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Abstract:
A low-carbon energy transition on the basis of renewable energy sources (RES)
is of crucial importance to solve the interlinked global challenges of climate
change and energy security. However, large-scale deployment of RES requires
substantial investments, including the participation of private capital. Scientific
evidence shows that the economic feasibility of a RES project hinges on the
availability of affordable project financing, which itself depends on risk
perceptions by private investors. Since financing costs tend to be particularly
high for capital-intensive RES projects and in developing countries, we
investigate the impacts of addressing these perceived risks on electricity prices
from semi-dispatchable concentrated solar power (CSP) in four North African
countries. By employing a levelized cost of electricity (LCOE) model we find that
comprehensively de-risking CSP investments leads to a 39% reduction in the
mean LCOE from CSP. However, this reduction is still not sufficient to achieve
economic competitiveness of CSP with highly subsidized conventional electricity
from fossil fuels in North Africa. Hence, our results suggest that de-risking
reflects an important strategy to foster the deployment of CSP in North Africa but
additional measures to support RES, such as reconsidering fossil fuel subsidies,
will be needed.
Key words: concentrated solar power, risks for investment, risk perception,
North Africa

1 International

Institute for Applied Systems Analysis (IIASA), Schlossplatz 1, A-2361 Laxenburg,
Austria
2 Wegener Center for Climate and Global Change, University of Graz, Brandhofgasse 5, A-8010
Graz, Austria
3 Department of Environmental Systems Science, Institute for Environmental Decisions (ETH),
Climate Policy Group, Zurich, Switzerland

1. Introduction
Energy generation contributes to more than 60% of Green House Gas (GHG)
emissions (OECD/IEA, 2013) globally; hence significant reductions in the level of
GHG emissions are only possible with a fundamental reconfiguration of the
global energy system (Riahi et al., 2012). Deployment of renewable energy
sources (RES) is one of the possible options to satisfy the interlinked goals of
climate policy and energy security. By generating low carbon energy from
abundantly available natural resources, RES deployment contributes to the
mitigation of GHGs in the global energy system. Additionally, a RES based energy
system could improve a country’s energy security by contributing to the
diversification of the energy mix, geographical diversification and reduction of
the exposure of the energy mix to fossil fuel price volatilities (Francés et al.,
2013).
The involvement of private capital is essential to achieve the scale of investments
needed to make a RES based energy transition happen. The estimations here
vary, for example to achieve a scenario that reaches the 2°C climate stabilization
goal, the IEA (2014) estimates that cumulative global investments of USD 53
trillion in energy supply and energy efficiency will be necessary over the period
to 2035. The World Bank and the United Nations argue that 600-800 billion USD
per year is needed to double the share of RES by 2030 (Business Standard, 2013).
According to the IEA’s new policy scenario (IEA, 2014) non-OECD countries have
to invest on average annually USD 1,200 billion in the energy supply
infrastructure. Compared to the historical investments of USD 708 billion, there
remains a financing gap of almost USD 500 billion. The public sector alone or
even supported by funds from multinational financial institutions, such as the
World Bank, will not be able to raise all of the required capital. Nevertheless,
volumes of private investment into RES are still low (Frankfurt School-UNEP
Centre/BNEF, 2014) and especially developing countries are struggling to attract
the required private investment into RES.
To harness the full potential of RES deployment for the mitigation of GHGs, the
IPCC argues in its recent 5th Assessment Report that significantly more attention
should be given to decision-making processes regarding the deployment of RES,
in general, and on risk perceptions1 of different stakeholders involved into this
decision-making process, in particular (IPCC, 2014). Mobilizing private
investments into RES technologies in developing countries will require
substantial efforts to reduce perceived risks and uncertainties associated with
these investments (Schmidt, 2014; UNDP, 2013).

The concept of risk perception refers to peoples’ subjective judgments of the characteristics and
severity of a risk and is related with how much risk people are willing to accept (Slovic, 2000).
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Among other factors, the economic efficiency and hence the realization of RES
investment projects depends on the availability of affordable project financing
(Schmidt, 2014). The cost of capital itself and more generally, the decision
whether or not to invest into a certain technology2 (Douglas, 1985; Kann, 2009;
Lüthi and Prässler, 2011), depend on the perceived risks by investors associated
with specific investment projects (Brearly and Myers, 2013; Varadarajan et al.,
2011; Komendantova et al., 2011 and 2012).
Perceived risks by investors (Komendantova et al., 2011 and 2012) as well as
financing costs for capital-intensive RES projects (UNDP, 2013) are found to be
particularly high in developing countries (Shrimali et al., 2013). Due to high
upfront investment costs but low operational costs, low-carbon energy
technologies are particularly sensitive to perceived financing risks and the
related financing costs. In addition, financing costs are also influenced by
characteristics of the regional risk environment. Due to the existence of different
barriers to private investments, the cost of capital for RES investments is usually
higher in developing countries than in industrialized countries (UNDP, 2013).
While perceived risks by RES investors in developing countries have mainly been
addressed qualitatively (Komendantova et al., 2012; Shrimali, 2013), only few
studies have investigated how these risks translate into higher cost of capital or
have analyzed the direct effects of a financial de-risking strategy to RES
investments on the cost of electricity (UNDP, 2013; Schmidt, 2014; Frisari and
Stadelmann, 2015). The UNDP report on “De-risking Renewable Energy
Investments” (UNDP, 2013) develops a framework to identify (1) investment
barriers and their contribution to higher financing costs and eventually to higher
RES life-cycle costs and (2) to identify and evaluate public instruments to
promote RES investment. Employing this framework, the report analyzes
investment risks’ impact on financing costs for large scale, onshore wind energy
projects in four selected countries: Kenya, Panama, Mongolia and South Africa.
Based on interviews with wind energy investors and developers, the cost of
equity for large-scale onshore wind energy projects in the current risk
environment is found to be 15.0% for South Africa and Panama and 18.0% for
Mongolia and Kenya. The cost of debt is found to be 7.5% for South Africa, 8.0%
Private investors base their investment decisions on the risk-return profile of any particular
investment projects. Hence, the higher the risk for investment, the higher is the rate of return
demanded by investors. Conversely, if investors seek high returns, they have to accept higher
risks. The combination of two elements determines the downside risk of an investment: the
likelihood of the occurrence of a negative event and the associated seriousness, i.e. the level of
financial impact (Schmidt, 2014). The perception of these elements for a specific investment
influences the financing costs (or cost of capital) for that project. Equity investors will raise their
expected rate of return (cost of equity) and banks will raise the interest rate (cost of debt) for
projects with a higher perceived risk (ibid.).
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for Panama and Mongolia, and 8.5% for Kenya. Furthermore, the UNDP (2013)
report finds that de-risking policy, which is effective in reducing RES financing
costs to a certain extent, may eventually decrease the LCOE from large scale
onshore wind energy below the LCOE of a baseline power generation activity in
two of the four considered case study countries (Panama and Kenya).
However, evidence on impacts of de-risking policy in other regions, such as
North Africa, and other RES technologies, such as CSP, is still limited. As
developing countries differ with respect to their current energy systems (e.g. the
prevailing energy generation mix and electricity price), (renewable) energy
strategies, RES potentials as well as financing risk environments and as RES
technologies are characterized by differences in e.g. engineering characteristics,
production cost structures and lengths of their track-records, a detailed case by
case analyses is crucial to derive realistic conclusions with respect to the impacts
of perceived risks by investors on financing costs and eventually on life-cycle
electricity costs of RES projects as well as the needed de-risking policy.
Due to its high solar resource potential and the vast areas of unutilized desert
land, the North African region is particularly well suited for large-scale solar
energy generation. To foster the deployment of RES, North African countries
settled ambitious targets, with a strong role for solar power3. Even though the
events of the Arab spring in 2011 and the subsequent political instabilities have
slowed down the progress in achieving proclaimed RES targets in the North
African region, politicians in the North African countries are continuing to
express their commitment to the deployment of RES (Brand, 2015).
In a detailed case study analysis of two large-scale CSP projects in Morocco and
India, Falconer and Stadelman (2015) comprehensively discuss the role of
international financial institutions (IFI) in de-risking CSP in emerging markets.
They find that due to the provision of substantial concessional loans, IFIs can
play an important role in enabling CSP projects in developing countries where
public and private finance would be too expensive due to high (perceived) risks
of investment. Given the limited availability of IFI finance compared to the
substantial investment needs to de-carbonize developing countries’ energy
Algeria foresees installing of 12GW of RES until 2030 to cover 40% of domestic electricity
demand (MEM, 2011). The bigger portion of this RES based electricity share is planned to be
generated by CSP. Egypt plans to reach 20% of RES in its energy mix by 2020 (GIZ, 2014).
Morocco has one of the most ambitious targets in the MENA region, expecting 42% of its installed
power generation capacity be based on RES by 2020. This amounts to 6 GW, consisting of 2GW of
solar capacity, 2 GW of wind capacity and 2GW of hydro capacity (IEA, 2013c). Tunisia
established a long-term target for its electricity sector to achieve 25% of RES by 2030, broken
down into an installed capacity of 4,700 MW: 2,700 MW wind, 1,700 MW solar and 300 MW
other RES technologies (Harrabi, 2012).
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systems, Falconer and Stadelman (2015) point out that a significant scale-up of
private investment will be needed. This requires addressing perceived risks by
private investors and assessing these risks’ impacts on financing costs and in
turn on CSP generation costs as well as the potential cost reductions of derisking CSP investments.
By looking at four specific North African countries – Algeria, Egypt, Morocco, and
Tunisia – and at a particular RES technology, namely CSP with thermal storage,
which has already become a proven solar power technology for large-scale
applications (Pitz-Paal et al., 2012) and the generation of semi-dispatchable
electricity with a high capacity value4, we contribute to the existing literature on
de-risking CSP in North Africa and set out to address the demand for further
concrete case study analyses, both in the regional as well as the technological
dimension, of perceived risks by RES investors (Schmidt, 2014).
By investigating the current financing environment for CSP in the North African
region we are addressing the following question within the frame of this
research: What is the influence of different risk categories on the overall cost of
capital for CSP? Furthermore, by employing a Levelized Cost of Electricity
(LCOE) model, we set out to analyze the direct impacts of a de-risking approach
on the cost of electricity from CSP in the North African region.
The remainder of the paper is structured as follows. First, we provide detailed
background information on the North African case study region, the CSP
technology, and a motivation for the need for a de-risking policy. Second, we
introduce the LCOE method and discuss its applicability in the present context.
Third, we present the results of our analysis of the influence of risk perceptions
by investors on financing costs and in turn on CSP electricity prices and a derisking strategy to tackle these risks. Before the final section concludes and
derives policy implications, we discuss our results in relation to the existing
literature.

