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ABSTRACT

The rapid growth of the world population leading to the ever-increasing energy demand and
quicker depletion of the limited fossil fuel resources as well as the environmentally damaging
effects, impels humanity to find new options of renewable energy sources. Solar power is one
the most promising sources in the field of heat and electricity generation, especially in the
sunny Middle East and North Africa (MENA) territories. This paper explores the existing
renewable energy projects in selected MENA countries (i.e. Dijbouti, Morocco, Sudan, the
UAE, Egypt, Saudi Arabia, Tunisia and Libya), as well as aims to analyse diverse policies and
legislative frameworks that are being implemented regarding solar thermal heating in selected
MENA countries, with a focus on two neighboring countries: Tunisia and Libya. The core
objective of this paper is to arrive at suggestions regarding the future of solar thermal energy
deployment in the Libya. Through extensive literature research, this paper proves that the
MENA region has an excellent potential for the implementation of solar thermal projects due
to its high solar irradiation, high amount of clear sunny days and vast uninhabited areas.
However, on an example of Tunisia and Libya, findings suggest that the main challenge of
efficient introduction of renewable energy is the existence of very significant fossil fuel
subsidies and lack of transparent and consistent renewable energy policies. Based on the
successful example of Tunisian solar water heating program PROSOL, it is suggested that
Libya needs to address its renewable energy strategies in a more consistent way by developing
legislative and financial frameworks, as well as increasing public and private awareness. Thus
the Government of Libya must begin with gradual reduction of existing fuel subsidies and aim
at liberation of the energy market to make entry for the private sector possible. Moreover, these
measures are particularly essential for Libya as the fossil fuels net-exporting country to remain

its strong position as global energy exporter.
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1. Introduction

Energy has always played a very important role in our lives. Today, the global
energy sector is undergoing a significant structural change due to the excessive use of
natural resources, energy crises, growing impact of global warming and its
consequences on environment, and in addition to the recent Covid-19 pandemic. Since
1980’s many global economies are seeking to develop and implement a sustainable
approach towards reducing non-renewable energy consumption without affecting their
comfortable way of living. However, the process of transition has only accelerated in
the last decade as world population started to grow at high speeds and so did the energy

consumption.

The Middle East and North Africa (MENA) region is blessed both with
renewable and fossil-fuel resources. Several MENA countries are active world-
exporters of oil and natural gas. Being rich in fossil fuels and gas resources poses the
main obstacle to the transition to using the renewable energy sources. Indeed, oil and
gas are vigorously subsidized both in net-exporting and net-importing MENA
countries, making the oil prices so low that renewable sources are not able to become
competitive on the market. The region has vast potential of solar, wind and geothermal
energy. It is home to one of the highest amount sunshine hours in the world, has enough
wind power on the Mediterranean coast and massive deserted land area, which can
accommodate large scale solar energy plants. Therefore, the renewable energy could
bring manifold benefits in terms of social, economic and environmental aspects. Some
of these benefits include reducing CO2 emissions and air pollutions, efficient trade
channels, diversified and sustainable energy supply, reduction of import dependencies,

creation of jobs and improving overall welfare (IRENA, 2020).

One of the most promising renewables in the MENA region is solar power as
MENA countries have enough solar irradiation and massive unpopulated land for the
development of PV and solar thermal energy plants. For example, solar water heaters
(SWH) represent a good and relatively cheap alternative to the conventional water
heating by electricity, propane or gas and can hence contribute to the decrease of
electricity and in turn fossil-fuel consumption. While the price for non-renewable

resources continues to increase over the past years, the solar water heating technology
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has high installation cost but on the long run it is more sustainable and stable.
Nonetheless, despite multiple proven benefits of SWH in the MENA region, most of

solar energy potential remains untapped.

1.1. Research Problem

Meeting rapidly growing oil and gas demand over the last few years, paired
with the depletion of hydrocarbon resources and instability of the energy markets, is a
real global challenge. The MENA countries are not an exclusion from this trend.
Indeed, oil and gas exporting countries are even more affected by the increased energy
demand as it leads to crucial decision either to export energy on the expense of
domestic demand or to decrease export capacity. Both alternatives forecast a

diminishing importance of the MENA region as a global energy supplier.

Several MENA countries have already started addressing this challenge by
setting renewable energy targets in line with the Paris Climate Convention, developing
strategic plans for installation of renewable technologies or building-up new and
ambitious governmental institutions responsible for implementation of energy goals.
One of the pioneers in developing solar water heating potential in the MENA is Tunisia
and its SWH program PROSOL. Tunisia realized its solar potential since the early
2000s as it faced its energy production deficit (Baccouche, 2013). In comparison, its
neighbouring country Libya, which is one of the biggest oil and gas exporters in Africa,
is still focusing on fossil-fuel resources, and hence rather develops further oil and gas

subsidy programs than renewable solar projects.

In general, the energy demand challenge is being slowly realized by the MENA
countries, yet much more is needed. Alternative energy sources, in particular
deployment of solar power on a wider scale, could solve this challenge and thereby
support MENA countries, especially those that are rich in oil and gas resources, to

maintain their great role in global energy markets.

1.2. Research Objective

Numerous MENA countries have always played an important role as energy
supplies. Today, the region is considered as one of the most important and vastly

growing areas worldwide considering the future demand for clean energy and energy
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demand for heating and cooling. This thesis hence aims to determine potentials and
obstacles of applying renewable energy in the MENA region in general and solar
power in particular. The main objective of the Master thesis is hence to explore the
potential of solar thermal heating in selected MENA countries with a particular focus
on Tunisia and Libya. With this aim, the paper will first evaluate the background of
the MENA region in general (location, climate, hydrocarbon reserves and amount of
renewable energy sources) with special emphasis on the solar thermal technologies for
generating heat and hot water. In addition, examples of existing renewable energy
projects in the MENA countries with the most ambitious renewable energy targets will
be presented in order to evaluate the existing and planned capacity of RE projects in

the MENA.

The core objective of this thesis will consist of a comparison between Tunisia
and Libya in terms of their governments’ renewable energy policies in general and
solar thermal energy strategies plans and policies in particular. The researcher aims to
conduct the comparison between those two countries due to Tunisian success in
adopting and implementing a solar water heater policy. As both countries have similar
RE resources and both suffer from comparable political challenges, the author of this
thesis believes that Libya could benefit from using Tunisian experience as a
benchmark. Hence, this research will be considering the progress made in the
neighbouring country Tunisia by using it as a benchmark and provide recommendation
as well as the steps needed to be taken for the Government of the State of Libya to
establish its National Strategy Plans and policies for both renewables in general and
more specifically solar thermal energy. The main outcome of current thesis is hence to
suggest recommendations for Libya on applying its extensive solar thermal potential

in a better way in the near future.

In order to fulfil the objectives of this Master Thesis, following two research

questions are set:

RQ1: What is the current status of renewable energy projects, in particularly of

solar thermal applications in the MENA region?

RQ2: How should Libya develop its governmental policies and strategies
towards reaching its renewable energy targets in 2030 by using Tunisia as a

benchmark?
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1.3. Methodology

In order to address the answers to the research questions of the thesis, this paper
undertakes a method of systematic review of the scientific literature and additional
secondary research sources. Literature review will be based on numerous reports,
including those of leading global renewable agencies such as International Energy
Agency (IEA) and International Renewable Energy Agency (IRENA); recent
statistical data and extensive amount of research studies in the field of renewable
energy sources in the MENA region, solar energy and solar thermal heating, solar
water heaters and renewable energy (RE) and energy efficiency (EE) policies and
strategies. For the search of peer-reviewed journals, the databases of Science Direct,

Elsevier and Wiley Online Library were searched in the period from 2017-2021.

Moreover, to arrive at the conclusions, this thesis aims to analyse national
energy policies of Tunisia and Libya, including subsidy schemes and investment plans
for renewable energy projects. Literature review is a feasible research method for the
current study as it aims to provide an overview of solar thermal potential in selected
MENA countries. Moreover, by comparing diverse strategic policies and examples
from several MENA countries, the literature review will provide a basis for developing
a conceptual map for evaluating the potential of solar thermal heating and suggesting
further steps for development. Current research body mainly focuses on one country
reviews or evaluates technical capabilities of a solar plant constructions in the MENA
region. This paper contributes to the research by providing a systematic overview of
several renewable energy projects in the MENA countries and by evaluating the solar

thermal potential in Libya and Tunisia from a political and strategical point of view.

The outcome of thesis is thus an approach towards understanding the main
obstacles for efficient deployment of solar energy in the region with one of the highest
solar irradiances in the world and consequently proposing the needed strategy for
increasing the share of renewables (particularly solar thermal) in the national energy

portfolios of Libya.

1.4. Structure of the Thesis

This thesis is structured as follows: Chapter 2 provides a background

information on the MENA region, with a particular focus on energy sector. Based on
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diverse reports, statistics and academic studies, the chapter analyses the current status
of renewable energy and fossil-free energy sources in the region. The chapter also
provides brief examples of current renewable targets, projects and capacities of 7
countries: Dijbouti, Morocco, Sudan, the UAE, Egypt, Saudi Arabia, Tunisia and
Libya. Finally, chapter 2 discusses challenges of renewable energy projects, by taking

into consideration the aspects of the MENA geographical and political landscape.

The thesis continues with the Chapter 3, which focuses on the solar thermal
energy in the MENA region. After a brief introduction in the existing solar collector
technologies and their applications, solar energy potential in the region is evaluated.
Chapter 3 also discusses the capacity and the current status of the solar thermal heating

technologies in the MENA sectors.

Chapter 4 evaluates the potential of solar thermal heating technologies in two
chosen MENA countries — Libya and Tunisia. It compares the deployment of solar
thermal heating in two countries, analysing existing national strategy plans and
policies with the aim of promoting of solar thermal system for the generation of heat

and hot water in Libya based on the Tunisia case study.

Chapter 5 summarizes and concludes the thesis, as well as provides outlook
and recommendations for the establishment of a solar thermal heating strategy and

policies in Libya.
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2. Background of the Energy Sector in the MENA Region

The MENA region is well known for its enormous resources of energy by
owning more than half of the world’s crude oil and over one third of natural gas
reserves. Although in the past fifty years the MENA region was rather a major global
energy supplier, it now rapidly becomes a growing energy consumer itself. The rise of
domestic consumption and international energy exports together with rapid
improvement of living conditions in some of the region’s oil exporting countries is
causing a notable economic concern in several domestic markets, where the price for
energy was always low before and hence widely accessible. This rises a need for
developing and implementing alternative energy sources such as renewables.
Particularly solar energy is believed to provide the best cost-effective renewable
energy solution in the MENA region — a region with very high levels of insulation and
irradiation, as well as above average hours of sun (El-Katiri, 2014). United Arab
Emirates and Saudi Arabia are already getting hold of the solar energy potential by
investing heavily into solar power plants in the recent 5 years and growing the capacity
of solar power generation plant from niche pilot project to approximately 7 gigawatts

(IRENA, 2019).

This chapter will focus on the MENA region in general and analyses its current

energy market state of play, including the renewable energy sector.

2.1 The Brief Profile of the MENA region

Historically the MENA region has been a focal route connecting Europe to
Asia and Africa through the Middle East with the Mediterranean basin. Today, the
Middle Eastern and North African (MENA) region consists of 18 countries and 2 sub-
regions - Middle East and North Africa. There is no commonly agreed consistent list
of countries included in the region, however, it normally refers to the geographical
location from Morocco in the northwest Africa to Iran in the southwest Asia and to the
south to Sudan in Africa. This thesis will use the classification of the OECD and hence
consider the following countries as part of the MENA region for comparison and data
collection purposes: Algeria, Bahrain, Djibouti, Egypt, Iran, Iraq, Jordan, Kuwait,
Lebanon, Libya, Mauritania, Morocco, Oman, Palestinian Authority, Qatar, Saudi

Arabia, Syria, Tunisia, UAE and Yemen (OECD, 2021).
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There is an important classification of the MENA countries into two main types

(Avis, 2020):

e Net energy exporters/ oil-producers: Gulf Cooperation Council
Countries (GCC), Iran, Iraq, Algeria and Libya, which possess large oil
and/or gas resources.

e Net energy importers: all other countries on the southern and eastern
coast of Mediterranean except Algeria and Libya, which have a

dependence on energy imports.

The MENA region represents approximately 6% (578 million people) of the
world's population with slightly more male (51,8 %) than female (48,1%). The region
is considered as one of the wealthiest in the world. Yet almost half of the population
(42%) lives below US$5.50 per day. Hence, the wealth distribution is scattered to the
richest countries in the region, such as UAE and Saudi Arabia (IRENA, 2020). Due to
COVID 19 pandemic, the poverty in the region is expected to grow even further to 192
million people from the current approximately 176 million citizens. While several
countries in the region have used the crisis for launching social reforms (e.g. Morocco)
and supported employees with subsidized wages, some other regions are experiencing
extreme negative economic consequences (e.g. Lebanon, Yemen, Syria). Hence,
region’s economies that have are already frequently disrupted by political conflicts are
at the highest risk of deeper crisis after the outbreak of COVID pandemic (Worldbank,
2021). The recovery from the current crisis is unlikely to happen soon as the region’s
average GDP loss is expected to reach US$227 billion by the end of 2021, whereas the
debt of MENA oil importers will contribute to 93% of GDP in 2021. The average
public debt has increased by 8 percentages and amounts to 54% in 2021 (ibid.).

In light of the above, the recent events have negatively impacted the economics
of the region leading to fall in an oil price. This especially hit hard oil exporters in the
MENA region, whose income was expected to decrease by 38% in 2020. Indeed, the
benchmark oil price before the corona crisis was valued at US$ 65 per barrel, which
then fell to US$ 20 per barrel in spring 2020. Although the oil prices slightly recover,
whereas the Gulf Cooperation Countries experience better recovery than developing
oil exporters, the pre-pandemic numbers are not soon to be expected. In order to

support faster economic recovery, MENA region not only needs higher fiscal spending
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but rather requires deep structural reforms, transparency, better governance systems

supporting productivity and job generation (ibid.).

One of the recovery possibilities may refer to employing more women in the
labor market. According to OECD calculations, some US$ 2.7 trillion could be added
to the MENA region GDP if women had the same employment opportunities as men.
At the current point only every 2 out of 10 women is working compared to 7 out of 10
men. At the same time the gender gap in education is almost closed, particularly in
tertiary level. Therefore, female economic participation is either not expected from the
society, which generally follows traditional family roles, or is associated with too
many obstacles like access to capital, which obscures women from starting a business

or getting a job among men (OECD, 2021).

Along with gender inequality, the MENA region is characterized by the
extreme income inequality both on a country and the whole region level. 64% of total
regional income in the Middle East belongs to the top 10% of earners, while the middle
class earned 30% and the bottom 50% of population received six times less than top
earners. Foremost, the income inequality appears due to enormous difference between
oil-rich and population-rich countries in the region. So, for example, there are only
about 15 percent of the whole MENA population residing in the Gulf States, which at
the same time hold almost half of total regional wealth. Moreover, the inequality within
each country is impelled by the structural reasons, existence of elite and hereditary
rulers, corruption, and uncontrolled disparity. In the Gulf and some other countries in
the region, the control of the petroleum is mostly monopolized by wealthy family
clans. This leads to the fact that oil price revenues are collected by private accounts
with less or none input to the national economies and consequent improvement of
social systems and living conditions. Indeed, the social protection system in the MENA
region cover only 30-40% of the population, whereas in Iraq and Lebanon those are

absent at all (Assouad, 2020).

