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Executive Summary

The wide availability of renewable energy resources in the Middle East
and North Africa (MENA) is central to several large-scale European
initiatives to generate clean energy in countries of the southern
Mediterranean and import some of it to Europe via a pan-regional
‘super grid’ of high-voltage-direct-current (HVDC) lines. The
‘DESERTEC’ concept, initiated by Germany, is the flagship project.
This concept is based on the reasoning that large investments and tech-
nology transfer efforts could allow the MENA countries to produce
enough energy from renewable sources to satisfy not only their rapidly
increasing demands for energy but also those of Europe. 

Despite the inherent challenges and the high investment costs, the ben-
efits to European countries – satisfying increasing energy demand, mit-
igating climate change and expanding markets – are evident. But real-
izing these positive outcomes requires the MENA countries’ firm com-
mitment to transforming the regional energy system. To implement a
concept such as DESERTEC, the MENA countries must be willing and
able to share in the ownership of the vision. This could happen if the
renewable energy sector becomes a channel for local industrial devel-
opment, private sector competitiveness and a source of employment
and capacity building.

In the aftermath of the Arab Spring, the MENA region is facing enor-
mous developmental challenges, especially in terms of unemployment
and social inequality. In addition, most of the MENA countries have
long relied on a social contract that maintained social stability through
heavy state intervention and the distribution of rents – at the expense of
social equality and private sector competitiveness. To address these
problems, strategies for economic growth must include innovative
social policies and job creation schemes. To support a developmental
pathway where renewables play a significant role, a new incentive
structure (defined by a new social contract) is needed. The new social
contract requires measures such as reforming the energy subsidy
scheme, deregulating the energy sector and supporting competitiveness
in the private sector.
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Within the MENA region, Egypt is a particularly interesting case study
for several reasons. It is the most populous country, with a large domes-
tic market. More importantly, Egypt is one of the most industrialized
countries in the region, with several sectors that can compete interna-
tionally. Egypt is also regarded as a strategic political mediator and a
historically important partner for European countries. While Egypt’s
has limited fossil fuels, its renewable energy resources abound. Never-
theless, renewable energy currently represents just a small fraction of
the energy mix. There appears to be great potential for the utilization of
Egypt’s renewable resources to generate electricity, thereby boosting
exports and economic development. This study aims to explore the pos-
sibilities of harnessing Egypt’s untapped potential for development.

In order for Egypt to achieve these goals, policies must be aimed at
localizing the renewable energy supply chain and strengthening tech-
nological capabilities at various levels. However, the process of acquir-
ing and expanding technological capabilities does not happen in a vac-
uum: it is greatly influenced by the institutional structure and dynam-
ics of the local development process. Hence, it is necessary to focus on
the political ecocomy in order to examine the underlying interests,
incentives and institutions that enable or prevent change.

Our analysis is framed by the following research questions: 

(1) Which parts of the wind and solar value chains offer the best
prospects for generating local benefits in terms of private sector
development and building local capabilities?

(2) What institutional and political obstacles impede the domestic
benefits?

(3) What policy recommendations could be proposed to national
policy-makers and international cooperation agencies to support
this development process?

The data used to examine these research questions was collected using
two approaches: conducting semi-structured interviews conducted with
key stakeholders in Egypt’s renewable energy field, and consulting 
secondary literature on technological potential, socioeconomic and

2 German Development Institute / Deutsches Institut für Entwicklungspolitik (DIE)
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institutional aspects, as well as on the political economy of the MENA
region.

Domestic technological capabilities in renewable energy

Central to this analysis is a critical assessment of Egypt’s local techno-
logical capabilities in renewable energy (i. e. CSP and wind power)
with respect to the manufacture of parts and components and the per-
formance of associated services (production and project execution
capabilities), as well as knowledge creation and research and develop-
ment (R&D) potential (or innovation capabilities). 

We find that although local production and project execution capabili-
ties do exist for wind power and CSP in several areas, major invest-
ments and strategic efforts are needed to increase the technology con-
tent of localized manufacturing and associated services. The domestic
wind power sector is more developed than the CSP sector because of
lower costs, existing partnerships for technology transfer, local invest-
ments made by Egyptian companies, and the presence of complemen-
tary industries (i.e. steel and electric cables). More stable and expansive
local and regional markets would further contribute to the development
of Egypt’s wind power sector. The CSP sector in Egypt is less devel-
oped partly because of the less ambitious targets set for solar deploy-
ment and also the higher costs. Yet CSP’s potential for seawater desali-
nation could provide the Egyptian market with the potential for adap-
tive R&D and the formation of niche markets. Innovation capabilities
are needed to increase local companies’ participation in more technol-
ogy intensive activities in the value chain. Research activities are scat-
tered because no national technology strategy has been developed to
direct research funds towards this field. 

Production and project execution capabilities

The wind-power sector

Wind energy offers high potential for localizing manufacturing. This is
mainly because the size of the core components (e.g. towers and blades)
requires that manufacturers be located close to the market to reduce
transportation costs. If Egypt were able to develop a comparative

German Development Institute / Deutsches Institut für Entwicklungspolitik (DIE) 3
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advantage in wind manufacturing, it could assume an important posi-
tion in the MENA market (and for regions in Africa) where manufac-
turing capabilities for wind energy components are limited. 

In general, significant potential exists for the local manufacture of
components, including those with higher technological content, such as
gearboxes and blades. Initially, practical know-how must be acquired
by licensing technology from foreign partners or by acquiring shares in
foreign companies – although indigenous manufacturing capabilities
do exist that facilitate the transfer and absorption of technology. This is
primarily due to the presence of well-established, globally active indus-
tries that manufacture steel, transformers, cables and electrical auxil-
iaries.

Despite quality challenges, there is great potential in Egypt for manu-
facturing wind towers locally. Tower manufacturing facilities – with
export potential – already exist. In addition, local wind energy engi-
neers claim that know-how for blade manufacturing can be sourced
locally by drawing on the experience of creating fibreglass materials
for boat construction. Metal casting and forging, which figure promi-
nently in the manufacture of turbines and rotors (including the hub,
shaft and generator), are sizable industries in Egypt. But despite the
apparent potential for localizing the manufacture of key components of
wind energy technology, investment plans are stalled because of the
current political instability and economic downturn. 

Despite production and project execution potential, local companies
appear to be at a disadvantage in the current tendering process for wind
projects. First, because the Electricity Law has not yet been approved,
provisions for local content are not yet specified or enforced in the bid-
ding process. Second, since most projects in the pipeline need interna-
tional financing, the prerequisite of sizable experience automatically
excludes local companies that are trying to enter the market. It is there-
fore necessary for policy tools to stimulate increased local content in
manufacturing so that local industry can succeed. Bringing different
stakeholders to the table to discuss how policy options would impact
their investment plans could reduce ambiguity about policy outcomes
and improve the targeting of the proposed incentive mechanisms.
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With regard to project execution capabilities, project management and
engineering continue to be mostly carried out by foreign companies
and consultants. Concerted national efforts in training and education at
various levels, as well as partnerships with foreign companies and
organisations are needed to build local knowledge capabilities. Fortu-
nately, the presence of large local project developers facilitates the
acquisition of know-how in these areas. The participation of local com-
panies has been especially beneficial in procurement (choosing, coor-
dinating and supervising suppliers and construction contractors) and in
the ‘embodiment of physical capital’ (site preparation, construction and
plant erection). 

To draft the roadmap for training, education, R&D and private-sector
expansion, it is necessary to first assess the types of jobs that are
required to develop a sector in an emerging market. To this end, we have
examined job profiles in the value chain of wind energy and discovered
that although basic skills do exist, significant investment and strategic
programs are needed to expand all levels of local knowledge that is spe-
cific to wind energy. In particular, knowledge is limited in the special-
ized non-engineering jobs, such as project managers, environmental
engineers, lawyers and economists with expertise in renewable energy.
Therefore, concerted efforts are needed to integrate renewable energy
and sustainability in the educational curriculum in various disciplines
and educational levels. Investment in R&D is also crucial. While for-
mal qualifications are important, equally important is the practical/proj -
ect experience that is acquired through market expansion. These efforts
need to be guided by a national technology strategy and a stable insti-
tutional framework.

Concentrated solar power (CSP)

In comparison to that for wind-power energy, the concentrated solar
power (CSP) market – which is just beginning to develop in Egypt and
worldwide – indicates that the technology is less mature and requires
higher capital costs. Because CSP technology is restricted to a few
players in Europe and has a more integrated value chain than that of
wind energy, the MENA countries might have greater difficulties in
acquiring the necessary know-how. Yet this situation could also create
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opportunities for new market entrants to exploit the potential for inno-
vation in general – and for technological innovation in particular. More
international cooperation will be needed to help Egypt increase its local
technology content. 

For CSP, most local content has been provided through engineering,
procurement and construction activities. But given the existing manu-
facturing base in Egypt, local companies could potentially be active in
other parts of the value chain, too – albeit in more limited ways in the
short term, when compared with the wind energy sector.

The main raw materials (steel, concrete and cement) needed for CSP
parts and components are available locally. These materials are mostly
used for construction and civil-engineering works performed by engi-
neering, procuring and construction (EPC) contractors that are usually
large construction and steel firms. In this sector, Egypt has a compara-
tive advantage over other North African countries because of the pres-
ence of construction companies with automated production, quality
certification and high-tech tools that could supply CSP plants with sup-
port structures.

Another raw material widely used in the CSP industry is glass. How-
ever, local companies currently produce glass with higher iron content
than that needed for CSP technology. We find that even if local glass
producers are skilled at transforming glass and producing high-tech
mirrors, it is not clear that they are also able to coat CSP mirrors
according to the specifications for use in harsh desert conditions. There
is hardly any local R&D activity of the sort needed to overcome tech-
nological barriers in these areas (i.e. knowledge acquisition for devel-
oping more technology intensive CSP components and technology
adaptation to local conditions). Hence, joint ventures that offer exten-
sive technical assistance and knowledge transfer are required for learn-
ing this manufacturing process.

Two other CSP components face high entry barriers: the parabolic
trough receiver and the heat transfer fluid (HTF). High capital costs are
required for manufacturing these two components. In addition, because
of the high technology content, there are significant know-how barriers
to producing them locally. Nevertheless, as shown by the experience of
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the CSP industry in Spain and the USA, when the market is large
enough and also predictable, foreign companies will set up manufac-
turing facilities close to the market. This could represent a first step
towards know-how transfer to Egypt.

As in the Egyptian wind-energy industry, local CSP plants’ project
development and implementation capabilities (project execution capa-
bilities that call for environmental scientists, atmospheric scientists and
consultants) are also underdeveloped. Some of the related activities
(such as procuring land and obtaining permits) are currently provided
by local agencies. Local company involvement is critical in project exe-
cution services since they involve working with government agencies,
community members and organizations, utility companies and other
stakeholders. Moreover, significant knowledge transfer, on-the-job
training and experience are essential for operation and maintenance
(O&M) activities. Power plant operators must attend specialized train-
ing programs and undergo extensive on-the-job training for the systems
they use. In Egypt, such training courses are limited, which means that
in order to acquire such knowledge, local project developers now have
to rely on foreign technology providers. 

Innovation capabilities

The term “innovation capabilities” refers to the skills needed to create
new products or processes, with the specific skills required by the nov-
elty of the new technology. This covers activities ranging from pure sci-
ence to advanced development. In developing countries, however, inno-
vation is more broadly defined to refer not only to “new-to-the-world”
technologies, but also to the technological adaptation of mature tech-
nologies to local environmental conditions, and to indigenous innova-
tions. In Egypt, there is no vision of supporting the development of
innovation capabilities along with creating a local renewable energy
industry. This has several reasons: First, the lack of a national renew-
able energy industry strategy has prevented drafting a roadmap for
technology research that would highlight strategic areas for research in
the technical and non-technical domains. Second, universities and
research organizations are rarely included as stakeholders in national
discussions about strategic economic and industrial development,
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which leads to a mismatch between the skills of the graduates and the
needs of the industry. Third, collaborations between universities and the
private sector are limited. There are few incentives for academics to
engage in commercialization and collaboration with the private sector;
within the private sector there is a general perception that universities
do not add value to their activities; and universities lack the entrepre-
neurship and industrial liaison programs that could support effective
networks for collaboration.

In order to create a culture of academic entrepreneurship that builds on
stronger ties between the university and industry, a change is needed in
the work norms of university scientists. In the Egyptian university sys-
tem, there is low mobility of academics between industry and acade-
mia, although such experience is important for supporting the develop-
ment of new industries and fostering innovation. A change in attitude
with respect to the role of universities within the larger economy would
greatly help industry and academia draw closer and enhance local inno-
vation capabilities. 

Additionally, despite the existence of some educational and research
initiatives regarding renewables, most are focused on engineering
rather than on socioeconomic and political issues. Given the socio-eco-
nomic challenges to development that confront the MENA region, we
argue that local universities and research institutes should place equal
emphasis on improving education and research in these fields. Plat-
forms for international research collaborations on related aspects
should also be further developed, in the form of ‘centres of excellence’
or similar organizations. 

Political economy perspectives regarding the expansion of techno-
logical capabilities

Enhancing local technological capabilities for solar and wind power
requires concerted efforts to create alliances between various interest
groups and stakeholders. We argue that to support the transition to
renewable energy, the social contract  needs to be rewritten to aim at a
more effective allocation of energy subsidies, less constrained decision-
making regarding renewable energy and a shift to developmental rela-
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tions between the state and private sector. Large and inefficient energy
subsidies act as disincentives for domestic and international investors
who might want to invest in renewable energy. These government sub-
sidies also drain resources that could be used for other goals, such as
supporting market creation or making social investments. The lack of a
domestic market means that local companies can’t risk investing, while
the absence of a clear vision of how to integrate renewables into the
energy system and the economy hinders efforts to build technology
capabilities at various levels. Generally speaking, the social contract of
recent decades has become increasingly challenged – not just in Egypt,
but in most non-oil producing countries as well. It is necessary to
review the social contract and find new societal solutions. Conservative
estimates put energy subsidies in Egypt at about 6 percent of the Gross
Domestic Product (GDP) (World Bank 2011). Large trade-offs exist
with respect to welfare-spending items, and there is ample documenta-
tion about the inefficient distribution of these subsidies. The energy
subsidy scheme must be reformed, not just to reduce renewable
energy’s cost disadvantage, but also to improve Egypt’s financial sus-
tainability. 

Other countries’ experiences with subsidy reforms indicate that when
such processes are applied consistently, they can be socially and polit-
ically acceptable. Transparent policy plans, as well as explanations of
the rationale behind removing the subsidies, are crucial for making the
process a success. A carefully drafted program to compensate the poor
for price increases is also essential. Instruments that can be used to
compensate lower income groups include cash transfers, increases in
the minimum wage and pensions, and higher spending on health and
education. In light of the political uncertainties, three elements are
important in the policy-making process: commitment to reform, multi-
level coordination and consistent efforts to legitimize the governance
structure.

With respect to state–business relations, when considering how to
change a clientelistic and predatory state to a developmental state
where state–business relations enhance growth, emphasis must be
placed on introducing performance-based management in the public
and private sectors, as well as on developing well-organized business
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networks that could become part of the renewable-energy value chain.
As the ‘embedded autonomy’ concept argues, success largely depends
on political elites being accessible to, and working closely with, entre-
preneurs and firms. Therefore, more emphasis should be placed on
developing institutions to ensure coherence and stability in policy-mak-
ing. 

Policy recommendations

The main recommendation for Egyptian policy-makers is that they dis-
seminate a new narrative emphasizing the irrationality of the energy
subsidy regime (as a basic barrier to the deployment of renewable
energy and to the efficient use of energy) and mobilize alliances
between various groups to make renewable energy viable for Egypt.
The next recommendation is for policy action in several areas: devel-
oping a renewable energy strategy and a technology roadmap; reform-
ing the fossil-fuels subsidy regime; unbundling the services of the New
and Renewable Energy Authority (NREA); developing the supply
chain; expanding education and training in renewable energy; expand-
ing renewable energy R&D. 

With its great expertise in this field, Germany has a lot to offer Egypt
and to other MENA cooperation partners in terms of institutional
expertise, capacity building and technological know-how. This is criti-
cal because employment, economic diversification, private sector
development, and building technological capabilities are the principle
challenges confronting the MENA countries. Germany could further
enhance its competitive advantage in the sector through increasing its
cooperation on renewable energy. But to achieve this goal, Germany
must speak with one voice through a ‘whole-of-government’ coopera-
tive strategy in the field of renewable energy, whilst also aligning itself
with European-level initiatives.
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1 Introduction1

1.1 Renewable energy from the MENA region

Pressured by climate change and the need for energy security, strategic-pol-
icy debates in the European energy sector have started to explore the poten-
tial for clean energy generation in the Middle East and North Africa
(MENA). The wide availability of renewable energy resources in the
MENA region (solar irradiation and wind speed) is central to several large-
scale European initiatives to generate clean energy from the southern
Mediterranean countries and import part of it to Europe via a pan-regional
“super grid” of high-voltage-direct-current (HVDC) lines. The
“DESERTEC” concept, initiated by Germany, is the flagship project.2 This
concept is based on the argument that large investments and massive tech-
nology transfers could enable MENA countries to produce enough energy
from renewable sources to satisfy both their quickly growing demands for
energy3 and those of Europe,4 hence contributing to reaching CO2 emis-
sion-reduction targets and reducing dependency on fossil-fuels both north
and south of the Mediterranean.5 Such a project is likely to ultimately cre-
ate win-win opportunities for both European and MENA countries, paving

1 This study benefited from extensive comments and suggestions from Tilman Altenburg,

Hubert Schmitz, Markus Loewe, Andreas Stamm and Imme Scholz.  

2 Other related European initiatives are the Mediterranean Solar Plan (MSP), which

focuses on developing a policy framework for such regional collaborations, and the

Euro-Mediterranean Energy Market Integration (MED-EMIP), which aims to assess the

conditions needed to interconnect with European markets. More detail on these cross-

national initiatives can be found in Erdle (2010). 

3 Existing projections estimate that the MENA electricity consumption will rise from 350

Terrawatt-hours (TWh)/year in 2008 to 680 TWh/year in 2020 and 3500 TWh/y in 2050

(Erdle 2010).

4 DESERTEC would satisfy 15% of Europe’s electricity demand, mainly through solar

energy imports of about 700 TWh/year from 20 to 40 locations in the MENA region

(Trieb / Müller-Steinhagen 2007; Trieb et al. 2012).

5 An indication of the abundance of renewable-energy resources in the region: “[E]ach
year, each square kilometre of land in MENA receives an amount of solar energy that is
equivalent to 1.5 million barrels of crude oil. A concentrating solar collector field with
the size of Lake Nasser in Egypt (Aswan) could harvest energy equivalent to the present
Middle East oil production” (Trieb / Müller-Steinhagen 2007).
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the way to unprecedented energy-market integration between the two
regions (DESERTEC 2008). In spite of the associated challenges  and high
investment costs, the benefits for European countries are evident in terms
In spite of the associated challenges6 and high investment costs, the bene-
fits for European countries are evident in terms of satisfying growing
demands for energy, climate change mitigation and market expansion. But
in order for these positive outcomes to materialize, the MENA countries
need to commit to transforming the regional energy system. Therefore, the
main concern when assessing the future success of such visionary initia-
tives is: What do MENA countries stand to gain from such initiatives?
Implementation of a concept such as DESERTEC requires the MENA
countries’ interest as well as their ability to share in the ownership of the
vision. This can happen if the renewable energy sector becomes a channel
for local industrial development, private sector competitiveness, and a
source of employment and capacity building.

The development challenges confronting the MENA region in the aftermath
of the Arab Spring are enormous, especially in terms of unemployment7 and
social inequality. While unemployment statistics for the MENA region
seem inconsistent, some sources claim that in 2010 in Egypt, approximately
25 percent of adults with a tertiary degree were unemployed, with 18 per-
cent of this cohort unemployed in Morocco and 22 percent unemployed in
Tunisia (World Bank 2011). In addition, for decades, most countries have
relied on a social contract that aimed to maintain social stability through
heavy state intervention and the distribution of rents – at the expense of
social equality and private sector competitiveness. These problems require
that economic growth strategies have strong social-policy and job-creation
components. For this reason, the driving force for expanding the renewable
energy sector in the MENA region is not its agenda for climate change mit-
igation, but rather the promise it holds for job creation and revitalization of
the private sector. Support for a developmental pathway where renewables

6 See Komendatova (2012) for a discussion of risks associated with investing in Concen-

trated Solar Power (CSP) in MENA. 

7 In Egypt an estimated 60% of the youth is no longer part of the labour force (unemployed

or dropped out) (UNDP 2010). Even more alarming is that among educated youth unem-

ployment is still higher. 
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play a significant role requires a new incentive structure defined by a new
social contract. This new social contract would require such acts as reform-
ing the energy subsidy scheme, deregulating the energy sector and support-
ing private sector competitiveness.

Within the MENA region, Egypt is a particularly interesting case to examine
for several reasons. With over 80 million inhabitants, Egypt is the most pop-
ulous country, with a large domestic market. More importantly, Egypt is one
of the most industrialized countries in the region,8 in which several sectors are
able to compete internationally (e.g. construction and telecommunications).9

In addition, from a cultural and geopolitical perspective, Egypt is viewed as
“the most representative and relevant voice among the Arab countries”
(Schlumberger 2004, 97). It is seen as a strategic political mediator, and a his-
torically important partner for European countries. While Egypt’s fossil fuel
resources are limited, its renewable energy resources abound. Located in the
“sunbelt region”, Egypt has one of the highest levels of solar irradiance in the
world (DLR 2005). The coasts of the Mediterranean Sea and even more, of
the Red Sea, present one of the strongest wind resources worldwide (DLR
2005). Nevertheless, renewables currently represent only 1 percent of the
energy mix (Müller / Marmian / Beerepoot 2011). It appears that untapped
potential exists for utilizing these resources to generate electricity10, and to
stimulate economic development.11

In this study we examine the prerequisites for Egypt to become an impor-
tant regional player in renewable energy industrial and technological devel-
opment. Although other MENA countries indicate strong commitment to

8 The industrial sector’s share in Egypt’s GDP, 37 percent, is the highest in North Africa,

with the exception of Algeria, where the oil and gas sector dominates the economy (CIA

World Factbook 2011).

9 Interestingly, however, the share of graduates with B.A. degrees in science, technology and

engineering is lower in Egypt than in other North African countries (UNESCO 2004). 

10 Electricity trade between Europe and Egypt is expected to be limited, primarily because

of difficult grid connections both across the Mediterranean Sea as well as inland (around

the Mediterranean Sea) (Interviews with Deutsche Gesellschaft für Internationale

Zusammenarbeit [GIZ] / Regional Centre for Renewable Energy and Energy Efficiency

[RCREEE], November 2011; Cairo).

11 This issue is not only characteristic of Egypt. Recent evidence shows that extensive

untapped potential for ‘green exports’ exists in developing countries (Dutz / Sharma 2012). 
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renewables, Egypt’s technical and industrial capabilities and large market
potentials could significantly increase the longterm regional impact in
terms of economic growth and industrial development. This study explores
the possibilities of harnessing Egypt’s untapped development potential.

1.2 Building domestic technological capabilities in 
renewable energy in Egypt

In order for Egypt to build its technological capabilities in renewable
energy, policies should aim at localizing the supply chain for renewable
energy (solar and wind) and improving technological capabilities at differ-
ent levels. The term “capabilities” can take different meanings, depending
on which activities, processes and actors it describes (Bell 2007). For clar-
ity, we use Amsden (2001) who groups technological capabilities into: pro-
duction capabilities (the skills needed to transform inputs into outputs);
project execution or implementation capabilities (the skills needed to
expand capacity); and innovation or R&D capabilities (the skills needed to
design entirely new products and processes) (see Table 1–1 for a more
detailed description of these components). From this perspective, the
process of ‘building up’ capabilities also takes into account the time dynam-
ics between these categories. 

The process of acquiring and expanding technological capabilities does not
happen in a vacuum, however: the institutional structure and dynamics that
shape the local development process greatly influence the process. For that
reason, adding a political economy layer to the analysis affords a more
nuanced view of the prerequisites for developing a local renewable energy
industry. Such a study makes it possible to penetrate the formal structures
and reveal the underlying interests, incentives and institutions that enable or
prevent change. The political economy layer can be defined as having sev-
eral elements.12 In our study, we pay particular attention to the evolving
dynamics between the alliances of stakeholders who are for and those who

12 Nash / Hudson / Luttrell (2006) and the U.K. Department for International development

(DFID 2009) define political economy as having the following elements: state–society

relations; distribution of power; interests and incentives facing different groups in soci-

ety; formal institutions and informal social, political and cultural norms shaping human

interactions, political and economic processes; values and ideas impacting public policy.
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are against the development of renewable energy. We discuss these evolv-
ing dynamics through the dimension of the existing state–society social
contract, as shown by the pervasiveness of energy subsidies, extensive pub-
lic sector employment, constrained decision-making, and the nature of
state–business-sector alliances. It is especially important for the MENA
countries to examine the process of building technological capabilities
through the political economy lens, operating as they do in patrimonial-cap-
italism systems and rentier states (Schlumberger 2004), where concerns
about cronyism/favouritism, rent-seeking, inapt institutions and legal set-
tings dominate discussions about development policy.

Table 1–1:  Technological capabilities 

Production capability Project execution capability Innovation capability 

Production management Personnel training Pure science 

Production  

engineering 

Pre-investment  

feasibility studies 

Basic science 

 Project execution Applied research 

 – Project management Exploratory research 

 – Project engineering Advanced development 

 – Procurement  

 – Construction, machin-

ery production, plant 

erection 

 

 – Start-up of operations  

Source: Amsden (2001) 
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Figure 1–1 illustrates such an integrated approach to development, where
the expansion of production capabilities for industrial development, project
execution capabilities and innovation capabilities are examined within the
overall political economy context. 

To capture this complex undertaking and offer a multi-layered perspective
on the development of the renewable energy sector in Egypt, the following
research questions frame our analysis: 

(1) Which parts of the wind and solar value chains offer the best
prospects for generating local benefits in terms of private sector
development and building local capabilities?

– What capabilities exist?

(2) How can the required capabilities be built up? What institutional
and political obstacles need to be overcome to reap the domestic
benefits?

Figure 1–1:  A simple depiction of an integrated development 

 approach 
 

Source: Adapted from Amsden’s (2001) conceptualization of technological 

 capabilities 
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(3) What policy recommendations could be made to national policy-
makers and international cooperation agencies to support this
development process?

In this study we are concerned with two renewable energy technologies:
concentrated solar thermal power (CSP) and wind power (see Box 1-1 for a
brief introduction to these technologies). Nevertheless, Egypt should focus
on all solar technologies (not only CSP) because solar photovoltaics (PV) is
important for both small-scale and large-scale solar installations and the job
creation impact is also higher (IRENA 2011). The DESERTEC technology
portfolio is also expanding beyond CSP and wind. Since solar PV is a more
mature technology, it could provide more entry points for developing coun-
tries. Future studies on Egypt could examine the local potential for solar PV.

CSP, a less mature technology, is suitable for harnessing solar energy from
desert areas for several reasons: first, uninhabited desert allows the tech-
nology to be deployed on a large scale, thereby potentially reducing costs;
second, as the only solar technology that can store energy, it can better cover
peak energy demand; and third, since one of its applications is solar seawa-
ter desalination, CSP can help address the energy-water nexus that is of
great concern to the MENA countries. The use of CSP for water desalina-
tion opens up opportunities for niche markets where Egypt could benefit
from its early-mover advantage – if the political will is expressed in
longterm vision and the capacity for strategic implementation.

Compared with CSP, wind energy is a more mature technology, which
means it is less expensive, with more accessible know-how. Hence the
potential for localization is higher, as demonstrated by the relatively large
deployment rates in the MENA region. Nevertheless, for Egypt to success-
fully compete in the wind energy technologies segment the Egyptian indus-
try must be cheaper (but of the same quality) than the other MENA coun-
tries; this therefore becomes a challenging undertaking despite the relative
ease of entering the wind energy market.13

13 A similar challenge also exists with respect to solar PV technologies that have enjoyed

significant cost reductions over the past decade. Nevertheless, the technological knowl-

edge in the manufacturing process is relatively complex and high-end innovations (to

improve efficiency, concentrate light, etc.) are needed to further reduce costs. But, solar

PV presents a wide range of applications for electricity generation, cooling, irrigation etc.

Hence, national strategies for renewable- energy deployment should consider a wide

range of technologies.
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Box 1-1 Concentrated solar thermal power (CSP) and wind power tech-
nologies briefly explained

Concentrated solar thermal power (CSP)

CSP power plants produce electricity by converting concentrated direct solar
irradiation into energy. Unlike photovoltaic cells or flat-plate solar thermal col-
lectors, CSP power plants cannot use the diffuse solar irradiation caused by
clouds and particles scattering direct sunlight because that cannot be concen-
trated. The energy conversion process has two parts: solar energy is first con-
centrated and converted into usable thermal energy, then a conventional steam
turbine converts that heat into electricity.

There are two main types of concentrating solar collectors: line-focusing systems
(parabolic trough collectors and linear Fresnel collectors) and point-focusing
systems (solar towers and solar dishes). The most advanced kind of CSP tech-
nology, the parabolic trough collector, consists of a receiver, mirrors, a metal
support structure, pylons and foundations. Parabolic-shaped and faceted mirrors
– that are coated with a layer of reflective silver – concentrate sunlight into the
absorber tube that is coated with an anti-reflective layer to readily transmit sun-
light and is surrounded by an evacuated glass tube. The absorber tube and the
encasing glass tube make up the “receiver”. The curved mirrors and the receiver
are the most technology-intensive components. Innovations in parabolic trough
collectors focus on reducing costs in the assembly and production processes, cre-
ating lighter collector structures made of new materials, and using new heat-
transfer fluids (e.g. molten salt and direct stream).

One main advantage of solar thermal power plants over other renewable-power
technologies is the option of using molten salt, oil, sand or concrete to store
energy. Another advantage of CSP technology is its application for seawater
desalination, which is critical for the MENA countries that face growing prob-
lems of water scarcity.

The CSP market is highly concentrated, with a few companies located in Europe
(Germany and Spain), the USA and, increasingly, in Asia. Greater deployment is
expected to lead to cost reductions and higher technological improvements.

Source: World Bank (2011)

Wind power 

Wind power – produced using wind turbines to harness the wind’s kinetic energy
– is gaining popularity worldwide as a large-scale energy source, although it cur-
rently provides less than 1 percent of global energy consumption. Wind turbines
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14 “There are two basic approaches used to control a wind turbine in high wind speeds:

pitch-control and stall-control. In pitch-controlled turbines, an anemometer mounted

atop the nacelle constantly checks the wind speed and sends signals to a pitch actuator,

adjusting the angle of the blades to capture the energy from the wind most efficiently. On

a stall-regulated wind turbine, the blades are locked in place and do not adjust during

operation. Instead, the blades are designed and shaped to increasingly ‘stall’ the blade’s

angle of attack with the wind to both maximize power output and protect the

turbine from excessive wind speeds.” (Source: http://www.horizonwind.com/about/ftkc/

howdoeswindturbinework.aspx, accessed on February 20, 2012.)

can operate continuously, unattended and requiring little maintenance, with
120,000 hours of active operation over a design lifetime of 20 years.