2. Background on the North African region and CSP
The North African region is particularly suitable for solar energy generation,
since its countries are situated in the so-called Earth’s Sunbelt, which is
The marginal economic value of a variable electricity generation technology consists of four
components (Mills and Wiser, 2012; the percentage share of each component in the total
marginal economic value for CSP generation with 6 hours thermal storage at 20% penetration in
2030 in parentheses): (1) Capacity value: Short run profits earned during peak load hours with
scarcity prices (28%) (2) Energy value: Short run profits earned during hours without scarcity
prices (74%) (3) Day-ahead forecast error: net earnings from real time deviations from the day
ahead forecast (-3%) (4) Ancillary services: Net earnings from selling ancillary services in the
market from variable electricity generation and paying for increased ancillary services due to
increased short-term variability and uncertainty from variable electricity generation (1%).
4
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characterized by considerable solar energy resources5 (Mason and Kumetat,
2011). The current structure of electricity generation in the four North African
countries is dominated by conventional fossil fuel technologies. While natural
gas makes up for the biggest share in electricity generation in Algeria, Egypt and
Tunisia, coal dominates in Morocco (IEA, 2013b). Furthermore, the demand for
electricity is growing steadily in all of these North African countries, driven by
rapid population growth, a decaying infrastructure and hence a diminishing rate
of energy self-sufficiency (IEA, 2013b; Brand and Zingerle, 2011).
While the four North African countries considered in our analysis share a heavy
dependence on hydrocarbons for their energy supply, there is considerable
diversity in resource endowment across them. Algeria, as a significant producer
of fossil fuels, can be considered as large energy exporting country, with net
exports amounting to 104 ktoe (IISD, 2014). Egypt, with net exports of 10 ktoe
can be classified as a small energy exporting country. Tunisia and Morocco are
net energy importing countries, with net imports of 16 ktoe and 102 ktoe,
respectively (ibid). Particularly for net energy importing countries, providing
energy security in the face of growing demand is an increasing concern.
Moreover, net importers are facing a high fiscal vulnerability to changes in
international prices. By diversifying electricity generation, countries could
mitigate this vulnerability and in addition free up domestic fossil fuel resources
from power generation for higher value-added applications and energy exports
as a pivotal source for foreign exchange.
A switch to low carbon energy generation technologies could reduce the
detrimental effects of the widespread fossil energy subsidies in the North African
region (IMF, 2014). For decades, countries in the North African region have been
relying on energy subsidies as a major tool for providing social protection and
redistributing the wealth generated by fossil fuel resources. While fossil energy
subsidies do support less well-off consumers to some degree, they tend to be
regressive in nature, with the main benefits eventually going to the better-off.
Moreover energy subsidies narrow governments’ fiscal space for important
investments to improve human wellbeing, such as investments in the health
system or a country’s infrastructure. The IMF (2014) estimates the value of pretax subsidies as a share of GDP amounting to 0.5% in Morocco, 3% in Tunisia,
and 11% in Egypt as well as in Algeria.

The North African countries experience high levels of direct normal irradiation (DNI), ranging
from 4,000 to 8,000 Wh/m2/day (NREL, 2011). Unlike PV cells and flat plate solar thermal
collectors, CSP power plants cannot utilize diffuse solar irradiation, since it cannot be
concentrated and hence not converted into usable thermal energy (World Bank and ESMAP,
2011).
5
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Concentrated solar power (CSP) could become an attractive energy generation
option for the North Africa region as a complementary to wind or solar PV in the
medium term (Trieb et al., 2011). This is due to its longer track record and its
ability to provide semi-dispatchable clean energy by allowing for the storage of
energy in thermal storages to cancel out short-term fluctuations and the daynight cycle (GIZ, 2013). The annual growth of CSP amounted to about 20% in
2000-2011 (IEA, 2013a). The bulk of installed CSP capacity as well as of the CSP
projects in the development pipeline (see Table 1) is dominated by parabolic
trough collector (PTC) systems; solar towers, however, could potentially gain a
significant market share in the future, if costs can be reduced and operating
experience gained. While both CSP technologies can be equipped with efficient
thermal energy storage systems (Kuravi et al., 2013), the key advantage of solar
towers is their higher operating temperatures. The high operating temperatures
allow for low-cost energy storage due to negligible losses by using molten salt as
a heat transfer fluid and hence higher steam cycle efficiency (IRENA, 2013).
The storage potential of CSP plants is especially relevant for regions like North
Africa with a less developed electricity grid, which is not designed for the large
scale feed-in of intermittent RES electricity (Brand and Zingerle, 2011). Despite
high upfront investment costs, a characteristic CSP shares with most other RES
technologies, solar towers can produce electricity in a competitive price range of
0.17 to 0.29 (USD/kWh) (IRENA, 2013). Among other factors, these prices are
viable because of high capacity factors of solar tower plants with thermal storage
of 0.4 to 0.8, depending on the amount of storage capacity (IRENA, 2013). Hence,
by offering the option of energy storage, CSP plants are able to maintain a high
capacity value (by generating flexible electricity to satisfy peak demand and
hence by profiting from high peak load scarcity prices) up to penetration levels
of 15% and beyond (Mills and Wiser, 2012). Hence, solar towers with sufficient
thermal energy storage capacities might become the solar technology of choice
in the near to medium future. In the longer term, investments into CSP capacities
will also allow for the export of CSP electricity and, given the establishment of
local value chains, export of CSP technology (World Bank and ESMAP, 2011).
Several CSP power stations are currently in the planning phase across the North
African region (Table 1).