Furthermore, the wealth in the region is particularly impacted by changes in
the oil prices. One of the known reactions of the oil-producers in the region to the drop
in oil prices and consequent budget deficit is to decrease subsidies on fuel, electricity
or water (e.g. in Bahrain, the UAE, Algeria, Iran). Such cuts in subsidies affect the

most vulnerable and poorest in the region even more, which leads not only to the
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increase of the extreme poverty but also to public protests and further instability in the
region (ibid.). Therefore, alternative energy sources, which will decrease the
dependence on oil and will be available also in oil-consuming and population-rich
regions in the city, could make a significant change in the region, as well as decrease

extreme poverty and escalation of political conflicts.

Finally, the MENA region is one of the most urbanized regions globally and is
expected to experience future climatic changes above the global means. Most of the
landscape in the region is dominated by desert with rivers and mountains. Due to
climatic and other reasons most people in MENA live along the coast of the
Mediterranean Sea in the major cities. In addition, the MENA region has been
classified as one of the Earth’s climate change “hot-spots” with extreme climate
conditions, which will have significant consequences for water and energy security

(Lange, 2019).

2.20verview of the energy sector in the MENA region

Over the past 50 years, the MENA region has been considered as one of the
most important sources of global economic stability and has played a vital role in the
world’s energy dynamics. The energy mix in MENA countries relies greatly on fossil
fuels for energy supply and domestic consumption. Main fossil fuels are oil (45%) and
natural gas (47%), a minor share of fuels belongs to coal (5%). As already mentioned
above, the consumption of energy is rapidly growing in the MENA region, so is the
dependence on fossil fuels. It is expected that energy demand of the region will

increase by 5% annually in the future (Menichetti et al., 2018).

Due to its geographic location, countries in the region are rich in fossil fuel
reserves and have longstanding historical policy and existing infrastructure
connections (International Energy Agency, 2019). In 2020, about 60% (810.98 billion
barrels or 128.936 km3) of the world’s undiscovered oil reserves and 45%,
(868,886 billion cubic feet or 81,237.8 km3) of world's natural gas reserves originate
from eight countries in the MENA region: Saudi Arabia, Iran, Iraq, Kuwait, UAE,
Qatar, Oman and Libya (Chen & Shot, 2020). Hence, the region is considered as a key
player in the international energy community and has greatly contributed to its

development. For example, in 2014, the region produced 16% of the world’s total
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energy production (of which 50% was exported) and it has been steadily increasing by
2.4% annually on average between 1990 and 2014. However, it is important to note
that energy demand varies depending on if the country is an energy importing or

energy exporting country (Menichetti et al., 2018).

Nonetheless, the MENA regions clearly depend on the consumption of fossil
fuel energy with still very little inclusion of alternative fuel sources. In 2015, the
consumption of fossil fuel energy contributed to 97.38% of total energy consumption
in the region, and the numbers have been continuously growing since then (Avis,
2020). As Figure 1 below shows, in the last three decades the energy supply of natural
gas and oil in the Middle East has been steadily growing, although oil supply is
experiencing slight stagnation since 2014. At the same time, the energy supply of other
sources is almost invisible in the Middle East and North African countries as well. Yet,
according to IEA (2020b), the energy supply of renewable sources has grown by 12
times since 1900 — 58 ktoe in 1990 compared to 732 ktoe in 2018.

Natural gas

Wind, solar, etc.  Biofuels and waste Hydro Coal Nuclear

I 1 [ [ [ I I I ) 1 J I I I
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2

Figure 1: Total energy supply in the Middle East from 1990 to 2018. Source: IEA, 2020b

In general, the political economy of energy in MENA region is set by three

regional factors (Avis, 2020):

1. Large supplies of conventional oil and gas resources

10

I
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2. The impact of hydrocarbon wealth on the economic development of
many MENA oil and gas producers since 1960s and 1970s

3. Very low prices or even free availability of energy in many MENA
countries, where it has been long considered to be a public good that is

provided by the governments.

Therefore, the political economy of energy in the MENA region is very volatile
and depends strongly on fluctuation of fossil fuel prices. The rising international
demand for oil since 2000s has been impacting the cost of imported oil and its
subproducts for MENA energy importing countries, which might threaten energy
security in the region. At the same time, energy exporters use their fuels insufficiently,
which is likely to lead to the strain of governmental finances. However, many net

energy exporters prioritize domestic demand over international markets (Avis, 2020).

Indeed, domestic demand has been rapidly growing in the MENA region.
While the demand for energy has been steadily increasing around the globe, in the
MENA the growth has been especially noticeable. In the region, the demand for energy
has doubled its share in global primary energy demand from 4% in 1990 to 8% in 2015.
With growth rates of 8.1% and 7.4 % accordingly, Qatar and Oman experienced the
fastest growth in energy demand. Figure 2 illustrates the major growth of primary
energy demand since 1990. As it can be seen from the Figure 2, particularly demand
for gas and somewhat for oil has been rapidly increasing, whereas other primary

energy sources have remained rather under demanded (Menichetti et al., 2018).

Mtoe
1200
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m OtherRE

800 e m  Hydro

600 Nuclear

56% -
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oil

200

Coal

0 ‘ ‘
1990 2000 2015

Figure 2: Total primary energy demand (Mtoe) by fuel in the MENA region, 1990-2015. Source:
Menichetti et. 2018
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The primary energy consumption refers to heat production, which accounted
to 50% of the global final energy consumption in 2018. Heat contributes to around
40% of global CO2 emissions, whereas in 2018 only 10% of global heat demand was
generated by renewables (excluding traditional use of biomass, which is currently the
largest heat production source). The heat is used for industrial processes (50%), for

space and water heating (46%) and to a lesser degree in agriculture (IEA, 2019).

Another major part of energy demand is attributed to electricity need (see
Figure 3). On average, the increase of the electricity demand was at around 6% per
annum during the 1990-2015, while the average global electricity demand was
growing at 2.9% per year (Menichetti et al., 2018). However, except for Saudi Arabia,
none of the MENA countries in 2019 was listed among the global top electricity
consumers, which is dominated by China (6880.1 TWh), U.S (4194.4 TWh), India
(1309.4 TWh), Russia (996.6) and Japan (954.9) (Statista, 2021). The average energy
consumption per capita in the whole MENA region equalled in 2017 to 51 Gl/year, as
well as most of countries had access to electricity (IRENA, 2020).

m GCC = South & East Mediterranean 1 Others™

Note: * Iran. Iraa. Yemen and Sudan.

Figure 3: Electricity consumption in the MENA region from 1990 to 2015. Source: Menichetti et al.,
2018 - Gulf Cooperation Council (GCC)

Furthermore, COVID crisis has had a slight impact on the power demand and
its constitution in the region. Mostly due to the increase in residential power demand
(by ca 1-2%), the commercial (by ca 1-6%) and industrial (by ca 1-2%) power demand
have slightly decreased. According to APICORP (Shatila, 2021), the total power
demand in the MENA region constituted from: residential sector (41%), industrial
sector (21%), commercial sector (20%) and agriculture, transport and network losses

(18%).
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Although COVID crises has teared the global electricity demand down by 5%
due to diverse lockdown measures (Shatila, 2021), the overall demand for energy
continues to growth. It holds true particularly for oil demands in the population-rich
and manufacture intensive regions of Asia (e.g. China, India etc.). Likewise in USA,
the need for unconventional cheap oil is still going to have implications for the MENA
region energy supplies for (possibly) next decade. Moreover, while the demands for
oil from traditional importers like USA is gradually declining, the increased need for
oil in Asia will successfully compensate it (Menichetti et al., 2018). Hence, the demand
for energy from the MENA regions will remain high, whereas it will be influenced
both by big international markets (e.g. Asia) and by growing local population in net

energy exporting and importing MENA countries.

Considering the above, the strategy of dependence on fossil fuels is
continuously instable for the MENA region and thus may lead to the shortage of
supply. Therefore, the situation highlights the need for suitable energy strategies for
the development of sustainable energy resources in the region. Along with the world’s
largest fossil fuel reserves, MENA region also holds the greatest untapped potential of
renewables in the world. The region is foremost attractive due to enormous levels of
horizontal irradiation and hence great solar energy generation potential. Moreover, the
wind speed in particular locations across the region is suitable for wind power

generation (Al Shamali, 2019).

Despite the vast potential of alternative energy sources, in particularly solar
and wind power, the MENA region is still behind in terms of renewable energy
capacity compared to other regions. At the current point only 1% of the region’s
primary energy mix is supplied by renewables. Although many net importing MENA
countries are investing into renewable energy projects, the aspiration for a bigger share
of renewables in the total energy mix is still deficient for attaining energy security
(ibid.)

The next chapter overviews the renewable energy sector in the MENA region
in details, as well as discusses its current constitution and status, identifies future

potential, and notes potential obstacles for becoming a primary energy source.
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2.3 New sources of fuels in the MENA: the renewable energy

The previous chapters have discussed that there is a vast potential of renewable
energy sources in the MENA region. Although this potential is still mostly untapped,
researchers believe that there are at least three factors why renewable energy sources
should be considered by MENA countries. El — Katiri (2014) suggests two economic
and one environmental factor that account for the region’s growing demand for

renewable energy sources as follows:

1) Growing demand for energy across MENA countries and consequent
decrease of export capacity and capability of the energy-producing
countries (as discussed in detail in the previous chapter);

2) Large dependence on oil for domestic supply and thus significant
correlation by rising oil prices since 2000s on both net energy exporting
countries and net energy importing countries;

3) Environmental concerns based on persistent use of fossil fuels as a sole

energy source.

Hence, there is both sufficient supply and demand for renewable energy
sources in the MENA region. With the expectations for continuously rise of
population, living standards and industrial development, the demand for alternatives
to fossil fuels may rise steeply in the nearest future. The following chapters describe

the supply of renewable energy sources in the MENA region.

2.3.1 The share of renewable energy in the MENA on the global renewables

market

The global renewable energy market has been growing extensively in the last
decades. Nonetheless, renewable energy still holds rather a small fraction in the global
total energy supply. Figure 4 compares the constitution of the global energy market in
1973 to 2018. As it can been seen from the figure 4, the use of oil has notably decreased
and was substituted by higher supply of natural gas, nuclear power and renewables.
However, considering biofuels, hydro and other (incl. solar, wind and similar) as
renewables, only a slight increase can be observed, namely from 12,4% in 1973 to

13,8% in 2018.
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Vorld total energy supply: 6 098 Mtoe World total energy supply: 14 282 Mtoe
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Figure 4: Global energy supply by source, in 1973 (left) and 2018 (right). Source: IEA, 2020a

Heat generated from renewable energy is expected to grow by 1/5 by 2024
(IEA, 2019). The major growth of renewables growth will be seen in heating of the
buildings, followed by industrial use. The largest share of renewable heat consumption
is attributed to China, the European Union, India and the United States. Nonetheless,
the role of renewable heat is still rather marginal, increasing by 2% only from 2019 to
2024. Therefore, the potential of renewables in heat generation remains vastly

underexploited and requires greater ambition and strongly policy support (IEA, 2019).

Along all renewable sources, solar thermal power is expected to have the
largest potential for heat generation. The deployment of solar thermal has been on a
great rise since 2005 yet has been slowed done in 2013 due to decline in China, which
dominates the global solar thermal market. Despite current declination trend, the
demand for solar thermal heat is expected to grow intensively during the next years.
In 2018, the solar thermal energy contributed by 7% (1.5 EJ) of global renewable heat
consumption, with the largest share of application in small-scale thermal systems for

domestic water heating (ibid.).

Following rapid deployment during 2005-13, solar thermal market growth has
since slowed, with a decline in new capacity additions for the fifth year in a row last
year due to shifting market dynamics in China. Despite this slowdown, solar thermal
heat consumption is expected to remain strong at an increase of almost 50% (+0.7 EJ)
over 2019-24, of which 90% will be in buildings due to the relatively low costs (ibid).
Figure 5 shows global energy share of renewables in the generation of electricity. Here,

in 2019, the share of renewables contributed to 26,1% in total and namely hydro
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sources generated 15,7%, biofuels 2,2% and solar, wind, geothermal and similar 8,2%.

Yet, the main sources were coal (36,8%) and natural gas (23,6%).

[s] 10 20 30 40 50 [=ts] 70 80 a0 100

1IEA. All Rights Reserved

- Coal = oil Natural Gas = Other Nuclear = Hydro @ Biofuels and waste

Figure 5: Fuel shares in world electricity generation, 2019. Source: IEA, 2020a

However, if current targets of many countries (e.g. 65 in 2018) to generate
100% of electricity from the renewable sources in the nearest future are taken into
account, the current global fraction of 26,1% seems rather unrealistic for reaching

those goals (REN 21, 2019).

Going further into details, Figure 6 illustrates regional consumption of energy
by the fuel type in 2018. As it is clearly seen from the graph, the fraction for renewables
in the MENA region is not only the lowest around the globe but also rarely visible at
all. Not surprisingly MENA region mainly uses oil and natural gas as energy sources
(Avis, 2020). Other than that, the region also has a small market share of coal, yet only
in Israel and Morocco; nuclear energy in Iran and minimal hydro-power energy

installations (El-Katiri, 2014).

Similar situation is observable in CIS countries, which economies also highly
rely on gas and oil resources. Asian region is remarkable for its coal consumption,
which is led by world’s two largest producers of coal China (46,6% of world total) and
India (9,7% of global total). Central and South American region has notable share of
hydro power due to Brazil capability of generating 9% of the global hydroelectricity
production (IEA, 2020a). Finally, Europe is the only region with the most fragmented
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and diverse energy consumption, as well as with at least 10% market share for

renewables.
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Figure 6: Energy consumption by fuel type and region, 2018. Source: Avis, 2020

Due to numerous historical, geographical and societal reasons, the importance
of alternative energy sources has always been a priority for national governments, as
well as for a region as whole. In Europe the aim for renewable and “green” energy is
currently being a particularly hot topic. Diverse European parliaments promote and
enforce numerous green initiatives, policies and legislation as for example the
European Green Deal, Fit for 55, zero-net emissions by 2050, and other programs that
are mostly focused on minimizing the use of fossil fuels. Many European national
policy goals set green transformation as a primary political strategy. Moreover, the
outbreak of COVID pandemic has impelled the need of faster and better
implementation of green energy projects. As green transformation has substantial
importance for the European regions, EU is actively contributing and distributing
funds among its members for supporting green initiatives. Nevertheless, the rigorous
aspiration of the European region for renewable energy sources is not purely due to
environmental considerations. Much beyond that is a wish to reduce political and
economic influence of oil and gas importers, in particularly Russia, OPEC and USA.
Hence, Europe — region with poor fossil fuel resources, has notably more incentives to
develop alternative sources of energy, which do not need to be imported. In exactly

the opposite MENA region with rich natural resources, wide-scale incentives, as well
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as region- and national-wide initiatives for developing a RE infrastructure still do not
represent priority. Nonetheless, the FEuropean slow but consistent strategi
restructuration of energy market towards higher share of renewable energy could serve

as an example or benchmark case for MENA countries.

On the global level, in 2018 the capacity of the renewable power estimated
2378 GW, among which hydropower equaled to 1132 GW. The share of global wind
power capacity followed with 590 GW (Figure 7). The total world solar PV capacity
estimated to 502 GW. The third behind wind and PV power is solar thermal heat with
a capacity of 480 GW (Weiss, 2019). Other renewable energy sources followed with
smaller shares of the global RE market: bio-power capacity (130 GW), geothermal
(13.3 GW), concentration solar thermal power (CSP) (5.5 GW), among which 0.6%
add up to the capacity of solar heating and cooling technologies (Weiss, 2019), as well

as ocean power (0.5 GW) and bioelectricity (581 TWh) (REN 21, 2019).

