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Executive Summary

Solar power is now economically viable across most Middle East & North African (MENA) countries thanks to a number of factors, 
notably falling cost of solar panels, rising cost of fuels used in conventional power generation, and excellent fit to demand patterns. 
The traditional view among the region’s policy-makers has been that solar is still uneconomic due to the region’s abundant hydrocarbon 
resources and will therefore require substantial subsidies to be adopted widely.

This report illustrates that with oil prices above $80 per barrel or liquefied natural gas (LNG) prices above $13 /million British thermal 
units1  (MMBtu), solar becomes commercially viable without the need for subsidies. With further anticipated reductions in PV costs or 
lower cost of capital, then the break-even gas price falls below $10/MMBtu, with potential to reduce further. Based on current market 
rates, the levelized cost of electricity from solar PV in the MENA region is estimated as approximately 15.4 US¢/kWh, superior to 
conventional plants burning oil or high-cost LNG.

Key target markets for solar power include countries that are reliant on imported oil for power (e.g. Jordan, Morocco), that burn large 
amounts of domestic oil for power (e.g. Saudi Arabia, Kuwait) or that import LNG (Dubai and Kuwait).

The increased viability of solar power has important implications. MENA countries have a new way to help meet their fast-growing 
energy demand. This, in turn, can release more oil and gas for export to world markets. 

To take advantage of this new opportunity, MENA governments and private-sector organisations will have to work together to rationalise 
energy pricing, introduce appropriate regulations to accommodate solar power in the generation mix, develop large-scale projects, and, 
ideally, help develop local companies across of the solar value chain.
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Introduction

The widespread perception today is that despite the region’s excellent solar resource, solar power is not competitive because of the low 
cost and easy availability of gas-fired power plants. In other words, solar power is more expensive than alternative sources of power 
generation.

This report puts forward a more promising view. Three key factors are driving solar power to be competitive against conventional power 
generation in MENA:

1. Dramatic cost reductions in solar equipment costs over the past year, with further falls forecast;
2. The good fit of solar power generation with demand patterns, particularly in the Gulf where air-conditioning dominates the demand  
     curve; and
3. Gas shortages in some MENA countries, with increasing reliance on expensive imported LNG or oil-based fuels for power generation.

This report also unveils the results of an ESIA model which simulates a typical MENA country’s power generation and outlines the 
conditions under which solar is economically competitive today or is expected to become so in the near future.

Foreword

PwC1 is proud to support research in truly strategic industries, 
promoting new thinking, and playing a role in creating new 
possibilities for our future.   Energy is certainly one industry which 
is an integral engine for growth - and welfare - across the Middle 
East region, and is increasingly demonstrating the leadership and 
taking the actions to create significant, lasting, and meaningful 
impact to our world

We are therefore delighted to be partnering with the Emirates 
Solar Industry Association and Robin Mills in sponsoring this 
report. Having analysed the key financial and operational metrics 
for solar technologies, it presents a new and insightful point of 
view which will help support a stronger debate on the specific 
merits of solar technologies in the Middle East. We have seen 
governments and utilities develop and begin to pursue longer term 
diversification strategies (with a 2020 to 2050 time horizon) and 
many of these are now also taking into account the potential role 
that solar energy, and other important measures such as demand 
management, can play

We believe this report has the potential to substantially influence 
decision-making in the energy sectors of the Middle East and 
North Africa in the coming years.  Particularly as it presents a new 
perspective on the common perception of solar being 'good but 
too costly' - based on the price dynamics of global oil & gas and PV 
panel markets. 

PwC is excited to support and contribute thought leadership to 
this exciting debate as it develops over the years to come.  

Paul Navratil,
PwC Middle East Energy, Utilities, & Mining Leader 

Over the past decades, despite the MENA region’s vast abundance 
of solar resources, this clean energy source has received little 
attention. There have been many valid reasons for this inactivity, 
both commercial and technological. 

Today, we are seeing these barriers fade away as costs come down 
and efficiency goes up. In the process, a new dawn is rising for the 
region’s solar industry -- from the Saharan desert of Morocco to 
the Rub Al’ Khali dunes of Saudi Arabia. 

ESIA is honored to have teamed up with the renowned author 
Robin Mills and the globally respected professional services firm 
PwC in producing this landmark study. 