Wind turbine rotors generally consist of three blades whose speed and power are
controlled by either stall or pitch regulation.14 Rotor blades are manufactured
from composite materials using fibreglass (glass-reinforced fibre) and polyester,
or fibreglass and epoxy, sometimes combined with wood and carton. The energy
captured by steadily rotating blades is transferred via a gearbox and drive train to
an electrical generator. The generator can also be coupled directly to the rotor in
a ‘direct drive’ arrangement. The gearbox, generator and other parts of the con-
trol equipment are housed within a protective nacelle. Tubular towers that sup-
port the nacelle and rotor are usually made of steel and taper from the base to the
top. Apart from the turbines, the other main components of a wind farm are the
foundations to support the turbine towers, access roads and infrastructure needed
to export the electrical output to the grid network.

Commercial wind turbine manufacturing started in the 1980s using Danish tech-
nology. By 2010, the top 10 companies in terms of market share were Danish
(Vestas), Chinese (Sinovel Wind Group, Goldwind, United Power), American
(GE Wind Energy), German (Enercon, Siemens Wind Power), Indian (Suzlon
Group) and Spanish (Gamesa).

Improvements are continually being made in the amount of energy that wind tur-
bines can capture from the wind. Innovations are expected in terms of more pow-
erful rotors, larger blades, improved power electronics, better use of composite
materials and taller towers. 

Source: EWEA (2006)

In this study we address the critical issues in this multidimensional devel-
opment process. While some aspects can be examined in depth here, others
will require future research. For instance, the question of localizing the sup-
ply chain for CSP and wind power has already been examined in the MENA
context, which permits us to complement the existing literature with our
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research and offer an up-to-date discussion of the local potential. Since ear-
lier studies have only marginally appraised innovation capabilities, our
assessment is likely to make a valuable contribution to understanding local
capabilities. Nevertheless, more research will be needed in order to delve
deeper into the type of knowledge that is locally available as well as the spe-
cific mechanisms that could be used to forge collaborative networks in the
academic and R&D fields. Lastly, while political economy aspects are at the
core of the transformation process, they are also the hardest to grasp and
document. Therefore, in this study we mainly attempt to hypothesize rela-
tionships between various factors, provide tentative evidence and open up
venues for future research. 

The data used to examine these research questions was collected using two
approaches: Semis-tructured interviews were conducted with key stake-
holders in Egypt’s renewable energy field between 16 October and 4
November 2011 (government officials, policy-makers, local and interna-
tional private sector companies, professionals in R&D organizations, edu-
cational institutions and members of civil society, such as environmental
and renewable energy activist groups). A list of interviewees is provided in
Annex 1. The information gathered in interviews was then complemented
with relevant studies on the technological potential, socioeconomic and
institutional aspects, as well as the political-economy context of the MENA
region.

1.3 Laying out the argument 

Chapter 2 offers a brief overview of the renewable energy targets set by the
Egyptian government, as well as the size of the markets for solar and wind
energy.

In Chapter 3 we address the first research question by performing a criti-
cal assessment of local capabilities in renewable energy (CSP and wind),
both in terms of production (of parts and components) and of project exe-
cution capabilities. Local capabilities in renewable-energy related services
are important, not only as a source of employment, but also for sustaining
the development of a local market. Localizing the value chain for solar and
wind power can also generate linkages and spillovers for related sectors. In
the first section we examine the nature of local private sector involvement
in the CSP and wind value chains. Then we examine which parts of the
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value chain for solar and wind power offer the best prospects for generating
local benefits in terms of local manufacturing and employment.

Expanding the participation of local companies in more technology inten-
sive activities in the value chain requires innovation capabilities. These are
critical for enabling developing countries to leapfrog with respect to energy
technologies, and incorporate available technologies into their development
processes (Goldemberg 1998). We do not just refer to capabilities needed to
develop ‘new-to-the-world’ technologies. We also assess capabilities
required for making incremental improvements to existing technologies, as
well as for adapting to local environmental conditions (heat, sand and water
scarcity), and disseminating, maintaining and using these technologies.
Increased knowledge and R&D capabilities are likely to lead to higher
absorptive potential, which in turn makes it possible to localize benefits
from international collaborations that are envisioned by concepts like
DESERTEC. The role of adaptive R&D in helping developing countries
enter green technology markets and reduce the technological distance
between them and more advanced countries has not yet been adequately
investigated (Popp 2011). Therefore, in the second section we assess exist-
ing education and training, as well as R&D programs at local universities
and research institutes, and identify potential gaps in the knowledge-capac-
ity-building process. We also discuss barriers to building innovation capa-
bilities. We argue that one of the main challenges in this area is the lack of
incentives and limited experience of public research institutions (universi-
ties and research institutes) in collaborating with the private sector. Lastly,
we examine the challenges to the transfer of renewable energy technology
to developing countries. This assessment will contribute to understanding
the type of policies needed in Egypt, where adaptive R&D and technology
transfer will play a large role.

While local capabilities do exist (as shown in the analysis in Chapter 3),
various hurdles prevent this potential from expanding to a level that would
allow Egypt to become an industrial and technological hub for renewable
energy in the MENA region. In Chapter 4 we apply the political economy
lens to assess why this potential has not yet been met and begin to discuss
solutions for overcoming problems of implementation. Given that policy
effectiveness requires good governance, the links between governance and
renewable energy industrial development deserve further study (Popp
2011). We argue that most of the challenges to renewable energy develop-
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15  KfW commissioned Lahmeyer International to conduct a study between 2011 and 2012,

“Combined Renewable Energy Master Plan for Egypt” aiming to develop an integrated

strategy for wind and solar energy in Egypt; at the time of writing this report, its results

were not yet available.

ment in Egypt are found in the social contract that shaped the governance
system and the incentive structure for decades. We briefly introduce the
main elements of this social contract (pervasive energy subsidies, cosy
state–business relations and excessive regulation) and argue that a new
social contract is needed. Then we examine how these various elements
appear to create disincentives for integrated development of the renewable
energy sector. 

We tackle these issues from different angles. First, we assess the pricing
challenge that the energy subsidy system poses to the development of the
renewable-energy market and industry. Most importantly, energy subsidies
distort incentives for renewable energy deployment. Without supportive
policies and a long-term national strategy,15 the investment risks are just too
high for the private sector. Second, centralization of authority and over-reg-
ulation create coalitions of interest that are often just rent-based relations
and result in underdeveloped organizational capacity at the policy-making
and implementation levels. An examination of how to overcome this chal-
lenge could offer insights to capitalizing on existing capabilities and what
is needed to form development-oriented coalitions between different inter-
est groups. Third, the general presumption is that exclusive business–state
relations lead to a deterioration of democratic ideals, economic efficiency
and social welfare (Maxfield / Schneider 1997), as shown in rent-seeking
and corrupt practices (Krueger 1974; Bhagwati 1982).Although such alle-
gations do abound in Egypt, there is also evidence that these relations are
not always corrupt and that they can even lead to positive development out-
comes (Amsden 1989; Maxfield / Schneider 1997; Moore / Schmitz 2008).
Drawing mainly on the concept of ‘embedded autonomy’, we explore how,
within Egypt’s emerging renewable energy sector, relationships that tend
towards rent-seeking can be transformed into development-oriented coali-
tions of interest.

Following the analysis of existing capabilities and the challenges to expand-
ing them, Chapter 5 distils the findings and identifies policy recommen-
dations for policy-makers in Egypt, as well as for German international
cooperation. Recommendations are presented for several strategic areas
identified in the study.
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2 Renewable energy in Egypt’s energy system

In light of increasing energy demand, dwindling natural gas resources, elec-
tricity blackouts and population growth, the Egyptian Government put
renewable energy on its agenda. In 2008, the Ministry of Electricity and
Energy (MoEE) set the 2020 target of 20 percent electricity generation from
renewable energy. In order to reach this target, several technologies are
being considered, with concerns about cost and resource availability favour-
ing some technologies over others. Wind energy has been prioritized over
solar energy because of its lower cost (see Table 2–1 for average cost lev-
els). For purposes of comparison, the average domestic power-generation
cost (given the power generation capacity structure, including hydro, natu-
ral gas and fuel oil) has been 0.3 Egyptian piasters per kWh (USD
0.05/kWh) (JCEE 2012). See Annex 2 for current electricity tariffs in Egypt
by consumer type.

The MoEE is aiming to install 7.2 Gigawatt (GW) of wind power in Egypt
by 2020. In 2001, 5 Megawatt (MW) of wind energy was installed and by
2011, a total of 545 MW wind capacity had been installed along the Red
Sea coast. Several other projects are in preparation (see Table 2–2). However,
any future installed wind capacity will be limited by space availability and

Table 2–1: Status of renewable energy technologies: characteris-

 tics and costs 

USD/kWh 

On-shore 

wind 

Turbine size:  1.5–3.5 MW; Rotor dia-

meter: 60–100 meters 

0.05–0.09 

Rooftop  

solar PV 

Peak capacity: 2–5 kW peak  0.17–0.34 

Utility-scale 

solar PV 

Peak capacity: 200 kW–100 MW 0.15–0.30 

Plant size: 50–500 MW (trough),  

10–20 MW (tower) 

0.14–0.18 Concentrating 

solar power 

(CSP) 
Types: Trough, tower, dish (Trough) 

Source: REN21 (2011) 
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16 Environmental impact studies found that the Gulf of Suez is a major bird migration cor-

ridor, which could affect local wind parks, that is, regulation requiring shutting down

wind plants in some areas during certain periods of the year would result in higher op-

eration costs. (Interview with NREA and Orascom Construction Industries (OCI), Cairo,

October–November 2011.)

Table 2–2:  Existing and future wind energy projects in Egypt 

SSttaaggee ooff tthhee pprroojjeecctt  CCaappaacciittyy ((MMWW)) FFoorreeiiggnn ppaarrttnneerr 

Completed 545 Various partners 

Under implementation  
– By the NREA 
– With the private 

sector 

200  

200 Germany & EU 

120 Italcementi (Italy) 

250 (Build-Operate-Own, or 
BOO, in the Gulf of 
Suez, by 2014) 

1,000 (BOO, pre-qualification 
documents) 

In the pipeline  
(Land has been allocat-
ed; permits have been 
obtained; financing has 
largely been secured) 

220 Japan 

120 Spain 

200 UAE (Masdar) 

In preparation 
(Projects have been 
announced; necessary 
documents and financ-
ing are being obtained) 

180 Spain 

200 Germany & EU 

200 Japan 

Total 3,235 MW  

Source: Presentation by the New and Renewable Energy Authority (NREA) 
at the 10th World Wind Energy Congress, Cairo, 30 November 2011, 
and the NREA (2010) 

 

environmental considerations,16 which is one reason why initiatives such as
DESERTEC stress the need for more aggressive targets for solar energy.
Egypt’s plans for solar energy are less ambitious than those for wind
energy, with a 2017 target for the installed capacity of 100 MW of CSP and
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17 While competitive bidding has been implemented in other national contexts (e.g. India

and South Africa), concerns exist regarding management of the bidding process and pos-

sible corruption, especially when the selection process has not been clearly explained.

40 MW of PV. As of this writing, 20 MW of CSP have been installed within
the Kuraymat 140 MW Integrated Solar Combined Cycle (ISCC), which
represents about 20 percent of the 2017 target, and 0.1 percent of the world-
wide total installed CSP capacity (GTM 2011). Considering that Egypt has
one of the highest levels of direct solar irradiance, this figure for installed
capacity is negligible (DLR 2005). More ambitious targets must be set for
solar energy deployment in order to capitalize not only on the potential for
energy generation, but also on the potential for jobs creation that is antici-
pated from renewable energy (IRENA 2011).

To achieve 7.2 GW of installed wind capacity by 2020, the MoEE (through
its agency, the New and Renewable Energy Authority (the NREA, discussed
in Chapter 4) aims to develop 33 percent of the capacity (2,375 MW) with
financial assistance from international agencies and the Egyptian Ministry
of Finance, and guarantees from the Central Bank of Egypt. The rest of the
wind capacity target, 67 percent (4,825 MW), is to be developed by the pri-
vate sector (with domestic and international investors). More than 6,000
km2 of land have been allocated for wind projects. 

The development process is two-fold. First, the NREA organizes a compet-
itive bidding process for Build-Operate-Own (BOO) projects (with long-
term Power Purchase Agreements, or PPA, of 20 to 25 years). The process
aims “to attract highly qualified international developers with strong finan-
cial status and high capacity for technology transfer” (Amer 2009). A point
system will be used to promote local manufacturing, although details about
its implementation are not yet available.17 Second, a feed-in-tariff (FIT)
based on the competitive bidding process results will be determined in
2013, with the government’s commitment to purchase the generated elec-
tricity. The 15-year FIT is intended to support only small and medium
developers with project capacities of 50 MW or less (Amer 2009). The
NREA is currently proposing incentives to stimulate private-sector engage-
ment in the emerging renewable energy sector, that include: permits and
land-use agreements; custom-duty exemptions; higher points for local-con-
tent provision in the bidding process; PPAs in foreign currency; Central
Bank guarantees; carbon credits; and power generation licences from the
national utility company. Several of these provisions are included in the
New Electricity Law (see Box 2–1), which is currently being discussed in
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Parliament (the Law was approved by the State Council in 2008, but only
accepted for parliamentary review in 2011). Therefore, some of these incen-
tives are not yet operational, which means that private-sector investors are
precluded from making large investments. Given the recent political changes
and Egypt’s long transitional period, no major regulatory decisions about the
renewable energy sector are expected in the short or medium terms. 

Box 2–1: Egypt’s proposed ‘New Electricity Law’

The New Electricity Law of Egypt is likely to include several mechanisms that
could stimulate the deployment of renewable energy. Chapter 4, Section 1 of the
proposed law addresses renewable energy in five articles (45–49):

– Competitive tenders for the construction of wind farms to be operated by the
NREA or the EETC. Article 45 states that the Egyptian Electricity Transmis-
sion Company (EETC) could conduct Requests for Quotation (RFQ) for the
construction of wind farms that it would operate, selling the electricity gen-
erated to the EETC at a price proposed by the regulatory agency and agreed
by the Cabinet of Ministers. Under the proposed tender-evaluation process,
companies who can prove local production of some or all of the wind-system
components would receive additional points. 

– Take-or-pay contracts for renewable electricity generation, governed by
long-term purchase power agreements (PPAs). Article 45 allows any investor
to build, own and operate a renewable energy power plant, and sell the elec-
tricity to the EETC at a generic price set by the Cabinet of Ministers – in a
long-term PPA. The EETC would have to pay for the generated electricity
even if it didn’t want to use it.

– The EETC will be responsible for connecting new renewable schemes to the
grid. Article 46 obliges the transmission and distribution utilities to inter-con-
nect their networks with renewable electricity generating stations and to cover
the costs of investments to improve their networks.

– A special fund will be established to help pay for electricity generated from
renewable schemes – “The fund for the development of electricity production
from renewable energies.” Articles 47 to 49 state that this fund, operating
under the Cabinet of Ministers, would provide support to the EETC for pur-
chasing available electricity for renewable-energy generators. The fund would
be financed by: (a) savings accrued by thermal energy generators that pre-
clude gas and oil purchases; (b) grants, donations and contributions; and (c)
returns on the fund’s investments. 

Source: Elsobki / Wooders / Sherif (2009)
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3 Domestic technological capabilities in 
renewable energy

There is little debate about the fact that the absence of, or limitations to, tech-
nological capabilities undermines national strategies for sustainable develop-
ment based on renewable energy technologies (UNCTAD 2011). In this
chapter, we perform a critical assessment of Egypt’s local technological capa-
bilities in renewable energy (CSP and wind power) with respect to the man-
ufacture of parts and components and associated services (production and
project execution capabilities), as well as knowledge creation and R&D
potential (innovation capabilities). Table 3–1 explains in detail how our
analysis conceptualizes technological capabilities, based on Amsden (2001). 

Localizing the value chain for solar and wind power can create linkages and
spillover effects in other related sectors and can be an important source of
employment. Depending on the domestic manufacturing and knowledge
base, some parts of the value chain are easier to localize than others – at
least in the short run. This chapter’s analysis allows us to identify entry
points for Egypt’s local private sector and ways to enhance adaptive R&D
and technology transfer. 

In section 3.1 we assess the potential for localizing manufacturing and asso-
ciated services in Egypt along the CSP and wind energy value chain. We
find that although in several areas local production and project execution
capabilities do exist for wind power and CSP, significant investments and
strategic efforts are needed to expand the localization of manufacturing and
associated services with higher technology content. The domestic wind
energy sector is more developed than that of CSP because of partnerships
for technology transfer, local investments by Egyptian companies and the
presence of complementary industries (i.e. steel and electric cables).
Prospects for a more stable and larger local (and regional) market could
help develop the Egyptian wind energy sector. The CSP sector is less devel-
oped partly because of its less ambitious solar deployment targets and its
higher costs. Nevertheless, the experience gained from the development of
the first CSP plant in Egypt shows that local capabilities do exist in engi-
neering, procurement and construction (EPC) activities, steel structures and
some electrical components. The Egyptian market has potential for adaptive
R&D and the formation of niche markets because of CSP’s potential use in
seawater desalination, which is greatly needed by the water-scarce local
environment. 
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Table 3–1:  Technological capabilities – a more detailed explanation 

Production capability
1
 

Production management – oversee the operation of established facilities 

Production engineering
2
 – provide the information required to optimize the 

operation of established facilities, including the following: 

1. Raw-material control: sort and grade inputs, seek improved inputs 

2. Production scheduling: coordinate production processes across products 

and facilities 

3. Quality control: monitor conformance with product standards and upgrade 

them 

4. Trouble-shooting: seek solutions to problems encountered in the course of 

operation 

5. Adaptations of processes and products: respond to changing circumstances 

and increase productivity 

6. Repair and maintenance of physical capital: on a regular schedule and 

whenever necessary 

Project execution (investment capability) 

Personnel training – impart skills and abilities of all kinds 

Pre-investment feasibility studies – identify possible projects and ascertain their 

viability based on alternative design concepts 

Project execution – establish or expand facilities, including the following: 

1. Project management: organize and oversee activities involved in project 

execution 

2. Project engineering: provide information needed to make technology opera-

tional in a particular setting, including the following: 

- Detailed studies (make tentative choices among design alternatives) 

- Basic engineering (supply core technology in terms of process flows, 

material and energy balances, specifications for principal equipment, 

plant layout) 

- Detailed engineering (supply peripheral technology in terms of com-

plete specifications for all physical capital, architectural and engineer-

ing plans, construction and equipment installation) 

3. Procurement (choose, coordinate and supervise hardware suppliers and 

construction contractors) 
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Innovation capabilities are needed in order to expand local companies’ par-
ticipation in more technology-intensive activities in the value chain – which
does not only refer to the capabilities needed for developing “new to-the-
world” technologies. Instead, we seek to assess the knowledge and research
capabilities required for incremental improvements to existing technologies
as well as the adaptation, dissemination, maintenance and use of these tech-
nologies. Technology transfer is critical in the early stages, which means
that strengthening local knowledge and R&D capabilities can well lead to
increased learning capacity and absorptive potential, which in turn permits
the internalization of benefits from international collaborations. As Popp
(2011) argues, “When adjustments are necessary to fit new technologies to

Table 3–1 (cont.):  Technological capabilities – a more detailed  

  explanation 

4. Embodiment in physical capital (accomplish site preparation, construction, 

plant erection, manufacture of machinery and equipment) 

5. Start-up of operations  

Innovation capability 

The skills needed to create new products or processes, based on the novelty of 

the new technology: 

1. Pure science: the search for intrinsic knowledge 

2. Basic research: the search for radically new technology 

3. Applied research: the search for differentiated products 

4. Exploratory research: the search for refinements of differentiated   

products 

5. Advanced development: the search for the optimum manufacturability of 

refined differentiated products 

Notes: 1 These activities refer to the operation of manufacturing plants; similar activities 

pertain to the operation of other types of productive facilities. 

 2 This term is used more broadly to include all the engineering activities related 

to the operation of existing facilities, encompassing product design and engi-

neering as generally used in reference to industrial production. 

Source: Amsden (2001, 4) 
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18 The name of the Ministry has changed several times in the past year as a result of politi-

cal instability and changes in leadership. The name used here dates from December 2011.

local market conditions, it is the recipient countries that will be best-posi-
tioned to do this research.” Since this is a relatively recent area of inquiry,
more research is needed to understand the potential impacts of adaptive
R&D and the conditions needed to enable developing countries to expand
such knowledge.

In this study we cannot examine the local potential for innovation and adap-
tive R&D in great detail. But using our insights gained in interviews and
from secondary literature, in section 3.3 we identify potential gaps in the
capacity building process in Egypt’s academic and research environment.
We also assess the nature of relationships of these organizations with the
private sector. We find that research activities in the field of renewables are
scattered because no national technology strategy has been developed to
guide research funds towards this field. Although educational programs are
limited, efforts are being made to integrate this field into the curricula of
local universities. We find that collaborations between industry and acade-
mia (which has significantly contributed to the success of the renewable
energy sector in Germany, for example) are very weak in Egypt. Strategic
efforts are required to develop successful examples of cooperation between
these stakeholders that could redefine Egypt’s entrepreneurial culture.

3.1 Production and project execution capabilities

In this section we assess the capabilities of Egypt’s wind power and CSP
sectors, and discuss areas with potential for expanding local manufacturing
and associated services. In the first phases of developing a local industry,
reliance on foreign expertise and investment is essential. However, it is crit-
ical to intensify technology transfer as a means of supporting the local
industry’s move up the technological ladder, and also to implement effective
supplier development programs. Box 3-1 provides an overview of the main
programs for developing a renewable energy industry that are under the
umbrella of the Ministry of Industry and Foreign Trade (MIFT).18
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Box 3–1: A Brief overview of the role of the Ministry of Industry and
Foreign Trade (MIFT) in supporting the development of the
renewable energy industry

The MIFT’s industrial development strategy plays an important role in support-
ing the development of the renewable-energy sector. However, since the 2011
protests, the Ministry’s leadership has changed several times, which has dimin-
ished its effectiveness. Loewe (2011a) provides a detailed discussion of MIFT
programs and activities and its strategy for industrial development. Here we draw
on Loewe’s overview of the different industrial policy tools and mechanisms, and
the interviews we conducted in 2011 to highlight the mechanisms of the indus-
trial strategy that are most relevant for the development of the renewable energy
sector.

One core component in Egypt’s industrial development strategy is the techno-
logical upgrading of the industrial sector. The main instrument used to achieve
this goal is the Egypt Technology Transfer and Innovation Centres (ETTICs) that
were created to focus on increasing operational efficiency, as well as technolog-
ical upgrading and quality improvements. The ETTICs have been assigned to
specific industries (such as food-processing, furniture production, marble and
quarries) to which they offer technical assistance and consultancy services.
While several private-sector companies that we interviewed claimed that these
centres have benefited the local industry somewhat, most believe that the serv-
ices they offer are too basic and that greater focus should be placed on techno-
logical innovation. More importantly, no such centre exists for the renewable
energy sector – which companies we interviewed that operate in that sector con-
sider to be important, especially because solar and wind technologies cut across
various industries (e. g. glass, steel, electronics and construction). The Egypt
National Cleaner Production Centre (ENCPC) is an example of a program that
spans several industries, but its focus is on energy efficiency improvements in the
industrial sector. Our interviews (with the private sector and policy-makers)
revealed that the ENCPC is perceived as one of the most successful ETTICs.
However, because of the private sector’s very limited knowledge with respect to
energy efficiency, the ENCPC claims that most of their activities are focused on
raising awareness and improving resource management in various sectors. Their
next steps will be technological upgrading and the introduction of more innova-
tive practices. Similar initiatives for the renewable energy sector (focused on
wind and solar technologies) could contribute to increasing the coherency of
what is currently a rather disjointed sector.

The Industrial Modernization Centre (IMC), created in 2000 under the guidance
of, and with financial assistance from, the EU (EUR 250 million or 59 percent
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19 One concern regarding this high level of cost reimbursement is that entrepreneurs might

not have sufficient incentives to make the most of these training programs. More re-

search is needed to understand how these funds are managed. 

20 The renewable-energy part of the program aims to: provide information on renewable

energy sources in Egypt; provide access to information available at the IMC; conduct

feasibility studies related to various renewable energy sources; stimulate, propose and

participate in discussions on the topic; and provide technical assistance for potential pro-

ducers of renewable energy sources who seek the work licences required in accor-dance

with regulations for the Egyptian electricity market (IMC 2011).

of the IMC’s budget), is the core component of Egypt’s industrial-development-
strategy. The IMC have been tasked to manage the “Egypt Industry Moderniza-
tion Program”, which is intended to: (i) achieve higher rates of industrial output
growth, (ii) boost the productivity of industrial enterprises, and (iii) improve the
technological profile of exports. The IMC’s services for the private sector are
mostly in the form of training for workers, senior manage-ment and entrepre-
neurs; quality management; upgrading of information and communication tech-
nology systems; innovation; research and development; technology transfer; and
export market development. The IMC reimburse entrepreneurs for up to 90 per-
cent (95 percent in Upper Egypt) of the cost of the training courses.19

The IMC’s “Energy Efficiency, Renewable Energy and Environmental Protection
Program”20 may be the only support program in Egypt that is specifically con-
cerned with renewable energy. However, its effectiveness has not yet been
proven, since most companies know nothing about it, nor have they benefited
from its services. Given the existence of various initiatives, it is more urgent to
increase their visibility and improve their efficacy than to create more pro-grams.

The IMC also run three specialized programs: the “National Supplier Develop-
ment Program”, the “Clusters Development Program”, and the “1,000 New Fac-
tories Program”. The supplier development program, which follows a value-
chain approach, is a mechanism for upgrading and modernizing local suppliers
to major multinational companies that operate across different sectors in Egypt,
such as General Motors, Mercedes and Procter and Gamble. Interviews with
IMC staff and private companies suggest that the IMC programs have helped
provide funding and expertise for skill upgrading in various sectors, but that new
mechanisms need to be created to address the requirements of the renewable
energy sector. Ways to extend these services so as to support local development
of the renewable energy sector should be seriously considered. 

Another program running in collaboration with the MIFT that is financed by the
German Ministry for Economic Cooperation and Development (BMZ) is the
Egyptian–German Private Sector Development Program (PSDP), established in
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2005 for a period of nine years. Relying on technical assistance from the GIZ,
the PSDP focuses on enhancing competitiveness in the private sector through
innovation and improved conditions in the value chain across several industries.
More details about the program can be found at: www.psdp-egypt.info. The
PSDP’s activities are very much in the realm of sustainable development, but do
not directly address CSP and wind energy.

The assessment of technological capabilities for wind and solar energy
relies on semistructured interviews conducted with private sector repre-
sentatives in Egypt as well as on earlier studies about local manufacturing
capabilities in renewable energy in the MENA region. The first assessment
of local potential for the manufacture of parts and components (for solar
and wind energy) and for related service provisions was conducted in 2006
by Egypt’s Industrial Modernization Centre (IMC 2006). More recently,
the World Bank (2011) commissioned an assessment of the local manu-
facturing potential for CSP in five countries in the MENA region that
offers a preliminary inventory of existing capabilities for this technology.
The German Federal Ministry for Economic Development and Coopera-
tion (BMZ), through its implementing agency, the Deutsche Gesellschaft
für Internationale Zusammenarbeit (GIZ), also commissioned a study
about local industrial development for PV and wind energy in Egypt
(Sawin / Mastny 2010). These three studies provide additional secondary
data for our analysis.

The value chains for wind energy and CSP will be examined separately for
manufacturing and deployment following the approach used by Lema et al.
(2011). We also assess local expertise, potential gaps and ways to enhance
the local knowledge base with respect to project execution, as in Table 3-1.

3.1.1 The wind power sector

Egypt’s wind power sector has grown significantly, primarily driven by its
lower cost, more mature and lower cost technology (as compared to CSP),
the wind resources along the coast Gulf of Suez (which are among the best
in the world), and the availability of land with low alternative economic
value. International financiers have also been more interested in developing
a local market in wind power technology than in CSP. These conditions have
been supported by ambitious national plans to deploy wind energy, as is evi-
dent in the MoEE’s renewable energy target of 20 percent by 2020, of

12-5578_Studie_66_10  24.07.12  13:07  Seite 33



Georgeta Vidican

34 German Development Institute / Deutsches Institut für Entwicklungspolitik (DIE)

21 A recent report by IRENA (2011) that compiled data about employment in the renewa-

ble energy sector shows that for both solar and wind energy, most jobs are to be found in

construction and manufacturing, as well as in services.

22 The first commercial wind farm, with a capacity of 9 GWh/year, was established in 1993

at Hurgada, while the first large wind park in Egypt was established (in 1999) at

Zafarana, which because of its outstanding wind characteristics, is considered to be one

of the best wind-farm sites in the world (ILO 2011, 283).

23 The issue of regional integration and specialization should be considered, given that

Morocco and Tunisia have made serious commitments to creating renewable energy sec-

tors. Future research should address national strategies for developing comparative

advantage in these technologies.

which 12 percent is wind energy. With almost 550 MW of wind-energy
installed capacity (with financial and technical assistance from Germany,
Denmark, Spain and Japan), Egypt now produces 57 per-cent of all the
wind energy generated in MENA. Yet there is still a lot of underutilized
potential. Based on its national renewable energy target, Egypt aims to
reach a total of 7.2 GW installed wind power by 2020 (see Chapter 2). 

Development on this scale requires large investments. But expectations of
local jobs creation are high, especially if the Egyptian industrial policy
decides to support creating added value through the local manufacture of
parts and components.21 For example, the General Authority for Investment
(GAFI) claims that an annual investment of approximately USD 59 million
would be necessary to build local blade manufacturing facilities large
enough to supply 400 MW per year, while an annual investment of some
USD 147 million would be needed for tower manufacturing, which would
provide employment to 400 workers (GAFI 2010). The Gabal El-Zait wind
park to be developed on the Red Sea coast, which is still in the feasibility
phase, is expected to cost USS 800 million, generate 350 GWh annually and
employ up to 40 workers for plant operation and maintenance, on top of
more than 100 workers needed to construct the wind farm (GAFI 2010).
Egypt’s existing wind energy farms employ 110 engineers and operation
and maintenance specialists (60 at El-Zafarana Wind Farm and 50 at the
Hurgada Wind Farm)22 (ILO 2011). While these prospects for job creation
may seem insignificant in light of Egypt’s huge unemployment figures, if
Egypt can realize its potential to become a regional hub for the renewable
energy industry in MENA and Africa, many more jobs could be created.
Besides the direct employment in wind farms and the construction industry,
local manufacturers and suppliers of equipment will also experience job
creation.23 In light of the Government’s targets for wind energy, it is estimated
that 75,000 jobs will be created by 2020 (El Sewedy 2009).
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24 For example, the quality of the welding rods is substandard, which is why about 90% of

the local market has to use imports (Sawin / Mastny 2010, 36).