Global capacity in operation [GWel], [GWth] and
GWth/TWh Energy supplied [TWhel], [TWhth], 2018
1800
1600 4 heat : power = Total capacity in operation [GWth, GWel]
1400 - : m Energy supplied [TWh]
1200 :
1000 - |
1
800 I
|
600 - 1 —
= !
400 - ‘ 1 |
e 590 s
- Bl .
13 5 15 1 1
0 I, . v = I . |
Solar Thermal Heat Wind Power Photovoltaic Geothermal Power Solar Thermal Ocean Tidal Power
Power

Figure 7: Global capacity in operation and annual energy yields of renewables. Source: Weiss, 2019

The main roles on the global renewable market are being currently played by
China and USA, who are the world leading producers both in solar and wind energy
(s. Figure 8), whereas China is also the global leader in hydro energy. In the field of
hydro power, China produces more than one fifth of the world’s hydro power. In the
wind power sector, China is leading with approximately the same percentage of the
total world’s wind electricity. Moreover, China produces more than 30% of the global
solar PV energy and the vast majority of solar thermal capacity with 334.5 GW (Weiss,
2019). In comparison, United States represent a competition to China only in the field

of wind power, where it holds world’s second position with 276 TWh or 21,7% market
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share. In all sources of renewable energy none of the countries have comparable

capacities to China (IEA, 2020a).

eChina: 1232 (28,5%) eChina: 177 (31,9%) eChina: 366 (28,7%)
*Brazil: 389 (9%) oUSA: 81 (14,7%) eUSA: 276 (21,7%)
eCanada: 386 (8,9%) eJapan: 63 (11,3%) eGermany: 110 (8,6%)

Figure 8: Global top 3 producers of wind, solar and hydro energy. Source: Author based on IEA. 2020a

Note: Data based on 2018. The digits in brackets stand for the percentage of world total capacity

As mentioned before, the renewable energy sector in MENA region is currently
only a small fraction from the global RE market. Region’s current capacity equals to
28 GW, whereas 21 GW is generated by hydropower. Furthermore, among the
renewable sources of energy (excluding hydropower), MENA region had the largest
share of photovoltaic, which currently contributes to approximately 45% (see Figure
9). Another important type of renewable energy in the region was wind power with
41%. The rest of renewable energy distributed CSP (10%) and bioenergy (4%)
(Statista, 2020). The role of renewables in the energy mix (about 35 Mtoe — equivalent
to about 3% of TPES) has been insignificant in most MENA countries, particularly in
hydrocarbon exporting countries (Al-Shalabi, Cottret, & Menichetti, 2014).
Hydropower is still the primary RE source for power generation in the MENA region,
whereas the main producer of hydropower in the region is Iran with the capacity of 9,5
GW, followed by Egypt with 2,8 GW. Nonetheless, the future use of hydropower
resources is not as promising as for other RE technologies due to its rather restricted
resources in the region (Aghahosseini, Breyer, & Bogdanov, 2016). Hence, the MENA
region should rather invest into development of alternative RE, such as solar and wind

energy.
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Figure 9: Distribution of the capacity of renewable energy sources in the MENA in 2018. Source:
Statista, 2020

With regards to solar energy technologies, most of MENA countries are in and
around the sunbelt, having global horizontal irradiance (GHI) values about 1600
kWh/m2/y on the coast of the Mediterranean, 2600 kWh/m2/y in the desert and direct
normal irradiance (DNI) in a range of 1800-2800 kWh/m2/y. Therefore, the MENA
region is considered to be one of the best areas in the world for solar energy
exploitation, including both solar thermal and solar electric (PV, CSP) technologies
(Al-Shalabi et al.,, 2014). The installed capacity of solar thermal power in 2017
accounted to 6.7 GW (Weiss, 2019). As it can be seen from the Figure 10, the share
from the total capacity of the MENA solar thermal energy contributed only to 1,5%
despite the region’s highest solar irradiation in the world. The vast majority of solar
water heating installations are located in Israel (with a capacity of 2917,8 MWth and
total collector area over 4 million m2) and in Palestinian Territories (capacity of 1120
MWh on 1,6 million m2), followed by Egypt (525 MWth) and Tunisia (437,5 MWth).
Jordan adds up 367,6 MWth of solar thermal power capacity in glazed air collectors
(Vidican, et al., 2013).
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Figure 10: Share of total solar thermal capacity in operation by region (2017). Source: Weiss, 2019

Along with solar energy potential, the region is also rich in wind power,
particularly in Morocco, Egypt and Iran. GCC countries and Iraq represent less but
still promising wind power potential as well (Menichetti et al., 2018). Despite the vast
potential of solar and wind power, the exploitation of RE sources is still minimal.
Nonetheless, by 2025 the capacity of renewable energy resources in the MENA region
is expected to increase to 39 GW from the current 28 GW. More future oriented plans
claim an increase of renewables up to 98 GW. For this aim, almost US$ 1 trillion were
invested in the renewable energy sector in the last 10 years. Most prospective and also
most realistic renewable project plans are currently developed in Saudi Arabia and the
UAE, whereas the latter aims for an ambitious target of using renewable energy

sources up to 75% in their energy portfolio by 2050 (MEED, 2021).

2.3.2 Current status of renewable energy applications in selected MENA
countries

As mentioned in the previous chapter, the investments in the renewable energy
technologies have been on the rise and several countries have succeeded in
implementing RE projects. Among the southern and eastern Mediterranean countries,
Turkey (not in scope of this paper), Morocco, Egypt, Israel, Jordan and Tunisia are
currently the most active countries in the RE applications. There are several large-scale
projects under construction or under development in Morocco, including the 850 MW
wind project and development of second, third and fourth phases of Quarzazate Noor
solar park (s. below). Egypt is continuously evolving its renewable energy programme

by having more than 800 MW in place and developing the 2 GW PV within the feed-
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in tariff scheme. Jordan is also developing its RE projects, in particularly in the sector
of solar PV. The same applies for Israel, who currently has the highest amount of solar
PV in the MENA region and intensively develops CSP projects. Tunisia is going
towards development of wind and solar PV projects by announcing calls for increased
tenders since May 2018, which promise new stimulus for RE projects in the country.
Algeria is currently lagging behind its ambitions yet exploits already installed in 2016
and 2017) off-grid PV installations. Finally, Libya had to put its RE projects on hold
due to ongoing political instability (Menichetti et al., 2018).

In general, the renewable energy strategies are currently gaining momentum in
the MENA regional strategies due to many different measures for accelerating and
ensuring the implementation of renewable energy solutions. Diverse private and public
incentives and investments into the MENA region have bold aims of stretching
renewable energy capacity targets by the latest 2050 (s. Figure 11). This chapter
overviews RE projects in 6 MENA countries (Djibouti, Morocco, Sudan, UAE, Egypt,
Tunisia) with the most ambitious renewable energy goals, as well as in Saudi Arabia
and Libya. Saudi Arabia is an interesting country to analyze due to its extensive
amounts of fossil fuel resources and hence rather challenging transition to the

renewable sources of energy.

Libya as well as Tunisia represent the main scope of the current paper and their
renewable energy developments are throughout fully discussed further in chapter 4. It
is important to note that the current chapter further provides only a brief overview of
the existing RE projects in the MENA region, while the next chapter (s. Chapter 3)
describes the solar thermal power in details as solar power represents the main scope

of the current paper.
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Figure 11: Renewable energy capacity targets in the MENA as a percentage share from the total energy
supply (2020-2050). Source: Statista, 2020

Dijbouti aims for a 100% share of renewable energy capacity already by 2035.
With this ambitious plan, Djibouti aims to become the first African country, operating
fully on renewable energy. In 2020, the contract between the Africa Finance
Corporation, the Dutch development bank FMO, Climate Investor One, Great Horn
Investment Holdings SAS and Siemens Gamesa for a construction of the S9MW wind
farm was signed (Marques, 2020). Just recently, in August 2021, the first out of 17
wind turbines has been assembled. Currently, the entire electricity in Djibouti is

produced from fossil fuels. The wind farm project is intended for cutting the costs of
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electricity, achieving energy independence from oil and gas net exporters, and

reducing C02 emissions in the country (REVE, 2021).

Morocco aims for increasing the capacity of renewable power by 52% by the
year 2030. Morocco is already the leader of renewable energy in the MENA region.
The first wind farm in the northern Morocco (Koudia Al Baida) was already developed
in 2000. It has 91 turbines, which produce around 200 GWh annually, representing 1%
of the national annual electricity consumption. Moreover, Morocco is also a home to
the one of Africa’s largest windfarms, the Tarfaya in the southwestern part of the
country. The Tarfaya has 131 wind turbines able to produce 300 MW and reduce
900 000 tons of CO2 emissions per year (Zafar, 2019). In total, Morocco currently
operates 11 wind farms with a capacity of 1200 MW. Another 1100 MW are under
construction and the goal for 2030 is to develop electricity production capacity of 6000

MW by 2030 (AEP, 2019).

In addition to wind power, Morocco has a vast potential of solar power. Indeed,
the world’s largest solar complex “Noor” of CSP is located in Quarzazate. This plant
has a capacity of 580 MW, which produces 1,2 TWh output annually and is able to
serve 2 million Moroccans with clear energy source (Jezard, 2018). The CSP plant
based on parabolic trough technology will not only produce electricity but also have
the capacity for thermal energy storage, which in the first phase of the project will be

limited to three hours and 160 MW (Vidican, et al., 2013).

Sudan aims to restructure its energy portfolio to 50% share of renewables
already in ten years (by 2031). Sudan is the largest country in Africa with a population
of over 35 million people, whereas the large proportion of the population are young
and seeking employment. It is believed that development of the renewable energy
plants will not only ensure adequate energy services to all communities of the country
but also provide substantial amount of employment opportunities (Mohammed et al.,
2010). Acknowledging the vast potential for renewable energy in Sudan, the Ministry
of Electricity and Dams of Sudan intends to develop wind and solar energy projects.

Currently most of the energy in Sudan is produced from biomass (87%) and oil (12%).
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Yet biomass production threatens domestic forests and purchasing of oil in large

quantities creates serious trade imbalances (Saeed, 2020).

As in most of the MENA countries, Sudan has very high irradiation levels and
thus good potential for solar power, particularly in the northern and western parts of
the country. Indeed, Omer (2009) considers Sudan as “one of the best countries for
exploiting solar energy” (p. 9). However, current solar power projects promise quite
low capacities, i.e., 5 MW Nyala Solar Power Plant, 3 MW Al-Fashir plant, 10 MW
Khartoum plant and 2 MW Al-Geneina plant. All locations are flat, have over 2000
KWh/m2 irradiation rates and hence are suitable for PV applications (Saeed, 2020).
Sudan also has already a developed system of solar thermal energy. There are solar
water heater applications in the residential and industrial sectors, including large social
institutions, e.g. nurseries, hospitals and schools. Moreover, solar thermal heating is
used for solar dryers for peanut crops, solar stills, solar commercial bakers and solar
cooling for fruits and vegetable storage (Omer, 2009). Wind power exceeds 5 m/s in
the most regions of Sudan, except for the southern regions, which have relatively slow
winds. The first wind turbines were already built here in 1950s, when Australian
government installed 250 wind pumps in El Gezira Agricultural Scheme for water
pumping. Nonetheless, due to diverse technical difficulties these pumps are not
working anymore. Neither do 60 more recent pumps that were introduced by Energy
Research Institute and the Sudanese Agricultural Bank. The latter were not
manufactured due to the lack of financial support. On the bright side, there are three
on-going wind power projects in Sudan: 100 MW in Dongola, 180 MW in Red Sea
state and 20 MW in Nyala. Moreover, the Dongola wind farm will serve as a showcase

for future wind farms across Sudan (ibid.).

The United Arab Emirates (UAE) has plentiful reserves of oil and natural gas,
from which the Emirates have been benefiting greatly for many decades. This however
does not obstruct the UAE from aiming to achieve 42% of renewable energy in its
energy portfolio by 2050. In order to reach this goal the UAE has been investing in
and promoting renewable energy intensively for the past years. Currently, the Emirates
have the leading position in the renewable energy market in the MENA and one of the

most active positions globally. Diverse awareness raising campaigns and strong energy
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legislation policy have been encouraging private entities, households and businesses
to increased use of renewable sources. Moreover, since 2009 Abu Dhabi hosts the
International Renewable Agency (IRENA), which represents a significant milestone
for the country to host a major international organization (Abdelrahim, 2019). Apart
from IRENA, the renewable energy projects are being implemented and supported by
the Ministry of Climate Change and the Environment, which has already developed
multiple strategies such as the UAE Vision 2021, the UAE Energy Strategy 2050, the
Dubai Clean Energy Strategy 2050 and the Abu Dhabi Economic Vision.
Sustainability is also an important concept for Expo 2020 Dubai, which is going to be
powered by solar panels with a total capacity of 5.5 MW on all net-zero energy

buildings of the Expo site (Expo2020, 2021).

The UAE mostly develops solar power projects based on PV technologies. One
of the first solar projects in the UAE was the construction of the Masdar City solar PV
power plant with I0MW capacity and production of 17 564 MWh of electricity yearly.
It was the first plant, which was connected and fed into the electrical grid, which now
helps to save 15 000 tons of CO2 emissions annually. Masdar City also has other large
projects such as Shams 1 launched in 2013 with a capacity of 100 MW generated by
CSP. Another major solar project is established in Saih Al-Dahal under the name of
the Mohammed bin Rashid Al Maktoum Solar Park. The two phases of the projects
were completed in 2017 with a current capacity of 200 MW. The Park is expected to
grow to 1 GW capacity by 2030 and will be then the largest solar park in the Middle
East. The completed plant will be able to produce electricity for 30 000 homes and
decrease CO2 emissions by 469 650 tons annually. The plant with a total expected cost
of US $3.2 bn is constructed by the consortium of ACWA Power and TSK under the
contract, which is managed by the Dubai Electricity and Water Authority. It is as well
registered under the UN Framework Convention on Climate Change (UNFCCC)
(Power Technology, 2021c). Moreover, immense solar radiation in the UAE provides
a perfect source for solar thermal heating and cooling. A study by Aoul et al. (2018)
suggests that solar systems for heating and cooling make an economically viable
option to meet hot water demand in residential sector in the UAE, whereas a simple
payback analysis promises a return on investment for solar collector applications

already in 2 years.
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Aside from solar energy, the UAE has hydroelectric projects, e.g., a 250 MW
hydroelectric plant at the Hatta Dam in the Hajar Mountains. Finally, due to low wind
speeds in the area, the UAE cannot consider wind energy as a good alternative energy

source (Abdelrahim, 2019).

Egypt was one of the first countries in the MENA region, where nation-wide
policies and incentives towards renewable energy were implemented. While being rich
in oil and natural gas, Egypt also has substantial amount of sunlight and wind speeds
up to 13.8 m/s. Moreover, Egypt receives the most sunlight on its surface worldwide

(Abdelrahim, 2019).

Diverse legislative and policy frameworks for RE were mainly possible due to
the existence of the responsible Ministry of Electricity and Renewable Energy
(MOEE), which releases diverse sustainable energy strategies and implements tangible
steps towards reaching them. During the recent priority development projects, the
Integrated Sustainable Energy Strategy 2035, following renewable energy goals were
set: 20% of Egypt’s generated electricity should be supplied from renewable sources
by 2022, whereas it would be gained from 12% wind power, 5,8% hydroelectric and
2,2% solar power. By 2035 the proportion of renewable energy should reach 42%
(Abdelrahim, 2019).

One of the goals of MOEE is to promote renewable energy projects both on
private and public levels. One of the latest largest projects with a private company was
established with Siemens for developing a wind power project at Gabal El Zeit with a
capacity of 580 MW and 300 turbines, which is currently the largest wind farm in the
MENA region. However, the wind farm is a publicly owned by NREA rather than
private sector. Near the Gabal El Zeit wind farm also two additional farms are being
developed by a private consortium (Orascom Construction, Engie and Toyota Tsusho
Corporation), which will generate a capacity of total 250 MW in the Gulf of Suez and
500 MW in Ras Ghareb (ibid.).