I also want to acknowledge the contributions of several of ESIA’s 
Founding Members and partners in making this study a success, 
notably Bloomberg New Energy Finance, Masdar Institute, 
Apricum, Chadbourne & Parke, Enviromena, Siemens, Schneider 
Electric, and BP Solar. 

This study is a testament to the strong solar talent that is already 
rooted in MENA. Together, we will continue to push ahead, hand 
in hand with our academic and policy partners in making solar 
power a leading source of energy in the 21st century.

 
Vahid Fotuhi
Chairman, ESIA

1 “PwC” refers to the network of member firms of PricewaterhouseCoopers 
International Limited (PwCIL), or, as the context requires, individual member 
firms of the PwC network. 
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Transformation of MENA energy markets

Rapid demand growth in the MENA region, driven by booming economies and energy-intensive industries has led the region to the point 
at which cheap supplies of gas are no longer sufficient.

For example, Saudi Arabia’s 2009 domestic consumption of oil and gas was 69% higher than in 1999. Meanwhile, the Kingdom’s 
consumption of crude oil for power was estimated to be 582,000 barrels per day in 2011, up 340% from the 2006 level2 . As Figure 3 on 
page 12 shows, of 19 MENA states studied, seven rely on oil for more than 50% of power generation, a further seven for 10-50%, and 
two others (Dubai and Bahrain) are LNG importers or likely to become so shortly.

At the same time, getting access to cheap imported natural gas is no longer feasible. Major gas producers, notably Qatar, now expect 
world market prices for their fuel. For example, the Dolphin gas project from Qatar to the UAE and Oman, for which gas sales contracts 
were signed in 2003, provides for a gas price of around $1.5 / MMBtu, while Qatar currently receives around $16/MMBtu for gas sales 
to the Far East. Negotiations for an expansion of the Dolphin pipeline have so far been unsuccessful.

In addition, political and commercial issues have prevented the development of many regional pipeline interconnections, notably the 
planned gas pipelines from Qatar to Bahrain and Kuwait, and pipelines from Iran to Sharjah and Oman. 

Demand curve

To allow for insights applicable across the region, this analysis uses a model of a prototypical MENA city with typical demand patterns 
(volumes and peaks), a common supply mix of open- and combined-cycle turbines and varying fuel-costs for baseload and peak 
supplies.

In the MENA region, solar irradiance levels are very well matched to meet the midday summer demand peak (Figure 1).  Without solar 
power, summer demand of about 10.8 GW is met with baseload combined-cycle turbines running on cheap legacy gas and expensive 
imported LNG. With the introduction of 3.5 GW of nominal solar PV capacity, the optimal generation mix changes. The use of
open-cycle turbines at midday can be almost entirely eliminated, saving high-cost fuel.

Despite the coincidence of peak demand and peak insolation, managing the early-evening peak remains a challenge for solar PV. In some 
MENA countries (Morocco as an extreme example), the evening peak is higher than the midday peak, requiring the costly construction 
of gas-firing peaking units which run only rarely. This issue becomes increasingly significant as solar power as a percentage of total 
capacity increases.

Possible solutions include: energy storage (e.g. pumped storage where available, as in Morocco), thermal storage; production of 
desalinated water at off-peak times; and trading of electricity with neighbours with different peak times. In general, these solutions will 
be economically attractive where they have a lower capital cost than peaking gas turbines (here assumed at $775/kW).
Concentrated solar power with storage can manage the evening peak effectively, but its capital costs are currently considerably higher 
than PV. Due to this, and to its very different performance characteristics, CSP is not considered further here.

2 Jadwa Investment (July 2011) ‘Saudi Arabia’s coming oil and fiscal challenge’; 
G. Lahn and P. Stevens (December 2011) ‘Burning Oil to Keep Cool: the Hidden 
Energy Crisis in Saudi Arabia’, Chatham House; D. Gately, N. Al Yousef and H.M.H. 
Al Sheikh (5th July 2011) ‘The Rapid Growth of Domestic Oil Consumption in Saudi 
Arabia and the Opportunity Cost of Oil Exports Foregone’. 
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Solar power economics3

Based on prevailing market rates, the levelized cost of electricity from solar PV in typical MENA climates is estimated as 15.4 US¢/kWh 
at an installed capital cost of $2.50/W. The price ranges from 12.6 US¢/kWh for a capital cost of $2/W (utility-scale projects) to 18.1 
US¢/kWh at $3/W (roof-top installations).