7

Table 1. CSP projects announced/planned, in development, under construction or in operation in the North
African region

Country and project title

Status

Power MW
(solar only)

Technology

Algeria
Hassi R'mel ISCC

Operational

25.00

DLR - Algeria CSP tower pilot plant

Development

Naâma

Announced/planning

70.00

Meghaier

Announced/planning

75.00

Hassi-R'mel

Announced/planning

70.00

El Oued

Announced/planning

150.00

Parabolic trough ISCC
Central receiver
(power tower)
Parabolic trough ISCC
Parabolic trough ISCC
Parabolic trough ISCC
Tower

Beni Abbes

Announced/planning

150.00

Tower

7.00

Egypt
Kuraymat ISCC

Operational

20.00

Parabolic trough ISCC
Parabolic trough

Kom Ombo CSP project

Development / hold

100.00

TAQA CSP Plant

Planned

250.00

Marsa Alam

Announced/planning

30.00

Aïn Beni Mathar ISCC

Operational

20.00

Parabolic trough ISCC

Central receiver
(power tower)
Parabolic trough

Morocco
Ouarzazate

Under construction

160.00

Parabolic trough

Ouarzazate 2

Development

100.00

Ouarzazate 3

Development

200.00

Central receiver
(power tower)
Parabolic trough

Airlight Energy Ait Baha CSP Plant

Under construction

3.00

Parabolic trough

CNIM eCare Solar Thermal Project

Development

1.00

Fresnel

Tan Tan CSP-Desal Project

unconfirmed

50.00

TuNur

Development

2 000.00

Akarit / TN-STEG CSP plant

Planned

50.00

El Borma ISCC

Planned

5.00

Elmed CSP project

announced / hold

Undecided

Tunisia

100.00

Central receiver
(power tower)
Parabolic trough
Tower - ISCC
Undecided

Source: CSP Today (2014) and CSP World (2014).

To date three CSP power plants are operating in the North African region. They
all utilize the Integrated Solar Combined Cycle (ISCC) technology (Hassi R'mel in
Algeria and Kuraymat and Aïn Beni Mathar in Egypt). Komendantova et al.
(2012) point out that all three realized CSP projects were initially planned by the
8

government to be built and operated as independent power producers (IPP).
Eventually, private investors in all three projects withdrew due to detrimental
changes in the project framework, which led to a shift to World Bank supported
state financing. This suggests that factors like regulatory changes in one Egyptian
case create risks, which private investors tend to avoid (ibid.).
In contrary to other investments into low-carbon technologies and other RES,
like wind, CSP projects do not possess an extensive track record yet. This creates
additional uncertainty to investors and raises expectations on interest rates and
rates of return due to higher perceived risks. Financing costs do not only tend to
be higher because of a high capital intensity and a shorter track-record of CSP
but also because of regionally specific barriers for investment in North Africa
(Komendantova et al., 2012). The specific risk profile motivates the
comprehensive analysis of CSP projects in North Africa to eventually inform the
development of de-risking strategies to foster the deployment of RES.

3. Methodology
The LCOE approach is regularly used to compare the overall competitiveness of
alternative power generation technologies and cost structures (EIA, 2014; Kost
et al., 2013; Branker et al., 2011; Short et al., 1995). The basic idea of the LCOE
approach is to relate cumulated lifetime costs to cumulated lifetime power
generation of a specific power plant6. The resulting average electricity price per
kWh, the LCOE, is the price, which is necessary for a project to break even across
the whole project lifetime.
It is important to note that the LCOE method is an abstraction from reality in
order to make energy technologies, which might differ quite substantially in
their specific characteristics (e.g. the scale of operation, investment and
operating time periods) comparable to each other (Kost et al., 2013). Even
though there is criticism that the LCOE approach is not the appropriate tool to
assess the competitiveness and the social costs of non-dispatchable RES
generation, such as wind, solar PV and solar thermal without storage (e.g. Hirth,
2013; Ueckerdt et al., 2013; Joskow, 2011), we argue that the LCOE approach is
indeed applicable for analyzing semi-dispatchable CSP generation including
thermal storage at low penetration rates. It is argued that LCOE comparisons,
which do not take into account integration costs7, tend to overvalue intermittent
The LCOE approach is based on the net present value method. The net present value of
electricity generation from any specific technology is calculated by dividing the discounted
monetary values of initial investment and accumulated annual variable costs by the discounted
monetary value of electricity sales during the whole project lifetime.
7
According to Hirth (2012), integration costs are consisting of profile costs (linked to the
intermittency of variable RES generation), balancing costs (based on day-ahead forecast errors)
and grid related costs (if RES capacity is located differently than average conventional plants).
6
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generation technologies compared to dispatchable base load generation
technologies. Adding these integration costs to the LCOE might indeed
dramatically change the picture for truly non-dispatachable variable RES
generation technologies such as PV and wind, particularly at high penetration
rates (Hirth, 2013; Ueckerdt et al., 2013). CSP in combination with thermal
storage can, however, achieve capacity factors up to 0.8 (IRENA, 2013) and
hence has the potential to provide high value semi-dispatchable electricity.
Integration costs for CSP with storage will therefore be substantially lower than
for non-dispatchable RES generation technologies, particularly at low levels of
penetration in the early stages along a pathway to a de-carbonized electricity
system. Mills and Wiser (2012) find that while the marginal economic value of
PV and CSP without storage drops considerably once the penetration of solar
increases beyond 30%, the value of CSP with thermal storage drops substantially
less as penetration increases. The higher marginal economic value of CSP with
thermal storage compared to other variable RES generation rests on the high
capacity value of CSP with thermal storage up to penetration rates of 15% and
beyond (Mills and Wiser, 2012). Given that in our analysis we focus on CSP with
thermal storage and by considering proposed energy strategies by North African
countries, which set out to reach penetration rates around or below 20%, we
consider the LCOE approach as appropriate for our assessment.
Moreover, also in the case of conventional dispatchable generation technologies,
such as coal and gas fired power plants, the LCOE approach does not depict the
true social costs of electricity generation (for a comparative review of external
cost estimates see Kitson et al., 2011).
The LCOE of a CSP investment project in country 𝑛 is calculated by dividing the
sum of initial investment costs 𝐼𝑛,0 , discounted cumulated operation and
maintenance (O&M) costs 𝑂𝑛,𝑡 and decommissioning costs net of scrap value 𝐷𝑛,𝑇
by the discounted rated annual electricity production 𝑆𝑛,𝑡 over the project
lifetime 𝑇, taking into consideration the annual degradation factor 𝑑. For the
discount rate 𝑟𝑛 we apply the weighted average cost of capital (WACC) approach
(see section 3.1). For further details on the LCOE model as well as the parameter
values employed see the Appendix A.1.
We account for regional differences in the solar power potential, by relying on
country specific DNI values taken from Breyer and Gerlach (2010). However, we
do not differentiate technological assumptions such as the economic lifetime of
the CSP projects, the concrete technology and the associated overnight
investment costs and variable O&M costs and performance ratio across the four
North African countries. To take into account the effects of changes in these
technological parameters on the LCOE from CSP, we carry out a sensitivity
analysis (see Appendix A.2).
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𝐿𝐶𝑂𝐸𝑛 … 𝑙𝑒𝑣𝑒𝑙𝑖𝑧𝑒𝑑 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑖𝑛 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑛 (in USD/kWh)
𝑇 … 𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝑜𝑓 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝑝𝑟𝑜𝑗𝑒𝑐𝑡 (𝑖𝑛 𝑦𝑒𝑎𝑟𝑠)
𝑡 … 𝑦𝑒𝑎𝑟 𝑜𝑓 𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒 (1, 2, … 𝑇)
𝑛 … 𝑐𝑜𝑢𝑛𝑡𝑟𝑦
𝐼𝑛,0 … 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝑐𝑜𝑠𝑡 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 0 (in USD/kWp)
𝑂𝑛,𝑡 … 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑒𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒𝑠 (𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑎𝑛𝑑 𝑓𝑖𝑥𝑒𝑑) 𝑖𝑛 𝑐𝑜𝑢𝑛𝑢𝑡𝑟𝑦 𝑛 𝑎𝑛𝑑 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡
(in USD/kWp)
𝐷𝑛,𝑇 … 𝐷𝑒𝑐𝑜𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠 (𝑛𝑒𝑡 𝑜𝑓 𝑠𝑐𝑟𝑎𝑝 𝑣𝑎𝑙𝑢𝑒) 𝑖𝑛 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑛 𝑎𝑛𝑑 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑑 𝑇
(in USD/kWp)
𝑟𝑛 … 𝑟𝑒𝑎𝑙 𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒 (𝑖. 𝑒. 𝑊𝐴𝐶𝐶) 𝑖𝑛 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑛 (𝑖𝑛 𝑝𝑒𝑟𝑐𝑒𝑛𝑡)
𝑆𝑛,𝑡 … 𝑟𝑎𝑡𝑒𝑑 𝑎𝑛𝑛𝑢𝑎𝑙 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑛 𝑎𝑛𝑑 𝑖𝑛 𝑝𝑒𝑟𝑖𝑜𝑠 𝑡 (𝑖𝑛 𝑘𝑊ℎ)
𝑑 … 𝑎𝑛𝑛𝑢𝑎𝑙 𝑑𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 (𝑖𝑛 𝑝𝑒𝑟𝑐𝑒𝑛𝑡)

