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Abstract 

 

Abstract 
The fight against climate change is one of the central challenges of our time. The Middle East and North 

Africa (MENA) region is inter alia characterised by an abundance of fossil as well as renewable reserves. 

Many countries of the region rely on fossil fuel reserves for the domestic use and export-purposes and 

therefore, might not set ambitious future renewable energy targets. Morocco, in contrast, is one of 

few MENA countries, which has only minor fossil reserves and nearly achieved its 2020 target of 

installing 42 % of renewable capacities.  

This dissertation discusses the challenges and opportunities for different MENA countries to transform 

their energy systems towards a high share of renewable energies and to design these transitions based 

on sustainability aspects. Taking sustainability aspects into consideration ensures that future energy 

systems are not only built on green and carbon-neutral technologies, but also incorporate 

environmental and social requirements. Therefore, two global frameworks, one for sustainable energy 

transitions and one for sustainable green hydrogen productions, are developed and the performance 

of Morocco's energy transition is analysed in order to identify socially just and economically beneficial 

future solutions. 

The content of this work is based on a mixed-method approach including energy system modelling, 

participatory scenario development, multi-criteria analysis, external cost modelling and expert 

interviews. 

A number of existing barriers to the implementation of renewable energies are identified in this 

dissertation that affect their actual competitiveness vis-à-vis subsidised fossil fuel technologies. For 

example, the Moroccan case study shows that the centralised political economy of the country is 

reflected in the centralised way of electricity generation, which favours large scale, mostly foreign 

actors and prevents the creation of socio-economic benefits for small scale, domestic actors.  

These results indicate that the availability of fossil resources and the countries’ political structure are 

only two aspects, which may have significant impacts on the design and success of energy transitions. 

Such transitions require more than just adding renewable capacities to existing fossil energy systems 

or producing green hydrogen only with a focus on green electricity. In order to avoid inequalities and 

create new opportunities for civil society, sustainability must be a key consideration for national 

governments and international companies. This means that civil society in energy producing or 

exporting countries should not be exploited for the benefit of others. 
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Executive summary 
Problem description 

Climate change is one of the most pressing challenges for present and future generations. In a nutshell, 

anthropogenic climate change refers to the significant alteration of the Earth’s climate patterns as a 

result of human activities, particularly the emissions of greenhouse gases into the atmosphere. To limit 

the increase of the global average temperature to a maximum of 1.5° Celsius compared to a pre-

industrial level, a rapid reduction of greenhouse gas emissions is unavoidable. Therefore, our current 

way of living and especially global energy sectors need to be decarbonised as soon as possible, which 

means that only renewable and carbon-neutral resources or processes should be used and that fossil 

fuels, such as oil, gas and coal, must no longer be extracted. Direct electrification with renewable 

energies is the most cost-efficient solution for many processes to become carbon neutral. However, 

since electricity cannot be used in all processes, other solutions must be found to decarbonise some 

of the processes in the so called hard-to-abate sectors. One possibility would be the production and 

use of green hydrogen or its derivatives.  

The overarching goal of the primarily techno-economic energy transitions should not only be to replace 

fossil fuels with green and carbon-neutral technologies but to incorporate environmental and social 

requirements, thus enabling sustainable energy transitions. Taking sustainability into consideration 

enables governments to respect the Earth’s bio-physical thresholds and enable a safe and socially just 

basis for a sustainable and beneficial future for all, in which no country is risking to be exploited for 

the benefit of others.  

The Middle East and North Africa (MENA) region is known for its abundant fossil reserves of oil and 

gas from which most countries generate a high share of income and which they use domestically at 

relatively low prices. The future demand for fossil fuels will decrease in a carbon-neutral energy future, 

which is why the countries of the region need to diversify their income but also need to develop 

strategies to support the domestic use of renewable energies to be cost-competitive compared to 

subsidised fossil fuels. In 2021, the majority of the MENA countries produced less than 10 % renewable 

electricity even though the entire region has a high renewable resource potential. This dissertation 

focusses on Morocco, which is part of the MENA region, but differs from the average MENA country 

as it has no fossil reserves, a strong reliance on imported coal for energy production and a ruling 

monarchy in a relatively stable political environment. Due to the lack of fossil reserves and the 

objective of increasing its energy independence, Morocco successfully expanded renewable energies 

and nearly met its target of a share of 42 % installed renewable capacities by 2020. By 2050, the 

country aims at using 80 % renewable energies, which is currently one of the most ambitious 

renewable targets in the region. Additionally, the production of green hydrogen is a much-discussed 

topic, which includes both opportunities and challenges for the country.  

 

Methodology and contribution to the existing literature 

This dissertation is based on a mixed-method approach including quantitative and qualitative methods, 

such as energy system modelling, participatory scenario development, multi-criteria analysis, external 

cost modelling and expert interviews.  

Based on the different methods, each of the five articles contributes differently to the growing body 

of interdisciplinary research on climate change mitigation. The underlying objective of all articles is the 

need for more sustainability in energy transitions, to achieve not only carbon-neutral, but also socially 

acceptable and beneficial future solutions. Therefore, two analytical frameworks have been developed 

to support transitions towards sustainable energy systems. Both frameworks, one on the broader topic 
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on sustainable energy transitions and one on sustainable hydrogen productions, do not have a specific 

regional focus and allow to systematically analysis existing barriers and lock-in factors of energy 

transitions and green hydrogen productions. The other three articles have a regional focus on the 

MENA region, especially on Morocco, and contribute to the literature on overcoming fossil lock-in 

factors to achieve sustainable energy solutions.  