Figure 3–1 describes the wind industry value chain, divided into categories
of manufacturing and deployment, so that associated services can be more
clearly identified. According to the NREA, 30 percent of the equipment
used in existing wind projects is produced locally, and the percentage could
be increased to 70 percent (NREA 2011). There is great potential for man-
ufacturing most components locally, including those with higher techno-
logical content, such as the gearbox and blades. Initially, know-how is to be
acquired by licensing technology from foreign partners or by acquiring
shares in foreign companies. Nevertheless, as we discuss below, indigenous
manufacturing capabilities do exist – well-established industries with
global experience that manufacture steel, transformers, cables and electri-
cal auxiliaries – that can facilitate technology transfer and absorption. In
Chapter 5, we explore one of the main remaining challenges – how to
enable and expand these capabilities.

The main constraints to local market development are the limited domestic
market and low quality of locally produced parts and components.24

Clearly, supplier development programs could help improve local manufac-
turers’ abilities to supply the emerging wind energy market. 
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25 The main companies supplying gearboxes are Siemens, Suzlon and Moventas, but a few

other smaller companies are entering the market (David 2009).

3.1.1.1 Local capabilities for production and project execution
Wind energy offers high potential for localizing manufacturing. This is
mainly because the large size of the core components (e.g. towers and
blades) requires manufacturers to be located close to the market so as to
reduce transportation costs. In addition, the worldwide growth of the wind
market has stretched the supply of towers (IEA 2008). Although manufac-
turers prefer to produce locally, it is not feasible to establish production
facilities for every market. As indicated by the large increases in global
trade in the last few years, there is profit to be made in exporting wind tur-
bines and components (David 2009, 20). This suggests that if Egypt could
develop a comparative advantage in wind energy manufacturing, it could
service the regional emerging markets; Egypt’s wind industry could play an
important role in the MENA market (and for regions in Africa), where man-
ufacturing capabilities for wind energy components are limited.

Wind power is a capital intensive technology, in which initial capital costs
are the determining factor in the cost of generation. Between 1980 and
2004, the cost of wind turbines decreased by a factor of four, but then
increased by 20 to 80 percent – mainly due to the tight supply of towers and
other components, as well as the high prices for steel and copper (IEA
2008). This suggests that local manufacturing of most of the wind turbine
components would probably lower the cost of wind energy, especially since
prices of steel and copper are comparatively low in Egypt (Khan 2010).

Among the components of the wind turbine, the tower is the least techno-
logically specific part. Nevertheless, although wind tower manufacturing
“is similar in many ways to other metalwork, it differs in size (and thus han-
dling and transportation), quality (in terms of welding and surface treat-
ment), and assembly on site” (Sawin / Mastny 2010, 35). In particular,
“manufacturing quality is a key issue and needs to achieve zero tolerance in
material, welding and assembly activities” (Sawin / Mastny 2010, 35). Only
a few manufacturers are capable of producing the large bearings needed for
wind turbines (David 2009). The international gearbox market is also very
concentrated, largely controlled by a few OEMs (David 2009). 25
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Box 3-2: Production methods for the main components of a wind turbine

Companies manufacturing parts and components (original equipment manufac-
turers, or OEMs) typically have unique designs for wind turbine nacelles (i.e. the
housing for all the generating components in a wind turbine, including the gen-
erator, gearbox, drive train and brake assembly) and produce them in-house (e.g.
Vestas, Gamesa and Enercon). Only a few wind turbine manufacturers license
their designs, while several companies contract out nacelle manufacturing.
Blades and towers are either produced in-house or supplied from outside.
Nacelles, blades and towers are shipped directly from the manufacturing plant to
the construction site.

Nacelles: Nacelle components – large bearings, castings/forgings, gearboxes and
generators – are either produced in-house or supplied from outside to the OEM’s
specifications, and are assembled at the nacelle plant in less than a week. 

Blades: Wind turbine blades are advanced in design but labour-intensive in the
manufacturing process (e.g. adding layers of fibreglass to blade molds and fin-
ishing the blade edges). OEMs usually have unique designs for their blades; in
most cases, outside suppliers produce them to specification. It takes about a
week to produce a blade.

Towers: OEMs design the wind turbine towers. Towers usually have three sec-
tions, each consisting of metal rings that are thickest at the bottom of the tower
and are conical in shape since the towers taper slightly from the base to the top.
During the manufacturing process, plate sheets are cut, rolled into cones and
welded into rings that are then welded together and painted. Platforms, ladders
and other accessories are added before shipping.

Nacelles, blades, and towers are shipped from the plant to the construction site,
where the project developer installs them. Trucks are the most common method
of transport. Although rail- and barge-shipping are less expensive and can cir-
cumvent the complicated permitting process for shipping heavy and oversized
products across multiple national borders, because they rarely have a direct con-
nection to the construction plant, they are less often used.

OEMs note that potential suppliers often are unfamiliar with the large size of
wind turbine components and their reliability and quality requirements. This
results in an extensive qualification process that can take two to three months for
simple parts and 12 to 15 months for more complex parts. Some companies have
on-site representatives at suppliers around the world to ensure quality standards.

Source: United States International Trade Commission (David 2009)
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26 With almost 2 million tonnes of steel exports in 2006, Egypt is among the top 10 play-

ers in the steel-exporters market (Nasr 2007). Al-Ezz Dekheila Steel Co. is the largest

steel company in Egypt and the Middle East. Nevertheless, since the fall of the Mubarak

regime, Egypt’s steel industry has suffered from corruption scandals involving the Al Ezz

Group, the largest steel company. It is not yet clear how much these political scandals

have affected capacity.

27 DSD Ferrometalco, established in 1979, is one of the largest steel manufacturing and

construction companies in the MENA region. It is a subsidiary of DSD STEEL GROUP

GmbH, which is owned by DSD STEEL CONSTRUCTION AG in Germany. DSD Fer-

rometalco supplied towers to Egypt’s very first wind park in Zafarana. 

28 OCI belongs to the Orascom Group (Orascom Telecom is another company). Orascom,

perhaps the largest business in Egypt, belongs to the politically well-connected Sawiris

family. OCI contracts and implements large-scale government and infrastructure proj-
ects. “Among others, the Orascom Group holds the exclusive local rights in Microsoft,
McDonald’s and other international brand names, apart from controlling the country’s
largest private construction, cement making, and natural gas supply firm, Egypt’s largest
private tourism developments, as well as an arms import establishment.” (Schlumberger

2004, 102)

29 AOI is specialized in building military equipment, but is searching to enter new markets,

with the manufacture of parts and components for wind and solar energy a potential entry

point. Because of the high investment costs and their low ability to absorb investment

risks, no major plans have yet been announced.

Despite qu ality challenges, because of Egypt’s large steel industry, local
manufacturing potential is high for this component.26 Two of the steel and
construction companies have already developed tower production capabili-
ties: DSD Ferrometalco27 and Orascom Construction Industries (OCI).28

The Arab Organization for Industrialization (AOI),29 which has trained a
team of engineers in wind plant design and manufacturing, is another local
company interested in being part of the wind industry value chain, mostly
for small wind turbines for such applications as water pumping. 

The El-Sewedy Group, one of the largest family-owned companies in
Egypt, is the only local company that has heavily invested in building local
manufacturing capacity for wind turbine components and acquiring know-
how. El-Sewedy is an Egyptian conglomerate that mostly produces cables,
transformers, communications and electric equipment, and has distribution
and manufacturing facilities worldwide. In 2004, with EU financial sup-
port, El-Sewedy started to explore their potential involvement in the renew-
able energy sector (interview with the Sales Director of the wind energy
division at El-Sewedy; Cairo, October 2011). This led to the creation of the
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30 SIAG Schaaf Industries AG has manufacturing facilities in three other countries besides

Germany and Egypt: the Czech Republic, France and the USA.

31  According to our 2008 interviews, SWEG has started negotiations with an undisclosed

blade manufacturer for a technology transfer partnership (Interview with the SWEG Mar-

keting Manager and Sales Director; Cairo, October 2011). Because the Egyptian market

has been developing so slowly, they have halted investment and postponed know-how

acquisition. The manufacturing facility in Egypt is 70% completed, with plans for train-

ing and staff hiring ready to be implemented.

Sewedy Wind Energy Group (SWEG), a tower manufacturing facility that
is a joint venture with the German manufacturer SIAG Schaaf Industries
AG that currently has 30 percent of the global market. According to SIAG
staff, the factory in Egypt works to the same specifications and delivers the
same quality as the manufacturing facility in Germany. SWEG broke
ground on a new wind facility in 2008; by March 2010 it was able to sup-
ply the market (interview with the SIAG Head of Marketing; Cairo, Novem-
ber 2011).30 The facility, which currently produces 120 steel towers per
year, is going to be expanded to a capacity of 400 towers per year. The inter-
nal components for a wind tower (ladder, ducts and platforms) are also pro-
duced locally in partnership with SIAG (interview with the SIAG Head of
Marketing; Cairo, November 2011). 

SWEG is also establishing a turbine manufacturing facility, and has already
set up a blade factory.31 Its engineers claim that part of the know-how for
blade manufacturing can be sourced locally because of the experience of
building fibreglass materials for boat construction (Interview with the
SWEG Sales Director; Cairo, October 2011). Glass-reinforced plastic, used
for wind turbine blades, also has already been manufactured locally – for
bathtubs and water pipes (which are about the size used for rotor blades)
(Sawin / Mastny 2010: 38). It appears that the local market for blade pro-
duction would not be restricted by technology or size, but rather by the qual-
ity of industrial design and production (Sawin / Mastny 2010, 38).

However, despite the apparent potential for localizing the manufacture of
key components of wind energy technology, investment plans are stalled
because of Egypt’s economic downturn and political instability. It is difficult
to enter export markets without having a strong track record in the domes-
tic market (Interviews with SWEG representatives; Cairo, October 2011).
However, SWEG’s partnership with SIAG allows them to supply other
emerging wind energy markets, such as Romania and the USA (SIAG
2011).
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32 Because the gearbox alone costs about 10 % of the wind turbine, SWEG decided to

develop the manufacture of gearless wind turbines specifically for the MENA region.

33 SWEG also claims that two of its engineers were hired by Vestas and Gamesa – which

shows that their training and expertise meet international standards.

SWEG has plans to operate across the entire value chain of the wind indus-
try – including project development and operation and maintenance
(O&M). Their experience in manufacturing cables, transformers and other
electrical components allows them to also enter the balance-of-systems part
of the value chain. SWEG representatives claim that they “know what and
from where to source”, which offers them a clear advantage in localizing
the manufacturing part of the value chain. Nevertheless, some components
still must be imported: steel sheets of the width and thickness required for
tower manufacturing are not available locally and there are no plans to pro-
duce them in the near future (Sawin / Mastny 2010, 36). The amount of for-
eign know-how needed to produce these components with the right quality
standards and competitive prices remains an open question. As Amsden
(2001, 5) notes, the nature of technology makes knowledge difficult to
acquire even with technology transfer agreements.

Of all the wind-turbine components, the gearboxes (and blades) are the
most technologically specific. Hence, it is more difficult to transfer know-
how via licences for wind turbine components than for wind towers. In our
interviews, SWEG argued that they have had no luck in their proposed part-
nerships to Nordex and Gamesa with the aim of acquiring know-how for
turbine manufacturing (Interviews with SWEG representatives; Cairo,
October 2011). Their alternative source of technology transfer for the wind
turbine was a company who has the know-how but is not a market leader:
In 2007 SWEG acquired a stake (first 30 percent and then as much as 90
percent) in the Spanish company, MTorres, as a way of obtaining the know-
how for manufacturing the gearless wind turbine32 (Interview with SWEG
representatives; Cairo, October 2011). 

To acquire knowledge related to wind technology, as a local (and regional)
market leader in the sector, SWEG has invested heavily in training person-
nel, both in-house and with their partners in Spain and Germany. They have
also sent several engineers abroad for up to four months and developed
training courses to learn the industry’s entire value chain (Interview with
SWEG representatives; Cairo, October 2011). SWEG now believes it has
considerable expertise, with their employees being able to “speak wind,” as
the Sales Director put it.33
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34 Local companies such as Helwan Iron Foundries (the military factory number nine, affil-

iated with the Ministry of Military Production), United Company for Foundries, and

Modern Casters are examples of potential local producers for such components, or Al

Ahram and Tawakol for local foundries (Sawin / Mastny 2010, 36).

However, because the market has been slow to develop in Egypt, SWEG is
now only manufacturing in Spain and put on hold its plans to build a local
manufacturing facility in Egypt. Most of their technical staff has left or
been shifted to the commercial and marketing departments (Interview with
the SWEG Sales Director; Cairo, October 2011). However, some engineers
have been retained for wind farm design. The slow market development in
Egypt, retarded by the Arab Spring and a lack of strong political commit-
ment towards renewables, has limited SWEG’s operations and investment
plans since 2010. 

The metal casting and forging industries are important in both turbine and
rotor manufacturing (including the hub, shaft and generator body). In
Egypt, these industries are sizable, which means that for them wind energy
is a potentially large market.34 The Ministry of Higher Education and State
for Scientific Research (MHESR) has created the Centre for Metallurgical
Research and Development Institute (CMRDI) to assist with technological
development and technology transfer for the industry. CMRDI also aims to
create a cluster of companies operating in this sector, assess existing man-
ufacturing capabilities and potential niche markets and create linkages with
local and international universities and research institutes by acting as a
“matchmaker” (Interview with CMRDI; Cairo, November 2011). The ini-
tiative principally aims to assist local producers improve quality and
enhance their innovation capabilities. 

Despite such initiatives, which are not specifically aimed at supporting the
development of a local wind energy industry, local companies appear to be
at a disadvantage in the current tendering process for wind projects (Inter-
view with SWEG representatives; Cairo, October 2011). First, the New
Electricity Law has not yet been passed, which means that local content pro-
visions are not yet specified or enforced in the bidding process. Second,
most projects in the pipeline are to be developed with European (or inter-
national) financing, which means that the prerequisite of considerable expe-
rience – of at least 1,000 MW installed capacity – to reduce investment risks
automatically excludes local companies from trying to enter the market
through the competitive-bidding process.
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Policy tools for stimulating higher local content are needed to help the local
industry get started. According to our interviews with local companies
(SWEG, Orascom and Sphinx Glass; Cairo, October 2011) and NREA rep-
resentatives (Cairo, October 2011), a presidential decree temporarily
removed customs duties for imports of renewable-energy components
(which previously ranged between 2 and 5 percent) with the intent of sup-
porting local production (assuming that to begin with, companies would
largely have to import various parts and components). Yet some local com-
panies found that this provision hurt those who invested in local production
facilities. SWEG argued that custom duties should be reinstated because
local capabilities exist and without the customs duties, it cost more to pro-
duce and assemble different components locally than to import the com-
plete product from abroad (Interview with SWEG representatives; Cairo,
October 2011). More consideration should be given to the impact such reg-
ulations have on local producers. Bringing the various stakeholders to the
table to discuss how policy options impact their investment plans might
reduce ambiguity with respect to policy outcomes and improve targeting of
the proposed incentive mechanisms. India, for example, has successfully
used customs and excise duties that favour importing components of wind
turbines over complete machines, thereby supporting local industry creation
(Lewis 2007).

Nevertheless, especially in the current tense and uncertain political envi-
ronment in Egypt, the relationship between the ‘state’ and the private sector
is unpredictable. Following the fall of the Mubarak regime, local companies
aiming to enter niche markets sense a lack of support from the government
(i. e. the MIFT and the MoEE) (Interview with SWEG representatives;
Cairo, October 2011). Following the wave of corruption cases involving
former Mubarak cabinet members and the business elite, those still in gov-
ernment are said to be extremely cautious, avoiding as direct contact with
the private sector because they fear charges of favouritism (Interviews with
SWEG, NREA, AECAPROMENA, Sphinx Glass, Fraunhofer Egypt;
Cairo, October–November 2011). The SWEG Sales Director argued that
this aspect is especially important in the SWEG case: Because SWEG is
now the only company making real efforts to develop local manufacturing
capabilities, any government incentives for local manufacturers would
appear to favour SWEG and therefore raise suspicions of corruption. While
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this issue does not pose problems for companies that rely on export markets
(such as El Sewedy or OCI), it is a big challenge for companies trying to
enter new markets. This illustrates the critical political economy framework
conditions in which industrial development takes place. We will discuss this
more in Chapter 4. 

Various policy mechanisms have been used to support the development of
a local industry. But examples of developing countries pursuing such poli-
cies for the benefit of creating a local renewable energy sector are rare.
China and India’s experience with developing local manufacturing capabil-
ities for wind energy technologies could be instructive for other countries
seeking to pursue this end – despite their unique conditions (mega-popula-
tions, manufacturing experience and enormous demand for energy). Box 3-
3 shows some of the policy mechanisms used by China and India to support
the development of a local industry. A comparison of these two cases is
interesting because China and India have essentially pursued different
strategies regarding the use of local content specifications and wind energy
pricing, yet each country has been able to establish a successful, interna-
tionally competitive local industry. However, both governments pursued
integrated and coordinated approaches between the different stakeholders,
with the goal of developing a local industry and stimulating employment as
well nurturing acquisition of technological capabilities to support their
economies in the catching-up process. The strategic approaches for indus-
trial development and take-off in the wind energy sector have evolved over
time in both China and India; while initially, licensing and foreign direct
investment were important, in the catching-up process, R&D partnerships
and the acquisition of foreign firms have become increasingly important
(Lema / Lema 2012). 
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Box 3-3: Policy choices for wind-turbine development in China and India

Wind energy technologies have been successfully integrated into economic
catching-up processes in China and India, in particular since 2006. By 2011
China had become the global leader in terms of installed wind energy capacity,
and India is now the world’s fifth largest wind power market (Walz / Delgado
2012). The main differences in the policy support mechanisms for local manu-
facturing in China and India are: (1) China’s reliance on local content require-
ments to encourage locally sourced wind turbines and (2) India’s focus on
demand-driven industrial development. 

The local-content requirement in China (mandating that 70 percent of the turbine
content be made in China ) encouraged several foreign-owned companies to shift
their manufacturing to China (Lewis 2007). As a result of this policy (which
mandated the usage of domestic technology either by specifying a share or
through particular sourcing rules), Chinese-owned turbine manufacturers (pri-
marily the top three companies: Goldwind, Sinovel and Dongfang Electric) were
able to cover 77 percent of the local market (Lewis 2007; Walz / Delgado 2012).
In December 2009, the local content requirement was abolished (Walz / Delgado
2012). Another important policy for supporting local manufacturing in China has
been public procurement. In 2006, three Chinese ministries jointly released the
“Provisional Measures for the Accreditation of National Indigenous Innovation
Products” to prioritize products identified as “indigenous” intellectual property
for government procurement and key national projects (Walz / Delgado 2012).
Furthermore, the Ministry of Finance issued a regulation on import tax and a
customs-duty exemption for wind-turbine components – but only for those with
capacities larger than 2.5 MW and for standalone components (converters, bear-
ings and controls) that could not be produced in China (Walz / Delgado 2012).
At the same time, almost USD 50 billion of the U.S. Economic Stimulus Pack-
age was allocated to green projects, following a circular jointly released by nine
government organizations (Walz / Delgado 2012).

With regard to the promotion of local wind-turbine manufacturing, India has
generally been much more hands-off than China by not mandating the use of
local content in domestically installed wind turbines. India’s local manufacturing
industry, led by Suzlon, seems to have emerged organically as companies shifted
their facilities to India to meet the demands of the local market. Policies sup-
porting its development included customs and excise duties on imported compo-
nents, a national certification program and standardized guidelines to ensure grid
compatibility with planned developments for wind energy (Lewis 2007; Walz /
Delgado 2012). Demand-driven policies, such as tax incentives, feed-in-tariffs
and federal generation-based incentive schemes for grid connected wind proj-
ects, have created incentives for first-movers like Suzlon, as well as for second-
tier companies, to invest in building local capabilities. Over a dozen companies
are now manufacturing wind turbines in India. Domestic manufacturing capabil-
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ities are well established. In addition to Suzlon (with a 69 percent market share
in 2008), Indian’s local market is served by RRB Energy Limited (a 9.6 percent
market share in 2008) as well as a number of smaller players (8.5 percent mar-
ket share) (Walz / Delgado 2012).

With respect to technology development strategies, although in the early stages
both countries relied heavily on technology licensing, there were differences in
how much their main companies – Goldwind in China and Suzlon in India –
relied on licensed technology. Both companies opted to pursue multiple licens-
ing arrangements with established companies and second-tier companies, as well
as company acquisition. Building on the experience gained from international
technology transfers, Suzlon has formed many overseas subsidiaries in partner-
ship with foreign-owned companies, either to manufacture a specific component
(such as the gearbox and blades) or to undertake collaborative R&D (in Germany
and Netherlands). Suzlon has also established its international headquarters in
Denmark, the major industrial centre for the wind turbine industry. This interna-
tional presence allows the Indian wind energy sector to access cutting-edge tech-
nology. As a result, Suzlon is currently capable of assembling wind turbines with
ratings between 350 kW and 2.1 MW, and manufacturing components such as
rotor blades, tubular towers, control panels, generators and gearboxes (Walz /
Delgado 2012).

In China, Goldwind’s licensing arrangements with Repower allowed it to jump
into the wind-turbine industry with little indigenous knowledge (Lewis 2007). It
has subsequently signed licensing arrangements with other companies (such as
Jacobs and Vensys Energiesysteme GmbH) to learn about larger turbine designs
(Lema / Lema 2012; Walz / Delgado 2012). Such arrangements provided the
transfer of know-how, enabling Goldwind to make innovations on the transferred
knowledge (Lewis 2007). While so far, Goldwind has relied only on licensed
technology, Suzlon went beyond the licence model to purchase majority control
of several wind turbine technology and components suppliers. Therefore, another
difference in the two countries’ technology development strategies is how they
positioned themselves with respect to domestic and global-learning networks.
More recently, China has aggressively pursued R&D collaborations with Den-
mark in the area of wind turbine design (Delman / Chen 2008).

To summarize the above discussion, Table 3-2 takes each part of the value
chain and shows existing capabilities, those under development, and those
not present. It is important to note that, with the exception of EPC activi-
ties, basically just two firms manufacture locally, SWEG and OCI. Also,
while SWEG representatives suggested that efforts are currently underway
to enhance wind-turbine research, design and engineering capabilities, such
activities are limited.

12-5578_Studie_66_10  24.07.12  13:07  Seite 45



Georgeta Vidican

46 German Development Institute / Deutsches Institut für Entwicklungspolitik (DIE)

Table 3–2:  Capabilities for wind energy system manufacturing in 

 Egypt 

Local production and project execution 

capabilities 
Value chain stage 

Existing Developing Not cur-
rently 

present 

Towers SWEG and 
OCI 

  

Blades  SWEG in-
vested in 
blade manu-
facturing but 
stopped local 
operations 

 

Bearings    

Nacelles  SWEG ac-
quired capa-
bilities for 
manufacturing 
and assembly 
by acquiring 
MTorres in 
Spain.  

 

Gearboxes   The wind 
turbine that 
SWEG is 
developing 
through 
MTorres is 
gearless 

Controls 
systems 

SWEG 
through the 
larger El-
Sewedy 
Group 

  

Component 

design  

and  

manufacturing 

Power con-
verters 

SWEG 
through the 
larger El-
Sewedy 
Group 
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Table 3–2 (cont.):  Capabilities for wind energy system manufactur-

ing in Egypt 

Local production and project execution 

capabilities 

Value chain stage 

Existing Developing Not cur-

rently 

present 

Turbine design Research, 
design and 
engineering 

 Technology 
transfer 
through 
SWEG’s 
acquisition of 
MTorres 

 

Turbine  

manufacturing 

Wind tur-
bine, gen-
erator as-
sembly 

 SWEG 
through the 
larger El-
Sewedy 
Group 

 

Pre-

deployment 

Site assess-
ment, plan-
ning, fi-
nance 

 SWEG and 
OCI 

 

Deployment Site cons-
truction, 
transport, 
distribution 
of electricity 

SWEG and 
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The deployment side of the wind energy value chain includes activities
related to site assessment, planning, finance, site construction, transporta-
tion, grid connection, operation and maintenance (O&M), monitoring and
sales. Local capabilities in the downstream value chain, especially in
deployment and post-deployment activities are also available (see Table 3-
2). For example, wind resources for Egypt have been assessed by the
NREA, the Egyptian Meteorological Authority and Riso National Labora-
tory, which resulted in a ‘national wind resource atlas’ project financed by
the governments of Egypt and Denmark.

As far as project execution capabilities are concerned (see Table 3-1), our
findings in Egypt suggest that project management and engineering con-
tinue to be largely performed by foreign companies and consultants (with
respect to conducting feasibility studies, studies for selecting among design
alternatives, performing environmental assessment studies, etc.). Building
local knowledge capabilities in these activities requires concerted national
efforts in training and education at different levels, as well as partnerships
with foreign companies and organizations. This is especially important
because, given the very nature of technology (which makes knowledge
acquisition difficult), firms are reluctant to sell or lease their cutting-edge
intangible assets (Amsden 2001). Such challenges have also been observed
in the development of the renewable energy industry in India and China,
where technology leaders have refrained from transferring know-how
because of concerns about losing their competitive edge (Lewis 2007).

The presence of large project developers, such as OCI (with their affiliated
companies, such as National Steel Fabrication, NSF), facilitates the acqui-
sition of know-how. Local companies’ participation has benefited project
execution, especially procurement (choosing, coordinating and supervising
suppliers and construction contractors) and the ‘embodiment of physical
capital’ (site preparation, construction and plant erection). SWEG has also
acquired knowledge about O&M and project development through their
various partnerships. OCI, however, has already been involved in O&M
activities for local wind farms (i.e. at the Zafarana wind farm) and are lever-
aging their activities in the solar industry (as we discuss in section 3.2.2 on
the CSP sector). Initial knowledge transfer has been facilitated through
joint-venture agreements with foreign companies. After commissioning, the
NREA will perform the post-deployment activities for the wind farms cur-
rently installed. But extensive training is required to enhance local capabil-
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ities with respect to service provision (i.e. project execution capabilities).
While large companies such as OCI and SWEG manage to develop inhouse
training programs, it would be helpful to offer more focused training
through vocational education courses or programs such as those developed
by the IMC for other sectors.

3.1.1.2 Job profiles for the emerging local market
Assessing the types of jobs needed to develop a sector in an emerging mar-
ket is essential for drawing up the roadmap for training, education, R&D
and private-sector expansion. To this end, assessing the job profiles along
the value chain can provide the type of information that policy-makers need
to pursue a comprehensive development approach. In the more mature mar-
kets of EU countries, almost 60 percent of all wind-sector jobs (approxi-
mately 156,000) are in manufacturing wind turbines and components
(EWEA 2009). Yet jobs in specialized services are also important, espe-
cially those related to project execution capabilities (defined in Section 3-
1). In Spain, for instance, 30 percent of the jobs have been in manufactur-
ing companies, 34 percent in installation, O&M and repair companies, 27
percent in promotion and engineering companies and 9 percent in other
branches (AEE 2007).

In Egypt, there are not many wind-energy consultants (Interviews with
Egytec, Ain Shams University, Fraunhofer Egypt, InWent Egypt; Cairo,
October–November 2011) that could provide knowledge about project
development and design, problem solving, wind resources and environ-
mental impact assessments, and so forth. Since the market has been rela-
tively slow and driven by donors and large foreign companies, no local need
for these services has emerged. However, as the market grows, such expert-
ise is expected to be in demand. 

Table 3-3 provides a brief description of job profiles for different types of
companies along the wind-energy-sector value chain, and in corroboration
with findings from interviews with stakeholders in Egypt, it illustrates
where potential gaps exist in the local skills set. This profile is preliminary
because an in-depth survey of the labour market is still needed to identify
the skills gap at different professional levels. Yet the overall assessment
shows that while basic skills do exist, significant investment and strategic
programs are needed at all levels to expand local wind-specific knowledge.
In particular, knowledge is limited in non-engineering specialized jobs
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(such as project managers, environmental engineers, lawyers and econo-
mists with expertise in renewable energy, etc.). As Amsden (2001, 15)
argues, “[E]ven if technology is transferred, diffusion from one enterprise
to another may be imperfect and depends on an advanced level of skills on
the buyer’s side.” It is therefore crucial to strengthen local companies’
absorptive capacity to adapt, manage and expand acquired knowledge.
Augmenting absorptive capacity requires concerted efforts to integrate
renewable energy and sustainability in the different disciplines and levels of
education, as well as to invest in R&D. While formal qualifications are
important, equally important is the accumulated practical/project experi-
ence that results from market expansion. Such efforts have to be guided by
a national technology strategy and a stable institutional framework.

In collaboration with the NREA, in 2009, the Regional Centre for Renew-
able Energy and Energy Efficiency (RCREEE) in Cairo developed a com-
prehensive training workshop on wind parks that focused on the principles
for selecting locations, designing farms, operations and financial feasibility
(ILO 2011). However, most training efforts are conducted in-house or on-
the-job and relatively small-scale – which is insufficient in view of the tar-
gets for wind energy deployment and the anticipated demand for jobs in this
sector. The NREA is responsible for training workers in the maintenance
and operation of wind farms, and its financial constraints have been identi-
fied among the main obstacles blocking proper training programs for work-
ers in this sector (ILO 2011, based on interviews conducted at the NREA in
March 2010).
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35 “The Egyptian Observatory for Education, Training and Employment was established
with the aim of creating a dynamic information system for employment and training in
Egypt in order to offer accurate and updated data about both the supply and demand
sides of the labour market. This data informs decision-makers, employers and individu-
als about the current and future needs of different skills and disciplines in the labour mar-
ket. It enables decision-makers to devise policies and systems of education, training and
employment. It also helps individuals choose the kind of education and training that is
compatible with both their needs on one hand and with the current and future needs of
the labour market on the other hand.” (Source: http://www.idsc.gov.eg/Projects/Pro
jects_Details.aspx?id=12; accessed on December 15, 2011)

As this first assessment of gaps in existing skills suggests, more systematic
collection of data on the knowledge base of the workforce is needed. Exist-
ing organizations such as the Egyptian Observatory for Education, Training
and Employment35, could potentially coordinate such a process and create
a skills development strategy. As ILO (2011, 277) argues, one of the main
challenges in Egypt is the “lack of coordination between multiple ministries
and agencies working in education and training, and businessmen and those
working on environmental issues.” Acknowledging this problem and work-
ing toward its resolution is crucial.