Apart from wind power, Egypt also has numerous solar energy production
plants. One of the first utility-scale solar plants was started already in 2007 by Orascom
Construction, who received a contract from MOEE and NREA to construct and run

the Kuraymat Solar Power Field with a capacity of 150 MW of electricity. More recent
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solar development refers to the Benban Solar Park in Awsan with a total capacity of
1650MW solar energy distributed across 40 solar power plants. The Benban Solar Park
is currently the fourth largest in the world and the largest in the MENA region. In
addition, Egypt has several other solar farms across the country, whereas one of the
project is developed in cooperation with a Saudi Arabian company, in which it will
buy the electricity at extremely low tariff of $ 0,0275/ KWh. Moreover, Egypt allows
households to generate their own electricity and heat through solar panels or solar
water pumps accordingly, as well as compensates excess electricity, which in this case

flows back into the grid (ibid.).

Egypt also benefits from solar power for heating technologies. One of the best
examples for the application of solar thermal heat is El Nasr plant for pharmaceutical
chemicals near Cairo. This plant has 144 parabolic concentrating solar collectors that
together generate a net reflective area of 1900m2 and will generate 1.3t/hr solar steam

once the whole the plant is completed (Weiss, 2019).

The Egypt example may serve as a good benchmark for other countries in the
MENA region as it shows how efficient is it to find a balance between government
involvement and private actors. Moreover, it clearly highlights the need of
governmental actions and implementation strategies. Although achieving a free-
market state is very difficult, it is essential for aiming for prosperous economic

development and for encouraging sustainable energy in the MENA region.

The Kingdom of Saudi Arabia renewable energy goals are a bit less ambitious
that those of the UAE by the means that it sets only 30% renewable energy capacity
targets by 2030. Similarly to the UAE, Saudi Arabia mostly use fuel as a main source
for electrical energy due to vast resources of fossil fuels in the country. Yet, there is a
huge potential for renewable energy, in particularly wind, solar and geothermal energy.
Wind and solar power are especially considered as important sources of energy future
in Saudi Arabia. Clear strategy and governmental targets are already being
implemented by Ministry of Energy, Industry and Mineral Resources, which aims for
more than 40 GW of electricity produced from RE by 2030 (Barhoumi et al., 2020).
The average cost of renewable energy projects for 2032 targets is estimated at US$ 50
bn (Ahmed et al., 2019).
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The country has a very high solar radiation both for DSR and DNI, which
amounts to approximately 2300 KWh/m2. Moreover, weather conditions in the
country are well suited for PV and CSP plants. According to the program of King
Abdullah City for Atomic and Renewable Energy solar power is expected to have
overall power capacity at around 41 GW by 2032. The main solar power plant for
electricity production is currently the Sakaka plant with a total capacity of 300 MW in
development (Barhoumi et al., 2020). After long delays, the project was awarded to
the consortium of ACWA Power in 2018 (Menichetti et al., 2018). ACWA Power also
develops solar plant projects in Egypt (Benban), Morocco (Noor 1), Jordan (Mafraq
and Risha) and in the UAE (Shuaa Energy 1). Despite slow progress, the solar PV
plant was finally inaugurated in April 2021 and is expected to supply more than 75 000
households and decrease carbon emissions by more than 430 000 tons in a year, as
well as avoid more than 50 million barrels of diesel in total during its lifetime (Power

Technology, 2021a).

In addition, Saudi Arabia is famous for one of the world’s biggest solar thermal
plant for district heating, which was installed in Riyadh in 2011. The heating is
provided to the Princess Noura bin Abdul Rahman University. The plant has the total
collector area of 36 000 m2 and the capacity of 25.2 MWth, and it can supply hot water
and space heating to around 60 000 people on the campus, including a hospital (Weiss,
2019). The project is designed and built by Millennium Energy Industries, their
subcontractor Austrian company Greenonetec with a substantial expertise of another

Austrian company AEE Intec.

The country also has high resources for wind power, in particularly in the North
West region. Wind power plants have good potential in Alsheikh Hamid, Hali, Tabuk,
Al Madina and Mekka (Barhoumi et al., 2020). The main onshore wind park is located
in Dumat Al Jandal. With the total capacity of 400 MW generated by 99 turbines it
will become Saudi Arabia’s first utility-scale wind power source. The project is being
developed by the consortium of EDF Renewables and Masdar. The construction of the
wind farm began in September 2019, generating 800 jobs during construction and 150
jobs during the operation (Power Technology, 2021b). However, the estimated
renewable energy potential in Saudi Arabia is much more than currently being

exploited, estimated at approximately 200 GW. Through further development of
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renewables and investments into the expansion of the grid, this potential could help
Saudi Arabia to become an important role in the renewable energy market in the
MENA region. Yet, the country requires more clear national strategies and incentives

(Menichetti et al., 2018).

Tunisia similarly to Saudi Arabia aims for 30% renewable energy target by
2030. Tunisia has one of the largest solar power potential in the MENA region, as well
as significant wind potential estimated at 8 GW. Tunisia benefits from 3500 h/year of
sunlight with 350 sunny days per year. The intensity of radiation varies from 4.5
kWh/m2d in the north of the country to 7 kWh/m2d in the south. According to Souissi
(2021), southern regions of the country have better potential for the solar systems,
while northern and central parts would benefit more from wind energy. Tunisia began
demonstrating its commitment to combatting climate change and promoting renewable
energy already during the early 2000s. Diverse national energy projects in cooperation
with governmental and business partners have been launching since then. In 2015
Ministry of Energy, Mines, and Renewables announced the Renewable Energy Action
Plan 2030, which aims for 30% renewable energy capacity. In order to reach the goals
of the Action Plan Ministry of Energy, Mines, and Renewables has published the call
for projects with a total solar power capacity of 70 MW and wind power capacity of

140 MW (Mokhtari et al., 2017).

By the end of 2018, renewable energy in Tunisia has contributed to a share of
5,7% of the national energy production capacity, which was built up from 240 MW
wind, 10 MW solar and 60 MW hydro power (MESIA, 2020). Regarding solar thermal
capacity, Tunisia had the total capacity of 679.1 MWth of water collectors (Weiss,
2019). The first wind farm was built already in 2000 in the region of Sidi Daoud and
consisted at the time from 32 turbines of 10.56 MW capacity. In 2003 another 12 wind
turbines with total capacity 8,7 MW were opened (Amar, Elamouri, & Dhifaoui,
2008). The second wind park was launched in 2012 in Bizerte, which has two stations
with 94 MW and 95 MW capacity each. Another wind park under development is
located in Sidi Mansour, which will provide the 30 MW capacity (Zafar, 2020). An
additional renewable energy project is planned to be developed by French utility

company Engie and Moroccan energy company Nareva, who are building a PV power
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plant in the Gafsa governorate, 350km south of Tunis. The solar plant is expected to
produce 120 MW over a period of 20 years and will within contribute to the Tunisia’s
ambitious plans to generate a capacity of 3800 MW by 2030 from renewable sources
(Macola, 2020). Nonetheless, other solar projects in Tunisia have still very low
capacities and are mostly small-scale private installations with a maximum capacity of
30 kW (Zafar, 2020). Therefore, Tunisia has vast opportunities for further

development. Tunisia’s solar power potential will be further discussed in Chapter 4.

Libya has notable wind and solar power resources. As the country is part of the
core of this thesis, the focus will be on how it compares to its neighboring country
Tunisia and its targets for renewable energy capacity as its lower (22% by 2030) by 8
% than Tunisia. Libya is significantly larger in size and has vast land scape of
unpopulated areas, making it suitable for implementation of large-scale solar panel or
collector parks, hence, there is a great potential for solar applications, particularly for
those needing high degree of DNI. Moreover, intensive winds are promising for
development of wind farms. Libya has a coastline of approximately 2000 km, which
provides a good potential for wind energy in most of the country with average speed
of more than 7 m/s at a height of 40 meter (Maka, Salem, & Mehmood, 2021).
However, the wind energy has not been yet developed properly in Libya. Up-to-date
Libya had a pilot 25 MW project, which aimed to educate government bodies and
technical engineers about the wind power technology, which then could be transferred
to future projects (Mohamed & Masood, 2018). Although there is a number of
academic and practical studies that analyze wind power potential and suggest the most
promising locations for construction of wind parks in Libya, the real implementation

of projects is not yet foreseen.

Libya has solar irradiation amounts between 7,1 kWH/m2/day in the northern
coastal area and 8,1 kWh/m2/day in the southern region, as well as more than 3500
hours of sunlight in a year (Al-Refai, 2014). The first solar PV systems in the country
were built already in the 1970s as small remote systems for electrification in the rural
areas as communication repeaters, cathodic protection for oil pipelines and water
pumping. Currently there are 7 applications of solar PV systems in Libya. The largest
one is being constructed in the town of Kufra with a total capacity of 100 MWp. The
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plant is being constructed by Chinese company and the works have been recently
relaunched after several months of standing still due to political unrest in the country
(Maka, Salem, & Mehmood, 2021). The total capacity of the solar water heating in
2012 was rather small in Libya and equaled to 0.021 MWth with a total collector area
of 30 m2 only. Indeed, the installed capacity in Libya is the smallest across all MENA
countries yet has promising potential (Vidican, et al., 2013). As the main goal of this
thesis is to develop a strategy for solar thermal power in Libya, this thesis will discuss

solar energy applications of the country further in Chapter 4.

2.3.3 Renewable Energy Implementation Challenges in the MENA

The short overview of the available renewable technologies in several MENA
countries in the previous chapter has proved the vast potential for wind and solar
energy in the MENA region. Despite this significant potential, the speed of
development has been very slow in most countries in the region. Egypt, Tunisia,
Morocco, Jordan and the UEA are already implementing their potential of renewable

energy, yet also these countries have numerous challenges that need to be addressed.

According to Menichetti et al. (2018) the main challenges for the

implementation of renewables in the MENA region are:

e Weak grid infrastructure for electric energys;
e Regulatory barriers;

e Access to finance;

e High political risks and instability;

e Subsidies to conventional energy.

Energy subsidies

To start from the end of the list, MENA countries are known for having the
lowest energy prices in the world. Low prices for fuel, gas and electricity are possible
due to significant state subsidies, which in turn lead to higher energy consumption and
consequently to lower acceptance of renewable energy sources (Menichetti et al.,
2018). For instance, in 2017, Iran and Saudi Arabia were among the top 10 countries
with the lowest gasoline prices in the world, charging 0.30 and 0.24 USS$ per liter

respectively, while accounting for more than 61% of total fossil fuel subsidies in the
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whole MENA region (IEA, 2020b). For comparison, in 2020, the gasoline price per
liter in Norway amounted to US$ 1,71, which might partially explain the country’s
leading role towards renewables in general and electric cars, in particular (Carlier,
2021). Hence, many MENA countries lack the financial motivation for changing their

fuel policies.

Nonetheless, some MENA countries are starting to introduce fiscal reforms to
introduce gradual displacement of energy subsidies and to lessen within the burden on
the state budgets. Since 2011, several oil-importing countries (i.e. Algeria, Morocco,
Egypt, Tunisia and Jordan) have been increasing the price of gasoline and electricity
and slowly cutting energy subsidies down. Although later, yet also oil-exporting
countries (except for Iran) have also started reviewing their energy subsidy policies.
For instance, starting from 2016 the UAE and Oman have made a significant progress
in converging their fuel prices to the level of the international average. In general, the
reduction in energy subsidies in the region has amounted to approximately 51% during
the 2013-2016 period and has notably helped to reduce the burden on national
governments. Hence, charging for energy at market prices could help to control the
enormous demand in the region and make renewable energy alternatives attractive

(Menichetti et al., 2018).

Despite the aforementioned energy reforms in the number of MENA countries
and expected benefits of renewables for governments, economies and societies, many
efforts have not brought expected results. Increase in energy prices has rather brought
higher public dissatisfaction with the ruling government and protests against the
reforms. Therefore, the challenge for the efficient adaptation of subsidy reforms is to
find ways for promoting and convincing populations in energy alternatives. These
could include solar PV for water pumping, solar water heating for domestic and
industrial water heating, as well as development of public transport infrastructure and

encouraging its mass use (Menichetti et al., 2018).

Institutional and regulatory challenges

Another related challenge to the efficient development of RE in the MENA
region is the lack of dedicated policies and regulations, as well as the absence of clear

strategies, roles and responsibilities at the institutional level (IRENA, 2019). Studies
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(i.e. Poudineh et al., 2018; Vidican, 2012) on the MENA region suggest that the
MENA countries should increase the number of institutions responsible for the
implementation of renewable energy policies. Although several countries have
enforced different institutions for the deployment of renewables (e.g. NREA in Egypt,
Renewable Energy Agency at Ministry of Energy, Mines, Water and Environment in
Morocco, or Renewable Energy Organization of Iran (SUNA), the region needs
significantly more administrative and regulatory bodies to strengthen the position of
the RE within the energy mix of the region (Poudineh et al., 2018). Moreover, the
transparent cooperation between public and private sectors should be ensured.
Currently, the power sector consists from large and powerful state-owned companies,
which follow traditional business models and are very reluctant to change. Strong
market position and the absence of governmental regulations strengthen the position
in favor of fossil fuels even further. Therefore, the region needs to develop clear
legislation, adequate operational standards, regulatory frameworks and balanced
responsibilities between governmental bodies and private investors (Poudineh et al.,

2018; Abdelrahim, 2019).

Regarding the latter, existing government projects have impelled large loans
from local and foreign institutions that have to repay from the profits of installed
renewable energy farms. This strategy is risky for governments as a higher number of
private players decreases the profitability of the governmental projects and
simultaneously the likelihood of full loan repayment. The governments need to find
the right balance between shifting the RE market to private players operating on
independent power producers (IPP) model and satisfying the financial burdens of
costly renewable projects. Abdelrahim (2019) believes that the RE market could be
the most efficient if and only when the market entrance barriers for the private sector
will be low and the energy demand or supply will not be skewed. Until the MENA
governments will continue impelling legislative and regulative barriers, the RE market

in the MENA region may never fully develop.

Grid infrastructure

A further considerable challenge for the transformation to renewable energy in
the MENA region is the availability of the grid infrastructure. Current grid in the region

is weakly interconnected and has inadequate capacity and resiliency. Particularly in
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the MENA market, the transparency of regulation on grid access is especially
important as the same actor handles transmission and generation and thus such highly
integrated market requires incentives for excluding generating competitors by
controlling grid access. In order to do so, national-level regulations and grid codes can
be implemented. So far, only Algeria and Jordan are developing grid access conditions
for renewable projects, while Saudi Arabia and the UAE (Abu Dhabi) are working
towards detailed grid codes (Poudineh et al., 2018).

Further, in order to resist uptake of intermittent resources, grid connection
requires adequate capacity and resiliency. This in turn requires significant grid
investments, which are only possible under a suitable and stable regulatory system
with adequate incentives and long-term planning. Lack of strong domestic grid
infrastructure further contributes to the low penetration of renewable energy in the
MENA. Moreover, countries also need to improve their regional grid interconnections.
There are currently two large grid networks in the MENA (i.e. the GCC
Interconnection between Saudi Arabia, Qatar, Bahrain, Kuwait, Oman and the UAE
and the Seven Countries Interconnection Project between Libya, Egypt, Jordan, Syria,
Iraq, Turkey and Lebanon), and another link is planned between Saudi and Egypt.
However, the grid is rather used as a back-up alternative in case of electricity outage
and hence is in use only for small-scale projects. The growth of renewable energy in
the region could stimulate better usage of the grid and its enlargement, as well as

provide new opportunities for regional cooperation and trade (ibid.).