 

Findings 

The overall results of this dissertation show that historically developed support mechanisms for fossil 

fuels still exist today and that renewable energies are disadvantaged with regard to a fair and cost-

efficient competition of technologies. Besides the important techno-economic transition from fossil 

fuels to renewable energies, considering environmentally friendly and socially just criteria for 

decarbonising energy systems are important to stay within the planetary boundaries, to limit negative 

impacts on the environment and to design the energy transition based on basic social needs and 

intergenerational justice.  

The first article of this dissertation identifies 32 criteria in 11 categories to overcome existing barriers 

and to support a sustainable energy transition at the national level. The criteria are clustered under 

the categories (1) environmental and ecological protection, (2) society, culture, and behaviour, (3) 

equity and justice, (4) knowledge, (5) energy markets, (6) energy policy, (7) legal requirements, (8) 

finance, (9) institutions, (10) infrastructure, and (11) clash of interests. The categories and criteria are 

interlinked and influence each other and the application of the framework would enable decision-

makers to overcome barriers and create socio-economic benefits for local populations.  

The second article presents four to five future electricity scenarios per country for Morocco, Jordan 

and Tunisia, which were developed during participatory workshops with national stakeholders. A 

multi-criteria analysis is used to rank the scenarios according to the preferences of workshop 

participants, which resulted in the highest ranking for the scenarios with the highest shares of 

renewable energies in all three countries. Decisive for the positive ranking were the criteria “Energy 

independence” (25 %), “System costs” (16 %), “System flexibility” (12 %) and “Water consumption” (12 

%) in Morocco; “Safety” (27 %), “Air pollution (health)” (14 %) and “Hazardous waste” (14 %) in Jordan; 

and “Energy independence” (16 %), “System costs” (13 %), “Water consumption” (13 %) and “Air 

pollution (health)” (13 %) in Tunisia. A clear preference for renewable energies compared to fossil fuels 

could be observed during the workshops. However, also the future use of domestic shale oil was 

preferred by workshop participants in Jordan to increase the country’s energy independence. 

The third article presents a bottom-up approach of calculating external costs from energy generation 

in Morocco. The results indicate that the Moroccan fossil power plant inventory emits significant 

amounts of PM10, PM2.5, NOx and SOx, which lead to health impacts such as chronic mortality, infant 

mortality, respiratory diseases or restricted activity days. In total, the results show external costs of 

between 8.4 and 18 billion €2015 for 2015, which equals around 18 % of the Moroccan annual GDP.   

The fourth article discusses the historical developments of the Moroccan energy transition and 

identifies positive and negative impacts of liberalising electricity generation. Morocco is successful in 

constructing renewable energies but increased its coal capacities at the same time. In 2020, 4 GW of 

renewable energies and 4 GW of coal were installed in total in addition to 2 GW of gas and oil 

capacities. However, energy planning processes seem to create social injustices due to a missing 

participation and involvement of local communities and the local workforce. Private households, rural 

communities, domestic companies and rural workforce can be seen as losers of the energy transition, 

whereas large, mostly foreign international companies, the government and rural areas that were 

electrified with the help of the electrification program are winners of the energy transition. 
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The fifth article presents 16 sustainability criteria for the production of green hydrogen, clustered 

under six impact categories. Criteria under the categories (1) energy transition, (2) environment, (3) 

basic needs, (4) socio-economy, (5) electricity supply and (6) project planning allow to achieve a socially 

just and resource-saving way of producing green hydrogen. The development of such criteria is 

important as the trade of green hydrogen is predicted to take place between different countries as 

resources such a renewable energies or land are finite in many countries. Implementing such 

sustainability criteria could prevent an excessive resource exploitation in producing countries and can 

lead to the creation of socio-economic benefits also for projects that are dedicated for export-

purposes.  

 

Policy recommendations 

Based on the derived findings, two sets of policy recommendations can be given. It is important to 

note, that these recommendations are given by a Global North researcher studying energy transitions 

in the Global South. This methodological limitation is important as it might be challenging to find 

beneficial and appropriate solutions for Global South countries, having the Global North perspective 

in mind.  

The first set of six policy recommendations target the Moroccan energy transition with its domestic 

perspective of decision-making and are summarised in the following: 

 

1. Updating the national energy strategy and developing a Moroccan roadmap with intermediate 

targets to achieve long-term goals 

2. Involving the Moroccan society in the energy transition 

3. Creating participation possibilities for small-scale domestic actors 

4. Focusing on suitable renewable technologies and limiting air pollution 

5. Following domestic needs instead of foreign demands 

6. Increasing the overall sustainability for the energy transition 

  

The second set of five recommendations address international actors that are active in foreign 

electricity sectors or in the global green hydrogen sector. 

 

1. Asking the local population about their needs as part of energy planning processes 

2. Providing access to electricity and water with energy projects, if needed 

3. Creating domestic value chains and leaving economic benefits in countries of the Global 

South, especially for export-oriented projects 

4. Implementing sustainability criteria for the production of green hydrogen at the global-level 

5. Preventing neo-colonialism and resource exploitation in countries of the Global South to 

achieve sustainable energy transitions in the Global North 

 

Conclusion 

Morocco, a resource-poor country of the MENA region, achieved to install around 4 GW of renewable 

energies, which was initiated by liberalising electricity generation in the 2000s and allowing foreign 

investments and ownership without many limitations. Today, most of the power plants are owned by 

large, mostly foreign companies. Unfortunately, a positive spillover effect to Moroccan businesses is 

still in its infancy and there is a lack of socio-economic opportunities for small-scale Moroccan 

companies or the local workforce. Additionally, energy planning seems to create social injustices 

because the local population is not involved in most of the decision-making processes. It can be 