To summarize, in Egypt, the manufacturing potential for parts and compo-
nents, as well as associated services in wind energy, is relatively high,
although it is now concentrated in two local companies (primarily SWEG, but
also OCI). These companies, active in both the manufacturing and deploy-
ment parts of the value chain, have developed international collaborations for
technology transfer (especially SWEG). Yet most of the design and engineer-
ing is being done abroad. These companies are also currently working with
an array of local suppliers, offering promising prospects for wind energy in
Egypt. SWEG has managed to enter export markets (i.e. exporting wind tow-
ers, construction and O&M services) but the company is constrained by the
slow development of a local market and fierce international competition.
Given the nature of wind energy technology (large components which incur
high transportation costs), it is important that some parts be manufactured
close to the market. Should the Egyptian (and regional) wind market pick up,
it would become possible for Egyptian companies to play an important role,
specifically in the manufacture of towers, but also potentially in other turbine
components (such as blades). More technological capabilities are needed to
enter the turbine design part of the value chain, which, at least initially,
requires greater reliance on international technology providers. Project devel-
opment, plant management and other specialized activities linked to wind
energy project execution should be further expanded locally.
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36  CSP power plants produce electricity by converting concentrated direct solar irradiation

into energy. The process of conversion has two parts: concentrating the solar energy and

converting it into usable thermal energy, and converting heat into electricity. (See Box 1-

1 for more details about the technology.)

To a certain extent, the starting conditions in Egypt appear similar to those
in China and India, where one large company drove local industry develop-
ment and made notable efforts to acquire know-how through technology
licensing, acquisitions and international partnerships. The ability of local
companies, such as SWEG, to integrate the local supply chain can cut the
cost of wind turbines, as in the cases of Goldwind and Suzlon (in China and
India, respectively). Yet in both China and India, ambitious and consistent
policies driven by clear national strategies were decisive for the creation of
sizable local wind energy markets. As discussed earlier, a major hurdle for
the development of a local wind industry is found in the realm of political
economy, especially with respect to the current social contract and the
nature of state–business relations. We elaborate on these aspects in Chapter 4.

3.1.2 Concentrated solar thermal power (CSP) sector
The CSP36 market in Egypt, and also worldwide, which is in the very early
stages of development, reflects a less mature technology (as compared to
wind and solar PV) and also higher capital costs requirements. There are
several reasons, however, why CSP is the core technology of the
DESERTEC concept: (a) the sun provides an almost inexhaustible source of
energy; (b) the technology offers storage potential so that the electricity
generated can be delivered on demand and better satisfy peak electricity
needs; (c) larges-cale deployment contributes to reducing costs, which can
benefit the entire industry; (d) CSP technology is most suited to the cen-
tralized electricity generation model in the MENA region; (e) CSP can
potentially be used for water desalination, thereby helping solve the region’s
water energy nexus challenge. While CSP currently costs more than other
solar technologies, in the next 10 to 20 years, economies of scale and high
investments are likely to make CSP competitive with wind, nuclear and coal
(Hernandez-Moro / Martinez-Duart 2012; Komendantova et al. 2012).

Yet despite the fact that Egypt has one of the world’s highest direct solar
irradiation levels (DLR 2005), its national targets for solar energy deploy-
ment are less ambitious than for those for wind energy (primarily because
of higher investment costs and difficulties in acquiring know-how, as we
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37 Nevertheless, as per the latest discussions, the technology focus question remains open

because of difficulties funding CSP projects. However, the first phase will consist of CSP

power plant, while later phases might also include solar PV technology.

38  The World Bank study (2011) briefly describes and contrasts these three CSP technologies.

39 For arid environments, one main advantage of the sterling-dish CSP technology is its dry

cooling (World Bank 2011, 37).

will discuss later). By 2020, only 4 percent of the energy is expected to be
solar-generated (both CSP and PV). To reach this goal, the NREA has set
an intermediary target of 100 MW of CSP for 2017. The Kuraymat Inte-
grated Solar Combined Cycle (ISCC) plant that was commissioned in Octo-
ber 2011, with an installed capacity of 140 MW of which only 20 MW is
from CSP, is the first plant of its type in Egypt. Given the high potential for
exporting clean energy to Europe (which is central to the DESERTEC and
MSP projects), CSP will probably play a larger role in the energy mix in
Egypt and the MENA region. Morocco has recently signed an agreement
under the DESERTEC umbrella to deploy 500 MW of solar energy (mostly
CSP) in several phases.37 Tunisia and Jordan are also embracing this tech-
nology. The DESERTEC project’s goal is to export 15 percent of the renew-
able energy produced in the MENA region to Europe via HVDC lines.
Exporting from Egypt is technically challenging because of the depth of the
Mediterranean Sea. Alternative options for exports of renewable energy
from Egypt, such as exporting natural gas in amounts equal to the renew-
able energy produced, are therefore being considered (Interview with
NREA, Energy Research Centre at Cairo University; Cairo, October 2011).

CSP technology know-how is concentrated in a few players, mainly in
Spain, Germany and the USA, while new markets are emerging in the
MENA region and in Asia. It appears that the value chain for CSP is quite
integrated (Gereffi / Dubay 2008), which suggests that it might be difficult
for emerging players to access the know-how and exploit the potential for
technological innovation. In any case, greater international cooperation will
be needed to increase the technology content. As we discuss later, some
parts of the value chain include activities which can be localized more eas-
ily than others – civil works, mounting structure, and glass and mirror man-
ufacturing – thereby providing entry points into the CSP industry.

The three main types of CSP technology38 – parabolic trough, linear Fres-
nel collector and dish sterling39 – concentrate solar irradiation in different
ways. The more mature parabolic trough technology has been most widely
deployed because it is more efficient, with corresponding lower costs. But
the linear Fresnel technology is likely to achieve greater local content
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40 The main advantages of linear Fresnel collectors over the parabolic trough are: they use

cheaper, standardized flat mirrors, require less steel and are installed more quickly, thus

entailing less mirror-glass breakage; the maintenance is lighter, and they require less land

(World Bank 2011, 35).

because “it is more open to redesign and adaptation to local conditions”
(World Bank 2011, 35).40 However, more research is needed to assess these
benefits and trade-offs from using these CSP technologies. 

Figure 3-2 provides a basic description of the CSP industry value chain.
Given the considerable potential for generating electricity from CSP power
plants in the MENA region, the World Bank commissioned a study (con-
ducted by the Fraunhofer Institute and Ernst & Young) to assess local CSP
manufacturing potential in five MENA countries (World Bank 2011).
Along with findings from interviews with key industry players that we con-
ducted in Egypt in 2011, these assessments provide background informa-
tion on the CSP value chain and identify local industrial potential. As dis-
cussed in the case of wind energy industry (see Section 3.1.1), a key
requirement for developing a local CSP industry is a sizable and steadily
growing market, which is difficult in Egypt at this time.
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41 These estimates assume that by 2020, the home market volume of the five countries will

amount to 5 GW and that the export of components will reach a volume corresponding

to 2 GW installed CSP capacity. They also assume that the rapid development of na-

tional CSP promotion plans, that international initiatives will be heavily represented

and/or that private investors will be active in the region (World Bank 2011, 121). 

42 An interesting question for a separate study is whether employment gains from expand-

ing the local CSP industry in Egypt would be at the expense of other MENA countries

that are also seeking to increase their roles in the renewable energy sector. 

43 Egypt has the second largest cement production capacity in the MENA region (after

Iran), and is an important player on the global market (Global Investment House 2009).

The expected benefits from the development of a local CSP industry
include job creation, export opportunities and economic growth – although
more research is needed to determine the real impacts. In their ambitious
scenario, the World Bank (2011) has estimated that by 2025, in five MENA
countries (Algeria, Egypt, Jordan, Morocco and Tunisia), the number of
permanent local jobs in the local CSP industries could range between
64,000 and 79,000 (45,000 jobs in the construction and manufacturing sec-
tors, plus 19,000 jobs in operation and maintenance).41 Given Egypt’s mas-
sive unemployment, the forecast does not seem very impressive, but in light
of the possibility of Egypt becoming a regional hub for manufacturing and
technology development, the job impact could be significantly higher.42

Unlike for the wind energy sector, for the Kuraymat CSP project in Egypt,
local EPC contractors have provided most local content in the EPC related
activities (see Table 3-4). The existing manufacturing base means local
companies potentially have roles to play in other parts of the value chain –
although in comparison with the wind energy sector, this is more limited in
the short-term.

3.1.2.1 Local capabilities for production and project execution

The solar-field components (receiver, reflector, mounting structure, piping,
heat transfer fluid, or HTF) are the most capital and technology intensive
and constitute the largest share of the value chain (38.5 percent) (World
Bank 2011, 8). Yet our interviews with private sector companies revealed
possible opportunities for local manufacturing all along the value chain.

The raw materials most used to manufacture CSP parts and components
(steel, concrete and cement) are available locally because of the sizable steel
and cement industries (e.g. Al-Ezz Dekheila Steel Co., Sinai Cement Com-
pany, Misr Cement Qena and Misr Beni Suef Cement).43 However, like
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44  The lack of float glass production capabilities in Tunisia, Morocco and Jordan is related

to high prices for energy and low local demand for float glass (World Bank 2011, 76).

The report claims that demand for float glass is rising in Morocco and Egypt, but open-

ing local production lines without any export markets might not be justified.

45  The main glass companies in Egypt are: Sphinx Glass, Dr. Greiche Glass, Egyptian Glass

Company and Saint Gobain.

other countries in the region, Egypt has to import crude steel. Local pro-
duction capacity does not yet cover the growing demand from the con-
struction sector. Steel, concrete and cement are mostly used for construc-
tion and civil works performed by EPC contractors, who tend to be large
firms in the construction and steel industries (World Bank 2011, 84). In
comparison with other North African countries, Egypt has a comparative
advantage in this sector, with Orascom Construction Industries (OCI) and
its affiliated companies, such as National Steel Fabrication (NSF).
OCI/NSF was the EPC contractor for the Kuraymat ICCS plant (the Ger-
man companies Fichtner Solar and Flagsol were project engineering sub-
contractors), and it is going to participate in solar energy projects in
Morocco and Tunisia (Interview with OCI’s Deputy Manager; Cairo,
November 2011). El-Sewedy also has the capabilities to manufacture high-
quality metallic structures. All these companies have automated production,
quality certification and high-tech tools, and according to the World Bank
study, could supply CSP plants with support structures (World Bank 2011,
84).

Another raw material widely used for the CSP industry is glass. Of interest
for CSP is ‘float glass’, which, can be transformed into flat mirrors (solar
tower or linear Fresnel) and bent into parabolic mirrors (World Bank 2011,
75). As the World Bank study reports, Algeria and Egypt have the only float
glass production capabilities in the region.44 According to Sphinx Glass
(Interview with its Marketing Manager; Cairo, October 2011), the produc-
tion capacities are underutilized, so there is both potential for exports and
interest in emerging markets, such as that for CSP. Also, according to the
Egyptian Chamber of Building Materials Industries, two float glass pro-
duction lines were added in 2010 (each with a capacity of 150,000 to
200,000 tonnes), making Egypt a net exporter of this product (Global
Investment House 2009).45

It is important to note that local companies currently produce glass with a
higher content of iron than CSP technology requires (‘green glass’ as com-
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46  Hauptstock (2010) states that Dr. Greiche Glass is currently developing its own mirror

design: 24 of their original designs for CSP mirrors (the mirror surface amounts to 2.25

m2 with a bending depth of 2 cm) will be used for a testing plant to be built at the En-

ergy Research Centre of Cairo University. 

47 However, because the technology is less mature, securing funding for such projects

might be even more difficult than for parabolic troughs.

48 Saint-Gobain Solar claims that Egypt could attain more than 80% local content – pro-

ducing the panels and other auxiliary components, and the civil works– for thin-film pho-

tovoltaic technologies (Richard 2011). 

pared to ‘white glass’). While not all countries produce float glass, glass
transformation industries (such as mirror producers) are present in all
MENA countries (World Bank 2011, 79). Dr. Greiche Glass, a local Egypt-
ian glass company that produces high quality mirrors, has made invest-
ments to enable it to enter this market segment, but do not yet produce the
quality needed for the CSP industry (Hauptstock 2010).46 As the World
Bank report states, and our interviews with local companies confirm, even
if local MENA glass producers are skilled at transforming glass and pro-
ducing high-tech mirrors, some doubts remain about their capabilities to
coat CSP mirrors with the specifications needed for harsh desert conditions
(e.g. sand storms) (Interviews with Sphinx Glass and El Sewedy; Cairo,
October 2011). The World Bank study explains that manufacturing lami-
nated mirrors (which perform better in the desert) is a highly complex
process. Mirror bending to CSP specifications for the parabolic trough
technology is also a challenge for local companies, meaning that joint ven-
tures are needed for local companies to learn this manufacturing process,
which also requires extensive technical assistance and knowledge transfer
(World Bank 2011, 79). But China and India’s experience in developing
local wind energy industries has shown that there are other effective mech-
anisms for technology transfer (Lewis 2007).

Yet for the glass industry’s investment into upgrading production lines to
CSP specifications to be lucrative requires significant annual growth in the
local market. The World Bank (2011, 81) calculates that this annual
increase should be approximately 400 Megawatt (MW) of solar capacity for
flat mirrors and 250 MW for parabolic mirrors. CSP technologies that
require float glass (i.e. Fresnel technology) might provide an easier entry
point into this market segment for local companies.47 A representative of
Saint Gobain has suggested that thin-film photovoltaic modules, which are
more resistant to heat48, would be suitable products for float glass manu-
facturing companies (Richard 2011). 
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Two other CSP components face high entry barriers: the parabolic-trough
receiver and the HTF (World Bank 2011; Interviews with Dr. Adel Khalil
and Dr. Mohamed Elsobki, Cairo, November 2011). Manufacturing these
two components requires high capital costs, and because the technology
content is also high, there are significant know-how barriers to producing
them locally. Technological knowledge is concentrated in a few market
leaders such as Schott Solar, which are not willing to license their technol-
ogy at this time (Interview with Dr. Adel Khalil; Cairo, November 2011).
Several other critical components such as the power block, storage system
and steam generator/heat exchanger are also imported (World Bank 2011;
Discussion with EPC contractor at the Kuraymat plant; Cairo, November
2011). Nevertheless, as the experience of the CSP industry in Spain and the
USA shows, if the market is large enough and predictable, foreign compa-
nies are willing to set up manufacturing facilities close to the market; this
could represent a first step towards know-how transfer. 

As discussed by the World Bank (2011, 85), piping and insulation systems
are not unique to CSP plants. In Egypt, several local companies seem to
have the know-how for providing these components for a CSP plant: El
Nasr Steel (one of the largest manufacturers and exporters of steel pipes in
the Middle East), Alkamac and United Company for Manufacture Metal
Pipes (World Bank 2011).

To sum up, local companies could initially engage in assembling steel struc-
tures, metallurgical processes (i.e. anti-corrosive dip galvanizing), supply-
ing some electronic components and cables (from large local companies
such as El Sewedy), piping and insulation, EPC activities and at a later date
mirror production. However, large investments in the production of CSP
collectors can only be justified by a large local/regional market (Interview
with Sphinx Glass; Cairo, October 2011), which would allow foreign com-
panies to set up operations in Egypt. The involvement of a local EPC con-
tractor – such as OCI to partner with a foreign investor – is key to facilitat-
ing local companies’ entry into the CSP value chain.

CSP is an immature technology that requires technological adaptation to the
MENA environmental conditions to address issues related to dust, high tem-
peratures, scarce water (needed for cooling) and storage. Therefore, potential
niche markets exist for Egypt and other MENA countries – in terms of tech-
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49  According to the World Bank (2011, 67–68), aside from the vacuum receiver and the col-

lector manufacturing of the collector, the most costly parts of the CSP value chain are the

solar-field installation of the solar field and its maintenance (especially the replacement

of mirrors, receivers, and the water for washing the mirrors) are the most costly parts of

the CSP value chain.

50 The Orascom Group of companies owned by the Sawiris family includes: Orascom Tele-

com, Orascom Development and Orascom Construction Industries (OCI). 

nological catch-up and developing competitive advantage. Yet in these areas,
there are no local R&D activities to overcome technological barriers (i.e. with
respect to acquiring knowledge to develop more technology-intensive CSP
components and adapting technology to local conditions). Technology trans-
fer is therefore critical for expanding the manufacture of products and serv-
ices with higher technological content. The absorptive capacity of the emerg-
ing industry must also be strengthened through capability building efforts
(education and training) as well as through supply chain development pro-
grams for raising quality and securing supply, and product-certification activ-
ities. Collaborations of universities (or research organizations) and the private
sector are rare in Egypt. However, OCI –the EPC and O&M contractor for the
Kuraymat CSP plant – is currently working with Helwan University, in col-
laboration with an Italian company, to develop a pilot plant for desalination
using CSP technology. Other companies, such as Sphinx Glass and Saint
Gobain, have their design and R&D facilities abroad, with no plans to develop
R&D programs with local partners (Interview with Sphinx Glass; Cairo,
October 2011).

In the Kuraymat plant, about 40 percent of the value of the solar field was
generated locally. It is expected that in future projects this share could rise
to 60 percent (NREA 2011). Civil works, steel mounting structures (Egypt-
ian subcontractors delivered the prefabricated welded steel parts, which
were assembled on site by OCI), electrical cables, grid connection, the EPC
responsibility (strongly supported by Fichtner Solar and Flagsol, which
resulted in significant knowledge transfer) and O&M, were all done by the
local industry, that is, by OCI. Localizing these activities resulted in signif-
icant cost reductions.49 OCI, one of the largest private players in Egypt,
belongs to the Sawiris family of industrialists, who own the Oras-com
Group.50 OCI, with a turnover of USD 4.5 billion, USD 500 million worth
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51 OCI operates under three separate brands: Orascom Construction contracts for large

industrial and infrastructure projects, mainly in MENA; the BESIX Group (a Belgian

company in which OCI has 50 percent equity) undertakes major commercial, industrial

and infrastructure projects throughout Europe, northern and central Africa and the Mid-

dle East; and Contrack International (an American company acquired by OCI) pursues

institutional projects in the Middle East and Central Asia.

52 Flagsol GmbH offers expertise throughout the entire value chain of large-scale solar ther-

mal power plants with a power output of 50 to 250 MW – from project development and

financing to the turnkey construction as a general contractor (see: www.flagsol.com).

of equipment, and more than 88,000 employees (56,000 employees in con-
struction alone) is the largest construction company in the MENA region.51

OCI is active in both infrastructure and investment projects across the
MENA region and abroad. 

OCI bid for the Kuraymat CSP plant against four other contractors. But
because OCI was able to mobilize a higher share of the supply chain for
deployment (due to their extensive experience with local subcontractors),
their tender was more competitive (Interview with OCI; Cairo, November
2011). NSF, an Orascom subsidiary, was one of the main subcontractors
hired for the CSP plant. Flagsol GmbH,52 a joint venture between Solar
Millennium AG and Ferrostaal AG in Germany, provided the technology for
the plant design, steel fabrication for the parabolic trough and technical
advice regarding assembly.

As a local EPC contractor, OCI ensured the extensive involvement of local
subcontractors, although not in the most technology intensive parts of the
value chain. This collaboration model could be replicated in other projects
in Egypt and the larger region (Interview with OCI; Cairo, November
2011). For example, OCI (again collaborating with Flagsol) has pre-quali-
fied to perform EPC activities for the 125 MW CSP plant in Morocco and
for a 50 MW CSP plant in Jordan (OCI interview). As Table 3-4 illustrates,
local potential is highest in EPC activities, while significant investment is
needed to expand local capabilities for manufacturing CSP parts and com-
ponents.
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Table 3–4:  Capabilities for CSP system manufacturing in Egypt 

Local production and project execution  

capabilities 
Value chain stage 

Existing Developing 
Not currently 

present 

Materials Concrete, 

steel, cement, 

sand, glass, 

silver, copper, 

salt and other 

chemicals 

Local compa-

nies such as 

Al-Ezz Dek-

heila Steel 

Co., and 

Sphinx Glass 

  

Mirrors  Several 

glass and 

mirrors 

local manu-

facturers 

 

Mounting 

structures 

Companies 

such as NSF 

and El-Sewedi 

  

Receiver    

HTF    

Connection 

piping and 

insulation 

Companies 

such as Alka-

mac and El 

Nasr Steel 

  

Steam genera-

tor/heat ex-

changer  

   

Storage system    

Compo-

nent 

design and 

manufac-

turing 

Power block  NSF  

CSP 

manufac-

turing 

CSP collec-

tors 

 Dr. Greiche 

Glass has 

invested  

in develop-

ing CSP 

collectors. 
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Table 3–4 (cont.):  Capabilities for CSP system manufacturing in  

  Egypt 

Local production and project execution  

capabilities 
Value chain stage 

Existing Developing 
Not currently 

present 

CSP 

manufac-

turing 

(cont.) 

Plant  

assembly 

OCI and other 

subcontractors 

  

Research    

Design and 

concept engi-

neering 

   

Project 

design 

Procurement  OCI  

Site assess-

ment 

   

Determination 

of general 

requirements 

   

Pre-

deployment 

Finance    

Site construc-

tion 

OCI   De-

ployment 

Transport and 

distribution of 

electricity 

 Egyptian 

Electricity 

Transmissi-

on Company 

 

Post-

de-

ployment 

Operation and 

maintenance 

(O&M), 

output moni-

toring and 

sales 

 OCI with 

know-how 

transfer 

from inter-

national 

partners 

 

Source: Based on literature and field interviews in Cairo in 2011 
 

12-5578_Studie_66_10  24.07.12  13:07  Seite 67



Georgeta Vidican

68 German Development Institute / Deutsches Institut für Entwicklungspolitik (DIE)

3.1.2.2 Job profiles for the emerging local market
Analyses of job profiles for the CSP sector are not as widely available as
those for wind energy and solar-PV technologies. However, there appears to
be great similarity in terms of the skills needed for the solar sector in gen-
eral (Gereffi / Dubay 2008). CSP’s job-growth potential is in both compo-
nent manufacturing and plant assembly. The National Renewable Energy
Laboratory (NREL) estimates that every 100 MW of installed CSP creates
approximately 455 construction jobs (Soddard et al. 2006 in Gereffi /
Dubay 2008). As Gereffi and Dubay (2008) argue, during a power plant’s
operational phase, permanent jobs are created in areas such as administra-
tion, operation, maintenance, service contracting, maintenance, spare parts
and equipment, and solar-field parts replenishment. The NREL calculates
that CSP parts generate some 94 operation and management jobs per 100
MW, whereas conventional coal and natural gas plants the same size gener-
ate between 10 and 60 permanent jobs, and CSP costs for operation and
maintenance are 30 percent lower (Gereffi / Dubay 2008). 

Most jobs in the solar industry require specialized training – just as in the
wind sector. The US Bureau for Labor Statistics reports that most solar-
related jobs require specialized higher education degrees (Hamilton 2011).
Engineers (in materials science, chemistry, electrical engineering, mechanical
engineering and industrial engineering) are the most sought-after professions
in the solar sector. For industrial production managers, college degrees in
business administration, management, industrial technology or engineering
are needed (Hamilton 2011). Our interviews in Egypt suggest that these
knowledge domains are not well supported in the Egyptian education system,
where university and vocational school curricula focus on theoretical knowl-
edge rather than on practical applications for renewable-energy technologies
(Interviews at Ain Shams University, Cairo University, El-Sewedi, German
Technology Solar Systems; Cairo, October-November 2011).

Just as for the wind-energy industry, in Egypt, local skills relating to CSP
project development and implementation (project execution capabilities of
environmental scientists, atmospheric scientists and consultants) are also
underdeveloped. Some related services (such as procuring land and obtain-
ing permits) are currently carried out by the NREA, which will need a
larger set of actors as the market expands. It is critical to have local com-
panies provide services for project execution because it is necessary to work
with government agencies, community members and organizations, utility
companies and other stakeholders.
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53 The German training organization, RENAC – Renewables Academy, which conducts

training programs abroad on various aspects of renewable energy, has developed a course

on “Grid Integration of Renewables in Egypt”. This program, funded by the German

Ministry for Economic Cooperation and Development (BMZ), focuses on capacity build-

ing at the managerial and engineering/technical levels for integrating large amounts of

renewable electricity into the Egyptian energy grid (Source: http://www.renac.de/pro-

jekte/egypt-re-grid/, accessed on 31 October 2012).

Given Egypt’s well-developed construction sector, the skills necessary for
rolling out a CSP plant are considered adequate (Interview with OCI; Cairo,
November 2011). Nevertheless, for O&M activities, significant knowledge
transfer, on-the-job training and experience are essential. Power plant oper-
ators must attend specialized training programs and undergo extensive train-
ing about their specific systems (Interview with OCI; Cairo, November
2011). In Egypt, such training courses are limited, so local project develop-
ers rely on foreign technology providers to acquire such knowledge.53

To summarize, analysis of Egypt’s CSP value chain shows that compared
with wind energy, it currently displays a lower capacity for localization.
CSP technology is less mature (hence more expensive) and more knowl-
edge intensive (in manufacturing and EPC). Nevertheless, for some com-
ponents and services there is potential to add value locally, and concerted
efforts could expand local companies’ participation along the supply chain.
After know-how was transferred from international players (Fichtner Solar
and Flagsol), the Egyptian construction company OCI was able to perform
EPC and O&M activities for the CSP local plant in Kuraymat. Egypt cur-
rently has manufacturing experience in industries such as glass and mirrors,
steel structures and certain electric components (especially cables) that
could supply the CSP sector. Nevertheless, significant investments and
technology transfer are needed to enable these industries to develop the
technical specifications required for the more specialized CSP components
(e.g. receivers and the curved/bent mirrors needed for parabolic troughs). It
is unlikely that to begin with, local content for the CSP industry could be
more than EPC and O&M activities on the deployment side, and supply of
steel structures and cables on the manufacturing side. 

At this time, Egypt’s commitment to local market creation is limited, as
reflected by the small share of CSP in the renewable energy target for 2020.
A national renewable energy strategy with greater emphasis on solar tech-
nologies would send positive signals to potential investors. As discussed in
the next section, while it is difficult to enter a market already dominated by
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54 Lester (2005, 6) also defines “capabilities for innovation” as the “ability to conceive,
develop, and/or produce new products and services, to deploy new production processes,
and to improve on those that already exist”.

55 Lanjouw / Mody (1996) find that most environmental patents in developing countries

have been submitted for incremental innovations that aim to adapt technologies that were

developed elsewhere for their local environment.

56 Carter and Campbell (2009) argue that a CSP plant with conventional wet-cooling sys-

tems uses two to three times more water than coal-fired power plants. For arid regions,

such as deserts, such technologies would be highly unsustainable in the long run.

a few large players, Egypt might be able to develop niche markets by adapt-
ing existing technologies to local environmental conditions (i.e. the need for
dry-cooling because of water scarcity; using different technologies, such as
sand, for energy storage; more effective cleaning techniques because of the
large amount of dust).

3.2 Innovation capabilities

Innovation capabilities, as defined earlier (see Table 3-1), refer to “the skills
necessary to create new products or processes, the type of skills depending
on the novelty of the new technology”, including activities ranging from
pure science to advanced development.54 In developing countries, however,
context innovation is defined more broadly to refer not only to ‘new-to-the-
world’ technologies, but also to the technological adaptation of mature tech-
nologies (products and services) to local environmental conditions, as well
as indigenous innovations (Lundvall et al. 2009; OECD 2010).55

This aspect is particularly important when assessing entry points for wind
power and CSP in Egypt and other developing countries. The leaders in
renewable energy technology are concentrated primarily in Europe (Germany
and Spain) and the USA. But environmental conditions in these countries are
very different from those in the MENA region, which otherwise offers some
of the greatest potential for solar and wind energy generation. This is espe-
cially true for solar technologies because the high heat, dust and sand of the
desert environment reduce their efficiency (Mani and Pillai 2010; Sulaiman
et al. 2011). Moreover, the region’s problematic water energy nexus calls for
solar technologies that are less water intensive (i.e. that use dry-cooling)
(Dersch / Richter 2007; Carter / Campbell 2009).56 Therefore, technology
adaptation and incremental innovation for specific Egyptian conditions could
offer Egypt entry points in the renewable energy sector (Popp 2011).
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57 Goldemberg (1998) defines ‘leap-frogging’ as the process by which developing countries

avoid the steps taken by industrialized countries through incorporating models and effi-

cient technologies early in the development process.

58 Schmitz / Strambach (2009, 232) list the following factors that explain the emerging shift in

the global distribution of innovation activities: the return migration of engineers, scientists and

managers; big state and private investment in higher education; low wages for highly educated

workers (compared with OECD countries); the insertion of local firms in global value chains;

the colocation (clustering) of local firms and support institutions in the developing world; the

increasing significance of lead markets in Asia and Latin America; governments “trading mar-

ket access for technology”; the willingness of governments and foreign enterprises to experi-

ment with collaborative arrangements; and the enormous financial resources that government

agencies and enterprises can mobilize to buy technology or research teams.

Innovation capabilities are also crucial to enabling developing countries’
pursuit of ‘energy leap-frogging’ (Goldemberg 1998)57 – shifting from an
energy development path that relies on conventional fuels to a new path that
incorporates the broad utilization of energy technologies (Lewis 2007). To
this end, enhancing innovation capabilities is key – both for building-up
know-how to support local industrial development, and for enabling emerg-
ing economies to move up the technological ladder and cultivate their com-
petitive advantages in renewable energy. 

Local learning and adaptation to maximize the benefits of technology transfer
(i.e. absorbing foreign know-how) and R&D investments are critical aspects of
this process (Amsden 2001, 51). Archibuchi / Pietrobelli (2003) argue that
importing technology without also adopting policies to support technology
cooperation strategies, does not much benefit local learning. This concern has
become evident in newly industrialized countries such as China and India,
where “indigenous competences in science and technology fields related to
green technologies are increasingly a prerequisite for the successful absorp-
tion of green technologies” (Walz / Delgado 2012). Moreover, Lema / Lema
(2012) argue that for emerging economies such as China and India, “conven-
tional” technology transfer mechanisms (in the form of licensing and foreign
direct investment becomes less relevant; instead, “unconventional”, more
active mechanisms, such as foreign firms acquisition and overseas collabora-
tive R&D, are more likely to support the process of catching-up.

The recently observed change in the way innovation is organized in devel-
oped countries, “the organisational decomposition of innovation and global
distribution of innovation activities”58 (Schmitz / Strambach 2009), could
facilitate the acquisition of technological capabilities and enable developing
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countries to participate in innovation. Specifically, “innovation activities
that used to be carried out in-house by innovating firms themselves are car-
ried out by independent suppliers of knowledge-intensive business services
or are transferred to key suppliers” (Schmitz / Strambach 2009). In princi-
ple, organizational fragmentation facilitates the geographical dispersal of
innovation activities to other parts of the globe, which means that countries
like Egypt could capitalize on such opportunities. But most likely, the
extent to which Egypt and other developing countries will be able to build
on these possibilities will depend on these countries’ absorptive capacity in
specific sectors, as well as on the amount of time needed to expand this
capacity.

Because the absorption of advanced technologies and the development of
competences for further innovation in order to bring them to international
markets are closely interwoven (Nelson 2007), it is necessary to have an
innovation system that can enhance these capabilities. In advanced
economies, universities and research organizations (i.e. national research
laboratories) are basic to the innovation system that drives the process of
acquiring technological capabilities through close interaction with other
stakeholders (i.e. the private sector and government) (Mowery 2004; Lester
2005). But equally important, especially for the catching-up process, is the
development of capabilities for learning and innovation within firms (rather
than public R&D) (Nelson 2011). However, in most sectors in less devel-
oped countries, building basic capabilities, underpinned by education and
public R&D, remains a priority (Lema / Lema 2012). 