Climatic Challenges

Finally, despite the high potential of solar radiation, strong wind power and
vast amount of deserted areas ideally suited for the large scale solar and wind farm
installations on the MENA territories, climate conditions may be another challenge for
the development of renewable energy projects in the region. Particularly, solar energy,
as one of the main global challenges is to ensure solar plant productivity during the
night. The primary method, PV cells is able to produce energy only during the sunlight,
however off-grid systems that rely on battery storage technology and CSP method
allow generating electricity during the night. Whereas the large-scale off-grid systems
are extremely expensive, the second application is more affordable (Abdelrahim,

2019). Two main disadvantages of both PV and CPS systems with flat, evacuated or
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parabolic though collectors is the availability of vast land area, which is needed for an
installation of a large-scale plant, as well as dust deposition on the surface, which
requires regular cleaning and maintenance (ibid.). The MENA region is considered to
be the worst in the world in terms of dust deposition and soiling. Soiling refers to
organic dust (e.g. bird pollen, seeds, algae or industrial air pollution) gathered on the
surface of PV panels, CSP mirrors or other collectors, whereas the effect is notably
more visible on parabolic though systems. Therefore, regular cleaning is essential for
the success of the solar project. The cleaning requires large amounts of water, which
is already scarce in the region. Moreover, proper cleaning needs qualified plant
maintenance personnel and refers to notable additional operational costs. However,
modern technologies promise better and more cost-effective solutions based on

artificial intelligence (Azouzoute, et al., 2021).

To sum up, there are several challenges for the intensifying the development
of renewable energy in the MENA region, despite its very high potential, foremost for
solar power and secondly for wind energy. To overcome RE implementation
challenges, the region needs both domestic development and foreign investments in
this attractive yet largely undeveloped sector (Menichetti et al., 2018). In order to
encourage investments in the renewable sector, a mix of supporting tools and schemes
may be applied. Such schemes may be enforced both for commercial and residential
projects, as well as for large-scale plants, involving governments and private entities
(Abdelrahim, 2019). The supporting schemes include tendering, quota systems, long-
term power-purchase agreement (PPA) and price mechanisms, such feed-in tariffs and
feed-in premiums, levelized cost of energy, build-own-operate (BOO), IPP, net
metering and engineering, procurement and construction (EPC). The definitions of the

main schemes can be found in Appendix A.

According to Menichetti and El Gharras (2017), government tenders have been
one of the most cost-effective measures on the global scale for initiating more
renewable projects. Tendering has enabled to record low prices for CSP in Dubai and
wind energy in Morocco, notably promoting renewable energy in the whole region. In
order to encourage more active transition to the renewable energy within the MENA

and to maintain a leading position in the future energy market (fossil fuel free), MENA
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countries need to enable transformation on the following levels (Menichetti & El

Gharras, 2017):

1y
2)

3)

4)

5)
6)

Compulsory RE targets with a fixed deadline;

Development of an institutional framework with clear allocation of roles
and responsibilities in order to establish a transparent market;

Overview of the market access rules to guarantee barrier free IPP
mechanisms;

Gradual decrease of energy subsidies for technologies based on fossil fuels
and increase of governmental tenders for renewable energy providers;
Development of grid reliability and increasing its interconnections;

Access to finance and simplification of the capital raising process.
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3. Solar Thermal Energy in the MENA region

The previous chapters (s. Chapter 2) has indicated that the MENA region is
rich in solar irradiation levels and almost every country in the region utilizes solar
power to generate energy. Although there is a big difference in plant sizes, every
MENA country tries to use the vast solar resources that nature provides in this region
in order to diversify their energy sector portfolios, as well as to reach quite ambitious
renewable targets. The benefits of renewable energy are diverse — reduction of
dependence on oil and gas imports, creation of hundreds of jobs, inflow of foreign
investments, ensuring access to hot water and electricity also in the most distant areas,

as well as reduction of CO2 emissions and environmental harm.

The current chapter briefly describes current application of solar energy and
discusses the future potential of solar thermal heating in the MENA region. It also
provides examples of solar thermal power applications, initiatives, and programs in
the region. While the previous chapter (s. Chapter 2.3.2) highlighted the main
renewable energy projects in the MENA region, this chapter provides more in-depth
information of the solar thermal technologies for heat generation, solar thermal

potential and installed capacity.

3.1 Description of Solar Thermal Systems

Although the scope of this paper is a discussion about solar thermal heating in
the MENA region on a level of policy development and hence not from the technical
aspect, this subchapter will touch of the general description of the solar thermal
systems. This will help better understand the potential and possible application of solar
thermal heating in the MENA region. “The solar collector is the main part of solar
thermal system that transform solar radiant energy into heat” (Weiss, 2019, p. 32).
The solar thermal heat can be used for warming up swimming pools, preparing hot
water, space heating and for diverse industrial processes. In general, there are four

types of solar collectors (ibid.):

1. Uncovered (unglazed) collectors
2. Flat plate collectors (FPC)
3. Evacuated tubular collectors (ETC)

38



Die approbierte gedruckte Originalversion dieser Masterarbeit ist an der TU Wien Bibliothek verfligbar.

The approved original version of this thesis is available in print at TU Wien Bibliothek.

thelo

L]
lio
nowledge

b

o
i
r

M You

4. Parabolic concentrator collector (CPC)

The most common and simplest form of collectors are flat plate collectors
(Figure 12), which are frequently used for hot water preparation and space heating.
Flat plate collectors use direct and diffuse solar radiation, which is absorbed through a
transparent cover, where it converts to thermal energy. The absorbing liquid is
water/glycol mixture, with an addition of anticorrosion chemicals in the cold climates.
The main drawback of flat plate collectors is optical loss in form of reflection from
glass cover and thermal loss in form of convection air, which carries heat away from

the absorber to the glazing (Weiss, 2019).

Flat-plate collectors are inexpensive, mechanically simple, do not require
tracking of the sun and need low maintenance, which makes them efficient for small-
scale residential applications, as well as feasible for the poorer and distant MENA
regions with no access to warm water (ibid.). On the European market, FPC are the
most dominant type of collector, with the capacity of 80,7%, while on the global
market the installed capacity of FPC equaled to 24.7% only (Weiss & Spoerk - Duer,
2021).

. Selective Coating
. Absorber

Tube

. Insulation

. Rear panel

. Manifold

. Frame

©® N OO A W N =

. Transparent cover

Figure 12: Example of a basic flat-plate collector for applications up to 80°C. Source: Weiss, 2019

Although there are many different evacuated tube collectors, some technical
attributes are similar for all. First, evacuated tube collector has the glass in the form of
tube to ensure resistance to atmospheric pressure created by vacuum. Second, the
upper end of tube is connected to header pipe. Third, all collectors have a row of
parallel glass tubes and have low conduction and convention losses due to evacuation
of the space between glass cover and absorber. Evacuated tube collectors are also

popular in household application for water heating or combination systems for space

39



Die approbierte gedruckte Originalversion dieser Masterarbeit ist an der TU Wien Bibliothek verfligbar.

The approved original version of this thesis is available in print at TU Wien Bibliothek.

thek,

[]
10
ledge

know|

o
i
r

and water heating (Weiss, 2019). ETC are currently the most installed type of solar
thermal collectors globally, with a share of 68.8% (Weiss & Spoerk - Duer, 2021).

Both flat-plate and evacuated tube collectors are associated with some heat loss

and are rather feasible for small-scale applications.

In comparison a compound parabolic concentrator (CPC collector) can be used
for larger plants (Figure 13), as well as more efficient and is characterized by lower
thermal losses. In concentrated collectors, the sunlight is concentrated by parabolic
troughs or concave mirrors, which reflect sunlight on an absorber tube with transfer
fluid where the solar energy is transformed into heat. The parabolic shape of the
collector ensures that the light travelling parallel to the axis of a parabolic mirror will
be reflected to a single focal point from every place in the curve. Although, CPC
collectors have lesser degree of thermal loss and almost 0% of optical loss and can
process heat supply up to 800 degrees Celsius, they can only operate by direct radiation
and have to track the sun. Hence, CPC collectors require clear skies and periodic
cleaning, which makes them less efficient in the household applications. Yet, parabolic
trough collectors may be used for industrial processes, with up to 130 C heat
temperature, e.g. for generating steam or for driving absorption chillers (Weiss, 2019).
Moreover, due to very high levels of DNI in the MENA region, CPC collectors might

be considered as highly efficient.

Figure 13: Large parabolic trough collector system. Source: Aldali, 2012
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Another type of solar collector is linear concentrating Fresnel collector (Figure
14). This type of collector uses groups of flat tracking mirror strips to reflect direct
sunlight onto a stationary thermal receiver. Fresnel collectors have simpler
construction than CPC, low wind loads, make connections for thermal fluids simpler
through utilizing a stationary receiver and need a large ground area. Fresnel collectors
enable large-scale thermal power generation with possible capacities up to many
hundreds of MW. Smaller Fresnel applications are used for the generation of industrial
heat with diverse thermal capacities, whereas their flat form allows a rooftop

installations, which is beneficial in case of lack of space (Weiss, 2019).
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Figure 14: Linear Fresnel collector in CPS plant. Source: Aldali, 2012

Fresnel and CPC collectors can be both used for concentrated solar (CSP)
power plants, which allow converting solar irradiation both into high thermal heat and
successively into electricity (refer to Figure 15). The capacity of CSP plants can be
designed from small-scale projects of 5 MW to several hundred MW. Due to one of
the highest DNI and large unpopulated terrain areas, the MENA region has excellent
potential for the deployment of CSP plants with thermal heat and electricity generation
capacity (Moser et al., 2013). CPC collectors can handle higher temperatures than
other heaters and thus can reach temperatures up to 600°C depending on the industrial

process (as shown in Figure 15).
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Figure 15: Application of CSP for heat production. Source: Aldali, 2012

In the most basic application, solar thermal energy is used for domestic water
heating procedure, which offers a cost effective and stable option that does not depend

on energy outages. The work of the basic SWH is depicted in Figure 16.

MAIN COLD WATER INTAKE

Figure 16: The process of solar water heating system in simple domestic application. Source: De Rooij,

2020

Thermal Energy Storage (TES) System
As mentioned previously, the main focus on this paper is to shed the light on
the MENA region progress with regards to meeting their global targets with regards to

strategies and action plans, however, a brief overview on the TES system will be

descripted, as its one of the most effective for CSP systems and is mostly compatible
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for the MENA countries. The main advantage of CSP plant is the storage of thermal
energy, which enables power capacity on demand, including night hours. In addition,
the unused capacity of the steam turbines that are used for power generation can be
stored as well and used for short time compensation in case of power outages (Moser

et al., 2013). The simplified process of CPC collector is shown in Figure 17.

Solar Field

concentrating solar collector

Solar
Heat Fuel

»!

Power [, power
Block |— Heat

Figure 17: Simplified illustration of CPS with integrated storage. Source: Bauer et al., 2012

Like various energy system the excess heat energy is stored during sunny and
bright days to and released during low solar concentration is not sufficient. The three
types of thermal energy storage systems are namely (Figure 18), 1) Sensible Heat

Storage; 2) Latent Heat Storage and 3) Thermo-Chemical Heat Storage.

\ Thermal energy storage ‘

' + !
| Sensible heat [ ‘ Latent heat ‘ \ Chemical heat |
Solid Solid-solid Dissociating
- Metals Salts solids or liquids
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Concrete Solid-liquid
Water/Ice
—— Gaseous
o Sahgaes | compounds o
™ oil Salts catalytic reaction
Molten salts
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Solid/Liquid processes with
1 (Solid filler solids or liquids
material)
Water/pebbles
Oil/cast iron

Figure 18: Classification of TES concepts by physical and chemical phase. Source: Bauer et al., 2012

With regards to Sensible Heat Storage, while the energy is stored, heat energy
is stored through increasing the temperature of the storage material. In addition, heat
is separated from the material by lowering the material’s temperature to generate

electricity. The materials used in sensible heat storage are mainly concrete and
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ceramics. In addition, these materials cater for high thermal conductivity with a very
low cost and provide for a vast range of temperature for the heating process somewhere
between 200- 1200 °C. Although, solid material have a lot of benefits, liquid storage
materials such as molten salts (solar salt and HitecXL) are the two most frequently
used and dominate the industry. The salts in solid are melted 25 °C into liquids. They
are safe to use and have a stable thermal status. CSP however, uses gaseous materials
such as compressed air and/or steam, which are economic and vast range of processing
temperature, however their thermal conductivity and energy density is low when

compared to other materials like solid and liquid (Bauer et al., 2012).

POWER PLANT
: » CHARGING DISCHARGING

SOLAR RECEIVER

COLLECTOR

TES

Figure 19: The process of the latent heat of steam. Source: De Rooij, 2020

As for the Latent Heat Storage (Figure 19), heat energy is stored as the storage
material undergoes phase changing (melting, evaporating etc.) at constant temperature,
either releasing or storing the heat energy. It is a physical process without changing
the chemistry of the storage materials. This type of material is called phase change
material (PCM). Because the materials store/release during phase change, they enable
energy exchange in a narrow range of temperature and exhibit higher energy densities.
The main disadvantage of these material is the low thermal conductivity as the
transition rates between phases is slow. Some designs consist of mixing additives such
as graphite to increase the thermal conductivity, which differs depending on the
amount used. Another material is also considered highly effective such as the use of

metal mixtures however they are high in cost (Bauer et al., 2012).

Thermo-Chemical Heat Storage 1s different than the previous two thermal
energy storage systems as reversible endothermic chemical reaction uses the solar

energy. Due to the chemical reaction, the changing products store the solar energy and
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as the new products changes back into the original form, the stored solar energy is

discharged.

3.2The Potential of Solar Thermal Energy for Heat Generation in
MENA region

The solar energy sector was dominated by Germany until 2016, when China
took over with the capacity of 77,5 GW (Azouzoute et al., 2020). Current solar power
capacity in the MENA region equals to 2 GW only, with largest PV and CPC
installations in Morocco and Egypt and solar thermal project in development in Oman,
yet the estimations suggest that MENA region could produce 700 TWh/y of solar
electricity by 2050 (Mueller-Steinhagen & Trieb, 2018). Indeed, numerous studies
(cf. Ligreina & Qoaider, 2014; Trabelsi et al., 2016; Azouzoute et al., 2020) have
shown that high potential of solar radiation together with the large and deserted areas
make MENA region ideal for the installation of both large-scale solar power plants
and household-sized solar thermal appliances. Hence, along all renewable energy
technologies, solar power is the most attractive source in the MENA region

(Aghahosseini et al., 2020).

According to the World Bank, the MENA region receives approximately Y4 of
all solar energy reaching the earth. In terms of oil barrels, solar energy has a potential
to generate an equivalent of 1-2 million barrels per year (Asnani, 2019). As already
mentioned in Chapter 2.3.1 of this paper most MENA countries lie around the sunbelt
and enjoy the GHI between 1600-2600 kWh/m2 (s. Figure 20) and DNI of 1800-2800
kWh/m?2 (s. Figure 21) yearly (Al-Shalabi et al., 2014).
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Figure 20: Global Horizontal Irradiation in MENA Source: Global Solar Atlas 2.0

40°N

30N

227 3 / I| ¢
el 'f_,/”'t'ﬁ = =i { - B
Z::‘X;A $ \’em f: et B S \'

Long term average of DNI, period from 1994 (1999 in the East) to 2018
Daily totals: 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.8 72 7.6
! KWh/m'
Yearly totals: 1168 1314 1461 1607 1753 1899 2045 2191 2337 2483 2629 2775

Thiss rsaps b= sk st 1y the Wikl Bk Genup, fundbesd by SSMAP, s prepsred by Sobergis For more infurrmsstion sad lerms of use, pless via), httpyf fglobslsolaratias info.