Executive summary 

 

v 
 

concluded that the techno-economic dimension of constructing renewable energies has been 

successful during the last years, but that a simultaneous and not internationally-recognised expansion 

of coal-fired capacities has happened during the same time. This is why one cannot speak of a 

sustainable energy transition but only that renewable capacities were added into the fossil system, 

which seem to be based on social injustices. Due to the mentioned differences between MENA 

countries, it is difficult to transfer the results from the Moroccan case to other countries in the MENA 

region. However, the results indicate that working with an enabling framework to overcome existing 

barriers or implementing sustainability criteria for the production of green hydrogen could result in an 

environmentally friendly or socially just energy transition based on a respectful use of scare resources 

and the possible creation of socio-economic benefits from energy transitions.  
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Part I – Introduction and Background 

1 General Introduction 

1.1 Author’s Motivation  
Simon Sinek’s TED-Talk “Start with Why” on identifying the WHY behind personal and company-related 

successes and failures (TED, 2010) was the starting point for me to question my employment as a 

project developer for wind farms and to think about my intrinsic motivation to work. Being born in 

1988, the construction of renewable energy generation technologies (called renewables or renewable 

energies in the following) was never a question but everyday life for me. This made it difficult to 

understand social protests against renewable energies. Unfortunately, discussions in local 

communities about constructing new wind farms were mostly combined with the argument Not In My 

Backyard (NIMBY) and guided by the question on how individual people can acquire as much money 

as possible from constructing renewables in their community. Arguments on why to replace the 

current mix of electricity were rarely seen. These discussions were disappointing as only a few people 

were not driven by a possible economic benefit, but by combating the more and more pressing 

challenges of climate change. This argument does not mean that I do not support the approach of 

benefiting from energy transitions, in contrast, a high share of this dissertation deals with how 

different parts of the society can benefit from energy transitions, rather than individual people profit 

financially while others may even have or fear disadvantages. In a country, in which most of the 

population can rely on a certain standard of living and that is internationally known for its 

Energiewende, the German energy transition should also be possible without claiming financial 

compensations only because people have to look at wind farms, as one example. At the same time, 

constructing wind farms in the most cost-effective way to generate the highest profits for companies 

– which mostly does not consider the most socially accepted and socio-economic beneficial decisions 

– was also not what I wanted to support. I wanted to actively shape energy transitions to influence 

current developments related to climate change and aimed to work in an environment that is not 

narrowed on purely economic decisions and that enables me to continuously expand my knowledge 

on how to achieve a sustainable way of living. 

Working at the Europa-Universität Flensburg (EUF) allowed me to work on finding solutions for 

realising sustainable energy transitions, in which civil societies actively participate in designing these 

transitions. When I started working on a research project dealing with the energy transition in 

Morocco, Tunisia and Jordan, I quickly realised that there are many more important aspects associated 

with energy transitions than only generating carbon-neutral electricity. And that these aspects differ 

greatly from country to country and from continent to continent, but also influence each other. 

Discussions with workshop participants in Morocco, Tunisia and Jordan on their future energy systems 

were inspiring and have therefore aroused my interest in dealing more intensively with these countries 

in my dissertation. The participants pointed out the necessity for the countries to further develop – 

which mostly results in an increased energy demand – but mostly having in mind finding the most 

energy-efficient solutions. However, while we talked about using electrical vehicles in the future, some 

horse-drawn carriages were still on the streets in Morocco. The intrinsic motivation for countries 

suffering the negative consequences of climate change, such as increased water scarcity and increased 

average temperatures, is contrary to the behaviour of many industrialised nations, which insist on 

limiting future growth and which cannot imagine behavioural changes for the benefit of the climate 
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and to enable future generations to live their lives in comfortable conditions. My work experience in 

other countries was very inspiring because we sometimes assume that best-practice examples of one 

region will be also successful in other regions, which they are mostly not. That is why I aimed to 

examine the energy transition of other countries and not exclusively the German one.  

 

Climate change and the need for sustainable energy transitions 

The entire topic of combating climate change and limiting the increasing global average temperature 

to a maximum of 1.5° Celsius (UNFCCC, 2015, p. 2) is a broad and important topic that requires social 

attention. In a nutshell, climate change refers to long-term changing climate and weather conditions, 

such as rising air and ocean temperatures, differences in precipitation levels and changing weather 

patterns including increased extreme weather conditions, which occur due to increasing greenhouse 

gas (GHG) emissions (Allen et al., 2018, p. 61). Besides a normal change in weather patterns over time, 

GHG emissions, primarily carbon dioxide (CO2) and methane (CH4), result mainly from human activities, 

such as from burning fossil fuels or our current way of living (see for example (IPCC, 2018, p. 7)). 

Preventing and minimising the amount of GHG emissions as soon as possible should be one of today’s 

most important targets, to continuously enable life on earth in climatic conditions comparable to those 

of today. Mitigating and adapting to climate change and its consequences require not only 

technological solutions for reducing GHG emissions, but also changing social behaviours due to a more 

efficient or sufficient way of living (Creutzig et al., 2022, pp. 39–40). As this is a global topic, not only 

national actions to implement necessary policy instruments but also international efforts, such as 

international policy dialogues within the frames of the United Nations and the Intergovernmental 

Panel on Climate Change (IPCC), are required. This dissertation does not claim to present a suitable 

solution for every country to achieve a successful energy transition but aims at providing insights on 

what is unsustainable in some, currently promoted as successful, energy transitions, in which primarily 

large-scale companies benefit from this transition and societies do not have a say in designing the 

transition based on social needs. This dissertation is not focused on pure techno-economic analyses of 

transitions from fossil to renewable energies – many studies already exist and have proven the 

feasibility of fully renewable energy systems on a global (Greenpeace et al., 2015) or regional level 

(Bogdanov & Breyer, 2016; Child et al., 2019; Hansen et al., 2019) – but combines the identification of 

social needs and future visions of civil societies with designing an environmentally friendly way of using 

renewable energies in future energy systems.  A pure techno-economic analysis would not unveil all 

existing problems, because the performance of an energy transition cannot simply be evaluated based 

on the numbers of renewable energy projects that have been built. Integrating technical solutions, 

adopting them to specific regional needs and studying socio-ecological impacts of these changes are 

at least of the same importance and correlate with the author’s motivation of writing this dissertation. 

