology applied here to a hypothetical model case can also be applied to any 
energy economy, by adapting the parameters of the underlying local cost structure of 
power production and the available resources of solar irradiance. It shows that CSP can 
very well compete with a lower average electricity cost of conventional production, if the 
cost structure is analysed in detail and if CSP expansion is started in the most profitable 
market segment. For most MENA countries, we expect better conditions and a lower 
required revenue for CSP than assumed here for our model case. 

Long-term power purchase agreements using tariffs that fully cover the cost of CSP have a 
significant added value for the national energy economy, and following the concept 
proposed here, may at the same time be a least cost option of supply for many MENA 
countries. Considering that a CSP collector field represents nothing else but the “fuel” for 
the total lifetime of the plant – the CSP plants installed in Kramer Junction, California in 
the mid 1980ies have now a life time of almost 25 years and are still operating smoothly – 
it becomes clear that such a long-term investment can only be viable if there is a 
corresponding long-term security of selling the generated electricity at a price that covers 
the cost. Unlike fossil fuel, the “solar” fuel in the form of a collector field has to be paid 
upfront and becomes part of the initial debt, with the associated interest and insurance 
payment leading to a high capital cost. International guarantees on such PPAs from official 
multilateral insurers can overcome country specific risks for countries with low credit 
rating and accelerate investment into CSP projects without requiring direct subsidies. The 
most important effect of long-term, internationally insured power purchase agreements is 
their effect on the cost of finance, reducing interest rates and risk surcharges from all 
stakeholders, allowing for a very cost-effective market introduction of solar energy. 

The tariff agreed upon in a PPA does not necessarily have to be fixed for the total lifetime 
of a CSP plant, but could be limited to the duration of the loan. Once capital and interests 
have been paid back to banks and investors, the electricity cost drops dramatically, because 
capital cost makes up for about 80%. Therefore, a central element of successful market 
implementation is longevity of the plants that can only be achieved if high quality of 
equipment and maintenance become major requisites of tendering. 
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Dedication 

This paper is dedicated to our good friend and fellow fighter for solar energy in the Middle 
East and North Africa, Dr. Ing. Hani El Nokraschy, on the occasion of his 75th birthday. 

 

 