Figure 2 shows the cost of electricity from solar PV (at $2.5/W) versus that for gas or oil-fired generation. Solar is cheaper than an open-
cycle peaking unit at gas prices above $5/MMBtu (equivalent to oil at around $30/barrel4 ) but requires $17/MMBtu to be competitive 
with baseload combined-cycle power -- around current LNG prices.5

As imported fuel (gas or oil) prices increase, solar power will increasingly become a viable part of the generation mix (Table 1). This is 
shown for combinations of different capital and operating costs and cost of capital7  (the 4% reflecting possible availability of low-cost 
state or export financing). Also shown is a comparison between countries with low-cost legacy gas available (e.g. most of the Gulf) and 
those where all fuel is high-cost imports (Jordan, Morocco, Lebanon etc).
 

If MENA solar PV costs reach $2/W, or if cost of capital is reduced to 4% then the break-even gas price falls below $10/MMBtu. In this 
case, solar power could potentially compete not only with oil and LNG, but also with imported pipeline gas or domestic unconventional 
gas.

In practice, at different times of the day and year, solar PV will be replacing different types of generation and fuel. The optimal 
generation mix (Table 2) minimises the utility company’s discounted capital costs, operating costs and fuel costs. Life-cycle savings of 
solar power are shown compared to a generation mix using only oil and gas.

For fuel costs around $10/MMBtu, a modest amount (3-6%) of solar penetration in the energy mix is attractive only when capital costs 
or the cost of capital are low. However, for fuel prices around $16/MMBtu (similar to current LNG prices), large-scale solar penetration 
approaching 20% becomes economic, with lifetime savings of $1-2 billion. This would be sufficient to replace nearly all oil-fired 
generation in countries such as Jordan (which relies on oil for about 20% of power generation).

Carbon credits have not been included in this model. But indicatively, at $10/tonne CO2 each 1MW of solar installed would generate 
$10,000 in carbon credits resulting in a reduction of the break-even gas price by about $0.50/MMBtu.

Other benefits of solar power may include reduced local air pollution; improved energy security; local employment and economic gains; 
and reputational gains. 

8 Low-cost legacy gas assumed at $1.50 / MMBtu

3 This calculation is based on Gulf experience, information from solar developers 
and from Bloomberg New Energy Finance. It includes the very favourable solar ra-
diation, somewhat offset by reduced performance and higher operational costs due 
to high temperatures and dust. This cost includes PV performance degradation over 
time and excludes transmission & distribution (assumed to be the same for solar as 
for conventional power).

4 1 barrel oil equivalent ≈ 6 million British thermal units (MMBtu)

5 Of course, solar power without storage cannot replace baseload generation 
outside daylight hours.
6 ‘Utilisation’ for gas-fired plants expressed as a percentage of the total hours in a 
year in which a given plant is operated.
7 Cost of capital here is a blended real-terms rate including equity and debt; no tax 
effects are considered.

10 Total installed capacity in this scenario is about 10.8 GW

9  Low-cost legacy gas assumed at $1.50 /MMBtu
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Subsidies

In most MENA countries, electricity prices to the end-user are subsidised. In many gas and oil supplies to the generator are subsidised 
– or set at regulated prices which are well below the import prices (if the fuel is imported) or the price at which that fuel could be 
exported. For example, in Saudi Arabia, gas is supplied to power plants at $0.75/MMBtu, and oil at $2.7-4.3/barrel
($0.47-0.74/MMBtu)11 . The opportunity cost of crude oil burning for power in Saudi Arabia is about $50 billion annually, more than 
10% of nominal GDP – with further opportunity costs of consuming refined oil and gas.

From the point of view of the utility, this may make solar power appear uncompetitive. But the provision of cheap fuel clearly represents 
a cost to the government which has to procure that fuel. For residential/commercial (e.g. rooftop) installations, subsidised pricing 
of grid electricity might make solar power artificially appear uncompetitive for property owners. Removal of electricity subsidies, or 
extension of those subsidies to solar power, can level the playing field.