Therefore, this dissertation discusses challenges and opportunities for different MENA countries to 

transform their energy systems towards a high share of renewable energies and to design these 

transitions based on sustainability aspects.  

 

1.2 Outline and Contribution of this Dissertation  

1.2.1 Outline of the Dissertation 

This subchapter outlines the structure of this dissertation, which is divided into three different parts. 

Part I Introduction and Background – including chapters 1 and 2  – introduces the author’s motivation 

for writing this dissertation, discusses the state of research, and identifies the contribution of this 

dissertation to the existing scientific literature. Part II Publications – including chapters 3 to 7 – is the 
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content-related foundation of this cumulative dissertation and presents the five scientific articles. Part 

III Synthesis and Conclusion – including chapters 8 to 10 – discusses and combines research results of 

the different articles, points out the limitations of this study and concludes with giving policy 

recommendations.  

In the following, short summaries of the scientific articles (Part II) are outlined including the used 

methodology and a description of how they build on each other. Through this, the content-related red 

thread of the dissertation is presented.  

Chapter 3, “An Enabling Framework to Support the Sustainable Energy Transition at the National Level” 

(Blohm, 2021), can be seen as the thematic foundation of this dissertation and the reason for the 

author to further research energy transitions. Transitioning fossil-based to renewable-based energy 

systems requires identifying and overcoming existing barriers that rather new renewable energy 

technologies, such as wind and solar energy, face compared to established fossil technologies. 

Analysing the national level of energy transitions, the article presents 32 criteria in 11 categories that 

can enable a sustainable energy transition. It identifies potential regulatory barriers that can prevent 

the use of renewable energies as well as interdependencies and connections of presented criteria to 

achieve an environmentally friendly, economically viable, and socially accepted energy production that 

is built on creating socio-economic benefits for civil society. The framework can be used for case 

studies on specific countries to identify existing barriers and enablers that either hamper or support 

the use of renewable energies. Even though this article was published one year after the article in 

Chapter 4,  the other articles in chapters 5 to 7 consider individual criteria of this framework as a basis 

for analysis.  

Chapter 4, “Long-Term Electricity Scenarios for the MENA Region: Assessing the Preferences of Local 

Stakeholders Using Multi-Criteria Analyses” (Zelt et al., 2019), is the result of the research project 

MENA SELECT in which the author participated. Participatory workshops together with national 

stakeholders were conducted in Morocco, Jordan and Tunisia to develop future electricity scenarios 

for the year 2050. For each country, four to five different future scenarios were developed and 

modelled during the workshops, so that workshop participants were directly able to see and react on 

consequences and benefits of using different renewable and fossil technologies in their future energy 

systems. The developed scenarios were used for a multi-criteria analysis to identify the most preferred 

future scenarios. The results show that the scenarios with the highest shares of renewables were 

ranked the highest in all three countries. The project aimed to enable discussions about different 

technological possibilities and social preferences for future electricity production of different 

stakeholder groups.  

Besides this article, there are three grey publications available on the project results of each country 

(Amroune et al., 2017, 2018; Berg et al., 2016).  

Chapter 5, “External Cost of Air Pollution from Energy Generation in Morocco” (Dettner & Blohm, 

2021), presents and applies a bottom-up method for calculating the external costs of fossil electricity 

generation due to resulting air pollution in Morocco and addresses the missing consideration of social, 

especially health, effects of the current Moroccan energy system. It closes the research gap by 

providing a straightforward external cost calculation method as well as integrating them in an analysis 

of the Moroccan electricity generation. This article provides insights on the resulting air pollution of 

the fossil fuel based Moroccan power plants and estimates the calculated total health costs in 2015 to 

up to 18 billion €.  

Chapter 6, “The Hidden Costs of Morocco's Energy Transition: Investigating the Impact of Foreign 

Investment and the Lack of Social Participation” (Blohm, 2023a), identifies specific challenges and 

injustices related to the Moroccan energy transition. It analyses the historical developments in the 
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energy sector and unveils weaknesses and impacts of the, technologically speaking, well-progressing 

expansion of renewable energies. Within the article, some criteria of the enabling framework (Blohm, 

2021) have been used for a detailed analysis and the data collection included the workshop results of 

Chapter 4 (Zelt et al., 2019) combined with a literature review and conducted interviews on the 

Moroccan energy transition in 2022. The results show, that the country has not only been supporting 

renewable energies but has also significantly expanded its coal capacities within the last years. 

Additionally, the role of foreign investments and foreign ownership are discussed as well as existing 

social injustices of energy planning. 

Chapter 7, “Green Hydrogen Production: Integrating Environmental and Social Criteria to Ensure 

Sustainability” (Blohm & Dettner, 2023), describes the development of sustainability criteria for the 

production of green hydrogen in order to achieve a sustainable decarbonisation of other sectors than

electricity. In total, 16 sustainability criteria were identified. The results indicate that an 

environmentally friendly and socially just production of green hydrogen can be ensured, if these 

sustainability criteria are considered. The term green hydrogen is not strictly defined but generally only 

refers to the use of renewable electricity for the production of hydrogen and does not include further 

criteria which shape the energy transition positively. The definition of sustainability criteria for the 

production of hydrogen is therefore important on a global-scale because many countries of the Global 

North enter into trade agreements with countries of the Global South to import green hydrogen or its 

derivatives. These trade relationships are not necessarily positive for exporting countries, which is why 

specific criteria could lead to the creation of socio-economic benefits and enable a sustainable 

development. 