3.1. The weighted average costs of capital (WACC)
Besides some first attempts to assess the effect of financing costs on the LCOE of
RES technologies (Ondraczek et al., 2015) and the role of IFIs in bringing down
the financing costs of RES investments in developing world regions (Frisari and
Stadelmann, 2015), LCOE assessments regularly do not take into account
investment risks and differences in financing methods (Branker et al., 2011).
Typically, the discount rate used in the LCOE method reflects the return on
invested capital in the absence of investment risks (IEA, 2010). However, the
cost of capital varies widely across countries and alternative energy technologies.
This is mainly due to very different risk profiles of each individual technology
and country and how these risks are perceived by investors (Oxera, 2011).
Eventually, LCOE assessments should employ an idiosyncratic discount rate for
each generation technology (Awerbuch, 2000).
In our analysis of CSP projects in the North African region we go beyond the
notion of discount rates representing risk free interest rates and introduce
investment risks by employing higher financing costs, i.e. weighted average cost
of capital for CSP projects in the North African region. To analyze the effects of a
de-risking strategy on the competitiveness and cost effectiveness of CSP power
plants in the North African region, we reduce the weighted average cost of
capital until it equals financing costs in a reference region8 (UNDP, 2013).
The reference region, or the reference investment environment, reflects a theoretical best-case
situation for investors with respect to the cost of capital when all project risks are effectively
8
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To explicitly include project specific characteristics of financing costs, such as the
share of equity and debt in external funding and the respective interest rates into
the analysis we apply the WACC approach (see Appendix A.1; Breyer and Gerlach,
2010).

4. Results
4.1 WACC in the North African region
With respect to financing costs for CSP projects in the North African region, there
is currently very limited relevant information available. This is mainly because
only few CSP projects are already in the operational stage and even less projects
make their data available to the public. Due to the limited availability of data, we
have to rely on debt and equity interest rate estimates for CSP projects in the
MENA region in the existing literature (Kulichenko and Wirth, 2011) to establish
reference financing costs, or WACC, representing the current risk environment
for CSP projects in the North African region9. Applying the WACC approach
presented in the previous section, the resulting financing costs for a reference
CSP project in North Africa amount to 10.2%, compared to a Euro area WACC of
4.1% (Table 2).
Table 2: Financing cost structure of a reference CSP project in the North African region and the theoretical bestcase Euro area financing environment

Reference CSP
project North Africa*

Euro area**

Share of equity in
financing

20.0%

30.0%

Equity rate of return

15.0%

4.8%

Share of debt in financing

80.0%

70.0%

9.0%

3.9%

10.2%

4.1%

Debt interest rate
Weighted average cost
of capital

Source: *Kulichenko and Wirth (2011); **Dimson et al. (2011) and ECB (2014)

underwritten by an institution. The German feed-in scheme, for example, mitigates regulatory
and political risks for RES investors and revenue risks (consisting of price and volume risks;
Mitchell et al., 2006) are effectively underwritten by the German electricity consumer, eventually
reducing overall investment risks substantially.
9
Kulichenko and Wirth (2011) base their assumptions regarding prevailing financing costs on
information provided by developers, financial assumptions made for a World Bank internal
analysis for an IBRD co-financed CSP development in the MENA region, and informed
assumptions by World Bank staff.
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4.2. The financing cost gap for the North African region
The differences in financing costs between the North African region (10.2%) and
the Euro area (4.1%) – the financing cost gap – can be explained by the existence
of different categories of investment risks (UNDP, 2013). The financing cost gap
between the North African region and the Euro area, as well as the relative
contribution of different risk categories to this gap, as identified by
Komendantova et al. (2012), are depicted in Figure 1.
12.0%

environmental

10.0%

operating
construction

8.0%

financial
force majeure

6.0%

technical

revenue

4.0%

political
regulatory

2.0%

Euro area WACC
0.0%

Euro area

North Africa

Fig. 1. The financing cost gap between the Euro area and the North African region, split up into
different risk categories. Source: Financing costs: Kulichenko and Wirth (2011); Dimson et al.
(2011); ECB (2014); Risk assessment and categories: Komendantova et al. (2012)

For the present analysis of financing costs in the North African region we rely on
the risk assessment carried out by Komendantova et al. (2011 and 2012), which
focuses explicitly on CSP investments in the North African region. By carrying
out stakeholder workshops, structured and unstructured expert interviews and
case studies, Komendantova et al. (2012) identify nine risk categories: regulatory,
political, revenue, technical, financial, force majeure, construction, operating, and
environmental. The respective strength of each risk component (Figure 1)
depends on the combination of the seriousness of the financial impact and the
likelihood of it to happen. Regulatory and political risks are the most serious
risks for investment into CSP in the North African region and the most likely to
happen (Komendantova et al., 2012). Other important risks contributing to the
financing cost gap, include revenue, technical, force majeure and financial risks.
Risks related to construction and operation as well as environmental risks are
perceived as being least serious and least likely to happen (Komendantova et al.,
2012).
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Not all components of investment risks for RES projects in the North African
region will be avoidable in reality and the best-case financing costs have to be
seen as a theoretical lower bound for CSP financing costs in less developed world
regions. Each individual technology and region is characterized by a unique risk
profile, with RES technologies regularly being subject to higher innate risks (e.g.
due to their variability and shorter track records), which is then reflected in
differences in the cost of capital for different technologies.

4.3. LCOE from CSP in the North African region
The LCOE from CSP solar tower plants in the North African countries, based on
the WACC presented in Table 2, representing reference financing costs in the
region (Kulichenko and Wirth, 2011), are depicted in Fig. 2. As we do not assume
regional differences in the CSP technology, the variations in the LCOE across the
North African countries result from differences in the countries’ solar potentials.
The lowest required average electricity price to break even across the whole
economic lifetime of a CSP project is achievable in Egypt, represented by LCOE of
0.227 USD/kWh, followed by Algeria with LCOE of 0.236 USD/kWh, Morocco
with LCOE of 0.244 USD/kWh, and Tunisia with LCOE of 0.255 USD/kWh.
0.30

[USD/kWh]

0.25
0.20
0.15
0.10
0.05

0.00
Algeria

Algeria

Egypt

Egypt

Morocco

Morocco

Tunisia

Tunisia

North Africa
(mean)

North Africa (mean)

Fig. 2. LCOE for CSP electricity generation in the four North African regions and the resulting mean
(in USD/kWh)

By comparing the LCOE for CSP electricity generation between North Africa and
Europe (Fig. 3) we find that even though North Africa has a substantially higher
solar potential than Europe (see DNI values in Table A.1 in the Appendix A.1), the
resulting LCOE for Europe (0.245 USD/kWh) is only slightly higher than the
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mean for North Africa (0.236 USD/kWh). This is due to substantially lower
financing costs in Europe than in the North African region.

0.45
0.40

[USD/kWh]

0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00
North Africa
(mean)

Europe

North Africa
Europe (North
(mean, Euro area African WACC)
WACC)

Fig. 3. LCOE for CSP electricity generation in the North African region (mean) and Europe (in
USD/kWh): the Status quo financing environment (first and second column) and for alternative
financing cost (third and fourth column).