11 Jadwa Investment (July 2011) ‘Saudi Arabia’s coming oil and fiscal challenge’

Alternatives to solar power

The competitiveness of solar power could be challenged by the development of domestic unconventional gas, or by increased intra-
regional pipeline gas trade. Oman, Bahrain and Jordan, to give three examples, are likely to have significant unconventional resources, 
while Iran, Iraq and Qatar have substantial resources for export under the right political and commercial conditions. In this scenario, gas 
prices would be in the range of $5-10/MMBtu.

MENA energy efficiency can be greatly improved at low cost, but new generation will still be required to serve the region’s fast-growing 
populations and economies. 

Nuclear power is another plausible source of clean energy. Iran, the UAE, Jordan and Saudi Arabia all have civil nuclear power 
programmes at varying stages. Apart from the well-known advantages and disadvantages of nuclear power, the following considerations 
are relevant to MENA:

• Nuclear power is likely to be cost-competitive with conventional thermal power at gas prices around $12/MMBtu (~$70/bbl oil),   
    cheaper than solar power in most cases

•  However, if nuclear capacity exceeds ~40% of peak load, some of it will have to run as intermediate load (not baseload) at lower 
    utilisation factors, significantly increasing the delivered cost of electricity due to the high capital cost of these plants

• Smaller markets (e.g. Jordan, Bahrain) will find it difficult to accommodate a single reactor which might represent 30% or more of 
    total generating capacity

• Nuclear power will take longer to build than moderate quantities of solar power. The UAE’s nuclear programme was launched in 2008 
    and will deliver first power in 2017 at the earliest; a solar programme could begin delivering electricity within 2-3 years

• The institutional and technical capacity required for a nuclear programme is much greater than that for solar power, and some MENA 
    countries will experience political obstacles in pursuing nuclear power

• Nuclear and solar power are therefore best seen as complementary, not competitors
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Solar ‘sweet spots’ in the MENA region

Figure 3 compares MENA target markets, from group 1 (most attractive) to 4 (least attractive). LNG importers (current or near-future) 
are highlighted in red bubbles. The bubble size indicates the country’s current electrical generation (for scale, Saudi Arabia’s is about 
200 TWh/year and Yemen’s about 6.5 TWh/year).

The countries are then divided into 6 groups on the basis of relative economic attractiveness of solar power12 :

1: Little domestic gas production and high use of oil for power. Solar power saves significantly on fuel costs and improves energy 
     security, and is therefore highly attractive.

2a: Significant domestic gas, but insufficient to meet demand. Solar power will free up domestic oil consumption for export, which is 
        economically attractive.

2b: Import significant amounts of gas for power. Solar power will reduce the need for high-cost imports (Kuwait, in group 2a, is also an 
        LNG importer, and therefore benefits from saving both oil and gas), and is economically attractive at current gas prices.

3: Domestic gas resources are sufficient to meet demand but production is insufficient due to war, insecurity, sanctions, mismanagement, 
     poor investment climate or other factors. Solar power can be used to fill demand niches (e.g. remote areas) before domestic gas is 
     developed.

4: Significant gas exporters but exports constrained by resources. Solar power can free up additional gas for export or domestic use. At 
     typical netbacks for MENA gas exports, solar power is not yet economically competitive on this basis in most cases.

5: Qatar, whose gas exports are constrained by policy, not resources, and where solar power is therefore not currently attractive on a 
     purely economic basis.

At current costs, solar PV is commercial in MENA countries where it replaces oil- or LNG-fired power, particularly when the country has 
no access to legacy low-cost gas supplies. Optimal share for solar in the power generation mix is 13% (Table 2), and could increase to 
around 20% with further cost reductions.

Solar PV is not justifiable on purely economic grounds in countries with access to moderately-priced gas. However, it can be economic in 
niche markets (e.g. off-grid or remote areas), and for countries which despite sufficient gas resources, are unable to supply demand. 

Conclusion

Recent falling costs of solar power, excellent fit to demand patterns, and rising regional gas prices, mean that PV is now economically 
viable or close to it in most Middle East/North Africa (MENA) countries, overturning conventional wisdom.

With oil or LNG prices above US$13 /million British thermal units (MMBtu) (about $80/barrel oil), solar PV projects become 
commercially viable in the generation mix without the need for subsidies. This break-even price will fall as solar power costs continue to 
drop.