Figure 1-1 presents a graphical outline of the scientific articles included in this dissertation; including 

two analytical frameworks without a specific country focus (blue) and three case studies on the 

Moroccan energy system (green). Whereas the first four articles provide knowledge on electricity 

generation the last one is related to hydrogen production.

Figure 1-1 Graphical outline of the scientific articles

(blue = no specific country focus; green = country case study)

Table 1-1 summarises the author’s contribution to the scientific articles. 
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Table 1-1 Dissertation chapters and author's contributions 

Ch. Title  Publication Author’s contribution 

3 An Enabling Framework 

to Support the 

Sustainable Energy 

Transition at the 

National Level 

Sustainability in 2021 

 

doi:10.3390/su13073834 

Single-author article (from conceptualising 

to writing) 

4 Long-Term Electricity 

Scenarios for the MENA 

Region: Assessing the 

Preferences of Local 

Stakeholders Using 

Multi-Criteria Analyses 

 

 

Energies in 2019 

 

doi:10.3390/en12163046 

Joint work with Ole Zelt, Christiane Krüger, 

Sönke Bohm and Shahrazad Far. All authors 

jointly organised and conducted the 

workshops, which are the basis for the 

article. During the workshops, Sönke Bohm 

and Marina Blohm were in charge of the 

scenario development as well as discussing 

different energy generation technologies 

with workshop participants. The author’s 

contribution to the article was focused on 

topics of modelling aspects and scenario 

development as well as discussing the 

workshop results, which she wrote in 

cooperation with Sönke Bohm, who mainly 

developed the energy system model for the 

three countries Jordan, Morocco and 

Tunisia.  

5 External Cost of Air 

Pollution from Energy 

Generation in Morocco 

 

Renewable and Sustainable 

Energy Transition in 2021 

 

doi:10.1016/j.rset.2021.1000

02 

Joint work with Franziska Dettner. Marina 

Blohm and Franziska Dettner cooperated in 

writing the article. Marina Blohm was in 

charge of writing the subsections about the 

Moroccan energy system as well as the 

strategies and targets and contributed to 

the final editing of the article.  

6 The Hidden Costs of 

Morocco's Energy 

Transition: Investigating 

the Impact of Foreign 

Investment and the Lack 

of Social Participation 

Submitted to Energy Reports 

in 06/23 

Single-author article (from conceptualising 

to writing) 

7 Green Hydrogen 

Production: Integrating 

Environmental and 

Social Criteria to Ensure 

Sustainability 

Smart Energy in 2023 

 

doi:10.1016/j.segy.2023.100

112 

Joint work with Franziska Dettner. Marina 

Blohm and Franziska Dettner cooperated in 

conceptualising the research design as well 

as writing the original draft. Marina Blohm 

conducted the interviews and processed 

the data.  

 

 

1.2.2 Research Questions and Contribution to the Literature 

Table 1-2 summarises the research questions and contributions to the scientific literature of the five 

scientific articles. In general, this dissertation is based on a mixed-method approach including both 

quantitative and qualitative approaches. 
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Table 1-2 Research questions and contribution to the existing literature 
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2 Thematic Introduction 
The three countries under study in Chapter 4 – Morocco, Jordan and Tunisia – are part of the MENA 

region, which is characterised by its rich endowment of fossil reserves, but also for its substantial 

renewable energy potential (Friedrich Ebert Stiftung & Germanwatch, 2019, pp. 5–7). A transformation 

of current energy systems poses particular challenges for countries that are economically dependent 

on the use of domestic fossil fuels today, but at the same time need to find solutions for their future 

sustainable development (Friedrich Ebert Stiftung & Germanwatch, 2019, p. 10). Therefore, this 

chapter will provide a brief comparison of differences and similarities of MENA countries in order to 

understand regional achievements and hesitations of individual countries related to their energy 

transitions and to better classify the results in the following chapters. This dissertation follows the 

World Bank’s definition of the MENA region, which includes Algeria, Bahrain, Djibouti, Egypt, Iran, Iraq, 

Israel, Jordan, Kuwait, Lebanon, Libya, Morocco, Oman, Qatar, Saudi Arabia, Syria, Tunisia, the United 

Arab Emirates, West Bank, Gaza and Yemen (The World Bank, n.d.). However, the lack of data on 

Djibouti, West Bank and Gaza led to the exclusion of these countries hereafter. On the other hand, 

data on the Western Sahara are partly included in this dissertation under the frame of Morocco. 

Morocco has claimed the territory of the Western Sahara since 1975 (Mayrhofer, 2021, p. 1) and 

includes some information in official data from Moroccan ministries. As these are the official data on 

Morocco and the author was not able to separate them from each other, they are listed together as 

Morocco in this dissertation. Geopolitically, this does not mean that the author supports Morocco’s 

territorial claims, but only makes this generalisation based in the availability of data.  

The following chapters do not only include information on electricity generation, but also explain the 

correlation between fossil resource availability and long-term renewable targets as well as the status 

quo and future relevance of green hydrogen in the region. This dissertation includes the topic of green 

hydrogen mainly for two reasons. First of all, electricity is an essential input parameter for the 

production of green hydrogen, which is why this sector might be in competition with targets related 

to the decarbonisation of the energy sector. Secondly, this chapter will show that the region has a high 

potential for renewable energies, which could enable the countries to produce and export high 

amounts of green hydrogen or its derivatives and with this, replace current export revenues from fossil 

fuels.  