The role of public research institutions (i. e. universities and national labo-
ratories) in the industrial transformation process varies significantly
depending on the initial conditions and the growth pathway to be pursued.
Lester (2005, 29) refers to four “innovation-led growth pathways”: creating
new industries, industry transplantation, diversifying an old industry into a
related new industry, and upgrading a mature industry (see Figure 3–3).
According to this assessment, when a new industry is created (or trans-
planted from elsewhere), as in Egypt’s solar and wind energy industries,
universities are involved in more than teaching: they conduct pioneering
science and engineering research; pursue aggressive technology licensing
policies; promote/assist entrepreneurial businesses (with incubation serv-
ices, etc.); cultivate ties between academic researchers and local entrepre-
neurs; and create an industry identity through participating in standards set-
ting and convening conferences, workshops, entrepreneurs’ forums, etc.
(Lester 2005). Needless to say, such involvement requires a basic change in
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academic culture (towards more transparency and collaboration with
research institutes, the private sector and the government, as well as a
greater focus on entrepreneurship), which must be guided by strong vision
and a strategic roadmap. In Egypt, however, there is no vision for support-
ing the development of innovation capabilities in line with efforts to create
a local renewable energy industry. 

In the next sections we discuss both sides of the process of acquiring inno-
vation capabilities – the supply side (education and research activities) and
the demand side (the potential for identifying niche markets for innovation).
First, we provide a brief overview of Egypt’s main educational and research
programs that aim to enhance the renewable-energy knowledge base and
innovation capabilities. We then give a preliminary discussion of the oppor-
tunities for acquiring innovation capabilities offered by the global distribu-
tion of innovation activities and the organizational decom-position of inno-
vation. We also highlight the most important challenges to acquiring inno-
vation capabilities and suggest areas for improvement. We focus on some
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59 The meeting, meant to initiate discussion about drawing up a technology and R&D

roadmap for renewable energy in Egypt, benefited from the participation of several

stakeholders: DLR, Cairo University, REMENA, DESERTEC University Network, Hel-

wan University, Fraunhofer ISE in Germany, and Fraunhofer Institute Cairo.

core issues in this section but further investigation is needed with respect to
the education and research environment in Egypt. A more in-depth assess-
ment would allow for more nuanced policy recommendations.

3.2.1 Renewable energy education and research
While several universities offer engineering education in Egypt, the focus
tends to be theoretical, with limited emphasis on R&D and applied knowledge
(Interviews at Ain Shams University, Cairo University, German Technology
Solar Systems, SWEG, Fraunhofer Institute Cairo; Cairo, November 2011).
Education and research activities on sustainability and renewable-energy tech-
nologies are also inadequate (Interviews at Cairo University and Ain Shams
University; Cairo, November 2011), although efforts are beginning in this
direction. Small research programs on renewable-energy technologies, in par-
ticular solar energy, are concentrated at a few universities such as Ain Shams
University, Cairo University, Helwan University and Alexandria University.
Funding for research programs primarily comes from the Egyptian Science
and Technology Development Fund (STDF) and from European Union (EU)
research programs. The main drawback of these funding programs is that they
are short-term and often have no follow-up in collaborative projects, either
national or international (Interviews at Ain-Shams University; Research,
Development and Innovation Program at MHESR, Cairo, November 2011). 

In addition, as the Assistant Minister for Scientific Research at MHESR men-
tioned in a strategy meeting attended in November 2011,59 because of a lack
of clarity regarding the research areas that are most relevant to renewables (a
relatively new domain of knowledge in Egypt), concerns exist about possible
replication or redundancy in the research efforts that could result in bigger
gaps in other areas. Such a concern has also been associated with the lack of
coordination between research centres and institutes on one hand, and the pri-
vate sector on the other (Kheir-El-Din 2005). To ameliorate this situation, a
research agenda (consisting of a technology and R&D roadmap) needs to be
closely coordinated with an industrial- and market-development strategy for
the renewable energy sector (solar and wind). Such a roadmap would identify
which technologies (CSP, solar PV and wind power) are best suited to Egypt’s
existing and potential technological capabilities and its industrial structure,
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60 Other international university collaborations, although not focused on energy issues,

include the Technical University Berlin that is opening a campus in El Gouna (sponsored

by the Sawiris family, owners of Egypt’s largest family-owned business, Oras-com), the

German University in Cairo and the Egypt–Japan University of Science and Technology.

61  Because of the sluggish market for renewables in Egypt, recent graduates from the program

are now seeking employment in Germany (Interview with Dr. Adel Khalil, the REMENA

program director from Cairo University; Cairo, November 2011). Another cause for concern

is the lack of German applicants for their second batch of students, which could be due to

the limited market and political instability in the MENA region. This could negatively

impact the REMENA program’s planned cross-regional exchange (Interview with Dr. Adel

Khalil, the REMENA program director from Cairo University; Cairo, November 2011). 

and how to target support programs for R&D and knowledge creation in these
areas.

Not only does Egypt have no national strategy for renewable energy technol-
ogy, but also most universities have no coherent educational program geared
towards renewables and sustainable development. Ain Shams University is
currently setting up a three-year Masters program on Sustainable Energy and
Engineering (Interviews with faculty for Mechanical Engineering, Chemical
Engineering and Electrical Engineering; Cairo, November 2011). With sup-
port from the Egyptian Government and the German Academic Exchange Pro-
gram (DAAD), and in collaboration with Kassel University in Germany, Cairo
University offers a joint Masters program on Renewable Energy and Energy
Efficiency for the Middle East and North Africa region (REMENA) that aims
to provide technical and managerial knowledge in the field of renewable
energy and energy efficiency to students from Germany and the MENA coun-
tries. This program laid the foundation for integrating specific training mod-
ules on CSP (and other renewable energy technologies) into the curriculum.60

While the program now focuses on general knowledge regarding some aspects
of renewable energy such as technology and policy, R&D and the political
economy of renewable energy development are not emphasized. Given the
slow development of Egypt’s market, it also remains to be seen if REMENA
graduates will find employment in the emerging local job market for renew-
able energy.61 Cairo University’s Energy Research Centre (ERC), which fea-
tures the greatest expertise on renewable energy technologies in Egypt, also
offers training modules on various aspects of renewable energy and acts as a
consulting agency for different stakeholders, including the private sector. Hel-
wan University, too, has developed research activities in the field of renewable
energy, mostly coordinated by Prof. Dr. Amr Amin, who has participated in
several EU funding competitions. 
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By funding development cooperation, international players have also initi-
ated several capacity building efforts. The German Aerospace Centre
(DLR) leads the efforts related to CSP energy technologies and has devel-
oped the enerMENA program (see Box 3-4) to support knowledge

Box 3–4: enerMENA – A program for the implementation of solar-
thermal-power-plant technology in North Africa

The enerMENA program, funded by the German Foreign Ministry, was initiated
and is run by the Institute of Solar Research at the German Aerospace Centre
(DLR), a pioneer in shaping the DESERTEC concept. The project aims to
develop CSP-related training materials, and addresses institutions and key per-
sons from R&D, educational institutions and the public and private sectors who
are active in CSP technology development in the MENA region. The project has
three targets: the analysis and optimization of CSP plants; the dissemination of
CSP technology; and the multiplication of local know-how.

Analysis and optimization of CSP plants

In addition to enerMENA, DLR also conducts on-site measurements during the
construction of solar thermal power plants in North Africa to train local person-
nel to evaluate the quality of manufactured collectors, and also to provide valu-
able data to improve the quality of the collector field.

Dissemination of CSP technology

In order to support the development of a market for CSP technology in North
Africa in general, and also to initiate or foster local industry participation in this
technology, enerMENA will encourage local institutions – backed by DLR
experts who will provide training and qualification – to serve as contact points
for project development. A network of eight meteorological stations will also be
established in North Africa.

Multiplication of know-how

The enerMENA project offers educational material on CSP technology to uni-
versities, training centres and high schools in the local language. Professors and
teachers take part in workshops held to analyse the material and adapt it to their
needs.

Partners in the MENA region include: the Moroccan Agency for Solar Energy,
the National Office of Electricity (Morocco), Ecopark Borj-Cedria (Tunisia),
CRTEn Technopole de Borj Cedria (Tunisia), the National Energy Research Cen-
tre (Jordan), the Energy Centre at the University of Jordan, University of Jordan,
NEAL–New Energy (Algeria) and Cairo University (Egypt).

Source: DLR, http://www.dlr.de/sf/desktopdefault.aspx/tabid-235/12081_read-28723/
(accessed on January 20, 2012)
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62 The areas of collaboration are: materials, environmental and climate research, physical

and chemical technologies, biotechnology, aquaculture and health research. (Source:

http://www.bmbf.de/en/5859.php, accessed on 22 February 2012)

63 Source: http://www.bmbf.de/en/5859.php, accessed on 22 February 2012

64 Recognizing this gap, the 2012 German Egyptian Research Fund call for proposals

focuses on promoting bilateral cooperation in the social sciences and humanities to sup-

port the process of democratic transformation and socio-economic development in

Egypt. (Source: http://www.stdf.org.eg/files/ENG-GERF-CALL-HUMANITIES_IB_

STDF_BMBF_final_Version_12%2012%202011.pdf – accessed on 22 February 2012)

development through MENA university channels. These training/educa-
tional modules have been approved and implemented in Morocco, Algeria
and Tunisia, but in Egypt, the approval process has been stalled in the
MHESR for about a year (Interview with Dr. Adel Khalil; Cairo, November
2011)

Developing and disseminating such programs could help reduce gaps in the
specialized skills and knowledge that are very important for emerging tech-
nologies such as CSP. There is a critical lack of engineering education (in
materials science, environmental engineering, mechanical engineering and
chemical engineering) that focuses on solar and wind energy and adapting
the specifications to the harsh desert conditions (water desalination, clean-
ing techniques, solar water pumps, etc.). Promoting adaptive R&D and sup-
porting technology transfer could be especially valuable for developing
countries as new markets emerge for renewable technologies (Popp 2011). 

Equally important are the non-engineering disciplines that have been heav-
ily neglected – locally and in international collaborations – as several inter-
viewees confirmed (Interviews with InWent Egypt, DAAD Cairo, Cairo
University; Cairo, November 2011). In 1979, Germany’s Federal Ministry
for Education and Research (BMBF) and the MHESR signed a long-term
agreement on Bilateral Cooperation in Science, Research and Technology,
which led to the establishment of the German Egyptian Research 
Fund.62 In 2007, a new bilateral initiative was begun, the German-Egyptian
Year of Science and Technology, that is intended to stimulate cooperation in
six main areas: materials science, water, renewable energy sources, biotech-
nology, health research, and social sciences and humanities.63 Primary
emphasis is on the engineering and technical fields (Interview with DAAD
Cairo; Cairo, November 2011).64
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Social sciences (e. g. business management, economics and law) are
equally important for Egypt to be able to expand the local benefits of invest-
ments in renewable energy. Innovation – in the form of new business mod-
els and policy mechanisms – is needed to adapt project development mod-
els to the local institutional environment. To fill this gap and support capac-
ity building for the proposed renewable energy mega-projects (i.e.
DESERTEC and MSP), the DESERTEC Foundation has proposed two pro-
grams: the DESERTEC University Network (DUN) and the DESERTEC
Institute for Studies on Socio-Economic Development and Employment in
MENA (DISEM) (see Boxes 3–5 and 3–6). Although not yet fully devel-
oped (especially DISEM), these programs are meant to create a platform for
cross-Mediterranean regional collaboration in education and research in the
field of renewable energy policy and technology. 

Box 3–5: The DESERTEC University Network (DUN)

The DESERTEC Foundation, in cooperation with the Tunisian National Advi-
sory Council for Scientific Research and Technology, founded DUN as a plat-
form for scientific cooperation around issues related to DESERTEC. Besides the
non-profit DESERTEC Foundation, founding members include 18 universities
and research facilities from MENA. Additional European institutes complement
the network and promote the transfer of knowledge.

DUN’s objectives:
– International collaborations between public and private academic and scien-
tific institutions aimed at helping to implement the DESERTEC concept

– Education of skilled professionals, particularly in desert countries (soon to be
among the world’s biggest producers of renewable energy), as a way of help-
ing to maximize those countries' share of the value creation 

– Research and education to continually improve the production, installation and
operation of future DESERTEC energy systems 

DUN’s scope:
– Electricity-generation technologies (particularly solar and wind) and research
about new technologies with economic and environmental benefits

– Technologies for transmitting electricity over medium and long distances, and
smart grids

– Socioeconomic impacts of the large-scale generation of electricity from
renewable energy

– Renewable energy for water desalination and water treatment
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DUN’s activities:
– Networking with regional and international organizations

– Bringing together professionals from industry, science and politics in work-
shops and conferences

– Advising governments and organizations on the DESERTEC Concept and its
implementation

Source: http://www.dunet.org, accessed on 11 February, 2012

Box 3–6: The DESERTEC Institute for Studies on Socio-Economic
Development and Employment in MENA (DISEM)

In 2011, Dr. Gerhard Knies, one of the brains behind the DESERTEC concept,
proposed the creation of a study centre to produce knowledge on technology and
concepts of sustainable development. Employment and industrial development
are critical to the development of civil societies in the rapidly growing and trans-
forming MENA region. In the vision of its founders, the DESERTEC concept
can transform the production of water, food and energy from these countries’
deserts into sources of employment and socioeconomic development.

The proposed DISEM, that is intended to benefit the MENA region, should be
sufficiently independent to develop concepts and formulate advice for civil soci-
eties, governments and the private sector with open-minds and scientifically.
DISEM should communicate with existing regional governmental organizations
like MSP and RCREEE, while remaining fully independent.

Although it is still in the conceptual phase, DISEM could become the basis of a
Centre of Excellence for knowledge on sustainable societal development in the
Mediterranean. The DESERTEC Foundation is working closely with DUN to
develop the Institute. To select DISEM’s focus areas, a ‘task force’ has been
appointed, with members from development-oriented research institutes in Ger-
many and MENA, such as the DIE, the SWP, Wuppertal Institute, Jordan Uni-
versity of Science and Technology and Alexandria University.

Source: Knies (2011)

Aside from universities, it is also crucial to have research institutes and cen-
tres of excellence that can ‘translate’ basic/theoretical knowledge into
applied and commercialized results, or focus on enhancing the socioeco-
nomic benefits from renewable energy. Examples of such organizations that
have made major contributions to the development of renewable energy
technology and policy are the Fraunhofer Institutes in Germany and the
National Renewable Energy Laboratory (NREL) in the US. These research
institutes are located at the intersection between academia and the private
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sector, with researchers who move easily between these three spheres, can
understand their individual demands and communicate them to policy-mak-
ers (see Boxes 3–7 and 3–8).

Box 3–7: The Fraunhofer Institutes

The Fraunhofer Society (Fraunhofer-Gesellschaft zur Förderung der ange-
wandten Forschung e. V. – "Fraunhofer Society for the advancement of applied
research"), Europe’s largest application-oriented research organization, operates
more than 80 institutes across Germany and around the world, each of which
focuses on a different field of applied science. Most of its 18,000 staff members
are qualified scientists and engineers. Roughly 60 percent of the Fraunhofer
budgets are generated through contractual research with industry and publicly-
financed sources, and the rest is institutional funding from the German state gov-
ernments (Abramson 1997). As a consequence, the Fraunhofer-Gesellschaft
operates in dynamic equilibrium between application-oriented fundamental
research and innovative development projects.

The Fraunhofer-Gesellschaft develops products and processes right up to com-
mercial maturity. Individual solutions are sought in direct contact with the cus-
tomer. The Fraunhofer-Gesellschaft seeks to transform scientific expertise into
practical applications, developing solutions of direct practical value to technical
and organizational problems and contributing to the wide-scale implementation
of new technologies. The Fraunhofer-Gesellschaft offers an important source of
innovative know-how for small and medium-sized companies that do not main-
tain their own R&D departments. Research activity undertaken by the Fraun-
hofer-Gesellschaft encompasses far more than just fulfilling contractual obliga-
tions: basic and project-related funding by the German Federal Ministry of Edu-
cation and Research enables the Fraunhofer-Gesellschaft to conduct non-contract
advanced research into technological fields with great promise for the future,
paving the way for entering new markets. 

A key feature of the Fraunhofer-Gesellschaft is its role in stimulating entrepre-
neurship. At present, about 400 spin-offs have been created that have registered
thousands of patents from their research results. Technology transfer at the insti-
tutes also occurs through graduate students’ on-the-job training (Abramson
1997).

The Fraunhofer-Gesellschaft acts as an umbrella institution that links research
institutes with each other as well as with the private sector, and supports tech-
nology transfer as a core element of its innovation system. The main principles
behind the success of the Fraunhofer model in Germany are: the focus on
national economic strengths, the networking of its institutes, excellent reputation
and name recognition, commercial focus and autonomy (Reid et al. 2010) and
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65 Several research institutes have been established that are affiliated with the Ministry of

Higher Education and Scientific Research (Source: http://www.uis.unesco.org/ Statistical

CapacityBuilding/Workshop%20Documents/ST%20Workshop%20dox/Mombasa%

202009/Egypt-Policy%20of%20Scientific%20Research%20and%20Technology.pdf

(accessed on 31 January 2012). However, as our interviews with different stakeholders in

Egypt suggest, these institutes play only limited roles in advancing knowledge about clean

energy (Interview with Dr. Adel Khalil; Cairo, November 2011).

66 One such initiative was the 2007 establishment of the Higher Council for Science and Tech-

nology (HCST), along with a Science and Technology Development Fund ( STDF), which

coordinates programs for the scientific community, mainly through the Academy of Scien-

tific Research and Technology (ASRT) (Source: http://news.egypt.com/en/20070724298/

news/-science-nature/future-of-the-science-and-technology-in-egypt.html – accessed on 31

January 2012)

67 In 2007, Egypt spent only 0.23 percent of GDP on R&D while Germany spent about 2.5

percent of GDP on R&D (Source: The World Bank, World Development Indicators;

http://data.worldbank.org/indicator/GB.XPD.RSDV.GD.ZS (accessed on 31 January 2012)

especially, its positioning between basic and applied research. A final attribute is
the proximity to universities that is institutionalized through Fraunhofer direc-
tors’ appointments as university professors (Abramson 1997).

Source: http://www.fraunhofer.de/ (accessed on 12 February 2012)

Box 3-8: The National Renewable Energy Laboratory (NREL)

U.S.-based national research also supports close collaboration between research
and business organizations. The federal research laboratories that operate in var-
ious technical areas are the channels for organizing such research activities. The
National Renewable Energy Laboratory (NREL) is the only national laboratory
(government-owned, contractor-operated) that is solely dedicated to advancing
renewable energy and energy efficiency technologies from concept to commer-
cial application. The NREL’s collaboration with industry and other organizations
is governed by various partnership mechanisms that facilitate commercialization
and technology transfer, such as cooperative and research and development
agreements.

Source: http://www.nrel.gov/; http://en.wikipedia.org/wiki/National_
Renewable_Energy_Laboratory (accessed on 12 February 2012)

In Egypt, as in most developing countries, there are no institutes like these
outlined above.65 While several initiatives do exist for supporting scientific
research, technology development and innovation,66 their effectiveness is
questionable in light of the low level of R&D in the country.67 Nevertheless,
despite the political upheaval and economic hardships brought about by the
Arab Spring, scientific research in Egypt increased by 35 percent in 2011,
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68 Another problem that plagues Egypt’s emerging scientific sector, especially during this

period of political and economic uncertainty, is the great brain drain. In 2011 alone, about

400 researchers left the NRC for other countries, in particular, Qatar and Saudi Arabia

(Badr 2012). 

69 As the author further argues, this problem does not apply to research institutes and cen-

tres directly related to some ministries such as the Agricultural Research Centre and its

affiliated institutes, the National Centre for Water Research, the Centre for Housing and

Building Research and the Centre for Research and Development of Metals.

as part of the MHESR goal of reaching a 1 percent of GDP spending on sci-
ence (Badr 2012).

The National Research Centre (NRC) is the main research organization (a cen-
tre of excellence) for various fields. But it appears that at least in the field of
renewable energy, the private sector has not yet benefited much from collabo-
rations with the NRC (Interviews with representatives of MEET, SWEG, OCI
and Sphinx Glass; Cairo, October–November 2011). According to the inter-
viewees, despite the high level of expertise among NRC researchers, their
focus is more theoretical than applied, which is why most local companies do
not find much value in forging collaborations with the institution.68 As Khein-
El-Din (2005) argues, since most research institutes and academic organiza-
tions set their research agendas without consultation with “prospective users
of their output”, the return on scientific research is low – as is investor and
business confidence regarding the necessity and relevance of research.69 For
example, while the Fraunhofer-Gesellschaft is interested in developing
research activities on renewable energy in Egypt, few companies in Egypt have
expressed interest in collaborating, mostly because of a lack of a “collabora-
tive research culture” (Interview with Fraunhofer Cairo, October 2011). Pilot
projects in the private sector – as well as in the academic and research com-
munity – could help raise awareness and demonstrate the benefits of such an
approach to research and innovation. 

Previous efforts towards achieving closer collaboration between research
institutes and the private sector were initiated through the CMRDI (dis-
cussed in section 2.1), which has acted as a national research laboratory in
the field of metal casting. Assessing how this initiative could be applied to
the energy sector might produce some insights into how to improve the
research environment in Egypt. More recently, the Egyptian Cabinet unan-
imously approved USD 2 billion for the Zewail City of Science and Tech-
nology (the brainchild of Egyptian-born Nobel laureate Ahmed Zewail, pro-

12-5578_Studie_66_10  24.07.12  13:07  Seite 82



Building domestic capabilities in renewable energy

German Development Institute / Deutsches Institut für Entwicklungspolitik (DIE) 83

70 Zewail City will include a university (starting with a capacity of 1,000 students and aim-

ing to grow to a maximum capacity of 5,000), a graduate research institution, a technol-

ogy park for students’ innovations and an industrial institution to link science with indus-

try (Almohsen 2011).

fessor at the California Institute of Technology, US). This project is aimed
at fostering innovative research, building networks of collaboration with
national and international institutions and improving collaborations with
the private sector (Almohsen 2011).70 However, renewable energy has not
yet been explicitly integrated into the Zewail project’s focus areas. It would
be very worthwhile to explore the possibility of also founding a centre of
R&D expertise in fields related to solar and wind technology.

So far we have mainly discussed Egypt’s education and research environ-
ment, which are critical for advancing local knowledge and strengthening
the absorptive capacity of know-how. However, developing countries can-
not catch up without the transfer of technology across national borders. The
experience of China and India in developing local wind energy sectors
shows the importance of the spillovers that can result from technology
transfer: Suzlon (India) has acquired R&D facilities in Germany and the
Netherlands, and Goldwind (China) has sent employees abroad for training;
both India and China use licensing agreements with European firms to gain
access to technology (Lewis 2007; Popp 2011). Nevertheless, as mentioned
earlier, in both cases, it was necessary to have stable and large local mar-
kets for these technologies. Egypt could further capitalize on the steps it has
already taken to foster international collaborations for acquiring know-how
(e.g. OCI with Flagsol, and SWEG with SIAG and MTorres). Strengthening
local absorption capabilities (by strategically investing in education and
research) should accompany identifying the channels for technology transfer
that are suitable to local conditions as defined by the available technological
capabilities and industrial development.

3.2.2 The internationalization of innovation activities and
orgnizational decomposition of innovation activities: 
opportunities for Egypt?

The globalization of innovation activities is not a new phenomenon: extensive
literature documents the process, especially since the mid-1990s. Yet the topic
has gained more prominence with the growing evidence that emerging
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economies, such as China and India, having become major global producers
of products and services, are also making advances in building up innovation
capabilities (Altenburg et al. 2008b). Table 3-5 is a taxonomy of global
sources of innovation, and the related actors and mechanisms. In China and
India, multinational enterprises (MNEs) and large national firms (such as
Goldwind and Suzlon) have been crucial for the development of renewable
energy sectors (both in terms of production and innovation capabilities). 

Further research is needed to assess the conditions necessary for less indus-
trialized developing countries to engage in international innovation activi-
ties; this remains uncharted territory. In Egypt, R&D activities, while lim-
ited, have been mostly concentrated within a few large national firms, so it
would be reasonable to hypothesize that the globalization of innovation
activities (in any of the forms presented in Table 3-5) has had limited impact
on Egypt. Yet as discussed in previous sections, especially regarding the
wind-power sector, a few large companies such as SWEG and OCI have
expanded internationally, establishing joint ventures and acquiring foreign
firms to facilitate technology transfer for specific innovation projects. As
long as the local market is expanding and an integrated strategy for the sec-
tor is being pursued, positive developments appear to be underway. 

The decomposition of innovation activities observed in developed countries
(Schmitz / Strambach (2009), as shown through the decentralization of
R&D and the engagement of independent suppliers of knowledge-intensive
products and services, is likely to change the geography of innovation by
enabling developing countries to participate in innovative activities. Table
3-6 describes different types of organizational decomposition of innovation
activities along two main dimensions. (The focus of this study prevents us
from discussing these processes in detail.) 

Egypt could benefit from the organizational decomposition of innovation
and global distribution through several processes, such as branches opened
by foreign firms that establish partnerships with local firms, closer collab-
orations between universities and other research organizations, and the
development of a network of local suppliers of related products and serv-
ices. Pederson (2009) discusses how, in this globally dynamic innovation
environment, Vestas, the leading Danish wind turbine manufacturer, has
pursued a strategy of internationalizing its technology R&D activities both
in emerging economies and developed countries (see Table 3–7). Egypt’s
current players with capacity to invest in R&D have only recently begun to
pursue international cooperation and technology transfer activities, while
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their R&D activities remain limited. By acquiring MTorres in Spain,
SWEG has taken the first steps to engaging in the cross-border, global gen-
eration of innovations. However, much remains to be done to expand their
innovation capabilities at the firm level and create networks of collabora-
tion with local actors in the arena of research and industry. Similarly, OCI
has engaged in joint ventures with key players in service-related activities
in the solar and wind sectors, in order to develop manufacturing capabili-
ties. It could be beneficial to open ‘Centres of Excellence’ or ‘Competence
Centres’ for specific technical aspects in the value chain of renewable
energy, in close cooperation with national and international players.

Evidence from emerging countries suggests that while core R&D capabili-
ties have tended to be retained in the MNEs’ home countries, countries such
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as China and India are moving up the value chain not only by providing
R&D services to MNEs, but also by contributing domestically developed
core competences (Lema / Lema 2012; Pederson 2009). However, given the
large inflow of international financial resources, the potential of the renew-
able energy sector (both domestically and for energy exports), and the pres-
ence of large firms with strong investment capacity, Egypt could begin to
nurture its innovation capabilities.

3.2.3 Key challenges for acquiring innovation capabilities
and potential solutions

The above analysis can help us to identify several barriers that preclude the
acquisition of innovation capabilities. We focus primarily on challenges to
expanding the role of educational and research organizations in the renew-
able energy sector in Egypt. To conclude, we discuss Egypt’s options for
expanding its innovation capabilities in the new configuration of the orga-
nizational decomposition of innovation and global distribution of innova-
tion activities.

First, the absence of an Egyptian national strategy for the renewable-energy
industry has prevented the drafting of a technology research road-map to
highlight strategic areas for research in the technical and non-technical
domains. Second, universities and research organizations are rarely
included as stakeholders in national strategic discussions on economic and
industrial development, which leads to a mismatch between the graduates’
skills and industry needs. Third, collaborations between universities and the
private sector are limited. There are several reasons for these shortcomings:
the lack of long-term vision of the role that renewables can play in Egypt;
limited incentives for academics to engage in commercialization and col-
laboration with the private sector; the private sector’s perception that uni-
versities cannot add value to their activities; and a lack of entrepreneurship
and industrial liaison programs at universities to support effective networks
of collaboration.

The issue of incentives in academia is not unique to Egypt; it is wide-spread
in the developing world and is even found in some developed countries.
With regard to innovative start-ups from university research programs or
collaborations with industrial partners, since it is the number of publica-
tions and not patents that are key to promotion, university professors are not
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specially motivated to engage in research activities of a commercial nature
(Interviews with professors at Ain Shams University, Dr. Adel Khalil at
Cairo University, German Technology Solar Systems; Cairo, October–
November 2012). This is not just a problem for university professors, but
also for researchers at public research institutions such as the ASRT, who
are also promoted based on their publications track record (Interview with
Fraunhofer Cairo; Cairo, October 2011). A second issue is that employment
in the educational system has been an important aspect of the social con-
tract: teachers have been the fastest growing occupational group in govern-
ment employment in Egypt, accounting for more than a third of all govern-
ment employment (World Bank 2004, 101). Dr. Heba Handoussa, former
Director of the Economic Research Forum in Cairo, considers that the third
issue concerns the lack of a knowledge platform, as well as researchers’
reluctance to share information, and difficulties regarding the dissemina-
tion and application of scientific research (Interview with Dr. Handoussa;
Cairo, November 2011). Lam (2011) argues that academic commercial
engagement could be encouraged by policies not based on financial moti-
vations, but rather on reputation and intrinsic motivations. Creating a cul-
ture of academic entrepreneurship that builds on stronger university-indus-
try ties calls for a change in work norms among university scientists.

In the USA, recognition of this problem resulted in the Bayh–Dole Act of
1980, which aimed to transfer the intellectual ownership that resulted from
government research funding from governments to universities, who could
then license the intellectual property to firms (see Box 3-9). Although var-
ious studies dispute the legislation’s impact on commercializing academic
research, it is acknowledged to have played an important role. Later federal
initiatives included the National Science Foundation’s Science and Tech-
nology Centres and Engineering Research Centres, which allocated gov-
ernment research funding for universities contingent on industry participa-
tion (Lester 2005).

However, institutional ownership of intellectual property is not sufficient.
The recognition of patent activity in the evaluation and recruitment of fac-
ulty, as well as royalty-sharing agreements or equity participation in aca-
demic startups, could also provide incentives for researchers.71 In the
Egyptian university system, there is limited mobility of the academic staff
between industry and academia, which is important for developing new
industries and fostering innovation (Vidican 2009). In particular, work 
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71 For example, Tsinghua University in China offers its young researchers prizes for inven-

tions that are commercialized (Cenvantes 2011).

Box 3–9: The Bayh–Dole Act

The Bayh–Dole Act or Patent and the Trademark Law Amendments Act are
pieces of legislation in the United States that deal with intellectual property cre-
ated as a result of federally-funded research. The Act, supported by two senators,
Birch Bayh and Bob Dole, and enacted on 12 December 1980, gave US univer-
sities, small businesses and non-profits intellectual property control of their
inventions and other intellectual property that resulted from federal funding, for
the purpose of further commercialization (http://en.wikipedia.org/wiki/
Bayh%E2%80%93Dole_Act –accessed on 12 February 2012). The contracting
universities and businesses were thereby allowed to exclusively license the inven-
tions to other parties.