Figure 21: Direct Normal Irradiation in MENA. Source: Global Solar Atlas 2.0

The DNI intensity is particularly crucial for the efficient solar thermal heating
and has to equal to at least 2250 kWh/m2 per year (Cuadros & Horta, 2018). As it can
be seen from the Figure 21, the vast majority of North Africa (except for the coastal
Algeria) and approximately half of the Middle East territories (especially Sinai
Peninsula) enjoy over 2000 kWh/m2 of DNI annually. Hence, these territories are very
promising for the deployment of solar heat applications, whereas also for commercial
applications such as pharmaceutical and textile sector, brick, paper, food processing
and hospital uses. Moreover, high solar irradiance allows a lower cost substitution of
fossil fuels for solar heat in industrial applications. So, for instance, in their study on
concentrated solar heat (CSH), Cuadros and Horta (2018) have suggested that CSH
could have a 5-year payback in countries with high DNI, such as Jordan, Lebanon,

Morocco, Israel, Gaza and West Bank. Authors also add that Tunisia and Egypt will
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have high degree of competitiveness as soon fossil fuel subsidies will be decreased or
removed. Besides, all MENA countries except for Egypt and Tunisia could already

decarbonize heat with solar energy at cost-effective levels.

Despite high potential of solar thermal water and air heating, the MENA
countries represented only a small fraction of the global solar thermal heating market.
During 2020, the notable growth (1,5%) of solar thermal market was observed only in
the Palestinian Territories. The leading countries for solar district heating are
Germany, Denmark and China, while for solar industrial heat applications China leads
the global market and is followed by Mexico and Germany. The sector of swimming
pool heating is led by USA, Brazil and Australia. Hybrid systems for heat and
electricity (PVT) are rapidly becoming more popular around the world as well (at
around 9% between 2018 and 2020). While France, South Korea and China lead the
market, the PVT applications are starting slowly to appear also in the less developed

countries like Ghana and Tibet (Weiss & Spoerk - Duer, 2021).

Along with the solar heat, the MENA territories have high potential for
developing of PV and CSP technologies to produce electricity. In particular, PV
technologies have seen a substantial progress in the recent year, mainly due to general
decrease of installation and maintenance costs of solar panels. Solar PV gains
popularity also as an alternative for source of electricity in the remote areas or highly
populated, where supply does not meet peak loads in form of rooftop solar PV panels.
Hence, solar PV is viewed as a mean to diversify the MENA energy mix, satisfy the
demand and ensure energy access. Most of the installed PV capacity is currently
located is in the UAE, Israel and Jordan. Other countries are contributing to the
development of PV energy by announcing solar PV tenders, as well as attracting

foreign capital for the construction of plants (REN 21, 2019).

Another increasingly important solar technology in the MENA region refers to
CSP, which, in 2018, represented 10% from the total renewable market in the region.
CSPs are often large-scale installations, which are efficient for electricity generation,
solar heating, energy storage and water desalination (Moser et al., 2013). The
deployment of CSP in the MENA still remains low, yet some MENA countries have
already recognized the potential of solar energy in the region and the advantages of

CSP plants, and are hence constructing very large solar plants, such as Noor in

47



Die approbierte gedruckte Originalversion dieser Masterarbeit ist an der TU Wien Bibliothek verfligbar.

The approved original version of this thesis is available in print at TU Wien Bibliothek.

[ 3ibliothek,
Your knowledge hub

Morocco, Al Maktoum Solar Park in the UAE or Benban Solar Park in Egypt (s.

chapter 2.3.2 for more information).

3.3 Solar Thermal Heating Installed Capacity in the MENA

By the end of 2019, the installed capacity of solar thermal power in the MENA
region accounted to 7.3 GW, which reflected only 1.5% of the total global solar
thermal capacity in operation. The highest capacities in the region are installed in
Israel, the Palestinian Territories, Jordan, Morocco, Lebanon, Egypt and Tunisia. The
aforementioned countries have only water collectors (unglazed, FPC, ETC), whereas
the FPC systems have the highest share (93%) and are followed by ETC (7%) (Weiss
& Spoerk - Duer, 2021).

Furthermore, solar thermal systems distinguish into two main systems of
operation: thermosiphon and pumped solar heating installations. On the global scale,
thermosiphon systems are slightly more used than pumped solar heating systems (57%
vs 43% accordingly). Thermosiphon solar systems are mostly efficient in warm
climates and hence are common in the MENA countries: from the total capacity of all
solar heating systems thermosiphon systems accounted to 62% in comparison to 38%

of pumped heating (ibid.).

The largest share of solar collectors worldwide is installed for large domestic
hot water applications (57% in 2019), such as in multi-family houses, tourism and the
public sector. The second largest share is held by domestic hot water systems for single
family houses, which accounts for 33% from the global solar thermal market capacity.
5.5% refer to heating systems for swimming pool and around 3% to other applications
including solar district heating, solar process heat or solar cooling. The trends are
similar in the MENA region, where 64% of all installed solar collectors are used for
large and 34% for small domestic water heating systems and remaining 2% of the
capacity is reserved for other more complicated solar heating systems (ibid.). Probably
due to hot year-round temperatures, the heating of swimming pools is not applicable

to the region.

In 2020, the MENA region had 6 large-scale heating systems with total
capacity of 3.8 MWth, which are located in Dubai, Jordan, Kuwait and the UAE. In

addition, there is also a large solar district heating application for university campus
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including hospital in Saudi Arabia with a collector area of around 40.000 m2 and
capacity of 8 MWth (ibid.).

As mentioned earlier, solar thermal energy are primarily used for large- to
small-scale hot water preparation systems. However, in the recent decade the interest
for industrial application of solar thermal heat (SHIP) has started growing, mainly due
to the increase of fossil fuel prices, as well as development and promotion of new
“green” & renewable policies for green gas emissions and energy efficiency in the
industrial sector. Industrial processes often require high amounts of heat, which makes
solar thermal application attractive for sustainable industrial deployment. Different
types of solar collectors can be chosen for the required temperature level of heat: air
collectors, FPC and ETC for temperatures below 100 degrees Celsius, while
concentrating collectors (Fresnel, parabolic troughs and Schffler dishes) for
temperatures up to 400 degrees Celsius. The main sectors for industrial applications
are mining, food and textile, yet can also be used in chemical, metal processing and

agri- and horticultural sectors (Weiss & Spoerk - Duer, 2021).

The largest SHIP plant of the world is being developed in Oman, the Miraah
plant for the production of steam for solar thermal enhanced oil recovery. Miraah is
constructed with parabolic trough collectors, has the capacity of 300 MWth and

accounts for 65% of the total installed industrial thermal capacity (ibid.).

In addition to Miraah, there were also 8 SHIP applications in operation in
Jordan with a total capacity of 1 MWth and 2 systems in Qatar. Since 2013 Morocco
also uses solar thermal heat for heating of greenhouses for flower and vegetable
cultivation. Solar heated greenhouse in Ait Melloul has the capacity of 0.71 KWth and
the collector size of 1007 m2 (ibid.).
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4. The Potential of Solar Thermal Heating in Tunisia and Libya

As discussed throughout the paper, the MENA region has vast yet mostly
untapped potential for solar power. Among other MENA countries, Tunisia and Libya
have up to 3500 hours of annual sunlight, high degree of solar irradiance and large
area of deserted land, which can be used for building powerful solar plants.
Development of solar thermal heating in both countries could be beneficial for
decreasing the usage of fossil fuels for electrical heating and air conditioning and thus
provide a solution for constantly growing electricity shortage. Moreover, solar heat
could be used in industrial applications, which would help Tunisia and Libya achieving
the power system efficiency, stability, reliability and sustainability in the long run.
Nonetheless, the deployment of solar thermal power in both countries is still in the
initial stage. This chapter analyses in details the status of renewables and particularly
solar thermal heating in Tunisia and Libya, as well as compares national strategies and
programs for developing and promoting solar thermal power. In comparison to Libya,
Tunisia has achieved notably more success in promoting solar projects to date. Hence,
Tunisia will serve as a benchmark for suggesting required financial, regulatory and

organizational steps for better promotion of solar renewable energy in Libya.

4.1 Country profiles

Libya is an oil-producing in the North Africa with the Mediterranean coast of
around 2000 km length. The Country land area is about 1 750 000 km?, with 88% of
the land being a desert. Due to this fact, most of the population is located along a
coastline in very densely populated cities (up to 300 people/km?). The total population
of the country in 2020 equaled to 6.87 million people with third of the population
located in the capital, Tripoli. Another 1,5 million are located in the second largest city
of Benghazi and 550 000 people in Misrata. The remaining cities and villages contain
less than 300 000 inhabitants. In addition, the southern regions of the country with
harsh living conditions, have less than 1 inhabitant per square kilometer (Aldali et al.,

2011).

Due to its oil and gas reserves, Libya is one of the richest countries in North
Africa as it is home to the largest oil reserves and third largest gas reserves among all

African countries. The GDP purchasing power parity in Libya reached $61.97 billion
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in 2017 (106th in the world), with a steady GDP growth observed over the past couple
of years. GDP purchasing power parity per capita is slightly lower (141st in 2017) and
increased from $6 500 in 2015 to $9 600 in 2017 (U.S. Central Intelligence Agency,
2018). Despite the country being rich in oil and gas this contributes making Libya’s
political economy and energy supply provisions, fully dependent on conventional
fossil fuels and thus is extremely sensitive to oil price shrinkages on the market, as
well to various internal political unrests. Oil sector is a major contributor to the
country’s economy making up 65% of GDP and 95% of export earnings (eia, 2015).
Hence, any political conflict may have severe consequences for the economic
development of the country and its energy sector. In January 2020, an armed conflict
led to closure of the main oil fields, with financial losses above US$ 9.0 billion
(Almaktar & Shaaban, 2021). In addition, occasional armed attacks damaged the oil
infrastructure which will take years for the reconstruction and repair. For example, in
December 2014, Libya’s largest export terminal in Es Sidra was hit by a rocket setting
in on fire, causing major damages storage tanks leading to limiting the export capacity.
Terrorist and extremist groups, like ISIL, also targeted foreign oil investments in
Libya, particularly oil fields operated by the US companies (e.g. oil production in the
eastern Sirte region operated by Total) and hence destroyed oil infrastructure and the

country’s ability to generate energy revenues (eia, 2015).

Tunisia in comparison to Libya has very limited reserves of oil and gas and
thus it is and energy importing country and energy dependent. Tunisia’s population
equals to 11,8 million (in 2020) located on the area of 163 610 km2, which makes its
density even higher than in the neighbouring country Libya. About 70% of the
residents live in cities, whereas the average rate of urbanization is 1.53% per year and
population density of 76 inhabitants per square kilometre. 2,7 million inhabitants live
in the capital Tunis and its surrounding are Grand Tunis. Similarly to Libya most of
the inhabited areas are situated along the 1148 kilometre coastline. The northern part
of the country is also the most fertile and industrialized area, while the central and

southern territories are dry and deserted (Norris, 2020).

In 2019 the GDP of Tunisia was US$ 39 billion, while GDP per capita equalled
to US$ 11 900 and was steadily on a rise. The GDP purchasing power parity per capita
in Tunisia in 2019 reached US$ 10755 (IEA, 2020a). Country’s main industries are
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petroleum, mining, tourism and textiles. Tunisia is well known as an oriental popular
and affordable beach destination. However, in particularly, tourism sector is mostly
affected by political unrest and terrorist attacks. Tunisia’s economic growth was hence
severely affected by the global financial crisis of 2008, the Arab Spring revolution in
2011 and series of terrorist attacks on touristic areas (Norris, 2020). Due to its limited
oil and gas reserves, Tunisia recognized the importance of exploring new and
innovative solutions, since the early 2000s through investing in renewable energy
sources, such as solar and wind. Moreover, Tunisia became a net importer of energy
due to the rapid growth of domestic demand, inertia of the production and instable
international oil prices. Although the energy market is still dominant by natural gas
and oil, Tunisia has made a substantial progress in deploying other energy sources,

which is not yet the case for Libya (Brini et al., 2017).

4.2 Current situation of energy

As discussed in the previous chapter, Libya has the largest oil reserves (48 363
million barrels of proven crude oil) and third largest gas reserves (1505 billion cubic
meters) among African countries. In terms of tons of oil equivalent, in 2018 proved
reserves of conventional hydrocarbons in Libya were: oil — 82.9%, gas — 17.1%.
Libya's economy is heavily dependent on hydrocarbon production. According to the
International Monetary Fund (IMF), oil and natural gas accounted for nearly 96% of
total government revenue and 98% of export revenue in 2012. Most part of the Libya’s
oil and gas is exported to the European countries, where Italy is the main recipient of
both (Almaktar & Shaaban, 2021). In addition, the gas exports have notably increased
with the opening of Greenstream gas pipeline from Libya to Italy (Aldali et al., 2011).

Along with the growing exports, the domestic demand for energy is growing
as well. The demand for electrical energy, which is among other applications heavily
used for heat production in agriculture, residential and industrial sectors, has been
increasing by more than 10% per year (Central Bank of Libya, 2020). As illustrated in
Figure 22, 97% of electrical power plants in Libya are based on fossil-fueled energy
(Aldali et al., 2011). The demand for energy is expected to double in the next 15-20

years.

52



Die approbierte gedruckte Originalversion dieser Masterarbeit ist an der TU Wien Bibliothek verfligbar.

The approved original version of this thesis is available in print at TU Wien Bibliothek.

thek,

[]
10
ledge

b

now

3
i
r ki

M You

HOil mGas HRenewables

Figure 22: Total primary energy supply in Libya in 2018. Source: IRENA, 2019

Since 2011 Libya’s oil sector has been severely affected by the country’s
internal conflicts. In 2013 and 2014, Libya experienced major swings in its oil
production, falling to 0.2 million barrels per day (bbl. /d) at the end of 2013. Oil
production had improved at the end of the year 2016, where it had reached 0.7 million
barrels per day (bbl. /d) and by the middle of 2017 it reached a million barrels per day
(bbl. /d) and in 2019 it is 1.3 million barrels per day (bbl /d) (El-Osta & Elghawi,
2020). Oil export revenues amounted to $24 B and $22 B in 2018 and 2019
respectively (Central bank of Libya, 2020). Another recent drop in oil prices happened
in March 2020, where the oil price fluctuated to 20 $/b from 60 $/b in just few days
(Almaktar & Shaaban, 2021). As for gas production in Libya, after a major drop in
2011 from 640 000 TJ to 300 000 TJ, it has been steadily growing back to values of
2010, by reaching almost 600 000 TJ in 2018 (IEA, 2020a). Figure 23 shows
production and consumption of natural gas in Libya for the period of 10 years between
2008 until 2018.
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Figure 23: Natural gas consumption and production in Libya, 2008-2018. Source: IEA, 2020
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As it is seen, the production of natural gas is significantly higher than its
consumption, which gives Libya an opportunity to export gas, as well as crude oil in
large amounts. However, if the current rate of deployment will remain, Libya’s natural
resources will be depleted within few decades. Additionally, it is projected that the
price of oil could be pushed to surpass 200 $/b by 2050, as a response to its high
demand and by this time, Libya will be in a dilemma of choosing between exporting

its natural resources or using it for domestic energy production (Sahati, 2014).