 

2.1 MENA Countries 

Many countries of the MENA region are known for their abundant fossil reserves, which together 

account for around half of the global oil and gas reserves (Tagliapietra, 2019, p. 1) and which 

distinguish this region from many other regions in the world. Figure 2-2 shows a map of MENA 

countries and includes information on fossil reserves as well as which countries belong to the 

Organisation of the Petroleum Exporting Countries (OPEC). Additionally, countries being monarchies 

are illustrated in the figure. 
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Figure 2-2 Map of MENA country’s fossil reserves, OPEC memberships and monarchies 

Own illustration

Legend: ( = no or neglectable fossil reserves;  = domestic gas and/or oil reserves;  = OPEC 

countries;  = monarchies)

The MENA region includes different sub-regions such as north African countries (Morocco, Algeria, 

Tunisia, Libya and Egypt), levant countries (Israel, Lebanon, Syria, West Bank, Gaza and Jordan), Gulf 

Cooperation Council (GCC) countries (Saudi Arabia, Kuwait, Bahrain, Qatar, the United Arab Emirates 

and Oman) and more surrounding countries (Iran, Iraq, Djibouti, Yemen) (Griffiths, 2017, p. 250). 17 

out of 21 countries had an electrification rate of close to 100 % in 2020 and the remaining four 

countries had an electrification rate of between 61.8 % and 89.1 % (The World Bank, 2023). These 

figures show the significance of analysing grid-connected electricity generation instead of off-grid 

solutions. 

Most countries have high amounts of gas and/or oil reserves but no country has significant coal 

reserves (Griffiths, 2017, p. 252). Even though Morocco possesses around 14 million tons of coal 

reserves (CIA, 2023) it closed its last coal mine in 2001 because coal mining was not profitable anymore 

due to the low quality of the coal combined with rising mining costs (Khalid, 2018). The availability of 

high amounts of fossil reserves influences a country’s reliance on generating economic rents with 

extracting the resource and explains why this region is still focussed on further using fossil fuels in their 

energy systems. Oil and gas rents for example as a percentage of Gross Domestic Product (GDP) made 

up to 38 % in Libya in 2017 (Tagliapietra, 2019, p. 3). Countries without fossil reserves are much freer 

to switch to renewable energies because they do not have to replace fossil rents and usually have an 

intrinsic motivation to increase their energy independence by replacing imported fossil resources with 

domestic renewable resource. Seven of the 18 countries are members of the OPEC, which own and 

control most of the petroleum reserves on the globe (OPEC, 2023). Only three countries have no or 

neglectable fossil reserves, to which also two of the countries under study belong. 

Besides resource availabilities, this dissertation will also analyse the role and influence of the Moroccan 

monarchy on the energy transition (see Chapter 6). Therefore, it is important to know that Morocco is 

the only north African monarchy, which makes the political economy of the country special compared 

to its neighbouring countries.

2.1.1 Electricity Generation

Electricity generation varies significantly between MENA countries. Countries having high shares of 

domestic gas or oil reserves (grey countries in Figure 2-2), such as Saudi Arabia, Qatar or the United 
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Arab Emirates mainly rely on the respective resource for their electricity generation. Table 2-3 

summarises how the different countries produced their electricity in 2021 and indicates the share of 

renewable electricity. The three countries under study – Morocco, Jordan and Tunisia – are highlighted 

in red. For a better comparison, countries are clustered according to their proven oil and gas reserves 

(U.S. EIA, 2023a, 2023b) into three different categories A, B and C. 

 
Table 2-3 Electricity generation in TWh in 2021, based on country-specific information derived from (Our World in Data, 2023) 

 oil coal gas nuclear Solar 

(PV, 

CSP) 

wind hydro Bio-

energy 

total Share of 

RE 

Category A: Proven gas and oil reserves  

Algeria  1.33 - 75.30 - 0.81 0.01 0.09 - 77.54 1.17% 

Egypt 26.14 - 153.08 - 4.80 4.23 14.00 - 202.25 11.39% 

Iran 46.33 0.62 274.46 3.24 0.62 0.60 15.00 0.01 340.88 4.76% 

Iraq 16.42 - 75.56 - 0.38 - 4.90 - 97.26 5.43% 

Kuwait - - 71.22 - 0.02 0.03 - - 71.27 0.07% 

Libya 1.01 - 31.00 - 0.01 - - - 32.02 0.03% 

Oman - - 36.40 - 0.16 - - - 36.56 0.44% 

Qatar - - 47.46 - 0.01 - - 0.03 47.50 0.08% 

Saudi 

Arabia 

130.79 - 207.03 - 0.21 - - - 338.03 0.06% 

Syria 5.60 0.09 10.31 - - - 0.75 0.01 16.76 4.53% 

United 

Arab 

Emirates 

- - 127.14 1.79 6.69 - - 0.01 135.63 4.94% 

Yemen 1.91 - 1.01 - 0.60 - - - 3.52 17.05% 

Category B: Only proven gas reserves 

Bahrain  0.03 - 31.76 - 0.01 - - - 31.80 0.03% 

Israel - 20.01 48.11 - 4.64 0.19 0.02 0.11 73.08 6.79% 

Tunisia - - 19.93 - 0.41 0.53 0.06  20.93 4.78% 

Category C: No or neglectable* proven reserves  

Jordan 1.67 - 15.06 - 3.50 1.57 0.02 0.06 21.88 23.54% 

Lebanon 8.02 - 11.39 - 0.12 0.01 0.97 0.06 20.57 5.64% 

Morocco 4.36 23.88 4.88 - 1.82 5.11 1.21 0.04 41.30 19.81% 

*Neglectable:  availability of less than 0.5 billion barrels of oil and less than 0.5 trillion cubic foot of natural gas 