Since enactment, more than 5,000 companies have been formed based on uni-
versity research, leading to technology transfer creating billions of dollars of
direct benefits to the US economy every year (http://www.b-d30.org/ – accessed
on 12 February 2012). Empirical evidence suggests, however, that the effects of
the legislation on the degree of commercialization should be cautiously inter-
preted, because other factors have also contributed to the level of commercial
activities in universities (Mowery et al. 2001; Sampat / Mowery / Ziedonis 2003).
In particular, the increased influence of biomedical and pharmaceutical research
during the 1970s has often been used to explain subsequent changes in the
patenting and R&D behaviour of universities and colleges (Rafferty 2008). 

Nevertheless, the Bayh–Dole Act’s positive impact on increasing entrepreneur-
ship within universities and national research laboratories has been indicated in
several studies (Mowery 2004; Link / Siegel / v. Fleet 2011). But as Link et al.
(2011) argue, regarding national research laboratories (which would also hold for
universities), a key factor in the success of such legislation is the recognition that
technology commercialization is a strategic priority, as shown in patterns of
resource allocation, the employment of individuals with strong technical and
commercial backgrounds, and other related measures.

experience in the private sector is a disincentive for those that seek aca-
demic employment (Interview with CMRDI; Cairo, November 2011). 

In the literature, university entrepreneurship has been widely recognized as
an important contributor to a region’s innovation potential (Clark 1998;
Etzkowitz 1998). With reference to Germany and the USA, Colatat / Vidi-
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72 The Desert Development Centre (DDC) is a non-profit, applied research institution that

was established by the American University in Cairo in 1979. Since its inception, the

DDC has focused on the ecological, social and economic sustainability of communities

in Egypt's arid lands.

73 Quite often, universities need brokers to create windows of opportunities for strategic

partnerships with the private sector. For example, the Stanford Photonics Centre was es-

tablished at Stanford University in order to facilitate communications with the private

sector and leverage cross-disciplinary knowledge. More specifically, a former entrepre-

neur was brought in to identify interesting ideas and research projects, and then link re-

searchers across different departments with potential collaborators from the solar-PV

industry (Vidican 2009).

can / Lester (2009) find that research universities (i. e. universities that go
beyond their traditional role of teaching to actively pursue a diversified
research agenda) have played a critical role in the development of the solar-
PV energy sector – by pursuing new knowledge, pushing the technological
frontier, setting the research agenda for future research, and fostering strong
collaborative networks between academics, the business community and
governmental agencies and officials.

Hence, a change of outlook regarding the role of universities in the larger
economy could help bring industry and academia closer and enhance local
innovation capabilities. Of course, these aspects are not only important for
the emerging renewable energy sector, but also for the larger industry. Since
renewable energy technology is a relatively new domain of knowledge and
industrial activity with a value chain that spans a range of sectors, such
changes are likely to result in wide spillover effects. Drawing on the expe-
rience of the American University of Cairo’s (AUC) Desert Development
Centre,72 Dr. Handoussa argues that universities can better “showcase” their
potential for adding value to the industry and society by developing suc-
cessful demonstration projects that involve various stakeholders and create
a living laboratory (Interview with Dr. Heba Handoussa; Cairo, November
2011).

It is important, however, to point that significant research outcomes require
at least 10 years of uninterrupted work as well as a critical mass of dedi-
cated researchers and equipment (Marinova / Balaguer 2009; Al-Saleh /
Vidican 2011). Support for sustained research is crucial for establishing
energy industries (Al-Saleh / Vidican 2011) as well as strong links between
research-driven universities and the private sector (Vidican 2009).73
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Another aspect concerns the meagre financial incentives for university pro-
fessors, who are forced to seek additional sources of income and can only
focus on the bare minimum of on-campus activities. This has also become
evident in interviews with faculty at Ain Shams University: “One can rarely
find professors on campus, with the exception of the times when they are
teaching” (Interview with faculty at Ain Shams University; Cairo, October
2011). This claim cannot be generalized, yet it does suggest the various
challenges and constraints in the academic and research environment.
While some studies find that financial incentives matter less than intrinsic
motivations (Lam 2011), in developing countries this factor may play a sig-
nificant role in behavioural changes in academia.

Furthermore, despite the fact that there are some educational and research
initiatives for renewables, most are focused on aspects of engineering and
not on socioeconomic and political issues. For example, the economics
department at the Cairo University is 51 years old but was only accredited
in 2011 (Interview with Dr. Heba Handoussa; Cairo, November 2011). The
social sciences, and in particular, political sciences, are taught more exten-
sively at the private AUC that is generally attended by the privileged classes
(Interview with Dr. Heba Handoussa; Cairo, November 2011). At the AUC,
a new initiative, the Egyptian Accelerator Flat6Labs, that focuses on stim-
ulating start-ups in various sectors, is likely to set the stage for future devel-
opments combining technical skills with managerial, marketing, economics
and sociological knowledge (Curley 2012). Given the socioeconomic devel-
opmental challenges facing the MENA region, we advocate placing equal
emphasis on improving education and research in these fields at local uni-
versities and research institutes. Platforms for international research col-
laborations on related aspects should also be further developed, possibly in
the form of ‘centres of excellence’. 

Although knowledge and expertise are being deepened at universities,
awareness and capacity building should start much earlier and also continue
beyond the university level. Regional initiatives in science education, tech-
nology and innovation are found under the umbrella of United Nations Edu-
cational, Scientific and Cultural Organization (UNESCO), and that of
InWent (now part of the GIZ) in renewable energy and energy efficiency for
managers and senior staff of government energy agencies, as well as in var-
ious areas of vocational education and training across the MENA region.
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In closing, in order for academic and research institutes to make a real dif-
ference in supporting the development of the renewable energy sector, these
organizations should be recognized as stakeholders in strategic discussions
and policy decisions. More importantly, technology development and inno-
vation policies should be elaborated in close alignment with the private sec-
tor development roadmap. The decomposition of innovation and global dis-
tribution of innovation activities can reveal new innovation niches in col-
laboration with leading foreign firms, or as participants in a global supply
chain. Steps in this direction exist in the wind power sector, but are unlikely
to have much impact without a strong local market and a national strategy
for the development of renewable industry in Egypt. Such a strategy could
assist Egyptian private sector investors to further capitalize on early steps in
technology transfer by acquiring international firms (technology providers)
and starting joint ventures. Forging strong links of cooperation with
national and international stakeholders requires a strategic approach.

This interactive and dynamic process of innovation has been widely docu-
mented in the literature on innovation systems. The innovation systems lit-
erature (Freeman 1987; Lundvall 1992; Nelson 1993) emphasizes that inno-
vation results not only from large investments in R&D, but also from
intense and continuous interaction with different groups/stakeholders, such
as users (Fagerberg / Srholec 2005), universities and research organizations
(Mowery / Sampat 2005), and other competing or collaborating firms. From
this perspective, the institutional set-up and the relationships with other
organizations are critical determinants of the firms’ ability to innovate
(Chaminade 2009). This suggests that in order to build innovation capabil-
ities, the Egyptian government cannot just invest in education and R&D but
needs a comprehensive strategy for building up an innovation system with
strong and multiple organizations, institutions and relationships.

4 Political economy perspectives on the expansion of
technological capabilities

In previous chapters, we have examined the potential for developing domes-
tic technological capabilities (in terms of production and project execution,
as well as innovation capabilities) in Egypt’s wind power and CSP sectors.
We have also assessed potential channels for Egypt to enhance these capa-
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bilities and build competitive advantage in niche areas. However, the
process of acquiring and expanding technological capabilities does not hap-
pen in a vacuum, but is greatly influenced by the institutional structure and
dynamics that shape the local development process. In this chapter, we use
the political economy lens to examine the underlying interests, incentives
and institutions that enable or prevent change in Egypt with respect to the
renewable energy sector. We focus on the evolving dynamics between those
alliances of stakeholders that favour and those that are against the develop-
ment of the renewable energy sector. We discuss these dynamics in terms of
the social contract, as reflected by the redistribution of rents through wide-
spread energy subsidies that aim to legitimize elite social groups, as well as
by the high employment in the public sector, constrained decision-making
in the energy sector, and the nature of state–business-sector alliances. 

These defining characteristics of the social contract perpetuated an eco-
nomic model that has become unsustainable (Ferro 2011) due to high
unemployment, energy insecurity, budgetary pressures created by an
increasing subsidies, and low competitiveness in the private sector. Exam-
ining the process of building technological capabilities through the political
economy lens is especially important for the MENA countries, with their
patrimonial capitalism systems and rentier states (Schlumberger 2004),
where concerns for cronyism/favouritism, rent-seeking, inapt institutions
and legal settings dominate discussions of development policy. 

Enhancing local technological capabilities for solar and wind power
requires concerted efforts to create coalitions of interest across a variety of
stakeholders and to overcome vested interests in the status quo. We argue
that the social contract needs to aim at a more sustainable allocation of
energy subsidies, less constrained decision-making with respect to renew-
able energy, less reliance on public-sector employment, and a transition to
developmental relations between the state and private sector. 

The core argument is that finding channels to change the social contract can
unlock barriers to developing renewable energy in Egypt, thereby creating
opportunities for sustainable development and private-sector competitive-
ness. Below we discuss the core characteristics of the social contract briefly,
then in greater detail, and highlight possibilities for reform.
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74 As Zaki (1999, 119) argues, despite the fact that the Egyptian state has exhibited highly

coercive powers, it has also exhibited weaknesses in its difficulties in taxing its con-

stituency.

4.1 The social contract and the need to change it

The social contract is generally defined as “an agreement between the
members of a society—or between the governed and the government—
defining and limiting the rights and duties of each. … It defines the bound-
aries of acceptable policy choice, and it affects the organization of interests
in society by helping to determine who wins and who loses in a given polit-
ical economy” (World Bank 2004). For Egypt and other countries in the
MENA region, the social contract translates into the unwritten expectation
that the government will continue to provide a generous welfare system and
cheap energy, keep unemployment rates in check by providing well-remu-
nerated positions in the public sector and at the same time, diversify and
advance its economy (Samulewicz / Vidican / Aswad 2012).

In the MENA countries, which have been characterized by neo-patrimonial
governance systems and strong states of a rentier and clientelistic nature
(see Box 4-1), the social contract is deeply rooted in the political apparatus
and the alliances between various stakeholders. The state’s rentier nature is
evident: most of the Egyptian state’s revenues do not derive from taxes,74

but rather from rents such as oil and natural gas exploitation, Suez Canal
duties, tourism and foreign currency remittances from Egyptians working
in the oil-rich Arab countries. The state redistributes these rents from ‘non-
productive’ activities to various groups in order to maintain its legitimacy.
In neo-patrimonial governance systems, rents can create incentives for
political capture. The challenge to development is managing rent creation
in a way that does not undermine social welfare, while at the same time
reducing clientelistic relationships and keeping political capture to a mini-
mum (Altenburg 2011).

Box 4–1: The governance system in MENA

Among the extensive research on the political economy of the MENA region,
Schlumberger’s (2004) assessment of the political systems in various countries
captures key differences in light of the socioeconomic framework conditions, and
grounds the analysis in theoretical debates. In MENA, at least prior to the Arab
Spring, the dominating governance system met the characteristics of ‘neo-patri-
monialism’.
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According to Schlumberger (2004), neo-patrimonialism is invariably built on
(equally informal) patron–client relations that shape social relations not only at
the state’s helm, but also throughout the society at large. They shape the very
social fabric. Relations between ruler and the elite are strictly hierarchical, that
is, they represent relations of loyalty, dependence and power. Moreover, social
relations are highly personalistic at all levels, meaning that the strength or weak-
ness of an individual’s personal ties to the rulers determine their influence on
decision-making. Another frequent characteristic of the patrimonial state is its
strong paternalistic traits. Not only repression, but also elaborate legitimating
mechanisms help patrimonial systems survive. The allocations of favours, mate-
rial benefits and chances effectively compensates for the lack of formal partici-
pation in political decision-making. It is precisely the rent-influenced nature of
state revenues that provides patrimonial leaders with the material resources
needed to build up and maintain circles of loyal clients, which constitutes the
“rentier-state” aspect of neo-patrimonialism.

The social contract that became established over the years gave rise to endur-
ing institutions, interests, norms and practices that structure the constraints
and incentives governments face under pressure for reform (World Bank
2004). It is crucial to first understand what the social contract in Egypt (and
in other MENA countries) embodies – its origins, consequences for devel-
opment and effect on the energy system – in order to make any assessment
of regional prospects for renewable energy and the potential for building
domestic capabilities in this industry. We will not expand much about the
origins of the social contract in Egypt since several studies have already
highlighted the main driving factors (World Bank 2004;Victor 2009; Ragab
2010). However, we will focus on the core elements of the social contract as
they relate to the emergence of the renewable energy sector.

The Egyptian social contract manifests itself in specific ways. First, uni-
versal subsidies on key items, including fuel, were “a visible and easy way
to deliver benefits in exchange for supporting autocratic regimes” (Victor
2009; Ragab 2010). A key challenge to the deployment of renewable energy
(and to developing a local industry) results from the fact that it is less com-
petitive than conventional energy in terms of price. In Egypt, conventional
energy prices are heavily subsidized, creating a price disadvantage for
renewables, overburdening state budgets and maintaining vested interests in
the current system. We argue that in order to build local capabilities in
renewable energy by creating economic incentives to integrate renewables
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75 A similar trend occurred in the oil-exporting countries in the region.

76 The World Bank (2004, 117) argues, “[B]y rewarding educational credentials in public
employment with higher wages, governments have encouraged investment in types of
human capital that are not necessarily valued in the private sector.”

into the energy system, it is crucial not only to tackle the irrationality of
energy subsidies, but also to encourage private sector development. 

A second dimension of the social contract relates to specific characteristics
of the public sector, that is, over-employment and constrained decision-
making, which tend to complicate the negotiation of different interests and
create a clear strategy for renewable energy. Public sector employment is at
the core of the social contract, whereby guarantees of job security, social
security programs, relatively high wages with generous nonwage compen-
sation benefits and sharp restrictions on the dismissal of workers are all
used to legitimize the political regime (World Bank 2004). These aspects
reflect a preference for the redistribution of rents as the corner-stone of the
social contract. As a result, across MENA, the public sector is the preferred
employer. In Egypt, for example, 29 percent of the labour force is employed
in the public sector (World Bank 2010) where, despite the contraction of the
public-enterprise sector, civil service employment actually increased
(World Bank 2004, 96).75 Such government hiring practices trap human
capital in unproductive public sector jobs, constraining the development of
a vibrant private sector, and simultaneously draining already limited budg-
ets. This is problematic for the emerging renewable energy sector because
of the need for job creation in entrepreneurial, productive fields in the pri-
vate sector.76 While we do not yet have sufficient evidence about the extent
of public employment in Egypt’s energy sector, we can discuss this issue
within the context of the national decision-making process for the renew-
able energy sector.

In addition to over-employment, another characteristic of Egypt’s public
sector is what we call “constrained decision-making” – how the two core
organizations – the MoEE and the NREA – operationalize decision-mak-
ing. Reassessment of responsibilities and decision-making in these organi-
zations could help strategize the development of the renewable energy sec-
tor. We discuss this aspect at greater length in the following sections.

A third element of the social contract emerges from the strong state, which
enjoys close links to powerful actors in the dominant class and has relatively
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77 “In the Egyptian context, subsidies on energy products (excluding electricity) are defined
as subsidies given to the Egyptian General Petroleum Corporation that keep prices of
energy prices below international prices (prices paid to foreign partners), i. e. the dif-
ference between the price paid to the foreign partner and that paid by consumers whether
households, businesses or the government sector, in addition to other costs” (Khattab

2007, 9).

unconstrained capacity to extract resources from society for the benefit of
the patrimonial leadership. Such state–business relations generally pre-
vailed in the ‘pre-Arab-Spring Egypt’, but some elements are likely to carry
over into the new regime as well. When seeking not only to develop a new
industry, but also to reform an existing energy system that affects the econ-
omy and thereby the society at large, it is crucial to pay attention to the
dynamics between alliances for and against such change. Changing on the
way such alliances and networks are formed and finding channels to shift
them towards renewable energy serves to catalyze change in the social con-
tract. 

In the following sections we examine how these three defining characteris-
tics of the social contract play out in the development of the renewable
energy sector in Egypt, and also the potential ways to reform it.

4.2 The irrationality of the energy subsidies regime and
opportunities for reform

As emphasized repeatedly during our interviews with different stakeholders
in Cairo in 2011, energy subsidies77 are the main stumbling block to inte-
grating renewables into the energy system and Egypt’s large economy. The
principle obstacle for renewable energy is the energy subsidies system that
creates a cost disadvantage for renewables relative to conventional fuels.

Extensive subsidization is one of the most salient features of the governance
system in the MENA region, and is therefore a politically sensitive issue to
reform. The vast majority of these subsidies go towards energy (mainly in
the form of price supports for electricity and fossil-fuel products). Policy-
makers tend to justify energy subsidies by arguing that they contribute to
poverty reduction, enhance security of supply and contribute to economic
growth (IEA et al. 2010). But the high cost of the subsidies and inefficient
allocation has overburdened state budgets, giving rise to the recognition that
the current system must be changed. 
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78 Energy subsidies were not recorded in the budget until 2005 (Castel 2012). “Since then
the government’s budget reports subsidies given to the Egyptian General Petroleum Cor-
poration (EGPC) that keeps prices of oil and gas below the price that the Government
pays to the foreign partners involved in the production of oil and gas in Egypt. This is a
partial measure since it does not cover electricity and since it is calculated on the basis
of benchmarks which do not necessarily reflect the cost of energy supply.”

79 Accurate data on energy subsidies is limited because of a lack of transparency in report-

ing the actual cost of electricity generation. However, various estimates can be found. At

the roundtable on the Mediterranean Solar Plan held by the BMU (the German Ministry

for Environment and Natural Conservation) on 24 January 2012 in Berlin, the GIZ rep-

resentative to Egypt put energy subsidies at approximately10 percent of GDP – higher

than other estimates.

In Egypt, and across the region, energy subsidies are the ‘Achilles’ heel’ of
the energy sector. Through their impact on energy prices, subsidies distort
incentives for consumers (by reducing demand for clean energy, which
costs more for individuals and commercial consumers) and for the private
sector (by increasing investment costs for manufacturers of renewable
energy parts and components, as well as for service providers, because of
the limited and unpredictable market). Energy subsidies have also been
shown to limit technology transfer of more than intellectual property rights
such as patents for renewables (Copenhagen Economics / IPR Company
2009). Energy subsidies can thereby “lock-in” some technologies to the
exclusion of others that are more promising, such as renewables (IEA et al.
2010, 9). Faced with an already overburdened budget, the financial incen-
tives required for renewable energy deployment are perceived as unafford-
able, thus preventing the formation of coalitions for change.

4.2.1 High, overburdening and politically important

Official Egyptian statistics vary regarding the current level of subsidies
expended from the national budget.78 However, more recent studies esti-
mate that approximately 25 percent of total government expenditures go for
subsidies (including food and energy subsidies, grants and social benefits),
representing between 8 and 10 percent of GDP (Abouleinein / El-Laithy /
Kheir-El-Din 2009). Of this sum, energy subsidies represent about EUR 12
billion (EGP 68 billion), accounting for approximately 27 percent of total
revenues, the highest among the MENA countries (Albers / Peeters 2011),
and 6 percent of Egypt’s GDP in 2009 (World Bank 2011).79 However, as
Castel (2012) argues, since this estimate is based only on financial subsi-
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80 In 2011, the balance of payments had a deficit of USD 2.36 billion compared to the 2010

surplus of USD 14.7 million. In the fourth quarter of 2011, foreign direct investment fell

from USD 1.60 billion to USD 440.1 million, and in late November 2011, the Central

Bank of Egypt announced that foreign reserves had dropped to USD 20 billion, about

USD 1.4 billion less than in October, barely enough to cover four months of imports

(Abdellatif 2011).

dies, it underestimates the real economic cost of energy subsidies: if energy
subsidies were calculated on the basis of full economic cost, their level
would be as high as 11.9 percent of GDP (EGP 140 billion). More than half
of all energy subsidies go to petroleum products, with one third going to
electricity and about 15 percent to natural gas (Castel 2012) (see Annex 3
for the approximate amount of energy subsidies in Egypt by categories).

Energy subsidies (especially for petroleum products such as liquefied petro-
leum gas (LPG), diesel and gasoline) are highly regressive and crowd out
other social and infrastructure spending that would have greater impact on
poverty reduction (ENCC 2010, 86). To get a sense of the spending on energy
subsidies relative to other social goals, the 2007 energy subsidy bill repre-
sented about 146 percent of the spending on education and 440 percent of the
spending on health, progressively higher than in earlier years (Khattab 2007).
This suggests large trade-offs with respect to welfare-spending items. This
level of subsidization in Egypt is the second highest in the MENA region, fol-
lowing Yemen which spends about 10 percent of its GDP on energy subsidies
(World Bank 2011). From another perspective, in 2009, the Egypt’s subsidy
rate for fuel consumption (a proportion of the full cost of supply) was 56.3
percent, with only the rich oil-based economies of Qatar and Saudi Arabia
subsidizing more (Abaza / Saab / Zeitoon 2011).

Given that Egypt is not an oil exporter and that its natural gas exports have
declined throughout the past decade, it is obvious that it has become finan-
cially unsound to maintain this social contract. With increases in population
and unemployment, as well as the rise in global energy prices, the high level
of subsidization increases the pressure on an already stressed budget.80 In
recognition of these problems, in 2007 the Egyptian government agreed to
annual increases of national gas and electricity prices and sought to adjust
the prices of most petroleum products (Suding 2011, 4437). But in 2009,
the price adjustments for electricity and gas were stopped “when industry,
in particular energy intensive industry, agreed that, together with the global
financial crisis, their competitiveness would suffer and layoffs would be
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81 This is especially true for the subsidization of petroleum/fossil-fuel prices (Suding 2011;

Abouleinein / El-Laithy / Kheir-El-Din 2009). The Egyptian Electric Utility and Con-

sumer Protection Regulatory Authority (EEUCPRA) publishes the electricity tariffs for

non-industry customers, but is less forthcoming with respect to the prices for petroleum

products.

82 For instance, Abouleinein / El-Laithy / Kheir-El-Din (2009) find that in Egypt, diesel oil

gets the highest share of subsidies (39.1 percent), although it account for only 19.2 per-

cent of total consumption. At 42.6 percent, natural gas has the highest share of con-

sumption, yet receives only 20 percent of the subsidies. LPG is heavily subsidized (21.8

percent), but represents only 8.1 percent in terms of consumption. Fuel oil accounts for

24% of consumption and 10% of subsidies. Gasoline receives the smallest share of sub-

sidies (9%), as the least consumed petroleum product with 6% of total consumption.

inevitable when prices increased” (Suding 2011, 4438). As a result, the
government postponed streamlining energy subsidies until 2014 (ENCC
2010, 86). The protests that swept through most of MENA countries in 2010
did even more to reverse the process.

Subsidies are recognized as to be instruments for social policy (ENCC 2010),
yet ‘uniform’ subsidization (irrespective of income or consumption levels)81

has led to major inefficiencies in the allocation of subsidies. Specifically, the
poorest 20 percent of Egypt’s urban population benefits from only 3.8 percent
of the total energy subsidies, whilst the richest 20 percent receive 33 percent
of total energy subsidies (Abouleinein / El-Laithy / Kheir-El-Din 2009).
Inequitable distribution of subsidies is the direct result of a misalignment
between energy subsidies for different types of fuel and consumption pat-
terns.82 As Coady et al. (2006, 18) argue, “[T]he very poor targeting per-
formance of universal fuel subsidies means that it should be possible to iden-
tify more effective social protection mechanisms that shield the poorest
households from increases in fuel prices and still have substantial savings left
to allocate for higher priority expenditures or tax cuts that benefit the popu-
lation more broadly”. Energy subsidies are also likely to have encouraged
overconsumption (the so-called “rebound effect”), as electricity consumption
per capita has annually increased by an average 5 percent since 2000 (IEA
2011). Persuading the population that budgetary savings will actually be used
to provide a social safety net is a crucial component of the political economy
of the reform process (Coady et al. 2010, 18).

As Loewe (2011b, 2) argues, “[S]ocial policies in Arab countries were and
still are used by most political leaders for their own goals rather than the
well-being of the population.” The fact that energy subsidies disproportion-

12-5578_Studie_66_10  24.07.12  13:07  Seite 101



Georgeta Vidican

102 German Development Institute / Deutsches Institut für Entwicklungspolitik (DIE)

83 These factors are: (1) a weak capacity for targeting mitigating measures for the poor; a

lack of transparency in reporting subsidies; (3) opposition by vested interests; (4) cross-

border spillover effects; and (5) ad hoc price-setting mechanisms (Coady et al. 2010). 

ately benefit the middle-class (rather than the poor and workers in the infor-
mal sector) supports this argument. Hence, the challenge for reform is polit-
ical rather than technical or economic (Loewe 2011b). The regime’s stabil-
ity is the main policy-making rationale. Coady et al. (2010) also refer to
several obstacles to subsidy reform that are related to the governance of the
process.83 Moreover, subsidies become entrenched in the social system and
in the absence of viable alternatives, recipients feel entitled to these bene-
fits, and the state depends on the legitimacy it gets from distributing these
resources. In addition, because of the nature of energy subsidies, coordina-
tion with multiple ministries is also an issue; the management of energy
subsidies should be of interest to several governmental bodies: the Ministry
of Finance (who allocates resources), the Ministry of Petroleum (who sets
petroleum prices), the MoEE (who plans the energy sector and strategizes
the energy mix), the MIFT (who devises and carries out industrial policy),
and the Ministry of Social Affairs (who sets and implements welfare pol-
icy). Nevertheless, these ministries have acted separately because they each
have their own political constituents (Interview with Dr. Mohamed El
Sobki; Cairo, November 2011). Since the ministries that set the subsidy pol-
icy do not coordinate extensively with the other ministries, the process
needs a new institutional approach, based on horizontal policy coordination
to ensure the most efficient use of resources to implement social policies.

4.2.2 Political obstacles to reform in Egypt

Previous reforms of the welfare system have been slow and limited in scope
– even in the early 1990s, when liberalization programs were adopted. The
approach under Mubarak was to gradually introduce reform measures in a
manner that would not alienate the existing coalitions and provoke upheaval
that could threaten the regime’s survival (Zaki 1999, 108). The 1977 riots,
and later attempts to reduce subsidies in the 1980s and 1990s, paralyzed any
changes to energy pricing and resource allocation, reflecting how these
policies can lead to “lock-in”. 

In 2004, the government launched an energy subsidy reform, which
included an increase in the price of gasoline and diesel oil, and a gradual
annual rate increase of 5 percent in the price of electricity from 2005 to
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84 Earlier attempts to eliminate subsidies – made under pressure from the World Bank and

IMF (in the 1970s and 1990s) – led to large protests. Since then, subsidies have been re-

duced only marginally.

2008; in 2008, the price of natural gas and electricity for energy intensive
industries was increased (Castel 2012) (see Box 4–2). Then, in 2009, polit-
ical and economic concerns led to the suspension of the program that had
aimed to reach full cost recovery by 2012. 

Box 4–2: Recent attempts to reform energy subsidies in Egypt

The price of gasoline was increased in 2004 from EGP 1 to 1.4 per litre and the
price of diesel from EGP 0.4 to 0.6 per litre. Further increases in fuel prices took
place until 2008, when the price of fuel oil reached EGP 1,000/tonne compared
to the 2004 price of EGP 180/tonne. Electricity tariffs were increased by 8 per-
cent in 2004, with annual increases of 5 percent in the following years. The last
adjustment was made in October 2008; no adjustment was made in 2009 because
of high inflation and a potential economic slowdown. 

Presently the average electricity tariff is about US cents 3.5/kWh compared to
US cents 2.2/kWh in 2004. Industrial consumers have been subject to sharper
tariff adjustments and now pay up to US cents 6.3/kWh for medium voltage. The
price of natural gas was increased in 2007 for energy intensive industries from
USD 1.26/mmbtu to USD 3/mmbtu.

The original plan had been to phase out subsidies for electricity and gasoline by
2014, with only LPG continuing to receive a substantial subsidy. However, the
cost recovery benchmarks were based on the financial (rather than economic)
costs, and would not have resulted in the complete removal of subsidies.

Source: Castel (2012)

A cautious strategic approach is needed to prevent political and social back-
lash. Without adequate social safety nets into which a policy response could be
embedded, the population at large will not believe that such a major policy
change will spare them. Egyptian society’s lack of trust in what it regards as
an illegitimate government is likely to lead to the view that any change in the
subsidy regime is at the behest of outside interests and organizations, and that
only a small minority of citizens benefit from economic growth (Yemtsov
2010).84 This problem also transpired in January 2012, when “rumours about
an impending hike in fuel prices […] sparked a public panic” among Egypt’s
population, reflecting not only “government’s problems in communicating pol-
icy objectives” but also deep distrust in government officials (Washington Post
2012). 
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4.2.3 Difficult but not impossible to reform
Reluctance to change and fears of political and social backlash are other
factors that prevent reform of the subsidies system despite its widespread
inefficiencies and the overburdened state budget. Nevertheless, examples of
proposals and initial attempts to phase out energy subsidies in countries
such as Jordan, Iran, Morocco and Indonesia could provide some guide-
lines for how to reform Egypt’s subsidy scheme without disproportionately
hurting the lower-income groups. 

As Figure 4-1 shows that despite efforts to reform energy subsidies schemes
(in various countries in the region) that started around 2005, the trend in
subsidies (as a share of GDP) has closely followed fuel prices. This suggests
that that the ‘culture’ of neo-patrimonial governments legitimizing them-
selves through such measures as energy subsidies is at the core of the
reform process. Nevertheless, as various studies on Egypt also show, there
is a clear need to change the energy subsidies regime (World Bank 2005;
Abouleinein / El-Laithy / Kheir-El-Din 2009; ENCC 2010). 
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Boxes 4–2, 4–3 and 4–4 show how these countries began to initiate reforms.
Cases from other parts of the world (specifically Asia and Latin America)
are discussed in other studies (IMF 2011). Countries in the MENA region
have only recently begun to consider reforming their decades-old subsidies
schemes. The examples we provide below show positive steps in this direc-
tion, but it is still too early to know if their implementation was successful.
As discussed above, the slowdown in implementation (and in some cases
the reversal of reform, as in Jordan) suggests that the political class is not
yet committed to changing the social contract.

Box 4–3: Reforming energy subsidies schemes – Jordan

Prior to 2005, Jordan spent 6 percent of its GDP on fuel subsidies.85 Then, in 2005,
faced with greater budgetary pressures and concerns for energy security, a plan to
gradually eliminate fuel subsidies was developed with the aim of fully liberalizing
prices by February 2008 (Coady et al. 2010). A major price increase took effect in
2006, followed by a price adjustment in 2008, which resulted in fuel subsidies
declining to 1.4 percent of GDP (World Bank 2010). The reform was triggered by
the loss of Jordan’s preferential fuel supply from Iraq (World Bank 2010). 