Since the beginning of the century, Tunisia’s energy situation has notably
changed by shifting from traditional net-exporting country to net-importing one. The
current energy situation of the country is constantly challenged by three main
concerns: 1) dependency on fossil fuels, 2) dependency on fuel imports and 3) fiscal
deficit and high subsidies. The transformation to net-importing country also impelled
an increasing energy deficit due to growing consumption and declining domestic

production (Doering et al., 2018).
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Figure 24: Total primary energy supply (TPES) by source in Tunisia, 1990-2018. Source: IRENA, 2021

Analogously to Libya, Tunisia energy mix is constituted from natural gas
(52.85% in 2014) and o1l (46.62% in 2014), with only 3% of renewables currently (see
Figure 24 for total energy supply). In the last 30 years, the demand for natural gas has

increased from 20% to 50% as a share of energy consumption, while the share of oil

54



Die approbierte gedruckte Originalversion dieser Masterarbeit ist an der TU Wien Bibliothek verfligbar.

The approved original version of this thesis is available in print at TU Wien Bibliothek.

[ 3ibliothek,
Your knowledge hub

fell from 80% to 40%. There are two reasons for this trend. First, the natural gas is
received through a Greenstream pipeline, which runs across Tunisia from Algeria to
Italy. Second, new gas deposits have been recently found in the southern Tunisia and

in the Kerkenna islands (Brini et al., 2017).

In 2021, the total hydrocarbons reserves were estimated at 430 million barrels
crude oil and 2.3 trillion cubic meters of natural gas. As already mentioned, Tunisia is
relatively a small hydrocarbon producer. Its oil production was estimated at 60 000
bbl/d in 2013 and gas production at 195,4 thousand cubic meters monthly in 2021.
Hence, in comparison to its neighboring countries Algeria and Libya, Tunisia’s
hydrocarbon production is poor. As domestic demand is three times higher than local

supply, Tunisia fully relies on the fossil-fuel imports (Saleh M. , 2021).

The demand for electric energy has been sharply rising as well. Namely, in
2015 the demand for electricity capacity in 2015 equaled to 5695 MW, whereas by the
end of 2021 it should already reach 7500 MW (Brini et al., 2017). The main consumers
of power are industrial (ca 73%) and domestic sectors (ca 27%) (Doering et al., 2018).
To satisty domestic demand, Tunisia mostly imports natural gas from Algeria, which
makes country even more dependent on internal and external political and market
conditions. Limited fossil-fuel reserves, exponentially growing demand, and high
dependency on the political developments in the neighboring net-exporting countries
gives a powerful incentive for Tunisia to build additional conventional power plants

and develop its vast solar and wind capacities for renewable energy.

4.3 Applications and Future Potential for Renewables and Solar

Thermal Energy

Libya has excellent potential for the development of solar and wind power
technologies, yet the country’s renewables targets are rather unambitious. As described
in Chapter 2.3.2 Libya has set a target of 22% of renewables in its energy portfolio by
2030. To date, the share of RE sources is minimal and has been used for electrification
of some rural areas, supply microwave repeater stations, provide small water heating
and pumping systems, and cathodic protection. In 2007, the Ministry of Electricity and
Renewable Energy (MERE) has established the REAoL strategic policy for the time

period 2013-2025 in order to assess and promote RE sources, primarily solar energy.
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Table 1 summarizes current RE state in Libya and potential targets set by the REAol,

as well as promising locations for renewable power plants.

As Table 1 shows, Libya considers solar PV, CSP and onshore wind, as its
main RE potential. As the core of this thesis is to focus on solar thermal technologies,
the wind potential is further omitted.

Table 1: Current and potential status of renewable energy sources in Libya (2018). Source: Almaktar &

Shaaban, 2021

Renewable energy Capacity installed MW target Potential of Proposed sites
resource (MW) (2025) technology
Solar PV 10-20 840 1.7-2.1 MWh/kWp/ Al Kufra, Sabha
yr
Solar Thermal (CSP) 0 400 2200-2950 kWh/ Al Kufra, Sirte, Sarir,
m%/yr Ubari
Onshore Wind 0 1000 300-500 W/m? Southern borders,
Darna,
Western Mountain,
Offshore Wind 0 No plan 600-700 W/m” Karsa, Al Khums
Biomass 0 No plan 2 TWh/yr Benghazi,
Tripoli
wave 0 No plan 6 kW/m (year Susa, Darna, Tobruk
average)
Geothermal 0 No plan N/A Al Jufra

Libya has excellent potential for the development of solar thermal and PV
technologies, with an average annual sun duration of more than 3000 hours. The level
of solar radiation is very high (5.7-6.3 kWh/m? day) and scattered over most of the
country. Along the country’s south-eastern borderline with Chad, between Kurfa and
Murugq district this figure reaches 7.4-8.1 kWh/m?/day (Al-Refai, 2014). Both direct
and horizontal irradiance averages are high and provide excellent source for solar

plants.

As the core of this thesis is to focus on solar thermal energy for Tunis vs Libya,
the assessment of DNI is a prerequisite. As shown in Figure 25, most of the Libyan
territories have very high scores of solar irradiances and hence provide good potential
for the development solar thermal domestic applications, as well as for large-scale
industrial installations, e.g., CSP plants for water desalination, mining and oil industry
applications or combined heating and cooling systems. According to average DNI
values, the most suitable hot spots in Libya are in the southern-eastern part of the
country, namely, Al-Kufra region with DNI of 8.07 kWh/m2/day, Sirte with 7.21
kWh/m2/day and Sarir with 7.17 kWh/m2/day (Global Solar Atlas, 2021). However,
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the national roadmap for 2025 prioritizes the highest potential in the fourth sunniest
location, Sabha (average DNI 6.83 kWh/m2/day), where an installation of 400 MW of
CSP technology is planned with a later expansion to two additional projects of 125
MW and 250 MW (Almaktar & Shaaban, 2021). In addition to the high DNI numbers,
Libya also has a desert area of 1 750 000 km2, which refers to another advantage for
building large-scale solar thermal plants. Moreover, the Libyan Desert (particularly in
the south) has great reserves of groundwater, despite being highly arid with less than
100 mm annual rainfall and consequently minimal cloud cover throughout the year.
The biggest underground basins are located in Al-Kufra, Sirt, Morzuk and Hamada
(Aldali et al., 2011). Therefore, having both highest solar irradiance and water

reserves, Al-Kufra is one of the most potential regions for developing solar power

infrastructure.
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Figure 25: Average direct normal irradiance in Libya, 1994-2018. Source: Global Solar Atlas

The exploitation of solar energy for domestic water heating has already started
in the early 1980s when a small pilot project with several SWH was initiated. In 2012,
according to the plan of the REAoL strategy, 600 systems of SWH were installed and
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another 3000 systems of 300 L with a total capacity of 310 MWth are planned for
initiation between 2013 and 2025 (Saleh 1., 2006). It is believed that SWH systems
could significantly decrease the usage of electricity for domestic water heating and air
conditioning. Namely, the study by the Center for Solar Energy Research and Studies
claims that Libya could save up to 2.55 TWh of the annual energy consumption by
replacing electrical water heaters with SWH (Abdunnabi et al., 2016).

Nonetheless, in practice, the exploitation of solar energy for water heating is
extremely limited in Libya. Despite high potential of solar thermal power, there were
no installed capacity of CPS plants in 2018 (Almaktar & Shaaban, 2021), while total
capacity of small-scale solar thermal heating systems contributed only to 0.021 MWth
in 2012 with a total FPC of 30m2 (Vidican, et al., 2013). In comparison to Libya,
Tunisia has notably more advanced RE policy and practical implementation of
strategies. The first renewable energy strategies were initiated already in the early
2000s. In order to fulfill the aim for 30% share of renewable energy in total energy
capacity by 2030, Tunisia actively searches for renewable projects with total solar PV
capacity of 870 MW, CSP capacity of 450 MW, wind power capacity of 1755 MW
and biomass of 100 MW (Doering et al., 2018). The roadmap for increasing RE share
until 2030 is depicted in Figure 26.

On average Tunisia has more than 3600 hours of sunshine per year. The DNI
ranges from 4.2 kWh/m2/day along the coastal line of the country to over 6
kWh/m?/day in the southern-eastern territories. The average DNI per year is at 2000
kWh/m?/day. As shown in Figure 27, the highest DNI values are in the southern part
of the country, especially in the region of Tataouine with up to 6.2 kWh/m*/day
(Souissi, 2021). Furthermore, highly dense cities along the Mediterranean coast
provide a good base for developing domestic SWH systems, while southern regions of
the country with vast area of uninhabited desert are excellent for large-scale CSP and

other industrial plants.
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Figure 26: The roadmap for renewable energy in Tunisia until 2030. Source: Doering et al., 2018

Hence, Tunisia has solar irradiation levels that are sufficient for the efficient
development of solar energy technologies, in particular the market for SWH. Indeed,
the country has long seen the SWH technology as a good alternative to the traditional
fossil-fuel based heating technologies such as electricity, LPG and natural gas.
Although the first renewable strategies were launched in the early 2000s, the
foundations of solar thermal market in Tunisia were initiated already in the 1980s.
Thus, in comparison to many neighboring MENA countries, Tunisia has a solid basis
and is steadily increasing its effort towards energy efficiency way before Zero
emissions becoming a crucial environmental topic. Nonetheless, the initial projects
were slow to develop before the introduction of the support programme PROSOL
Residential in 2005. The programme focused on the development of small-scale
thermal systems for domestic use with a collector area of 2 to 5 m? for each installation
on residential rooftop. The programme proved to be a success: in just three years the
installed capacity increased from 20 000m? to 80 000m?, reaching a cumulated
collector area of 500 000m? by the end of 2013 (Knaack et al., 2016). In terms of
cumulative energy savings, the first phase of PROSOL programme helped save up to
770 ktoe. This encouraged an additional four-year program for energy conservation in
the period of 2008-2011 with the aim to increase the share of renewables in primary
energy consumption to 4% in 2011 (Brini et al., 2017). In 2011, the total area of solar

water heating collectors was around 740 000 m? (Hazami et al., 2013).
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Figure 27: Average DNI in Tunisia, 1994-2018. Source: Global Solar Atlas

The majority of SWH (75%) in Tunisia are the conventional forced circulation
type or the thermosiphon type based flat plate collectors and water storage tanks. More
recently, new SWH based on evacuated tube collector were introduced in the market.
Those ETC systems are able to produce water with higher temperature (Hazami et al.,
2013). In 2018, the total solar thermal heating capacity equaled to 679.1 MWth of
water collectors (Weiss, 2019). The main consumers of hot water in Tunisia is the
residential sector with average consumption of 108 000 m*day, followed by hotel
sector with 1140 m’/day, health institutions with 478 m®day and educational
institutions with 220 m*/day (Hazami et al., 2013).

Due to success of PROSOL programme in the residential sector, Tunisia is now
developing similar initiatives for industrial application of solar power. Industries with

the highest potential for solar heat integration are the food, chemical, textile and brick
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production sectors. Processes like washing, cleaning and drying (including drying of
bricks) require relatively low temperatures, 50°C-200°C, and thus solar thermal heat
is technically capable for exploitation (Doering et al., 2018). Industry processes, which
require higher temperatures are harder to consider as the efficiency of solar thermal
systems is low above 250°C, yet CSP plants may provide a good alternative for
generating heat at high temperatures. Nonetheless, the technical requirements and

financial need for CSP plants are much more demanding.

In total, Tunisia is quite advanced in managing decentralized energy
installations. With over 40 years of experience in promoting RE for electricity and heat
generation, Tunisia has managed to build up technical and administrative experiences
for the successful energy transition strategy, which might be taken as an example for

to its neighboring country, Libya (Doering et al., 2018).

4.4 Comparison of Governmental Policies, Mechanisms and Programs

Previous subchapters have shown that Tunisia and Libya both have an
enormous potential for exploiting solar power as a main energy source and very
promising and sustainable alternative for fossil-fuels. Despite excellent solar
irradiance, both countries have rather poor RE climate policy portfolio. Moreover, the
speed of RE development and the degree of governmental support in both countries
differ. While Tunisia has been promoting sustainable energy since several decades and
has established at least several efficient RE strategies (e.g. PROSOL residential),
Libya is affiliated with only one successful general strategy, i.e. REAoL for all types
of renewables. According to Doering et al. (2018), there are several support options

for promoting solar thermal technologies:

- financial incentives that increase the conceived profitability of a solar thermal
heating;

- regulatory instruments that create a positive framework for the use of
renewable energy;

- flanking measures for increasing awareness and guarantee the smooth and

effective integration of RE technologies.

Comparing the support options for Tunisia and Libya, it may be seen that both

countries have weak renewable energy policy coverage. As shown in Figure 28,
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Tunisia has more existing strategies for RE in general, for sustainable electricity and
heat generation and for emission free buildings. This is not the case for Libya as the

RE policies have not yet found importance in the government strategies.
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Figure 28: Climate policy coverage in Tunisia (above) and Libya (below). Source: Climate Policy

Database

Table 2 summarizes the existing renewable energy policies and governmental

strategies in Tunisia and Libya, in place to-date (September 2021).

There is only one working strategy in Libya, the already mentioned the REAoL
programme. The REAoL programme was initiated in 2012 with the goal to increase
the share of renewables in country’s energy portfolio up to 6% and 150 MW SWH by
2015, up to 10% and 300 MW SWH by 2020, 15% and 600 MW of SWH by 2025 and
30% by 2030. In the initiation phase of the REAoL, 600 SWH systems were installed.
More recent developments include wind power for electricity generation (e.g. 50 MW
power plant in the municipality of Bani Wald) and CSP plants along with solar thermal

capacity.

The project in Bani Walid Municipality is supported and promoted by its
mayor, which specifically highlights that “the project is not aimed at commercial
profit, but rather to localize technology, support the public electricity network, reduce
the hours of power cuts, and provide electric power to the region and the electricity
network in general” (Zaptia, 2021, n.p.a). Hence, it may be derived from the wording
that RE projects may be perceived by local community as commercial interest or
individual profit of the ruling party. As an outcome, consumers do not possess a
positive framework for the use of renewables in general and solar thermal heat in

particular.
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Table 2: Main policies for renewable energy in Libya and Tunisia. Source: Based on Climate Policy

Database (2020)
COUNTRY | POLICY POLICY NAME MAIN OBJECTIVES
OPTION
LIBYA Renewable Law No. 426 Meeting governmental target of a
target for establishing the 10% share of the total energy mix
primary REAoL 2007 of RE sources by 2020, 25% by
energy 2025 and 30% by 2030
TUNISIA
GHG Intended Nationally  Decreased carbon emission by 41%
reduction Determined in 2030 relative to year 2010
target Contribution INDC
(2015)
Support for Law 2004-72 on To promote RE for electricity
low-emission  Energy Efficiency: generation, public lighting use,
and negative =~ Renewable Energy water pumping and desalination by
emissions Provisions allowing RE deploying companies
RD&D to sell electricity to public utility
STEG and feed it into national grid
Support for - Decree 2009/362  Promotion of increased used of RE
highly on RE by providing premium, refunds for
efficient - Law 2005-82 on RE projects, exemptions from VAT
power plant EE Fund (FNME) and reduced import duties
stock - Tax exemptions
for the import of
RE and EE
equipment
materials
Support Same as above + Promoting usage of solar water
schemes for - Law No. 2009-7 heaters from cerFified suppliers.
renewables . instead of electric WH by offering
on EE: RE L . .
. subsidies for each installation and
Provisions . Lo
credits payable within 5 years and
- PROSOL through bill STEG
Residentiel: & payments to
Incentives for
Solar Water
Heaters
Support - PROSOL Grants and subsidies for SWH
scheme for Residentiel installations in hotels, public baths,
hot water and - PROSOL Tertiary: clinics, sport center, restaurants and

cooking

Incentives for

Commericial Solar

Water Heaters

universities.