 

Category A countries possess both domestic oil and gas reserves. Some countries use both fuels in 

their electricity generation, some only gas. The share of renewable electricity is low to medium 

compared to the other countries, with several countries having a share of less than 1 % renewables. In 

contrast, Yemen produced 17 % renewable electricity but due to the low total generation, it only 

corresponded to 0.60 TWh in 2021. Countries in category B can only rely on domestic gas reserves, 

which is why they also use it as their primary resource for electricity generation. The share of 

renewables is also low to medium. Countries in category C have no or neglectable fossil reserves and 

therefore, have a more diverse electricity mix. Also, the share of renewables is medium to high 

compared to the other countries. Jordan is somewhat unique compared to the other two countries of 

category C, as the country started to develop local oil shale reserves some years ago, which they also 

aim at extracting and using for its energy generation in the future (Jordan Ministry of Energy & Mineral 
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Resources, 2020, p. 19). These reserves are not included in the official statistics on which the clustering 

of countries is based on. Furthermore, Hilpert et al. (Hilpert et al., 2020, p. 13) showed that electricity 

generation based on oil shale is very cost-intensive in Jordan and therefore not competitive with low-

cost renewable energies. It is therefore assumed that oil shale will not play a major role in Jordan’s 

future energy system even though this kind of resource is favoured by domestic stakeholders to 

increase the energy independence of the country (Komendantova et al., 2020, p. 10).   

Compared to most MENA countries, Morocco and Israel are the only two countries that use coal in 

their electricity system, although they cannot rely on domestic coal mining. Moreover, Iran and the 

United Arab Emirates are until now the only two countries using nuclear in their electricity systems, 

but Egypt is also already constructing nuclear power plants. As of June 2023, in total 10.6 GW of nuclear 

power plants were operational or under construction in the three countries (World Nuclear 

Association, 2023a, 2023b, 2023c). The future use of nuclear has been controversially discussed in 

many other MENA countries for many years, but most of the plans are put on hold due to different 

challenges, such as limited water resources for cooling purposes or security issues related to project 

locations in earthquake-prone regions (Shalash, 2022).  

It can be concluded that most of the countries rely on gas or oil for their electricity generation and that 

the share of renewables, in particular from solar power plants, is comparably low for a region that has 

substantial renewable potentials (Solargis s.r.o, 2023). Solar energy is the most promising renewable 

resource with solar radiations ranging between 4.5 kWh/m² in northern Tunisia and 6.8 kWh/m² in 

southern Yemen (Solargis s.r.o, 2023). Mean wind speeds vary between countries, ranging from low 

wind speeds of less than 3 m/s at 100 m in central Morocco, South-West Saudi Arabia and Yemen and 

high wind speeds of more than 10 m/s at 100 m in southern Morocco/Western Sahara, the coastal 

areas of the Suez Canal and the Gulf of Aqaba (Technical University of Denmark, 2023). Even though 

there are many hydro power plants installed (IRENA, 2016, p. 9), the future potential of hydroelectricity 

is limited in the MENA region (United Nations, 2023) due to increasing temperatures and a decreasing 

freshwater availability. The potentials of biomass/biowaste and geothermal are limited and present 

much more cost-intensive options for electricity generation, inter alia, because of a currently missing 

waste separation and collection management system in the region (Amroune et al., 2017, p. 26) and 

comparable high costs for geothermal energy production (IRENA, 2022g, p. 156). The high resource 

potential of mainly solar and wind leads to similar levelized costs of electricity (LCOE) for renewable 

energies across the region (Lux et al., 2021, p. 9). In fossil poor countries, such as Jordan and Morocco, 

renewable electricity from solar and wind are already cheaper than using natural gas or fuel oil (Benali 

et al., 2021, p. 6). The use of CSP in Morocco is an exemption, which will be further elaborated in 

Chapter 6. The cost for generating fossil electricity in resource-rich countries such as Bahrain, Qatar or 

Saudi Arabia is low but governmental subsidises make it even cheaper for consumers, which creates 

high opportunity costs for these countries (Eskandar, 2023).  

A physical electrical interconnection of MENA countries’ energy systems, such as it is the case with 

European systems, is only partly in place (Fischedick et al., 2020, p. 133) and resource trade among the 

countries is rare (Griffiths, 2017, p. 264). Prevailing geopolitical tensions among member countries 

used to prevent a full interconnection of all countries in the past, even though it would enable a more 

efficient use of renewables and would allow a better-balanced electrical grid. The former Desertec 

vision, in which interconnected Saharan countries wanted to produce renewable electricity for export-

purposes to Europe failed not only due to a misguided influence from outside of the MENA region but 

also because of geopolitical tensions within the region (Schmitt, 2018, p. 763). However, some 

countries have already announced the establishment of interconnections through grids or pipelines, 
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as they see the potential to reduce electricity surpluses and reduce the overall amount of installed 

capacities for power generation (Griffiths, 2017, p. 264).

2.1.2 Comparing Long-Term Electricity Targets

Available long-term renewable electricity targets are defined for many MENA countries in the 

Nationally Determined Contributions (NDCs) of the Paris Agreement and are mostly targeting the year 

2030. In general, there are two different types of targets, one for future electricity generation from

renewable energies and the other for future installed renewable energy capacities. Figure 2-3

illustrates the countries’ long-term NDC targets for 2030 and compares the data with the respective 

status quo of either electricity generation or installed capacities of 2021, depending on the NDC target 

of the respective country. This comparison helps the reader to assess the feasibility of the renewable 

targets. Countries that are not mentioned in this figure either did not submit an NDC document or did 

not include any specific renewable targets.