By de-risking investments into CSP projects in the North African region, which
leads to reduced financing costs , LCOE associated with CSP projects could be
substantially reduced (Fig. 3). If a CSP investor in North Africa could acquire
project financing at a cost equivalent to that in Europe, the LCOE could be
reduced from 0.236 USD/kWh to 0.145 USD/kWh or by 39%. On the other hand,
if we consider in a thought experiment the reciprocal situation and employ North
African reference financing costs (Kulichenko and Wirth, 2011) in the calculation
of the LCOE from CSP in Europe, LCOE would increase from 0.245 USD/kWh to
0.371 USD kWh or by 51%.
As RES technologies, such as CSP, are in principle highly capital intensive,
investment risks reflected in higher financing costs are very significant for these
technologies. The LCOE break-down which is presented in Fig. 4 confirms this
reasoning. It can be seen that in a pre-de-risking environment the cost of capital
is the by far most influential component of the overall LCOE. Hence, a reduction
in financing costs, which translates into a reduction of the cost of capital, has a
decisive impact on the competitiveness of CSP. Still, even a full financial derisking of CSP investments in North Africa, reflected by financing costs in the
four North African countries equalizing those in Europe, does not lead to the
achievement of cost competitiveness of electricity from CSP in comparison to the
respective prevailing subscribed demand weighted average electricity prices,
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ranging from 0.048 USD/kWh in Egypt to 0.133 USD/kWh in Morocco, (see Fig.
4; UPDEA, 2009). Currently Morocco has the highest electricity prices in the
region (even though prices are less subsidized than in other North African
countries) since its electricity generation is currently based up to 95% on energy
imports. This situation is completely different in Egypt or Algeria, which are both
fossil fuel rich, net energy exporting countries.
0.30

0.25
[USD/kWh]

0.20
0.15
0.10
0.05
0.00

Algeria
cost of capital

land costs

Egypt
operation and maintenance

Morocco
insurance cost

current electricity price

post-de-risking

pre-de-risking

current electricity price

post-de-risking

pre-de-risking

current electricity price

post-de-risking

pre-de-risking

current electricity price

post-de-risking

pre-de-risking

-0.05

Tunisia

decomissioning cost (+) / scrap value (-)

Fig. 4. Breakdown of LCOE for CSP electricity generation in North African countries in a pre-derisking and a post-de-risking financing environment, compared to current electricity prices based
on the current energy mix (in USD/kWh). Source of current electricity prices: UPDEA (2009)

5. Discussion and Conclusions
While the question about how perceived risks by investors impact LCOE
remained long time without attention in the literature on the economics of RES
technologies, now scientific evidence shows that perceived risks can be a crucial
determinant of the economic feasibility of a RES project. In this paper we analyze
the impact of specific perceived risks by investors on the financing costs of CSP
projects in four North African countries (Algeria, Egypt, Morocco, and Tunisia).
Our research suggests the following new insights.
A reform of the current energy subsidy scheme is crucial to level the
playing field for CSP and to foster its deployment in the North African
region. Based on reference financing costs for CSP projects in North Africa, we
find that the WACC in the North African region is on average 6.1 percentage
points higher than in the European region. Given these financing costs, the
average LCOE from CSP in the North African region is 0.236 USD/kWh, which is
at the moment uncompetitive with the prevailing electricity prices in the four
North African countries. This price gap between CSP and conventional electricity
does, on the one hand, result from higher financing and production costs for CSP,
compared to conventional power generation, but is, on the other hand, also
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based on high subsidies for conventional fossil fuel power generation in the
North African countries (IMF, 2014).
Currently, electricity prices in the four North African countries are regarded as a
part of social contract and electricity itself as a “public good” that should be
provided by the government (Fattouh and El-Katiri, 2012). Hence, the generation
– directly and indirectly via fossil fuel intermediate inputs –, as well as the
consumption of electricity are strongly subsidized in the North African region
(Bridle et al., 2014; IMF, 2014 and 2013; Fattouh and El-Katiri, 2012). The
resulting administered prices are regularly below market prices and costrecovery prices. The presence of these subsidies bestows a cost advantage on
fossil fuel generation technologies and renders electricity from CSP
uncompetitive at the moment. Bergasse et al. (2013), relying on data from IEA,
IMF, World Bank and individual national statistics, report subsidy levels (as % of
the final electricity price) amounting to 35% in Algeria, 44% in Tunisia and 10%
in Egypt. As Bergasse et al. (2013) do not present an effective subsidy rate for
Morocco, we take the average of the subsidy rates in Algeria, Tunisia and Egypt,
resulting in an effective subsidy rate of 30% in Morocco. Adding these effective
direct subsidies to the current electricity prices, Fig. 5 gives a more realistic
picture of actual production costs of the conventional electricity mix in the North
African region than Fig. 4. We find that considering subsidies could even change
the economic viability of RES electricity generation in one of the four North
African countries considered in our analysis: For Morocco, a de-risking strategy
could be effective in achieving cost competitiveness with conventional fossil
electricity at its effective production cost without relying on any additional RES
subsidies10.

It is important to note that these subsidies do not cover indirect (or implicit) subsidies for
conventional electricity generation through the subsidy of fossil fuels (IMF, 2014), nor do they
cover post-tax subsidies, such as the non-existence of corrective taxes to capture negative
environmental and other externalities due to fossil energy use (IMF, 2013). Taking also these
additional indirect and post-tax subsidies into consideration would change the picture even
further, potentially resulting in cost competitiveness of CSP with the current generation mix in
other countries as well or requiring lower levels of de-risking in a country like Morocco, where
considering direct subsidies alone would already result in cost competitiveness.
10
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Fig. 5. Breakdown of LCOE for CSP electricity generation in North African countries in a pre-derisking and a post-de-risking financing environment, compared to current electricity prices based
on the current energy mix plus effective direct subsidies (in USD/kWh). Source of current electricity
prices: UPDEA (2009); Source of subsidy levels: Bergasse et al. (2013).