Note: there are no support schemes for solar heating and cooling in both countries.
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Another solar project of REAoL considers development of CSP plant in Libya.
As discussed in the previous chapter, Libya has excellent solar irradiation and hence
CSP is a feasible option. REAoL in cooperation with GECOL, CSES and Ministry of
Planning & Finance of Libya, Spanish Abengoa Solar Company, and energy savings
performance contractors, property owners, environmental groups and local
government a CSP solar plant with a capacity of 100 MW is being planned in Tripoli
by the year with the main goal to enable energy exports to Europe (Mohamed &
Masood, 2018). The project received a positive response from the society, solar
installation companies and governing agencies. This is one of the first large-scale solar
projects in Libya, which is going to be supported by developed systems of tariffs and
subsidies. 50% of funding is expected to come from traditional financing sources and
the rest through soft loans, grants and other support schemes, also by grants or third-
party financing agreements. Nonetheless, the potential drawback of the project is that
it will not cover its initial costs and thus is seen as a risky and unpromising investment

opportunity (Balfour & Shaw, 2011).

Moreover, one of the major obstacles for increasing solar water heating
capacity in Libya is its unattractiveness in terms of price. In general, the installation of
SWH costs more than of EWH, yet in the long-run SWH are more efficient, reliable
and promise money savings (Almaktar et al., 2020). Therefore, Libya should raise the
awareness of society and energy providers by promoting the long-run benefits of solar
water heating. For instance, through climate policies, and setting of renewable goals
of current government. Moreover, subsidies for SWH could provide further financial
incentive contributing to the higher willingness towards solar thermal technologies in

residential sector.

While the future of renewables in Libya is still very blurred and lacking
consequent RE energy roadmap to meet its RE targets by 2030, Tunisia has made a
significant progress towards increasing the deployment of solar water heaters and other
renewable projects. Foremost, Tunisia has signed and ratified the 2015 Paris
agreement. For the goal of meeting its 2030 targets, the country has passed the Law
No. 12 of 11 May 2015, which aims at liberalizing the power sector in order to allow
and attract foreign investments to the country (Doering et al., 2018). On the contrary,

Libya is one of few countries that has not signed the Paris Climate Agreement yet.
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However, in June 2021 Prime Minister Abdul Hamid Dbeibeh announced that
agreement will be soon signed and is currently sent to the parliament for approval

(Aksoy, 2021).

Furthermore, Tunisia conducted numerous reforms, including a Strategic
Development Plan (SDP) for the period of 2016-2020 with the goal to increase
economic activity and investment into renewable energy sources, whereas solar
thermal heat is seen as one of the most prominent technologies for innovating energy
market mix. Under the SDP program government promises a new social contract,

which ensures government’s inclination to provide inclusion and equal opportunity.

One of the major programs in scope of the SDP is the PROSOL (Doering et
al., 2018). PROSOL is the main program for development of solar water heaters. In
has been quite successful in residential sector and within initiated continuation of
projects for tertiary and industrial sectors. PROSOL program was created in order to
boost the solar water heating market through innovative regulatory mechanism by
combining investment subsidies and refunds with the loans from the banking sector
(Hazami et al., 2013). Similarly as in case of Libya and any other country, SWH
technologies in Tunisia are also associated with large initial investment and the high
payback time. These barriers were eliminated by governmental grants for each
purchase of SWH through the National Fund for Energy Conservation (FNME) and
soft credits for the duration of five years with paybacks through the electricity bill of
the STEG. At the institutional level, the PROSOL successfully involved participation
of different players and efficiently divided responsibility among them. The National
Agency for Energy Conservation (ANME) bears the responsibility for program
implementation and acts as a main coordinator between different parties of the
program. The STEG ensures the recovery of loans from the bank through including
them in the electricity bill. Banks offer loans to consumers and transfers money
directly to suppliers of SWH, which then will be recovered through STEG. Technical
installers (e.g. The Tunisian Agency for Vocational Training) and controlling
laboratories (e.g. TUNAC laboratory) ensure that SWH is installed and function
properly (Baccouche, 2013). Figure 29 depicts the simplifies process of the PROSOL

program for domestics solar water heaters.
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The Tunisian energy market has undergone major recovery with PROSOL and
has managed to attract new industrial operators and installer. In line with PROSOL
system, a 740 000 m> water heater park was installed in 2011, further development
included 1 500 000 m? in 2020 and 2 500 000 m?> by 2030 of solar water heaters
(Hazami et al., 2013).
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Figure 29: The solar thermal system in residential sector of Tunisia. Source: Baccouche, 2013

The PROSOL residential was so successful that Tunisia has decided to expand
the program to PROSOL tertiary (solar thermal energy for hotels, hammams and
university dormitories) and PROSOL industrial. The objective of the program in the
tertiary sector was to install 30 000 m? of solar water heaters in the period of 2010 —
2016 and a total capacity of 200 000 m?> by 2030. The already installed SWH
technologies refer mostly to FPC’s on the roofs of hotels along the Mediterranean
coast. The financial mechanism for the teriary sector are similar to residential and thus
offer diverse subsidies for installation expenses, the capital cost, maintenance and
lower interest rates for hotel projects. Moreover, an extra subsidy of 25% is funded by

Italia through the UNEP (Baccouche, 2013).
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The industrial deployment of solar heating is currently in the pilot phase. The
first industrial installation of a capacity of 955m? was brought to life in 2013 in the

textile sector (ibid.).

The success of the PROSOL program is referred to three basic strategies
(Baccouche, 2013):

1) Establishment of a regulatory and incentive framework for the
development of renewable energy including solar energy;

2) Establishment of an investment code encouraging direct and indirect
benefits of renewable energy;

3) Creation of FNME to ensure stable resources for financing of the public
sector, for encouraging the local SWH industry to invest in new projects

and to promote further expansions in the regional market.

Tunisia has hence managed to fulfill all three support schemes as defined by
(Doering et al., 2018) that lead to a success of the solar thermal projects, namely
proposed adequate financial programs, created and constantly improving its regulatory
framework for RE and increases public awareness by attractive financial programs for
SWH installations. Although, Tunisia is still in the beginning of its journey towards
wide distribution and usage of solar water heaters and other solar technologies, it has

managed to lay a solid base for future development.

To sum up, the analysis of RE policies in Tunisia and Libya has proved that
the latter country is significantly less developed in terms of deployment of solar
thermal energy. It may be speculated that Tunisia as a net-importing country has more
incentives for investing resources into renewable energy than an oil-rich Libya, yet in
a longer-term Libya will be facing same challenges as Tunisia is starting to encounter
now. Namely, exponentially growing demand for thermal and electric energy, eventual
depletion of fossil-fuel resources, growing prices for oil and gas extraction and
production, increasing pressure from international organizations and governments to
switch to sustainable energy sources, politically dependent power sector monopolies
and many other challenges. Therefore, in order to ensure a sustainable future of energy
in Libya, the country should initiate notably more renewable projects, strategies and
regulations, attract foreign capital and provide comprehensive financial support

schemes for renewable technologies. Taking into account a vast potential of solar
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energy, Libya should foremost invest in solar thermal energy. Table 3 concludes the
chapter with a list of suggested strategies for Libya, which were elaborated as a result
of analysis in scope of this thesis. The author of this paper suggests that Libya should
apply the suggested strategies in order to increase the share of solar water heaters in

its energy portfolio.
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Table 3: Framework for increasing the share of RE and SWH in Libya. Source: Author

Mechanism

Suggested strategies

Financial
incentives

Regulatory
instruments

Awareness

Subsidies for installation of SWH in domestic usage

Grants for local RE developers

Feed-in-tariffs for foreign investors to ensure project stability
(enabling contracts that would remain in force even if political
party will change, which is quite likely in Libya)

Soft loans for SWH in residential usage, in particular for small
district heating and touristic hospitality areas

Gradual decrease of oil subsidies

Eliminating market barriers for foreign investors

Initiating programs for fight with corruption (Libya is the 7™ most
corrupted country in the world)

Participate in the international climate agreements (e.g. Paris
Climate Agreement)

Become a member of international climate organization

Clear communication of climate change initiatives

Call for more research projects on solar thermal heating
applications in the region and on solar irradiation levels in the
long-term as renewable projects are just initiating in Libya
Carry out techno-economic and optimization analysis of solar
thermal energy in the perspective of Libyan environment
Attracting foreign RE developers to share their know-how and
experience in more developed countries in regards to RE
technologies

Educating about RE in schools, universities and local
municipalities

Making local energy organizations and industries familiar with the
existence of renewable source and eliminating myths that solar
energy is inefficient
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5. Conclusions

The growing energy demand, increasing energy bills, rising probability of
depletion of fossil-fuel resources and environmental concerns that are pressing and
forcing many governments around the globe to set ambitious renewable energy targets,
many of which with a deadline in 2030. Solar thermal power is one of the most
promising technologies in the field of heating and cooling applications, both in
domestic and industrial settings. The Concentrated Solar Power presents an additional
opportunity in the field of electricity generation. The amount of solar irradiance and
vast deserted landscapes of the MENA region provide excellent sources for solar
thermal heating in residential sector in densely populated cities, as well as for large-
scale industrial applications in almost inhabited areas in the depth of deserts.
Nonetheless, the current deployment of the solar energy is rather limited in the most

MENA countries.

This paper presents an investigation of the solar thermal heating potential in
the MENA region, with a particular focus on two neighbouring countries Tunisia and
Libya. Through compiling data from past literature, international reports, conference
proceedings, statistical analysis and governmental regulations covering renewable
energy policies, solar thermal energy, constitution of energy markets in the MENA
countries, existing renewable projects and potential future capacities, this paper
analysed the status of renewables and arrived at recommendations regarding the future
of the solar thermal technologies in the MENA region in general with a special focus
on Libya. Moreover, the paper provided a throughout comparison of governmental

policies covering solar thermal heating in Tunisia and Libya.

To arrive at the conclusions and within to answer the first research questions,
the paper first evaluated the existing potential and current projects for solar thermal
heating applications in selected countries of the MENA region. Due to its location in
the Sunbelt of Earth, the overall MENA region has excellent solar potential, depicted
in 3000h of average sunlight and high DNI and GHI irradiation levels. Unfortunately,
the potential of renewables in heat generation remains vastly underexploited.
Renewables could be a great alternative to meet many of energy challenges that are

already or will be soon facing MENA energy systems. Hence, renewable strategy
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requires greater ambition, institutional and regulatory systems, as well as better

orientation towards business-oriented models.

Several MENA countries have already begun implementing renewable projects
and within aiming towards sustainable energy. Most of the solar thermal projects are
implemented in residential and hospitality sector, where they aim to reduce
consumption of electricity by replacing conventional electric systems with renewable
solar applications. Among the countries, which are already implementing solar thermal
projects are: Egypt that represents one of the best examples in the MENA region for
(concentrated) solar thermal power applications. Morocco is building one of the
world’s biggest CSP plants with solar thermal storage facility and persisting ability of
power generation. Saudi Arabia has managed to implement a large-scale solar thermal
heating project for district heating. Oman is investing into replacing a share of energy
source with renewables in its industrial plant in Miraah. Tunisia has developed a
successful support scheme providing subsidies to those, who are changing their electric
water heaters to solar heating technologies. Hence, solar thermal energy is not a
throughout novelty in several MENA countries, yet the speed of implementation needs
to accelerate significantly if MENA countries want to maintain the leadership as

energy providers, also then fossil-fuels will be replaced by new natural sources.

In order to become more efficient in the implementation of RE technologies,
MENA countries need to develop a new political energy framework, which would also
aim at finding a balance between government and private actors, including foreign
investors. Although liberating energy markets is particularly difficult in the MENA, it
is essential for aiming for prosperous economic development and for encouraging
sustainable energy in the region. On a positive side, the investments into RE
technologies are notably growing, yet the process of energy transformation is still at

its initial phase in all MENA countries that were analyzed in this paper.

The second part of the paper provided an answer to the second research
question by analyzing and comparing governmental policies, strategies and
mechanisms for solar thermal heating applications that are currently in force in Tunisia
and Libya. While Tunisia has been supporting solar thermal heating industry with
numerous regulations, law and has signed the Paris Climate Agreement, Libya is

significantly lagging behind with only one available policy by year 2021. Both
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countries have same two main challenges for more efficient and faster development of

solar thermal heating:

1) the high cost of initial installation of solar thermal technologies and hence
their unattractiveness;

2) conventional energy subsidies and thus uncompetitive energy markets.

Yet, Tunisia initial market situation differs from Libyan with regards to fossil-
fuel reserves. Being predominantly an oil producing nation, Libya has many policies
and regulations for supporting carbon fuel trade. Unfortunately and similarly to other
net-exporting countries in the MENA region, extensive carbon subsidy schemes works
against the development and deployment of the renewable energy sector. The powerful
system of fossil-fuel subsidies allows low prices for oil and simultaneously makes the
market penetration of the alternative sources of energy hard. Having high cost of
production and initial development, renewable technologies are perceived as
expensive and consequently cannot beat the oil market price. Tunisia as a net-
importing country might be more eager to search for energy alternatives, enabling
them to decrease dependency on foreign energy exports. Nonetheless, there is a big

potential for Libya to use Tunisia’s renewable energy reforms as a benchmark.

The use of renewables for energy sources is rapidly expanding across the globe
yet lagging behind in the MENA - in the world’s most potential solar region. In order
to ensure a sustainable future of energy in Libya, as well as in other net-exporting and
net-importing MENA countries, governments should increasingly initiate renewable
projects, develop financing schemes and comprehensive regulatory frameworks.
Considerable reforms to fossil fuel subsidies are hence of foremost importance to this

process.
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APPENDIX: Forms of support schemes for renewable energy

projects

Feed-in-tariff

Feed-in-premium

Net metering at
retail tariff

Tradable green
certificates

Tendering (production
or investment)

Tax credit (production
or investment)

Tax reduction
(production and
investment)

Preferential loans

Grants

Feed-in-Tariff (FiT) is a long-term contract (e.g., 15
years) between the off-taker (usually government)
and the producer of renewable electricity in which a
guaranteed payment is made for each unit of energy
fed into the grid.

Feed-in-premium is a scheme in which the owner of
renewable generation receives a payment on top of
what he normally receives from the sale of his
energy in the electricity market. The premium can be
fixed, floating or can have a cap and floor.

Net metering is a policy whereby the net
consumption of user (which can be positive or
negative) is tracked through a bi-directional meter.
The consumer pays a retail electricity tariff when the
net consumption is positive during the billing
period. On the other hand, when the net
consumption is negative, the consumer is
compensated at retail tariff (or wholesale price).
Alternatively, end-user can bank the surplus energy
credit for the following period.

A tradable green certificate (TGC) entitles renewable
generator to the revenue from TGCs on top of the
revenue from the sale of their energy in the
electricity market. TGC is issued for each unit of
energy by renewables (e.g., MWh). The electricity
suppliers are required to surrender a sufficient
number of TGCs in order to comply with their
obligations. A penalty is imposed (per MWh) on
suppliers in the event they fail to submit the
required certificates which, in practice, acts as a cap
for TGC prices.

In the tendering model, the government specifies the
quantity of renewable energy that needs to be
procured and runs an auction in order to discover
the price (per MWh or MW) and grant contracts to
the most efficient suppliers.

In a production tax credit, renewable facility is
partially or totally exempted from tax liabilities
during a specific year based on the amount of energy
produced. Investment tax credit on other hand
provides tax exemption based on the amount of
capital expenditures on the renewable energy
technologies.

Tax reduction is a cut in tax based on the energy
produced or capital expenditure and can include
sales, value added, carbon or energy taxes.

In preferential loans governments cover part of the
interest rate (e.g., 50%) for the finance provided by
financial institution to renewable energy
technologies. If the perceived project risk is high, the
government may provide a guarantee to cover a
share of the outstanding loan principal in order to
lower the capital cost to investors.

It is a fund given by government to cover part of the
capital expenditure of renewable facility.

Source: Poudineh, Sen, & Fattouh, 2018, p. 140
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