Key target markets include countries that are reliant on imported oil for power (e.g. Jordan, Morocco), that burn large amounts of 
domestic oil for power (e.g. Saudi Arabia, Kuwait) or that import LNG (Dubai and Kuwait). 

The increased viability of solar power has important implications. MENA countries have a new way to help meet their fast-growing 
energy demand. This, in turn, can release more oil and gas for export to world markets.

To take advantage of this new opportunity, MENA governments and private-sector organisations will have to work together to rationalise 
energy pricing, introduce appropriate regulations to accommodate solar power in the generation mix, develop large-scale projects, and, 
ideally, help develop local companies across of the solar value chain.

12 Other factors such as climate, political stability, load patterns, market growth, 
installed generation types, etc, will also affect the economic viability of solar power in 
different MENA countries.
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Methodology

The data used in this report are drawn from primary sources, mainly the utility companies in the region, namely DEWA, ADWEA, 
SEC and others. There is also data acquired from government organizations such as the Executive Affairs Authority of Abu Dhabi, the 
Electricity and Cogeneration Regulatory Authority in Saudi Arabia, and the US Energy Information Agency.

The model used in this report covers a representative MENA power sector, with demand modelled on an hourly, monthly and yearly 
basis, based on data from Abu Dhabi, Dubai and Saudi Arabia.

The power sector contains a variety of generation technologies (open-cycle and combined-cycle thermal plants, and solar photovoltaics) 
and fuels (cheap legacy gas, expensive imported gas or LNG, and oil). The model determines the optimal mix of open-cycle versus 
combined-cycle plants by minimising life-cycle cost. The effect of introducing solar PV at various levels on the total system cost and the 
delivered price of electricity can then be investigated.

Key cost/economic assumptions are as follows: 

Costs and operational parameters for gas- and oil-fired plants were taken from the US Energy Information Administration2 .

The prototypical MENA city modelled in the economics has baseload winter demand around 6 GW and peak summer demand of about 
11 GW. This is met from two legacy low-cost gas contracts (cheap imported or associated gas), in total sufficient to generate about 8 GW, 
plus high-cost imported gas/LNG, or diesel, or solar power. Low-cost gas can be stored in off-peak periods for use in peak periods. 

Open-cycle gas turbines are used in peak periods (operational <10% of total time); the remainder of generation comes from
combined-cycle gas turbines.
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16 Sunrise in the desert

This publication has been prepared for general guidance on matters of interest only, and does not constitute professional 
advice. You should not act upon the information contained in this publication without obtaining specific professional advice. No 
representation or warranty (express or implied) is given as to the accuracy or completeness of the information contained in this 
publication, and, to the extent permitted by law, the authors and distributors do not accept or assume any liability, responsibility or 
duty of care for any consequences of you or anyone else acting, or refraining to act, in reliance on the information contained in this 
publication or for any decision based on it.

Copyright 2012. All rights reserved. 
“PwC” refers to the network of member firms of PricewaterhouseCoopers International Limited (PwCIL), or, as the context requires, 
individual member firms of the PwC network. Each member firm is a separate legal entity and does not act as agent of PwCIL or 
any other member firm. PwCIL does not provide any services to clients. PwCIL is not responsible or liable for the acts or omissions 
of any of its member firms nor can it control the exercise of their professional judgment or bind them in any way. No member firm 
is responsible or liable for the acts or omissions of any other member firm nor can it control the exercise of another member firm’s 
professional judgment or bind another member firm or PwCIL in any way.

"ESIA" refers to the Emirates Solar Industry Association, non-profit industry group based in the UAE.
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About ESIA

The Emirates Solar Industry Association (ESIA) is a non-profit, non-governmental organization that brings together the region’s 
solar industry. Our goal is to transform the Middle East’s vast solar potential into a commercially and environmentally viable 
solution for the region’s growing electricity demand.

ESIA provides its members with services such as educational workshops, networking functions and special reports on 
breakthrough solar innovations. We also provide assistance to international companies seeking to expand their solar 
operations in the Middle East. The association is currently working on initiatives that bring together leaders from the policy 
sector, academia, and the private sector. The monthly ESIA newsletter goes out to over 1,200 readers in the Middle East 
renewable energy space – the largest of its kind.
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