De-risking CSP investments is needed to attract the levels of private
investments required to foster the anticipated deployment of CSP (and RES
in general) in the North African region. Focusing on a specific CSP project in
the North African region, Ouarzazate I in Morocco, Frisari and Stadelmann
(2015) point out that the relatively low financing costs compared to benchmark
rates are due to very favorable financing conditions in this very specific project.
The public-private partnership with government guarantees addressed
investment risks in the case of the Ouarzazate I project to some degree and led to
a reduction in the equity rate of return to 13.1% against a benchmark return of
15% (Kulichenko and Wirth, 2011). Furthermore, the highly concessional
finance provided by IFIs resulted in a very low blended, i.e. weighted average
interest rate for the overall debt financing of approximately 3.1% compared to a
benchmark commercial loan interest rate of 9% (Kulichenko and Wirth, 2011).
Compared to a best in class reference investment environment, in our case the
Euro area, the WACC of the Ourzazate project, amounting to 5.1% is only 1
percentage point higher than the theoretical lower bound represented by the
Euro area’s WACC of 4.1% (Table 2).
Hence, the Ourzazate 1 financing costs have to be seen as an exception rather
than a rule, given the current risk environment in developing world regions such
as North Africa. Comparing the limited funds managed by IFIs with the large sum
of investments required to achieve a substantial scale-up of RES deployment in
developing countries, a stronger mobilization of private investments will be
needed, which would eventually lead to a further reduction of equity rates of
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return. This, in turn, requires an even stronger attention on perceived risks by
private investors and the development of policies to tackle these perceived risks.
The effect of de-risking on the cost competitiveness of RES electricity
generation with conventional electricity generation depends strongly on
the particular RES technology under consideration. In relation to the
quantitative assessment of impacts of investment risks on RES financing and lifecycle costs by the UNDP (2013), our findings differ quite substantially. While the
UNDP (2013) de-risking report finds that in the case of large-scale onshore wind
energy projects a de-risking strategy may eventually decrease the LCOE from
wind energy below the LCOE of a baseline activity in two of the four case study
countries (Panama and Kenya). We find that reducing financing costs of CSP
projects in the North African regions to the European level will indeed lead to a
39% reduction in LCOE; however, this reduction will still not be sufficient to
reach economic competitiveness of CSP in North Africa with prevailing electricity
prices11. Only when taking into consideration estimates of effective production
and consumption subsidies for conventional electricity production in North
Africa, CSP appears to become competitive in one of the four case study
countries (Morocco) after implementing a de-risking strategy that reduces
financing costs to European levels.
This relative advantage of large scale onshore wind over large scale CSP might
lead to the conclusion that investing in large-scale onshore wind energy is
economically more feasible than investing in large scale CSP projects. However,
the results of our analysis and of UNDP (2013) are not directly comparable as
the two technologies, wind and CSP, are not directly comparable either.
Differences in the maturity of technologies, their respective market penetration
rates and lengths of their track records may constitute technology parameters
influencing financing costs for a specific RES technology. Moreover, given the
current situation of the grid infrastructure and electricity storage potentials,
large scale deployment of wind energy might eventually not be technically
feasible in the North African region in the short to medium run. CSP in
combination with heat storage capacities might therefore represent an
important complementary technology in the transition to a RES based energy
system.
Based on these insights we suggest a dual strategy for North Africa’s RES policy
to promote RES deployment in the region: (1) the introduction of a
comprehensive de-risking strategy with private and public measures to tackle
In our analysis we consider the average electricity prices prevailing in the respective countries
while the UNDP report considers marginal baseline activities as points for comparison with the
RES technology that tend to be higher than average prevailing electricity prices.
11
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the higher financing costs associated with CSP projects and to eventually reduce
the LCOE from CSP complemented by (2) additional policy instruments directly
(e.g. by introducing feed-in-tariffs or green quotas) and indirectly (e.g. by
lowering fossil fuel subsidies) supporting RES.
Given the regional differences in the legal and political systems, the cultural
environments, the existing energy systems and energy infrastructure, as well as
the (renewable) energy policies and strategies in North Africa, investors have to
deal with the concrete situation in a host country case by case and upfront to
anticipate potential risks and barriers in particular RES investment projects.
Therefore, the analysis of additional case studies will be a fruitful and important
area of future research and we strongly encourage the research community to
put their joint effort in the establishment of a comprehensive data base collecting
baseline financing costs, the impacts of perceived risks on financing costs and the
potential of de-risking related to concrete RES projects.

20

Acknowledgments
The work described in this paper was supported by the Austrian National
Member Organization to IIASA and by the European Research Council in frames
of its “ERC StG2012 - 313553 – Desertection” grant. Furthermore, funding for
this research was also granted by the Austrian Climate and Energy Fund
(Austrian Climate Research Program (ACRP), project RE-ADJUST, project
number B286196). The paper reflects the authors’ views and not those of the
Austrian NMO, the European Research Council or the ACRP. We wish to thank all
the colleagues and persons who provided us with professional advice and
collaboration. We are especially grateful to Wolfgang Roth and Erwin Solleder,
from Kommunalkredit Austria AG, who generously shared with us their
knowledge on risks for investment into renewable energies as well as to Bodo
Becker, TSK Flagsol and Stefan Pfenninger, Imperial College, London, who helped
us with data on concentrated solar power projects in North Africa.

21

References
Awerbuch, S., 2000. Investing in photovoltaics: risk, accounting and the value of
new technology. Energy Policy, 28 (14), 1023-1035.
Bergasse, E., Paczynski, W., Dabrowski, M., Dewulf, L. (2013). The Relationship
between Energy and Socio-Economic Development in the Southern and Eastern
Mediterranean. CASE Network Reports No. 412
Brand, B., (2015). The Integration of Renewable Energies into the Electricity
Systems of North Africa. Verlag Dr. Kovač, Hamburg, 2015
Brand, B., Zingerle, J., 2011. The renewable energy targets of the Maghreb
countries: Impact on electricity supply and conventional power markets. Energy
Policy, 39 (8), 4411–4419.
Branker K., Pathak, M.J.M., Pearce, J.M., 2011. A review of solar photovoltaic
levelized cost of electricity. Renewable and Sustainable Energy Reviews 15,
4470– 4482.
Brealey, R.A., Myers, S.C., 2013. Principles of Corporate Finance, Global edition of
the 11th revised edition. McGraw-Hill Higher Education.
Breyer, C., Gerlach, A., 2010. Global Overview on Grid-Parity Event Dynamics.
25th European Photovoltaic Solar Energy Conference and Exhibition / 5th World
Conference on Photovoltaic Energy Conversion, 6-10 September 2010, Valencia,
Spain.
https://www.qcells.com/uploads/tx_abdownloads/files/11_GLOBAL_OVERVIEW_ON_GRIDPARITY_Paper_02.pdf [last accessed: January 21, 2015].
Bridle, R., Kiston, L., Wooders, P., 2014. Fossil-Fuel Subsides: A barrier to
renewable energy in five Middle East and North African countries. Published by
the International Institute for Sustainable Development. Geneva, Switzerland.
Business Standard, 2013. World Bank says no money for nuclear power.
http://www.business-standard.com/article/international/world-bank-says-nomoney-for-nuclear-power-113112800052_1.html [last accessed: January 21,
2015].
Douglas, N., 1985. The Effect of Political Events on United States Direct Foreign
Investment: A Pooled Time-Series Cross-Sectional Analysis. Journal of
International Business Studies (16), 1-17.

22

CSP
Today,
2014.
Global
Tracker.
http://social.csptoday.com/tracker/projects/map?world-region%5b%5d=151
[last accessed: January 21, 2015].
CSP World, 2014. CSP World Map. http://www.csp-world.com/cspworldmap
[last accessed: January 21, 2015].
EIA, 2014. Levelized Cost and Levelized Avoided Cost of New Generation
Resources in the Annual Energy Outlook 2014. U.S. Energy Information
Administration. Washington, DC.
Fattouh, B., El-Katiri, L., 2012. Energy Subsidies in the Arab World. United
Nations Development Programme, Regional Bureau for Arab States. Arab Human
Development Report Research Paper Series.
Francés, G.E., Marín-Quemada, J.M., San Martín González, E., 2013. RES and risk:
Renewable energy's contribution to energy security. A portfolio-based approach.
Renewable and Sustainable Energy Reviews 26: 549–559.
Frankfurt School-UNEP Centre/BNEF, 2014. Global Trends in Renewable Energy
Investment 2014. Frankfurt School – UNEP Collaborating Centre for Climate &
Sustainable Energy Finance, Bloomberg New Energy Finance (BNEF). Frankfurt
am Main.
Frisari, G., Falconer, A., 2013. San Giorgio Group Case Study: Ouarzazate I CSP
Update. Climate Policy Initiative. Venice, Italy.
GIZ, 2013. Assessment of the localization, industrialization and job creation
potential of CSP infrastructure projects in South Africa – A 2030 vision for CSP.
Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH, Southern
Africa Solar Thermal and Electricity Association (SASTELA), The Department of
Trade and Industry (dti) Republic of South Africa. Pretoria, South Africa.
GIZ, 2014. Egyptian-German Committee on Renewable Energy, Energy Efficiency
and Environmental Protection. Deutsche Gesellschaft fuer Internationale
Zusammenarbeit (GIZ) GmbH. http://www.giz.de/en/worldwide/16274.html
[last accessed: January 21, 2015].
Harrabi, M., 2012. Renewable Energy Development in Tunisia. Société
Tunisienne
de
l'Electricité
et
du
Gaz
(STEG).
http://auptde.org/Article_Files/Moncef%20Harrabi-Steg.ppt [last accessed:
January 21, 2015].