Following the elimination of energy subsidies, a system of monthly automatic price
changes86 was put in place (Ragab 2010). Although a relatively low proportion of
fuel subsidies reaches the low-income population, it is this population group that
suffers the most substantial decrease in real income as a result of their elimination
(Coady et al. 2006). To mitigate this burden, a social safety-net program was devel-
oped which included compensations through increases in wages, pensions and
social assistance payments. At the same time, as another mitigation measure, food
subsidies were increased from 0.6 percent to 1.8 percent (World Bank 2010).

According to Coady et al. (2010: 14), the following specific measures were taken
in order to mitigate the negative impact on the population groups most likely to
be affected by the elimination of subsidies:

– The minimum wage was increased;

– A one-off bonus was given to low-income government employees and pen-
sioners;

– The electricity lifeline tariff was maintained at low levels;

85 Information about Jordan’s experience reforming the subsidy scheme primarily comes

from Yemtsov (2010).

86 In 2009 Tunisia also adopted a system according to which, if the price of a barrel of oil

on the world market exceeds USD 52 prices increase by a fixed amount (Ragab 2010). 
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87 Jensen / Tarr (2002) also found that if subsidy money is equally redistributed among all

households, it amounts to increasing the welfare of poor households by 200%. This sug-

gests that “programs to retarget subsidy money may not have to be perfect to increase the
welfare of the poor” (Ellis 2010). 

– Cash transfers were provided to low-income households whose heads were
non-governmental workers or pensioners;

– The government announced a plan to increase funding for a new program, the
National Aid Fund, as part of a mechanism to improve the design and imple-
mentation of this national safety-net program with World Bank assistance.

The cost of the compensation measures was just one-third to one-half of the
annual cost of fuel subsidies, but the effectiveness of this approach has not yet
been established (Yemtsov 2010).  

Nevertheless, although the pace of reform in Jordan seemed very promising,
after 2009, with the worldwide increase in energy and food prices, in the face of
popular discontent, Jordan, along with other oil-importing countries, chose to
increase subsidies (IMF 2011). This ultimately resulted in a reversal of the com-
modity-pricing reforms. In Jordan, the automatic fuel-pricing mechanism that
had been put in place is now largely inoperative (IMF). In 2011 fuel subsidies
increased to nearly 2 percent of GDP.

Box 4–4: Reforming energy subsidies schemes – Iran

On 19 December 2010, the Iranian Government ended the decades-old subsidy
programs for bread and energy products like gasoline, and replaced them with
direct payments of about USD 45 per month per person. Today, Iran’s subsidies
are estimated at about USD 70 billion, nearly 20 percent of GDP, mostly for
energy products. President Ahmadinejad had decided to launch the subsidy
reform program, grandly named the “Economic Transformation Program”, in the
wake of popular uprisings. Despite having the backing of Supreme Leader Ali
Khamenei and the Parliament, his program was attacked as reckless and a grave
danger to the economy. Key to the reform were price increases of bread and all
energy products to market levels – while at the same time, money was deposited
in peoples’ bank accounts. 

In order to forestall angry reactions to the sudden price hikes and to overcome
deep cynicism, the government used an innovative plan: The government opened
bank accounts in the names of heads of households and deposited the first
tranche of the cash subsidy, about USD 90 per person for two months.87 The
money in these accounts could be seen but not immediately withdrawn. Then, on
18 December 18 the President appeared on television to announce that prices
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would increase at midnight and the recently deposited cash subsidies would be
available the next day. Predictions of Iranians rushing to their banks in the morn-
ing to collect the money did not come true. Despite the sudden price hikes –
bread prices doubled and gasoline quadrupled; natural gas increased as much as
eightfold, and diesel fuel nine-fold – there were no public disturbances. For Iran’s
poorest (living below the poverty line of USD 2 per day) – who made up about
10 percent of the population in 2010, a cash payment of USD 1.50 per person per
day was not negligible. Nor was it insignificant for those with median daily
incomes of USD 4.50.

Nevertheless, it is too early to call this program a success: First of all, the full
impact of the removal of the subsidies has only begun to be felt. Second, the mid-
dle classes might be hit stronger than the poor population, which might translate
into political protests that could reverse the program. Finally, it is not yet clear
what impact the reform will have on industry and employment.

Source: Salehi-Isfahani (2012)

Box 4–5: Reforming energy subsidies schemes – Morocco

Morocco’s energy subsidies’ reform, which is in the planning phase, aims at a
more gradual approach. Initially, it has focused on developing a thorough cam-
paign to inform, followed by a scale-up and the institution of new social pro-
grams – in education and health – targeting the rural areas (Yemtsov 2010). At
the same time, the government has been carefully consulting with industrial
groups and retailers who would be influenced by a fuel price hike. Unlike Jor-
dan, Morocco does not plan to eliminate all subsidies, but rather to cap them at
a certain share of GDP to help make the system more able to absorb price shocks
(Yemtsov 2010).

Some of these reform approaches seem as if they could succeed if they are
pursued consistently. Complete transparency, with full explanations to the
public about the policy plans, including the rationale for removing subsi-
dies, are necessary for building public confidence in the policy process and
countering speculations that it will benefit only a select group of the popu-
lation. A carefully designed safety net to shield the poor from price
increases is also essential. According to a recent IMF study (2011),
“[K]eeping prices liberalized has been the most robust pricing mechanism
for preventing resurgence of subsidies, while well targeted safety nets con-
tinue to be the best means of providing for the needy.” This aspect was cru-
cial to the reform programs pursued in Jordan and Iran. Instruments for
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88 Nevertheless, as Loewe argues, there is currently a high level of fragmentation in the

health and pension systems in Egypt (2009; 2011b). Therefore, a reassessment of these

programs is needed when considering compensation schemes to offset higher energy

prices.

89 For example, in Iran, after policy-makers realized that targeted compensation packages

did not solve the issue of inefficiency in allocation (due to imperfect monitoring and

identification of the poor), the policy was immediately changed (Salehi-Isfahani 2012).

compensating lower income groups include cash transfers, increases in
minimum salaries and pensions, and payments for health and education.88

In light of the current political and social situation in Egypt, there appears
to be consensus that energy subsidies will not be removed (for the bulk of
the population) (ENCC 2010). Yet, because of great inefficiencies in distri-
bution, the goal is to better target subsidies to those who need them the
most, using the funds thus saved to support investments in renewables
(Interview with Dr. Adel Khalil and Dr. Mohamed Elsobki; November
2011, Cairo). The problem with this policy is that accurate targeting (which
requires compiling an accurate database of the population and their income
levels) can be quite difficult. In Iran, this approach was cancelled after
inconsistencies in reporting were identified, and a universal compensation
package was used instead (Salehi-Isfahani 2012). An assessment of differ-
ent policy alternatives is needed, as along with flexibility in policy imple-
mentation.89

These examples illustrate that solutions to the key challenge of changing
the existing social contract, i.e. energy subsidies, can be found without gen-
erating massive resistance and backlash from the general population. Nev-
ertheless, it is essential to maintain momentum and continuity in the imple-
mentation, despite external conditions, and to depoliticize the reform
process. As Loewe (2011b) argues, the issue is not an inability to solve the
problem but rather a “shortage of readiness” in the political class. This
“political dilemma of social policies” suggests that “even foreign donors
cannot do much to support reforms, because they depend completely on the
commitment of their partners (the national governments or other actors
with the mandate to collaborate with foreign agencies)” (Loewe 2011b). 

In the face of political uncertainty in Egypt, three elements should be con-
sidered important in the policy-making process: commitment to reform;
coordination at multiple levels; and consistent efforts to build legitimacy in
the governance structure.
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90 As Schlumberger (2004, 99) claims, “[A]s of 2001, official figures put informal employ-
ment at around 10 million or 54 % of the total labour force, compared to five million civil
servants and public sector employees (27 % of the total), and only 3.5 million or 19% of
the official private sector”. In contrast, with less than 10% in 1999, Morocco had the
lowest share of public-sector employment as compared to other countries in the region
(Yousef 2004, 45).

91 Schlumberger (2004, 126) argues that reforming the public sector would pose a threat to
the regime’s political survival. First, “political delegitimation would most probably follow
the large-scale layoffs that by necessity were a component of any effective reform of the
public sector and the bureaucracy.…Second, by reducing the bureaucracy, the state would
deprive itself of the stall needed to exert control over the overall economic process.”

4.3 Constrained decision-making with respect to renewable
energy

Aside from energy subsidies, another defining characteristic of the Egypt’s
social contract is the strong state involvement in economic life that has led
to over-regulation and the creation of a large public sector. This aspect has
been reinforced through expectations of public sector employment,
although significant changes took place after the 1990s following the pri-
vatization of state-owned enterprises.90 Nevertheless, the declared aim of
downsizing the public sector in Egypt has still remains to be achieved –
while employment in state enterprises declined, in the administrative sector
public employment has significantly increased (Schlumberger 2004, 125).
In general, public-sector employment promises greater job security and bet-
ter social benefits to individuals, while at the same time, it confers political
legitimacy on the government.91

We hypothesize that there are two dimensions of public sector employment
that constrain energy sector reforms. First, the MoEE (and its affiliated
organizations) is one of the many Egyptian ministries that employs a large
number of public servants. Second, restructuring the organizations would be
politically risky, since it would result in a number of upper-level decision-
makers losing their jobs. These dimensions require further investigation to
assess how much they constrain the decision-making process regarding the
development of Egypt’s renewable energy sector.

The centralization of state power is very obvious in the energy sector.
Despite earlier attempts to unbundle and privatize part of the activities
(especially energy generation) (Eberhard / Gratwick 2005), the strategically
important – for political and economic reasons – energy sector remains
heavily state regulated. This affects the emerging renewable energy sector
at different levels. First, the high degree of centralization within the MoEE
constrains strategic decisions: approval is slow and the roles and responsi-
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92 Headed by the Prime Minister, the Council consists of twelve ministers: defence, finance,
petroleum, electricity, economic development, environment, investment, housing, trade
and industry, transport, intelligence and foreign affairs.

bilities of the various subdivisions are not clear (Interviews with NREA, Dr.
Adel Khalil, Dr. Mohamed El Sobki, New Nile Co.; October–November
2011, Cairo). Besides the energy subsidies, the MoEE’s organization and
functioning impedes its ability to develop a strategic long-term vision for
the energy sector. The MoEE’s limited experience with, and reservations
towards, private players in the energy sector further slows development of a
local market for renewable energy in which independent power producers
(IPPs) play an important role (Eberhard and Gratwick 2005). Finally, the
centralized administration reduces flexibility and the capability to adapt to
new demands posed by changes in the energy sector, as we discuss below
(Interviews with Kreditanstalt für Wiederaufbau [KfW] Cairo, Dr. Adel
Khalil, Dr. Mohamed El Sobki, and others; October-November 2011,
Cairo). These aspects combine to create poor policy incentives for potential
market entrants. In the next sections, we will discuss the roles of two major
state organizations that oversee the development of the renewable energy
sector: the MoEE and the NREA.

4.3.1 The Ministry of Electricity and Energy (MoEE)

The MoEE manages several affiliated companies that represent the various
energy-related activities in Egypt (see Figure 4-2). The MoEE is directly
responsible to the Supreme Energy Council (SEC), a ministerial committee
that was established in 1979 to oversee Egypt’s energy sector.92 The SEC’s
mandate includes developing energy strategies to support Egypt’s economic
and social development policies, as well as energy efficiency objectives,
and providing guidance for energy reform. To demonstrate its commitment
to integrating renewables into the energy mix, the SEC approved a plan to
supply 20 percent of the total electricity generated from renewables by the
year 2020, including 12 percent from wind energy (a total capacity of 7,200
MW), solar energy (4 percent) and hydro power (4 percent). But without a
national strategy for renewable energy and energy efficiency (to set quan-
tifiable goals, propose policy tools and legislation, monitor and follow up
achievements, as well as assess impacts, accumulated experiences and les-
sons learned), the decision-making process is perceived as slow and tedious
(Interviews with Dr. Adel Khalil, Dr. Mohamed El-Sobki, Fraunhofer
Cairo, KfW Cairo, GIZ Cairo; October¬–November 2011).
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The Egyptian Electric Utility and Consumer Protection and Regulatory
Agency (EEUCPRA), which reports directly to the MoEE, regulates, super-
vises and controls electric power generation, transmission, distribution and
consumption so as to ensure the availability and continuity of supply.
EEUCPRA is also responsible for setting the electricity tariffs for different
types of customers, although they are subject to approval by the SEC. How-
ever, EEUCPRA cannot set tariffs for renewable energy; that is the NREA’s
responsibility (also subject to SEC approval). This poses some regulatory
difficulties that the New Electricity Law (now being discussed in Parlia-
ment) is meant to address (i.e. by shifting this NREA role to EEUCPRA).

Interviews with Government and stakeholders in the private sector reveal
that one main regulatory challenge to integrating renewables into Egypt’s
energy mix is the “culture of central electricity generation” present in state
utilities (Interviews with Dr. Adel Khalil, Dr. Mohamed El-Sobki, TAQA
Arabia, Calensia; October–November 2011, Cairo). Egypt does not have
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much experience with independent power producers (IPPs).There are only
three IPPs now, and until just a couple of years ago, the “door [was] closed”
to private sector involvement in the development of the energy infrastruc-
ture (Eberhard / Gratwick 2005). More recently, however, since the 2020
target for renewable energy, under pressure to speed up the deployment
process, IPPs have been reconsidered – although few steps have been taken
to facilitate their participation in the energy market (the New Electricity
Law provides for this). IPP investors are currently required to supply their
own customers for the electricity generated, as well as to secure foreign cur-
rency and substantial domestic financing (NREA 2011). While this is more
difficult for private investors, interest does exist, especially for renewable
energy. For instance, the Italian cement producer, Italcementi, is signing an
IPP agreement to build a wind plant of 120 MW in the Gulf El Zait area that
is to be expanded to 400 MW and includes investment in a water desalina-
tion facility for the local community that uses renewables. The wind plant
would supply the energy needs for its cement making (De-Beni 2011).
However, according to this investor and other stakeholders, negotiations
about land use permits and connecting to transmission lines have been very
slow (Interviews with KfW, SWEG, New Nile Co., TAQA Arabia; Cairo,
October–November 2011).

A frequent explanation for the slow regulatory process has also been linked
to the current leadership and changing political environment. The head of
MoEE, Dr. Hassan Younes, one of the most senior government ministers, is
known for being uncompromising and not corrupt (Interviews with SWEG,
Dr. Adel Khalil, Dr. Mohamed El-Sobki, Sphinx Glass; Cairo, October–
November 2011). Now that policy-makers of the old regime are being
closely scrutinized, every decision requires that benefits and costs be
proofed to assure that no single entity receives special favours (Ibid.).

4.3.2 The New and Renewable Energy Authority (NREA)

Inside the MoEE, it is the New and Renewable Energy Authority (NREA),
established in 1985, that possesses the expertise in renewable energy. The
NREA is coordinating Egypt’s process to reaching its renewable energy tar-
get of 20 percent by the year 2020. But as interview partners have repeat-
edly mentioned, existing capabilities within the NREA and its organiza-
tional structure pose big challenges to developing the renewable energy sec-
tor (both the deployment and localization of production and services capa-
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93 For example, interviewees frequently mentioned an administrative problem related to the

allocation of land for renewable energy projects: The Ministry of Planning has allocated

more than 6,000 km2 of land for projects, but it is the Egyptian Electricity Holding Com-

pany (EEHC) that decides how this land should be allocated. No clear process for allo-

cating land exists (Interview with Mohamed El Sobki; Cairo, November 2011). 

bilities) (Interviews with KfW, Dr. Adel Khalil, Dr. Mohamed El-Sobki,
Fraunhofer Cairo, SWEG, EGYTEC; Cairo, October-November 2011). The
NREA has conflicts of interest regarding its planning, developing, operat-
ing and regulating roles. It is mandated to develop renewable energy proj-
ects on its own and also to “invite” the private sector to invest in renewables
in Egypt and develop the corresponding regulatory frame-work. According
to most interviewees, this is one of the strongest barriers to the development
of renewables in Egypt; major organizational changes are needed to induce
more clarity in the required procedures.93 In particular, the NREA’s role as
a public and private developer needs to be articulated (Elsobki / Wooders /
Sherif 2009) and, as mentioned earlier, it might be necessary to ‘transfer’ its
regulatory responsibility to EEUCPRA. Another option might be to split the
NREA into two separate agencies. Elsobki / Wooders / Sherif (2009) sug-
gests, “[A] compromise position could be with NREA acting as a standard
partner within all renewable energy developments.” An organization like
NREA would require increased independence and flexibility in decision-
making (see Box 4–6 for a successful case from the Egyptian Communica-
tion and Information Technology sector).

Box 4–6: Organizational changes in the Communication and Information
Technology (CIT) sector

The experience of Egypt’s CIT sector shows that one factor in its success was the
creation of a separate entity, outside the realm of the Ministry of Communication
and Information Technology (the ITIDA) (Abdel-Latif / Schmitz 2009). The new
organization was able to create a vibrant and exportoriented CIT industry, lever-
age public-private partnerships, support the development of skills, research and
innovation, and promote organizational transparency (Ab-del-Latif and Schmitz
2009). 

More research is needed to examine the specific circumstances that led to the
development of the CIT industry and its lessons for the renewable energy sector,
but authorities within the MoEE and NREA could benefit from revisiting the
approach used to develop the CIT sector.
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Because until recently, Egypt’s energy sector was focused on generating
conventional energy and exploring the potential for nuclear energy, the
NREA administrative and knowledge capabilities have not much supported
renewables (Interview with Dr. Mohamed El-Sobki; Cairo, November
2011). Our fieldwork indicates that this aspect gives cause for concern
since the organization is not very familiar with the different aspects of
renewable energy and how to best integrate it into the existing energy sys-
tem. For instance, next year the NREA will assume O&M activities at the
ISCC plant in Kuraymat (now performed by OCI, the EPC contractor).
Although NREA staff is now being trained, it’s not clear how capable it will
be to independently perform these activities (Dr. Adel Khalil, Fraunhofer
Cairo, Dr. Mohamed El Sobki; Cairo, October–November 2011). These
shortcomings indicate inadequate emphasis on renewable energy and sus-
tainability at local universities (which should provide the necessary expert-
ise) and the limited number of renewable energy projects in Egypt – that is,
the general lack of experts in the field. Efforts to fill this knowledge gap are
currently in place, via capacity building programs in collaboration with
Germany and other European countries.

These organizational and capacity deficiencies – along with the unstable polit-
ical environment – make investors not very keen on the slowly developing
Egyptian market. Italcementi compares their wind energy project in Egypt
with their similar project in Morocco that began at the same time. In Morocco,
the company’s wind park has been approved and is being constructed, whereas
after a year and a half, the project in Egypt has not yet been approved (De-Beni
2011). Further research will be needed to identify the specific differences in
the business environment for renewables in these two countries.

As indicated, the development of a renewable energy sector in Egypt would
require drastic organizational changes within the relevant institutions, such
as the NREA. The centralization of decision-making and pervasive energy
subsidies severely hinder the creation of effective incentives to develop the
local industry in this emerging sector. 

4.4 Alliances for renewable energy?

For decades, decision-making in Egypt has been highly centralized; most
decisions have been taken by the executive branch and in particular, the
presidential office. Such a process leads to a loss of legitimacy in the gov-

12-5578_Studie_66_10  24.07.12  13:07  Seite 114



Building domestic capabilities in renewable energy

German Development Institute / Deutsches Institut für Entwicklungspolitik (DIE) 115

erning mechanism – that is, in the various ministries and the legislature. It
also creates the need for business elites (and other groups) to develop close
ties and allegiances on multiple levels so as to influence policy decisions
(Schlumberger 2004). The ‘personalism’ and ‘informality’ that characterize
neo-patrimonial regimes also perpetuate ‘favouritism’ or ‘wasta’ (in Ara-
bic) – “the tendency to provide preferential treatment to friends and rela-
tives” (Loewe et al. 2007). Favouritism has been widely identified as one of
the main obstacles to good governance and economic development in the
MENA region, as it makes state–business relations inefficient and unfair
(Loewe et al. 2007).

4.4.1 The East Asian experience: change is possible – but it
requires a strong state

The development experience of East Asian countries was also characterized
by close state–business relations. There, however, the state’s checks and bal-
ances regarding its relations to the private sector reduced the opportunities
for corruption (Amsden 1989; Amsden 2001). Altenburg (2011) also argues
that “strategic capabilities” (the ability to define a clear policy vision and
strategy) and “implementing capabilities” (the ability to set up service
agencies, devise schemes for incentives and verifiable performance meas-
urement systems, as well as to adopt meritocratic recruitment and promo-
tion systems) were critical to the success of Asian countries’ industrializa-
tion, reducing incentives for clientelism and favouritism in state-business
relations. 

4.4.2 The Egyptian State is strong but not developmental

Given the prominent role of the state in the larger MENA region, the con-
cept of “embedded autonomy” (Evans 1995) provides a useful conceptual
lens for discussing the nature of state–business relations in the context of
Egypt’s challenges to development. Evans argues that developmental states
are embedded in dense networks of social ties that enable political elites to
negotiate goals, policies and implementation strategies with business
actors. The developmental outcomes are assured by political elites (sup-
ported by bureaucratic institutions) being sufficiently independent to resist
corruption and capture by actors whose rent-seeking behaviour would oth-
erwise derail state efforts to promote development and formulate policy in
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the national interest. Combining these two dimensions, Evans maps four
types of states: the developmental state, the bourgeois clientelist state, the
over-developed state, and the predatory state (see Box 4–7). Based on this
typology, Egypt is somewhere between the “bourgeois clientelist” and the
“predatory” state. For Egypt and other MENA countries, where clientelism
and favouritism prevail and relations between state and business are close,
it is important to identify the conditions that shift state intervention from
clientelistic and predatory behaviour towards developmental outcomes. As
Evans argues, through the lens of the computer industry in different coun-
tries, comparative advantage is ‘socially constructed’, a result of the inter-
action between institutional settings and the strategic decision-making
process in which the state bears considerable responsibility for the out-
comes. Hence, it is critical to be able to understand the conditions that sup-
port the attainment of developmental outcomes.

Box 4–7: State typologies based on theoretical dimensions of “embedded
autonomy”

According to Evans (1995), four types of states are identified along the dimen-
sions of “embeddedness” and “autonomy”:

(1) The developmental state is very embedded in networks with dominant classes
and also organized as a highly rationalized bureaucracy (autonomy). Officials
and business elites may have been educated at the same elite university, or
worked together in the public or private sectors: working together creates net-
works for state and business to exchange ideas. But the state is nevertheless
autonomous: state officials have a strong esprit de corps, and the state is not
especially dependent on society (especially elites) for important political
resources. Because the state does not need elite wealth, it can implement the
policies it feels are necessary for development. 

(2) The bourgeois clientelist state lacks the key institutional feature of Weber’s
rational–legal bureaucracy (autonomy), but is closely linked to powerful
actors in the dominant class (embedded). Personalistic patron-client relations
are intrinsic to state organization and are closely hooked into networks with
the dominant class – which means that many agencies could be captured by
elite groups and used for rent-seeking purposes. State leaders are closely net-
worked with social elites and may be dependent on them for necessary polit-
ical resources – or even be a part of them. The state is too embedded in soci-
ety and lacks independence. State policies probably serve the interests of the
elite, or of certain segments of them.
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(3) The overdeveloped state has a relatively rationalized bureaucratic apparatus
(well-developed autonomy), but only weak ties to the dominant classes of
civil society (poor embeddedness). That means that the bureaucracy has con-
siderable competence and autonomy, which is not tempered by embedded-
ness. State officials regard businessmen to be mere traders, while business-
men look at officials as petty bureaucrats. The state often lacks the fine-
grained information required to act effectively and frequently fails to gain the
cooperation needed from civil-society actors. 

(4) The predatory state does not have a rational–legal bureaucracy nor is it
embedded in social networks with a dominant class. The state thus has a
fairly unconstrained capacity to extract resources from the society for the pat-
rimonial leadership within the state. State power is wielded in an arbitrary
manner, largely in the self-interest of state elites. Furthermore, the state has
a weak esprit de corps and lacks professionalism, and state officials engage
in corrupt activities rather than enforce policy and the rule of law.

Source: Evans (1995) and Hass (2007)

Various studies have also examined how close state–business relations
could be leveraged towards growth-enhancing goals, especially in the con-
text of Africa (Moore / Schmitz 2008; Kelsall et al. 2010; Abdel-Latif /
Schmitz 2011; Kelsall 2011). Drawing on the example of Egypt’s commu-
nication and information technology (CIT), Abdel-Latif and Schmitz
(2011) argue that a common interest must exist for both the entrepreneur
and the state for such relations to have positive outcomes (see Box 4–8). 

Box 4–8: The development of the Communication and Information Tech-
nology (CIT) sector in Egypt

Drawing on Abdel-Latif and Schmitz (2010), we highlight the conditions that
made it possible for Egypt to build an internationally competitive communica-
tions and information technology (CIT) sector. The change in private investors’
perception that the government is not working against them and that some state
agencies are open to di7alogue and cooperation facilitated the formation of
growth alliances between policy-makers and business leaders. The formation of
these alliances resulted from: (1) shared interests (among the political class and
the private sector) in the sector’s growth and the awareness that both sides would
lose if there was no investment; (2) a common understanding of the existing chal-
lenges; and (3) translating willingness and expressed commitment into action.
All these conditions were necessary. 

Large companies were willing to make big investments because they were aware
of the large gains they could reap by being first movers in the market. Policy-
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makers also recognized the potential of these new technologies to help modern-
ize the country and for their own career prospects. Moreover, policy-makers
understood the sector-specific challenges and technicalities. In particular, the
policy-makers connected to Egypt’s CIT sector were native professionals (not
ordinary politicians or businessmen) who understood the specific technical
requirements and how to launch the industry. 

One special circumstance that marked these developments was the Cabinet shuf-
fle in 2004 which put business leaders into public positions, thereby facilitating
closer networks based on trust and public–private interactions at the sector level.
Political changes and the CIT’s novelty for the Egyptian economy also facilitated
the creation of a new and autonomous organizational body. As Abdul-Latif and
Schmitz wrote, “[T]he key point coming out of the Egyptian experience is that –
in order to bring about change – the sectoral public–private alliance needs to
extend deep into the centre of power.” In the case of CIT, support for the sector
first came from the President himself – and later, the Minister of CIT became the
Prime Minister.

Assessing the origins of the CIT-sector growth alliances revealed that most of the
connections originated at the IDSC (Information and Decision Support Centre),
a semi-public institute closely connected to the Cabinet, which had a team of
young engineers with expertise in computers and communication – a very new
field in Egypt at the time. Most of them became important players in the CIT
industry and in governmental organizations, and helped convince the conserva-
tive government of the need for a new sector. Important informal relations also
existed between the policy-makers.

Source: Abdel-Latif / Schmitz (2010)

It is important to reflect on the positive experience of the CIT development
in terms of the challenges to creating a new industry, i.e. the renewable
energy sector. However, several questions remain unanswered. While it is
clear that the circumstances within which CIT emerged were quite unique,
as were the actors involved, it is not clear if it would be possible to sustain
neo-patrimonial relations characterized by rent-seeking and weak institu-
tions over the long term. Although the Egyptian state is highly “embedded”
in the society, there is not enough evidence to show that “autonomy”
ensured through bureaucratic institutions assisted the development of the
CIT sector. In East Asia and elsewhere, the bureaucratic institutions that
have contributed to developmental outcomes are characterized by merito-
cratic recruitment, standards of performance, professionalism, corporate
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coherence and an esprit de corps (Evans 1995). The state’s embedded
autonomy ensures that state–business relations are not clientelistic, but
rather serve to connect constituencies and the state as an organization
(Evans 1995). This suggests that neither embeddedness nor autonomy suf-
fice to ensure developmental outcomes (see Box 4–9 on South Korea’s
information technology sector).

Box 4–9: Embedded autonomy through the lens of South Korea’s infor-
mation-technology sector

The South Korean state has been characterized as developmental in that elites
within a mature state bureaucracy maintained close ties to conglomerate business
groups (chaebol) that enabled them to devise and implement policies protecting
local technology firms from international competition and providing incentives
and resources to develop R&D facilities. The South Korean government provided
substantial financial support and tax relief for R&D, grants for cooperative
research projects and other inducements to stimulate the development of cutting-
edge computer memory chips. 

South Korea “pushed the limit to which embeddedness could be concentrated in
a few ties without degenerating into particularist predation” and South Korean
firms eventually became strong enough to thrive on the international market for
chips and other computer technologies.

Source: Evans (1995); Campbell (1998)

4.4.3 Challenges to building development alliances for
renewable energy

Figure 4–3 illustrates various interest groups and the interconnected net-
work of alliances needed to support the development of the renewable
energy sector. It does not depict the type of relationships and alliances
between the stakeholders and their role in the development process – which
require more research. However, some preliminary assessments can be
made in this first analysis of some of the stakeholders.

As shown in Box 4–8, close personal and professional relations among
those pushing for its development were crucial to the development of the
Egyptian CIT sector. In terms of the emerging renewable energy sector,
most professionals advocating for renewables at different levels are very
connected personally and professionally; these relationships were signifi-
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94 An epistemic community is “...a network of professionals with recognized expertise and
competence in a particular domain and an authoritative claim to policy relevant knowl-
edge within that domain or issue-area” (Haas 1992).

cant for persuading the government of the need to develop a new sector. For
example, two of Egypt’s experts in renewable energy who were colleagues
at the AUC are now running the Energy Research Centre and teaching in the
REMENA Masters program, while several family members are heading
programs focused on the expansion of renewable energy development. The
existence of this closely linked professional community increases opportu-
nities for developing shared cognitive structures and opens up possibilities
for creating epistemic communities94 that could support renewable energy
developments in Egypt. However, this core group of professionals does not
belong to the political elite, which means that it might be difficult for the
renewable energy sector to develop a common sense of purpose and direc-
tion with political elites.

Political elites

Professionals / 

Experts

Private sector

International 

cooperation

DESERTEC / 

DII / MSP

Civil society

Figure 4–3: Networks of alliances between different stakeholder 

 groups 

 

Source: The author’s design 
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95 The World Competitiveness Report (2010) also lists “corruption” and “red tape” as the

greatest deterrents for foreign investors. 

96 Schlumberger (2004, 107) argues, “[A]ccess to powerful individuals has become the
most potent means of resolving disputes in one’s favour”.

97 As one interviewee mentioned, because of limited trust in the Egyptian state apparatus, local

companies prefer to partner with foreign companies so that if legal problems arise, they will

have recourse to an international (foreign) justice system rather than be at the mercy of the

Egyptian system of justice (Interview with Aecapromena; Cairo, November 2011).