23

Hernández-Moro, J., Martínez-Duart, J.M., 2013. Analytical model for solar PV and
CSP electricity costs: Present LCOE values and their future evolution. Renewable
and Sustainable Energy Reviews 20, 119–132.
Hirth, L., 2013. The market value of variable renewables. The effect of solar wind
power variability on their relative price. Energy Economics 38, 218-236.
Hirth, L., 2012. Integration costs and the value of wind power. Thoughts on a
valuation framework for variable renewable electricity sources. USAEE Working
Paper 12–150.
IEA, 2010. Projected Costs of Generating Electricity. 2010 Edition. International
Energy Agency. Paris.
IEA, 2013a. Tracking Clean Energy Progress 2013. IEA Input to the Clean Energy
Ministerial. International Energy Agency. Paris.
IEA, 2013b. Energy balances of non-OECD countries, 2013 edition. International
Energy Agency. Paris, France.
IEA, 2013c. Medium Term Renewable Energy Market Report 2013. Country
profile Morocco. http://www.iea.org/publications/mtmr/countries/morocco/
[last accessed: January 21, 2015].
IEA, 2014. World Energy Investment Outlook. Special Report. International
Energy Agency. Paris, France.
IMF, 2014. Energy Subsidies in the Middle East and North Africa: Lessons for
Reform. International Monetary Fund. Washington, DC.
IMF, 2013. Energy subsidy reform: lessons and implications. International
Monetary Fund. Washington, DC.
IPCC, 2014. Climate Change 2014: Mitigation of Climate Change. Working Group
III contribution to the IPCC 5th Assessment Report. Final draft.
IRENA, 2014. Renewable power generation costs in 2014. International
Renewable Energy Agency. Bonn, Germany.
IRENA, 2013. Renewable energy technologies: cost analysis series. Volume 1:
Power Sector Issue 2/5. Concentrating Solar Power. IRENA Working Paper.
International Renewable Energy Agency. Bonn, Germany.

24

Joskow, P.L., 2011. Comparing the Costs of Intermittent and Dispatchable
Electricity Generating Technologies. American Economic Review: Papers &
Proceedings, 100 (3), 238-241.
Kann, S., 2009. Overcoming barriers to wind project finance in Australia. Energy
Policy, 37 (8), 3139–3148
Kitson, L., Wooders, P., Moerenhout, T., 2011. Subsidies and External Costs in
Electric Power Generation: A comparative review of estimates. International
Institute for Sustainable Development (iisd) and Global Subsidies Initiative (GSI)
Research Report September 2011.
Komendantova, N., Patt, A., Williges, K., 2011. Solar power investment in North
Africa: Reducing perceived risks. Renewable and Sustainable Energy Reviews 15,
4829-4835.
Komendantova, N., Patt, A., Barras, L., Battaglini, A., 2012. Perception of risks in
renewable energy projects: The case of concentrated solar power in North Africa.
Energy Policy 40, 103-109.
Kost, C., Mayer, J.N., Thomsen, J., Hartmann, N., Senkpiel, C., Philipps, S., Nold, S.,
Lude, S., Saad, N., Schlegl, T., 2013. Levelized Cost of Electricity Renewable
Energy Technologies. Fraunhofer Institute for Solar Energy Systems (ISE).
Freiburg, Germany.
Kulichenko, N., Wirth, J., 2011. Regulatory and Financial Incentives for Scaling up
Concentrating Solar Power in Developing Countries. Energy and mining sector
board discussion paper No. 24. The World Bank, Washington, DC.
Kuravi, S., Trahan, J., Goswami, D.Y., Rahman, M.M., Stefanakos, E.K., 2013.
Thermal energy storage technologies and systems for concentrating solar power
Plants. Progress in Energy and Combustion Science 39, 285-319.
LaCapra, L.T., 2012. Goldman Sets $40 Bln Clean Energy Investment Plan.
Reuters
Online,
May
23,
2012.
http://www.reuters.com/article/2012/05/23/goldman-greenidUSL1E8GMDPR20120523 [last accessed: January 21, 2015].
Lüthi, S., Prassler, T., 2011. Analyzing policy support instruments and regulatory
risk factors for wind energy deployment—a developers’ perspective. Energy
Policy, 39 (9), 4876–4892

25

Mason, M., Kumetat, D., 2011. At the crossroads: energy futures for North Africa.
Energy Policy, 39 (8), 4407–4410.
MEM, 2011. Renewable energy and energy efficiency program. Algerian ministry
of
energy
and
mines.
http://portail.cder.dz/IMG/pdf/Renewable_Energy_and_Energy_Efficiency_Alger
ian_Program_EN.pdf [last accessed: January 21, 2015].
Mills, A., Wiser, R., 2012. Changes in the economic value of variable generation at
high penetration levels: a pilot case study of California. Lawrence Berkeley
National Laboratory Paper LBNL-5445E.
Mitchell, C., Bauknecht, D., Connor, P.M., 2006. Effectiveness through risk
reduction: a comparison of the renewable obligation in England and Wales and
the feed-in system in Germany. Energy Policy 34(3), 297-305.
NREL, 2011. Solar: monthly and annual average direct normal (DNI), global
horizontal (GHI), latitude tilt, and diffuse data and GIS data at 40km resolution
for Africa from NREL. U.S. National Renewable Energy Laboratory.
http://en.openei.org/datasets/node/494 [last accessed: January 21, 2015].
OECD/IEA, 2013. World Energy Outlook 2013. Executive Summary. International
Energy Agency. Paris.
Ondraczek, J., Komendantova, N., Patt, A., 2015. WACC the Dog: The effect of
financing costs on the levelized cost of solar PV power. Renewable Energy 75,
888-898.
Oxera, 2011. Discount rates for low-carbon and renewable generation
technologies. Prepared for the Committee on Climate Change. April 2011. Oxera
Consulting Ltd. Oxford, UK and Brussels, Belgium.
Pitz-Paal, R., Amin, A., Bettzuge, M., Eames, P., Flamant, G., Fabrizi, F., Holmes, J.,
Kribus, A., van der Lann. H., Lopez, A., Novo, F., Papagiannakopoulos, P., Pihl, E.,
Smith, A., Wagner, H., (2012). Concerntration Solar Power in Europe, the Middle
East and North Africa: A Review of Development Issues and Potential to 2050.
Journal of Solar Energy Engineering 134(2), Technical Brief.
Riahi, K.,F., Dentener, D., Gielen, A., Grubler, J., Jewell, Z., Klimont, V., Krey, D.,
McCollum, S., Pachauri, S., Rao, B., van Ruijven, D. P., van Vuuren, Wilson, C., 2012.
Energy Pathways for Sustainable Development. In GEA (2012): Global Energy
Assessment – Toward a Sustainable Future. Cambridge University Press,
Cambridge, UK and New York, NY, USA and the International Institute for
26

Applied Systems Analysis, Laxenburg, Austria
(hardback); ISBN 9780521182935 (paperback)].

[ISBN

9781107005198

Schmidt, T.S., 2014. Low-carbon investment risks and de-risking. Commentary.
Nature Climate Change 4, 237-239.
Short, W., Packey, D., Holt, T., 1995. A manual for economic evaluation of energy
efficiency and renewable energy technologies. National Renewable Energy
Laboratory. Colorado.
Shrimali, G., Nelson, D., Goel, S., Konda, C., Kumar, R., 2013. Renewable
deployment in India: Financing costs and implications for policy. Energy Policy
62, 28-43.
SolarPaces, 2003. Report on the SolarPACES START Mission to Algeria.
September 14-18, 2003. Edited by Michael Geyer, IEA SolarPACES, Executive
Secretary.
Slovic, P., 2000. The perception of risk. London: Earthscan Publications, Ltd.
Trieb, F., Mueller-Steinhagen, H., Kern, J., (2011). Financing concentrating solar
power in the Middle East and North Africa – Subsidy or investment? Energy
Policy, Volume 39, Issue 1, January 2011, Pages 307-317
Ueckerdt, F., Hirth, L., Luderer, G., Edenhofer, O., 2013. System LCOE: What are
the costs of variable renewables? Energy 63, 61-75.
UNDP, 2013. De-risking Renewable Energy Investment. A Framework to Support
Policymakers in Selecting Public Instruments to Promote Renewable Energy
Investment in Developing Countries. United Nations Development Programme.
New York.
UPDEA, 2009. Comparative study of electricity tariffs used in Africa. UPDEA
General Secretariat. Union of Producers, Transporters and Distributors of
Electric Power in Africa, Abidjan, Côte d'Ivoire.
Varadarajan, U., Nelson, D., Pierpont, B., Hervé-Mignucci, M., 2011. The Impacts
of Policy on the Financing of Renewable Projects: A Case Study Analysis. Climate
Policy Initiative, San Franciso.http://climatepolicyinitiative.org/publication/theimpacts-of-policy-on-the-financing-of-renewable-projects-a-case-studyanalysis/ [last accessed: January 21, 2015].
World Bank and ESMAP, 2011. Middle East and North Africa Region Assessment
of the Local Manufacturing Potential for Concentrated Solar Power (CSP)
27

Projects. Ernst & Young et Associés, Fraunhofer Institute for Solar Energy
Systems ISE, Fraunhofer Institute for Systems and Innovation Research ISI.
Washington, DC.

28

Appendix
A.1. LCOE model details and parameter values employed
The annual electricity production 𝑆𝑛 is calculated by multiplying the DNI value in
country 𝑛 by the performance ratio of the CSP power plant and the tracking
factor. Following Hernández-Moro and Martínez-Duart (2013) the tracking
factor 𝑇𝐹 is assumed to be 1 for the technology we consider in our analysis: a
power tower system with a double axis tracking system. The performance ratio
𝑃𝑅 converts the DNI value for country 𝑛 into the actual amount of electricity
produced by the system after including the tracking factor 𝑇𝐹. The value of the
performance ratio of CSP plants is mainly determined by the amount of storage
capacity. Since we consider a power tower plant with thermal storage for 7.5h in
our analysis, the performance ratio 𝑃𝑅 is assumed to be 1.602 m2/kWh (ibid.).
𝑆𝑛,𝑡 = 𝐷𝑁𝐼𝑛 ∗ 𝑇𝐹 ∗ 𝑃𝑅
𝑆𝑛,𝑡 … 𝑟𝑎𝑡𝑒𝑑 𝑎𝑛𝑛𝑢𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑢𝑡𝑝𝑢𝑡 𝑖𝑛 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑛 (𝑖𝑛 𝑘𝑊ℎ/𝑦𝑒𝑎𝑟)
𝐷𝑁𝐼𝑛,𝑡 … 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑑𝑖𝑟𝑒𝑐𝑡 𝑛𝑜𝑟𝑚𝑎𝑙 𝑖𝑟𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒 𝑖𝑛 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑛 (𝑖𝑛 𝑘𝑊ℎ/𝑚2
/𝑦𝑒𝑎𝑟)
𝑇𝐹 … 𝑡𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝑓𝑎𝑐𝑡𝑜𝑟
𝑃𝑅 … 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 𝑟𝑎𝑡𝑖𝑜 (𝑖𝑛 𝑚2 /𝑘𝑊ℎ)
The decommissioning costs net of scrap value 𝑑 are assumed to be negative for
CSP projects. This means that at the end of the economic project lifetime the
scrap value of the power plant components exceed the decommissioning costs.
This is motivated by the assumption that in the case of RES technologies such as
wind and solar power, the power plant is usually not fully decommissioned,
which would imply high costs, but rather refurbished with new equipment (IEA,
2010).
In the calculation of the WACC, the equity rate of return 𝑖𝐸 𝑛 and the debt interest
rate 𝑖𝐷 𝑛 for a CSP project in a North African country are weighted by their
respective shares in overall external funding of the project.
𝐸𝑛
𝐷𝑛
𝑊𝐴𝐶𝐶𝑛 = 𝑖𝐸 𝑛 (
) + 𝑖𝐷 𝑛 (
)
𝐸𝑛 + 𝐷𝑛
𝐸𝑛 + 𝐷𝑛
𝑊𝐴𝐶𝐶𝑛 … 𝑊𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑐𝑎𝑝𝑖𝑡𝑎𝑙 𝑖𝑛 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑛 (𝑖𝑛 𝑝𝑒𝑟𝑐𝑒𝑛𝑡)
𝑛 … 𝑐𝑜𝑢𝑛𝑡𝑟𝑦
𝑖𝐸 𝑛 … 𝑒𝑞𝑢𝑖𝑡𝑦 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑟𝑒𝑡𝑢𝑟𝑛 𝑖𝑛 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑛 (𝑖𝑛 𝑝𝑒𝑟𝑐𝑒𝑛𝑡)
𝐸𝑛 … 𝑆ℎ𝑎𝑟𝑒 𝑜𝑓 𝑒𝑞𝑢𝑖𝑡𝑦 𝑢𝑠𝑒𝑑 𝑖𝑛 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝑝𝑟𝑜𝑗𝑒𝑐𝑡 𝑖𝑛 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑛 (𝑖𝑛 𝑝𝑒𝑟𝑐𝑒𝑛𝑡)
𝑖𝐷 𝑛 … 𝑑𝑒𝑏𝑡 𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒 𝑖𝑛 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑛 (𝑖𝑛 𝑝𝑒𝑟𝑐𝑒𝑛𝑡)
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𝐷𝑛 … 𝑆ℎ𝑎𝑟𝑒 𝑜𝑓 𝑑𝑒𝑏𝑡 𝑢𝑠𝑒𝑑 𝑖𝑛 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝑝𝑟𝑜𝑗𝑒𝑐𝑡 𝑖𝑛 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑛 (𝑖𝑛 𝑝𝑒𝑟𝑐𝑒𝑛𝑡)

Table A.1. Parameter values for the LCOE model

Parameter description

Parameter

Unit

T

Years

In,t=0

USD/kWp

L

USD/kWp

24 Hernández-Moro and
Martínez-Duart (2013)

On,t

% of initial
investment

2.5 Hernández-Moro and
Martínez-Duart (2013)

Operation and maintenance
cost in country n in period t

% of initial
investment

2.0 Hernández-Moro and
Martínez-Duart (2013)

Insurance cost in country n
in period t

% of initial
investment

0.5 Hernández-Moro and
Martínez-Duart (2013)

Dn,t=T

% of initial
investment

-20 IEA (2010)

d

%

DNIn,t

kwh/m2/a

Breyer and Gerlach
(2010)

Algeria

kwh/m2/a

2,488 Breyer and Gerlach
(2010)

Egypt

kwh/m2/a

2,589 Breyer and Gerlach
(2010)

Morocco

kwh/m2/a

2,410 Breyer and Gerlach
(2010)

Tunisia

kwh/m2/a

2,306 Breyer and Gerlach
(2010)

Economic life of CSP project
Initial investment cost of in
country n in period t=0
Land cost
Operation expenditures in
country n in period t

Decommissioning cost (+) /
Scrap value (-)in country n in
period t=T
Annual module degradation
factor
Direct Normal Irradiation (DNI)
in country n in period t

Value

Source

30 IRENA (2013)
7,000 IRENA (2013)

0.2 Hernández-Moro and
Martínez-Duart (2013)
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A.2 LCOE sensitivity analysis
The main focus of this article is on the assessment of the impacts of variations in
financing costs on the LCOE from CSP in the North African region. In this
sensitivity analysis we assess the impact of altering other important parameter
values in the calculation of LCOE from CSP.
Table A.2. Sensitivity analysis of key LCOE parameter values

Parameter description
Initial investment costs
LCOE
Operation and maintenance cost
LCOE
Rated annual energy output
LCOE
Project life
LCOE

Parameter

Unit

In,t=0

USD/kWp
USD/kWh
USD/kWp/a
USD/kWh
kWh/kWp/a
USD/kWh
a
USD/kWh

Op,n,t
Sn,t
T

-10%
6,300
0.221
157.5
0.236
3,530
0.219
27
0.239

base

+10%

7,000
0.240
175
0.240
3,922
0.240
30
0.240

Table A.2 depicts the sensitivity of LCOE from CSP in the North African region
due to variations (-10% and +10%) in key parameter values: Cost overruns,
expressed in higher or lower initial investment costs and operation and
maintenance costs; deviations in the rated annual energy output due to
uncertainty in DNI forecasts or variations in the performance factor; variations
in the project life. Due to the high capital intensity of CSP projects, the LCOE
metric is particularly sensitive to deviations in initial investment costs. Moreover,
we find that a -/+10% deviation in the assumption regarding the rated annual
energy output of a CSP project has an even stronger impact on the LCOE from
CSP than a comparable deviation in the initial investment costs. Variations in the
assumed project life as well as in the operation and maintenance expenditures
have considerably less impact on the LCOE results.
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7,700
0.260
192.5
0.245
4,314
0.267
33
0.241