Moreover, persuading the government to develop a new sector – the renew-
able energy sector – is more difficult than it was for CIT, because an energy
sector already exists and renewables are perceived to be competing with
other energy sources, i.e. fossil fuels. Also, decision-making with respect to
renewable energy strategy and policy is centralized in the MoEE, so it is dif-
ficult to find space for solutions that can move the sector forward. More-
over, few policy-makers in the MoEE have experience in the field of renew-
able energy, and the NREA’s president does not have a strong background
in this area (Interviews with various stakeholders; Cairo, October–Novem-
ber 2011). These MoEE professionals come from a culture of governance
that is less flexible in starting something new, especially in a volatile polit-
ical environment in which forming support coalitions is difficult. The cur-
rent leadership might not be in favour of bold moves, especially since it
would be necessary to eliminate energy subsidies which could question the
legitimacy of some of the politicians if such a decision were not fully sup-
ported from the centre of power (Interviews with various stakeholders;
Cairo, October–November 2011). 

Of general concern with respect to state–business relations in countries
characterized by neo-patrimonialism is the danger of political capture by
the business elite (Altenburg 2011). Corruption is rampant in Egyptian
society, especially in business and political circles.95 As Zaki (1999, 47)
claims, “[T]he tangled web of alliances between various competing investor
groups and different elements within the top echelons of government placed
a high premium on the ability to put together influential coalitions of busi-
nessmen and bureaucrats, and created a dense rent-seeking environment.”96

This broad network of “favours and exchanges” facilitated by top-ranking
government officials ultimately led to the indictment of several politicians
and magnates after the fall of Mubarak regime. The revelations of these
large-scale illegalities have further eroded trust in the state apparatus, as
representatives of the private sector expressed in Cairo in 2011.97 Moreover,
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Egyptian business culture generally displays limited trust outside of
extended family circles. Zaki (1999, 151) argues that this is one of the
major factors that has impeded the development of a business class: The
general lack of trust prevented a rich and dynamic associational life, imped-
ing formation of growth coalitions among unfamiliar stakeholders. Within
this context, the slow process of impeaching key players of the previous
regime, under the supervision and coordination of the military transitional
government, challenges the direction of economic and political change.
Recent protests have called for stronger involvement by other stakeholders,
in particular the civil society, in setting up a system of accountability for the
state.

In Egypt, successful business ventures have been limited to a few large,
politically well-connected businessmen with “timely access to relevant
information about upcoming governmental policies” (Schlumberger 2004).
These same firms also benefited the most from neoliberal reforms aimed at
private- sector development. Smaller businesses have had difficulty invest-
ing because access to credit for private- sector development remains
restricted (Schlumberger 2004). While much emphasis has been placed on
state structures (state agencies and political elites), less attention has been
devoted to the institutional arrangements of firms and entrepreneurs. The
South Korean economy is organized through well-established business
groups (Campbell 1998) but Egypt lacks the well-organized business net-
works that Evans (1995) believes facilitate the sort of embeddedness that is
critical for development (Campbell 1998). In addition, the small size of the
local market for renewables and the lack of associative mechanisms among
local firms in the sector (see Chapter 3), have prevented the formation of
private sector alliances needed to lobby policy-makers for regulatory frame-
works that support renewables.

Cross-regional initiatives such as DESERTEC Foundation, DII and MSP, as
well as international cooperation stakeholders such as the KfW, the GIZ,
and the German Ministries, are part of the alliance needed to development
Egypt’s renewable energy sector. These actors provide the necessary access
to finance and know-how, while at the same time they open up new mar-
kets. Given the early stage of development of Egypt’s renewable energy sec-
tor and the precarious economic situation, their role is critical.

When considering pathways for Egypt to change from being a clientelistic,
predatory state to a developmental state where alliances between different
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interest groups enhance growth, it is important to introduce performance-
based management in the public and private sectors, and develop well-orga-
nized business networks among firms that could become part of the renew-
able energy value chain. Economic structures are just as important as state
structures for facilitating the sort of policies that scholars such as Evans
deem so essential in developing countries. As the “embedded autonomy”
concept argues, success heavily depends on entrepreneurs and firms having
access to and working closely with political elites (rather than being cut off
from them). For these reasons, bureaucratic institutions should be devel-
oped to ensure coherence and stability in policy-making. The constraints
and incentives that political elites create for entrepreneurs and firms
through a “delicate balance” of embeddedness and autonomy ultimately
affect economic outcomes.

5 Policy recommendations

This study aimed to explore the possibilities for harnessing Egypt’s
untapped potential for development and overcoming barriers to this goal.
Building on our analysis of the potential for expanding technological capa-
bilities for renewable energy in Egypt, we identified several core areas that
need to be improved. These targeted policy recommendations are addressed
to Egyptian policy-makers, as well as to German international cooperation
agencies (i. e. ministries involved in various programs in Egypt and the
larger MENA region, and development cooperation organizations).

Since the political economy framework conditions permeate all levels of the
development process, in light of Egypt’s current socioeconomic challenges,
we attempt to offer policy recommendations that are “socially and eco-
nomically desirable, technically and financially feasible and politically
realistic” (Loewe 2011b). Loewe points out that such measures should have
two effects: they should serve the political interests of the regime and the
socioeconomic interests of the population. Given the large share of devel-
opment aid and investment targeted at sustainable development in the
region, policy recommendations should also support the ‘win-win’ oppor-
tunities that could emerge from the deployment of large-scale renewable
energy projects such as DESERTEC and MSP.
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98 Jones and McBeth (2010) define a narrative as “a story with a temporal sequence of

events unfolding in a plot that is populated by dramatic moments, symbols, and arche-

typal characters that culminates in a moral to the story.”

We first propose several dimensions of policy recommendations for Egypt-
ian policy-makers, and then offer strategic advice for Germany’s interna-
tional cooperation with Egypt in the area of renewable energy. 

5.1 Guidelines for Egyptian policy-makers

This report emphasises that although various challenges persist in the econ-
omy and the larger society, great potential exists for expanding the role of
renewable energy. To this end, transparency should be increased in public
decision-making and incentives offered to the private sector should be cou-
pled with performance requirements. 

5.1.1 Disseminating a new narrative

Narratives98 are important. Policy narratives can effectively convey com-
plex issues and solutions to a wider audience, especially when difficult
decisions have to be made in conditions of great uncertainty and conflicts
of interest – for example, reforming energy subsidies and abandoning a
decades-old conventional energy system. Policy narratives can help make
sense of an issue by reducing its conceptual complexity, providing frame-
works for people to understand their experiences and observations, ration-
alizing public debate about possible courses of action and buttressing polit-
ical actors’ sense of identity (Hajer 1995; Boswell 2010).

Given the conditions present in Egypt and the need to enhance technologi-
cal capabilities to support the development of a competitive renewable-
energy sector, we argue that Egyptian policy-makers should promote a new
narrative that addresses two main dimensions: (1) one which discredits the
old conventional energy system and explains the irrationality of energy sub-
sidies; and (2) one which emphasises how renewable energy ‘can work’ for
Egypt.

First, a new narrative is needed to promote the shift away from irrational,
unsustainable energy subsidies towards more targeted allocations. Essential
for promoting a new narrative are well organized information campaigns
geared to the population at large regarding the cost and main beneficiaries
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of the current subsidy regime and the rationale for reforming energy subsi-
dies, the benefits expected and options for reform. This can be achieved two
ways:

• Organize media campaigns about the drawbacks of existing subsidies
and the benefits of reform. Earlier attempts in Egypt communicated very
little about the reasons for such policies, and created the perception that
only limited groups would reap the benefits (within the larger context of
government favouritism and lack of transparency). In Jordan and Indone-
sia, such campaigns significantly contributed to public acceptance of
these policies. They can also help defeat vested interests. Information
channels used before fuel prices were raised have included: announce-
ments in newspapers, TV talk-shows, notices on public announcement
boards and the distribution of brochures answering frequently asked
questions.

• Promote cost transparency. Petroleum subsidies should be transparently
recorded in government accounts. Germany and Switzerland, for
instance, have published reports with detailed information on the cost of
subsidies (Coady et al. 2010).

The new narrative also explains how renewable energy can benefit Egypt in
terms of energy security, jobs, private sector development, low carbon
development, etc. To this end, it is critical to mobilize alliances between dif-
ferent interest groups and types of stakeholders – technical experts, finan-
ciers, academics, the private sector and civil society. 

5.1.2 Targeted recommendations

The new narrative in support of expanding the renewable energy sector
needs to be based on specific policy recommendations. The assessment of
existing technological capabilities along the value chain of wind and solar
power has allowed us to identify six areas that policy-makers should
address: 

• Developing a roadmap for renewable energy and the necessary 
technology 

• Reforming the fossil-fuels subsidy regime 

• Unbundling the NREA’s services 
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• Developing the supply chain 

• Expanding renewable energy education and training 

• Expanding R&D for renewable energy

We discuss each of these aspects in greater detail below.

5.1.2.1 Developing a roadmap for renewable energy and the neces-
sary technologies

The main barrier to developing the renewable energy sector in Egypt is the
lack of a national strategy. Such a strategy would not only identify the
renewable energy capacity targets to be achieved within a specific time-
frame, but would also clearly articulate how this target would be achieved
to maximize local benefits with respect to policies for market creation and
industrial development (and employment generation), and the acquisition of
technological capabilities. A comprehensive roadmap is necessary to create
cohesion in the actions of various stakeholders and send the right signals to
potential investors, thereby minimizing investment risks. A strategy for
renewable energy technology in Egypt (technologies that are currently
capable of providing a high local content and others that could only do so
in the future) would help orient the strategic efforts of investors and com-
panies (local and international). Such a strategic roadmap would also assist
the rollout of a knowledge-development and R&D agenda to support the
process. Clear policy incentives to encourage private sector investment are
another important part of such a national roadmap for renewable energy.
Developing a national strategy requires coordination between the various
stakeholders. The study being conducted by Lahmeyer International with
funding from KfW, “A Combined Renewable Energy Road Map for Egypt”,
could eventually serve this purpose.

To this end, we propose the following policy recommendations:

• Create medium and long-term roadmaps for the energy sector, with the
goal of rapidly scaling up all forms of renewable energy in Egypt and
developing local technological capabilities. 

• Develop a technology roadmap, which will further guide efforts to strate-
gize educational and R&D activities.

• Enhance institutional capacity by implementing long-term support poli-
cies such as FITs, which would reduce the risks of investment.
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• Develop a coordinated and transparent approach between different stake-
holders in the renewable- energy sector through multidisciplinary teams
that bring together different types of expertise. 

5.1.2.2 Reforming fossil-fuels subsidy regimes
As discussed in Chapter 4, in order for the renewable energy sector to take
off in Egypt, it is necessary to reform the energy subsidy scheme for two
main reasons: (1) it would remove price distortions from the energy system
and (2) it would relieve the government budget and therefore reduce pres-
sure on other social and infrastructure needs. While there is broad agree-
ment at multiple levels that the current subsidization program needs to be
changed, no commitment has been made to a strategy for reform. The expe-
rience of several countries in phasing out energy subsidies (including Jor-
dan, Indonesia, Morocco and others) points to several key aspects that could
be considered for reforming energy subsidy regimes in socially and politi-
cally acceptable ways. In addition to extensive media campaigns and the
transparent communication of the costs of the current energy subsidy
regime, targeted compensation mechanisms (social safety nets) should be
designed to mitigate adverse effects on the social groups that would be most
affected. In Jordan, for example, savings that result from increasing energy
prices have been applied to compensation packages. Such packages have
included: increases in state employees’ salaries and food subsidies; reduc-
tions of certain import duties; introducing projects to combat unemploy-
ment and poverty; basic health care and health insurance for the poor; vil-
lage improvement programs; and public-transport improvement programs
(World Bank 2010). 

The successful implementation of these measures requires thorough
accounting of the costs involved and the financial gains to be made by grad-
ual reductions of energy subsidies, as well as identifying the social groups
that would be most affected by such a policy. Transparency and accounta-
bility are essential for building trust between the population and policy-
makers.

5.1.2.3 Unbundling the NREA services 
If approved, Egypt’s New Electricity Law would help solve some of the
problems faced by the energy sector. In particular, there must be more pri-
vate sector participation in the generation and transmission of electricity.
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Currently, there is not enough capacity in the national utility to cover the
increasing demand for energy. In addition, major organizational changes are
required to facilitate decision-making, reduce delays in the project devel-
opment stage and build stronger knowledge capabilities within the NREA.
It is important to consider some aspects:

• Allowing IPPs and providing long-term PPAs would contribute to decen-
tralizing the energy sector in Egypt, thereby creating incentives for pri-
vate-sector involvement and the generation of renewable energy in par-
ticular.

• An entity should be created for planning and overseeing renewable
energy developments that is not controlled by the MoEE, but instead
coordinates with it (giving the NREA more autonomy). 

• As an entity separate from the MoEE, the NREA should implement more
flexible hiring and firing procedures and targeted training modules. 

• The NREA’s overlapping roles in project development and regulation
should be separated, and EUCPPR should assume regulation of the
renewable energy sector. 

5.1.2.4 Developing the supply chain
While subsidies constitute the main hurdle to creating a market for renew-
able energy, low competitiveness, a lack of training programs, and the poor
quality of local manufacturing and service provisions hinder the develop-
ment of local industry. The quality and cost of a product or service offered
on the market is not only a function of the capabilities of the operator of the
power plant, but also those of the supplier network that provides inputs to
the enterprise. It is crucial to improve supply chain development programs
to create jobs, expand local industry and build catch-up capabilities.

The Industrial Modernization Centre (IMC) has successfully developed
analogous programs for other sectors in Egypt. Therefore, rather than just
creating new organizations and new programs, it would be wise to take
stock of the specific needs of the solar and wind energy sector – in close
consultation with local companies across the value chain. This process
would enable IMC staff to identify the supplier development programs that
should be developed and what internal capabilities need to be enhanced to
support such programs. It could be beneficial to collaborate with interna-
tional organizations, such as the United Nations Industrial Development
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99 Becoming a supplier of parts and components for renewable energy systems is challeng-

ing due to the need to reinvest and retool plants, and to demonstrate the ability to expand

as the demand grows. In the USA, for example, the American Recovery and Reinvest-

ment Act (Stimulus Bill) attempts to make it easier for manufacturers to enter wind tur-

bine and other renewable manufacturing industries by creating a 30% tax credit for

retooling manufacturing facilities or exporting in new manufacturing plants (David 2009, 14).

Organization (UNIDO), and German international cooperation agencies
that have extensive experience in this area. More importantly, an agency
like IMC should facilitate interaction between foreign private-sector
investors and local suppliers. 

The following measures could be considered:

• Giving tax credits for retooling manufacturing facilities to encourage
local companies to become suppliers of parts and components99

• Creating a favourable policy environment to create incentives for private
sector investment in renewable energy technologies

• Removing custom tariffs for products and components that cannot be
produced locally, but building in flexibility to reapply them when local
manufacturing capabilities emerge

• Building on training programs (i.e. for subcontractors), such as those
offered by IMC, but increasing industry’s share of funding to raise their
interest in supporting such programs and make the investment more effi-
cient

• Creating an agency that could act as a ‘middle man’, forging links
between customers and suppliers, promoting industrial linkages and
stimulating domestic subcontracting 

• Improving information sharing and cooperation in order to align differ-
ent actors according to the national strategy for renewable energy; with-
out this, duplication and unproductive interagency rivalry could hamper
achievement of strategic goals

• When tendering documents, clearly specify the requirements for local
content and preferences for joint venture projects in order to enhance
technology transfer

• Creating well-organized business networks to facilitate the type of
embeddedness necessary to achieve developmental outcomes; forming
industry associations, geared towards networking and lobbying. (Egypt
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100 For more details see: http://www.sekem.com/node/118.

already has an ineffective wind industry association; a solar industry
association is also needed.) 

• Developing expertise in metrology, quality and standards institutions
through closer cooperation with German professional organizations such
as the Physikalisch–Technischen Bundesanstalt (the Federal Physical–
Technical Institute)

• Developing supplier certification procedures and incentives to motivate
suppliers (e.g. acknowledging supplier improvements through awards,
future business guarantees, and sharing achieved cost savings).

5.1.2.5 Expanding renewable energy education and training
One of the problems we have identified in this analysis is the lack of a broad
range of educational and training programs and a mismatch between what
the industry needs and what the labour market can offer. To this end, it
would be worthwhile to pay attention to the experience of other countries
that have developed renewable energy sectors that might be relevant to
Egyptian policy-makers. Although job creation is one of the main chal-
lenges for Egypt and other countries in the region, there is no skills-devel-
opment strategy for renewable (wind and solar energy) energy. In Denmark
in the late 1990s, green employment became a key policy priority with the
introduction of a law in 1997 about a new ‘green job pool’ that led to the
allocation of some EUR 67 billion between 1997 and 2001 for stimulating
employment growth and green occupations (ILO 2011, 263). Germany, too,
can offer instructive policy recommendations with respect to educational
and skills-development programs.

Education programs

• Integrate sustainability, renewable energy, climate change, and green-
growth topics in the curricula from primary school through higher edu-
cation. In Egypt, the Sekem Initiative is an example of such an approach
for the agriculture sector that could be applied to other sectors, such as
renewables.100

• Fund demonstration pilot projects at universities.

• Use existing solar and wind plants as educational platforms for schools.
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101 See ILO (2011: 277) for a description of the current structures for skills development in

Egypt.
102 The importance of measuring the necessary skills is highlighted in the following exam-

ple from the ILO (2011) report. “In Germany, according to the Vocational Training Act,
a specific skill need has to be identified in the economy for a modernization or the estab-
lishment of a new training regulation to occur. In 2006, the Federal Environment Ministry
started an educational initiative entitled ‘Environment creates perspectives’, in associa-
tion with firms from the environmental technologies/renewable energy sectors. As a
result, 6,000 additional apprenticeships were created in 2009. The initiative aims to iden-
tify the apprenticeship trades, skills and competencies required by the environmental sec-
tor.”

• Organize prize-based competitions at local universities.

• Change the incentive structure in universities to encourage research and
collaboration with the private sector.

• Allow for flexibility for personnel to shift between academia and indus-
try.

Skills development

• Integrate a renewable energy component in vocational education and
training programs to enable skills development on a larger scale. Involve
companies at all levels of training– as they do in Germany.

• Include the Ministry of State for Environmental Affairs and the NREA
in the coordination mechanisms for skills development that are currently
shared between several ministries.101

• This will help prioritize an analysis of labour market requirements for
green jobs.

• Designate an entity to systematically collect data on the skills and knowl-
edge base of the workforce that are necessary to sustain development of
a renewable energy sector (the Danish and the German experience would
be instructive here).102

• Open communication and collaboration channels between various organ-
izations concerned with the environment and renewable energy, as well
as the various organizations and agencies active in education and train-
ing, to pave the way for a skills development strategy (ILO 2011, 277).

5.1.2.6 Expanding renewable energy R&D
To support the process of technological catch-up, emphasis should be
placed on enhancing innovation and R&D capabilities. 
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• Develop a national strategy for science and technology with a focus on
renewable energy to support the technology strategy roadmap discussed
above.

• Establish funding for clean energy R&D programs that emphasize col-
laborative research on the adaptation of technology to local environmen-
tal conditions (e.g. CSP water desalination or dry-cooling for solar ther-
mal power plants).

• Support founding Centres of Excellence at local universities (in close
collaboration with international research institutes) to focus on innova-
tive technologies that will open up domestic niche markets.

• Encourage creation of a Fraunhofer Institute or the NREL in Egypt. For
this, the Ministry of Education and Research could bring together differ-
ent stakeholders (from the private sector and academia) to begin a dia-
logue about possible collaborations. 

• Explore potential strategic long-term research collaborations with
research communities abroad (in Germany, for example) in the field of
renewable energy, similar to the integrated R&D collaboration of China
and Denmark (see section 5.2).

5.2 German partnership in energy transition

Given its expertise in this field, Germany has a lot to offer to Egypt and the
other MENA cooperation partners in terms of institutional expertise, capac-
ity building, and technological know-how. Strengthening its cooperation in
renewable energy in Egypt will help Germany enhance its competitive
advantage in the sector. 

However, for this Germany must speak with one voice through a ‘whole-of-
government’ strategy of cooperation within the field of renewable energy –
while at the same time aligning itself with European-level initiatives. Ger-
many is already cooperating with Egypt in the field of renewable energy.

The Energy Concept of the BMU/BMWi (the German Federal Ministries
for Environment, Nature Conservation and Nuclear Safety, and for Eco-
nomics and Technology) states that North Africa has an important role to
play for Germany and Europe, and yet there is only limited collaboration
between the ministries and no overall strategy of international cooperation
with the MENA region. While Germany’s competitive advantage in the
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renewable energy sector is well known, it is not yet established in the region
as a preferred partner and role model, and its influence on ‘green reforms’
in emerging economies could still be considerably enhanced. So far, none
of its organizations or bilateral cooperation platforms have developed into
recognized centres of excellence or become influential stakeholders in the
regional policy process. 

More could be achieved if Germany would (a) agree on a ‘whole-of-gov-
ernment’ approach and (b) define clear policy priorities and bundle the
efforts of various ministries, implementing agencies, industries and univer-
sity initiatives in areas specifically related to renewable energy. The goal
should be to establish an inter-ministerial process with the aim of agreeing
on priorities for topics and partners, as well as bundling activities and shar-
ing experiences. Such a process should create a joint vision for strengthen-
ing regional cooperation and achieve further integration in the European
market. Successful examples of such coordination efforts at the federal
level exist in the form of the Indo–German Policy Dialogue in Energy (see
Box 5-1), the German Electric Mobility National Plan (see Box 5-2) and the
German–South African Binational Commission (established in 1996),
which has cooperated across a broad thematic spectrum.

Box 5–1: The Indo-German Policy Dialogue in Energy

In 2006, the Indian Prime Minister Manmohan Singh and German Chancellor
Angela Merkel set up the Indo–German Energy Forum, a bilateral dialogue
forum on energy. This Forum acknowledges energy’s crucial role for both coun-
tries, as well as the potential for cooperation, whether in efficient thermal power
generation or renewable energies.

The Forum meets yearly at the secretary level, led by India�s Ministry of Power
and Germany�s Federal Ministry of Economics and Technology (BMWi). The
most recent meeting took place in New Delhi in November 2010; the next meet-
ing was planned for late 2011 in Germany. 

The Forum has several working groups: thermal-power-station modernization,
renewable energies, energy efficiency and carbon trading, and coal. In addition,
other relevant ministries are involved, such as Germany�s Federal Ministry of
Environment (BMU) and India�s Ministry of New and Renewable Energy. Indus-
try participation is encouraged to include the views of the corporate sector in
deliberations. 

The Forum secretariat is organizing additional expert inputs and logistic support.
An additional working group on energy research to be led by India�s Department
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for Science and Technology and Germany�s Federal Ministry for Education and
Research (BMBF) was also planned for 2011. 

Science and technology (S&T) cooperation is another major focus area of the
strategic relationship between Germany and India. There are presently more than
150 joint S&T research projects and 70 direct university partnerships. In Gur-
gaon in September 2008, a jointly funded Indo–German Science & Technology
Centre was inaugurated – funded annually with EUR 2 Million from each coun-
try – that serves as a model for public–private partnerships in science and indus-
trial research. The first tranche of bilateral research projects in the fields of
biotechnology and renewable energies started in 2010. 

S&T partnerships focus on specific fields and are grounded in partnerships
between universities in Germany and India. For example, the (IIT) in Chennai
signed a Memorandum of Understanding with the German Academic Exchange
Programme (DAAD) and a group of nine German Technical Universities to open
a new Centre for Sustainability Research at IIT Chennai.

Source: http://www.india.diplo.de/Vertretung/indien/en/12__Climate__ Devel-
opment__Cooperation/Energy/Bilateral.html and http://www.mea.
gov.in/mystart.php?id=50044473 (accessed on 6 March 2012)

Box 5–2: The German Federal Government’s National Electric Mobility
Development Plan

On 18 August 2009, the German Cabinet adopted the National Electric Mobility
Development Plan, with a budget of EUR 500 million. This development plan
intends to make Germany the leader in electro-mobility and help maintain its cut-
ting edge in science and in the automotive sector and related supplier industries.
The entire value added chain is included – from materials, components, cells and
batteries to the overall system and its application. The German Federal Govern-
ment, which aims at having one million electric vehicles on German roads by
2020, created a National Platform on Electric Mobility that will coordinate all
the players from the very beginning, ensuring consultations among representa-
tives from politics, industry and science, municipalities and consumers, and
facilitating working groups with various tasks.

The Ministries directly involved in coordinating this national plan are the Federal
Ministry for Education and Research (BMBF), the Federal Ministry for Trans-
port, Building and Urban Development (BMVBS), the Ministry of Economics
and Technology (BMWi) and the Ministry of Environment and Nature Conser-
vation and Nuclear Safety (BMU).

Source: http://www.germanenergyblog.de/?p=13(and) http://www.bmu.de/
english/mobility/doc/44799.php (accessed on 6 March 2012)
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To this end, and building on the strategic approach for other programs, we
propose the establishment of a German–MENA Energy Partnership to be
endorsed by the Chancellery, which would define the cooperation corridor
(see Box 5–3) with the MENA region. With DESERTEC and DII taking the
lead in pursuing energy collaborations between MENA and Germany/the
EU, and the World Bank and other international agencies starting to play
larger roles in the region, Germany needs to make a strong political push
for a strategic energy dialogue with the MENA region. Given the region’s
changing socioeconomic and political conditions, a decision should be
taken as to whether it would be better to establish bilateral partnerships or
whether the focus of such an interministerial approach should be at the level
of North Africa (and not of MENA) – given the strategic role of cross-
Mediterranean energy market integration. 

Box 5–3: Development cooperation ‘corridors’ and ‘beacons’

Altenburg et al. (2008a) defined development cooperation ‘corridors’ and ‘bea-
cons’ with respect to Germany’s development cooperation with anchor countries.
Inter-ministerial cooperation increases the visibility and attractiveness of Ger-
man cooperation and is likely to generate spillover effects. There are various pos-
sible formats for departmental cooperation. 

The term ‘cooperation corridors’ refers to the mechanism for cooperative design
of jointly agreed thematic areas. For example, such corridors allow multiple min-
istries to cooperate on specific subject areas (such as democratization, renewable
energy or tropical forest conservation) and facilitate possible coordination under
the respective thematic umbrella. 

‘Beacon projects’ are clearly defined jointly funded individual projects with high
visibility and spillover effects, such as the establishment of long-term partner-
ships with universities or training centres in Germany. Beacon projects can be
part of a corridor, along with other measures or instruments.

Source: Altenburg et al. (2008a)

The process of organizing such a German ‘whole-of-government’ strategic-
energy partnership with MENA could emerge from the following process:

• Organize a workshop with the Ministries to articulate Germany’s interest
in cooperating with the MENA region on renewable energy, and identify
what needs to be done and how to do it. Such a workshop should address
possible tensions between stakeholder interests, for example between
‘German interests’ in export promotion, foreign policy or strengthening
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103 DII could act as a strategic representative for the region’s renewable energy sector.

German S&T ties to the region, and ‘public goods’ interests in mitigat-
ing climate change or building local capability, with the aim of balanc-
ing these interests and exploiting synergies to the maximum.

• Plan a fact-finding mission to identify the MENA counterparts’ areas of
strategic interest. Germany could establish a ‘committee’ of experts from
various stakeholders (e. g. industry,103 education and research and policy
think-tanks) to start consultations with Egyptian counterparts with the
aim of coming to a common understanding of the need for a strategic
approach to renewables.

• Coordinate a policy negotiation process backed by the Chancellor as a
German energy initiative.

• Systematically link various elements of cooperation (policy dialogue,
technical and financial cooperation, scholarship, staff exchange pro-
grams, etc.) to maximize synergies.

To implement this process, a jointly funded (by German Federal Ministries)
Centre of Excellence for Green Transformation would further enhance the
strategic character of the German–MENA energy partnership. Preferably,
such a centre would be a physical entity, but it could also act as a virtual
platform for coordination and action where regional initiatives could be
spearheaded. This Centre of Excellence should be a beacon project (see
Box 5–3) for German international cooperation in the field of renewable
energy, and serve as a clearing-house and ‘one-stop shop’ for related initia-
tives, such as the Danish–Chinese Energy Partnership (see Box 5–4) and
the National Platform for Electric Mobility (see Box 5–2). 

The centre could provide a focal point for joint learning in policy making and
technology know-how, project development and management. Instruments
such as DAAD scholarship programmes, secondment of experts (CIM, GIZ),
collaborative research (the EU Framework Paper 8 and German research
foundations) or institutional twinning programmes could be employed to
reinforce the centre as a knowledge hub. In addition to the centre, regional
networks such as the Pan Arab University Research and Education Network
(PAN), MSP and RCREEE should be supported, and an assessment should be
made about how to better integrate these initiatives into international plat-
forms for supporting developments in the field of renewable energy, such as
the International Renewable Energy Agency (IRENA).
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Box 5–4: Danish–Chinese partnership in the area of energy research and
development

In 2012, following years of extensive collaboration with China in the field of
wind energy, the Danish Energy Agency launched a cooperation agreement with
the China National Renewable Energy Centre that intends to help convert the
Chinese energy supply to a climate friendly, ‘low carbon’ energy system. The two
countries will cooperate on the development, distribution and use of renewable
energy sources. The cooperation will increase the exchange of experiences and
also pave the way for the increased application of Danish solutions in China. The
Danish Energy Agency will assist the centre with Danish expertise on technol-
ogy and the administration of development programs and advanced energy sys-
tems.

Over the last two years, two Chinese wind turbine manufacturers have started
R&D activities in Denmark. The cooperation agreement might result in more
Chinese companies pursuing this strategy. The Danish Ministry for Climate,
Energy and Building already has a number of cooperation agreements with Chi-
nese authorities and partners that cover the integration of renewable energy into
the power grid, groundwater mapping and geological surveys, meteorological
research, including the mapping of wind resources and climate changes and
CDM (Clean Development Model) projects.

Source: Danish Energy Agency at http://www.ens.dk/en-
us/info/news/news_archives/2012/sider/20120224_denmarkandchi-
naintensifycooperationonre.aspx (accessed on 6 March 2012).

There are several options for creating such a Centre of Excellence, which
should be further explored with respect to the institutional set-up:

• The centre could be linked to local initiatives such as Egypt’s Zewail City
for Science and Technology that is planned as the nucleus of research
centres affiliated with the Ministry of Science and Higher Education, or
other regional initiatives.

• Another channel could be the DESERTEC Foundation’s initiative to cre-
ate a research institute or platform for collaboration, between Ger-
many/Europe and the MENA countries that would focus on inte-grating
socioeconomic and technical aspects to assist the development of renew-
ables and EU–MENA energy integration. An alternative approach, which
we believe should be given serious consideration, is bilateral cooperation
based on the model of Danish–Chinese partnership in the area of energy
research and development, with specific emphasis on capacity building
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and technology transfer (see Box 5-4). To this end, the study by the
Nordic Institute of Asian Studies is useful for showing how to structure
such a collaboration and the benefits for both Denmark and China of
such a partnership (Delman / Chen 2008). Different levels of coopera-
tion/collaboration, ranging from small- to large-scale cooperation could
be envisioned, that could be developed through a more sequential or cas-
cading approach, as in the Nordic–China collaboration.
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