Figure 2-3 Renewable energies in 2021 versus NDC targets for 2030

Own illustration based on (IRENA, 2022a, 2022b, 2022c, 2022d, 2022e; Our World in Data, 2023; UNFCCC, n.d.)

In total, eight MENA countries published long-term renewable generation targets, which are illustrated 

in the upper part of the figure and are compared to the share of renewable generation in 2021 from 

Table 2-3. Targets range between 10 % renewable generation in Syria to around 50 % in Saudi Arabia 

by 2030. However, Saudi Arabia’s share of renewable electricity production was less than 1 % in 2021. 

Jordan, in contrast, already produced 24 % renewable electricity in 2021 and aims at producing 35 % 

renewable electricity by 2030.

Comparing future NDC targets with installed capacities in 2021 is illustrated for five MENA countries 

in the lower part of the figure and shows a similar picture. The United Arab Emirates, for example, hold 
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a share of 7 % renewable capacities in 2021 and aim at installing 30 % renewables by 2030. It is 

important to note that the country also includes nuclear in its renewable 2030 NDC target (United Arab 

Emirates Ministry of Climate Change & Environment, 2022, p. 12). The other countries using nuclear 

energy either excluded their future nuclear plans in their NDCs (such as Egypt) or did not mention the 

share of the potential contribution (such as Iran). Bahrein had no renewable capacities installed in 

2021, but aims at installing 10 % renewable capacities by 2035. Morocco already achieved to construct 

a share of 30 %1 renewables in 2021 and plans to increase the share to 52 % by 2030. As shown in 

Figure 2-3, the difference between the status quo and the stated goals is very large which is why it is 

questionable if the countries will be able to achieve their goals. Whether the goals can be successfully 

implemented is based on many factors, such as investment plans or coordination mechanisms (NDC 

Partnership et al., 2021, p. 3), but also on how realistically long-term goals have been chosen. 

Generally, it seems that targeting electricity generation instead of installed capacities shows more 

honestly how well the energy transition is advanced because installation does not necessarily mean 

that renewable capacities are running or that fossil capacities still get priority to feed electricity in the 

national grid.  

Morocco, Jordan and Tunisia are among the countries that have realistic targets for future renewable 

energy generation. Morocco and Jordan are already close to achieving their targets, while Tunisia is 

further away. 

It is important to note that many of the NDC targets are announced to be conditional, which means 

that the countries announced that they will only be able to achieve the specified targets with the help 

of international financial support. In contrast, unconditional targets are planned to be achieved with 

domestic financial resources but the targets are in most of the cases much lower compare to the 

conditional targets (UNFCCC, n.d.).  

Related to the previously mentioned use of coal, Morocco will most likely be the only country in the 

MENA region using high amounts of coal for electricity generation after 2026 since Israel announced 

in its NDCs to phase out coal. New coal-fired power plants will however not be built in Morocco 

because the country signed the Glasgow agreement in 2021 (UK Government & United Nations Climate 

Change, 2021). Nevertheless, coal will continue to play an important role in Morocco’s energy sector 

at least until the 2040s, since the government signed an agreement for an extended lifetime of the 

largest coal-fired power plant in 2020 (ONEE, 2021, p. 6).  

 

2.1.3 Green Hydrogen Production  

Green hydrogen can play an important role in future energy systems, which need to be decarbonised 

as soon as possible. Today, fossil hydrogen is mainly used in industrial and chemical processes, such as 

oil refining, steel production or fertilizer production (IEA, 2021, p. 20). Direct electrification is the most 

cost-efficient solution for many processes to become carbon neutral (Liebreich, 2021, p. 8). If an 

electrification is not possible, such as in the case of the fertilizer production, fossil hydrogen can be 

replaced with green hydrogen to achieve a full decarbonisation. Such hard-to-abate sectors might have 

high future demands for green hydrogen (IEA, 2021, p. 20; IRENA, 2022f, p. 39), which is why many 

countries around the globe are preparing themselves in taking root in this growing sector.  

                                                           

1 Other statistics name a share of 38% installed capacities by 2021 but they also include pumped hydro storage 
capacities, which are not included in these statistics. However, this statistic was chosen at this point for a better 
comparison of different countries. 
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Green hydrogen can be further processed to green ammonia or synthetic fuels, such as methanol, so 

that it can be used to decarbonise other hard-to-abate sectors 

(German Advisory Council on the Environment, 2021, p. 23). These 

derivatives require the input resource hydrogen, which is why they 

need to be included in the current discussion of designing the 

global green hydrogen market. Transporting hydrogen and its 

derivates would be possible via pipelines for gaseous hydrogen 

and via ships for liquified hydrogen, liquid organic hydrogen 

carriers (LOHC), ammonia and methanol (Staiß et al., 2022, p. 25). 

However, transportation costs of the derivatives vary strongly. 

Using a pipeline to transport green hydrogen being the most cost-

efficient solution for distances at least up to 8,000 km (Staiß et al., 

2022, p. 39). Transporting ammonia or methanol might be more 

cost-efficient for longer distances, but create additional costs for 

conversion and entail additional safety risks (Staiß et al., 2022, p. 

65).  

The vicinity to Europe combined with high renewable potentials 

for solar energy (Solargis s.r.o, 2023) and wind energy (Technical 

University of Denmark, 2023), opens up new possibilities for 

MENA countries to substitute fossil export revenues with green 

hydrogen exports. Due to lower renewable potentials and higher 

predicted demands, Europe will most likely not be able to cover its 

green hydrogen demand of 20 Mt in 2030 on its own but will rely 

on hydrogen imports (European Commission, 2022, pp. 26–32). As 

of 1st December 2022, ten countries of the MENA region 

(Morocco, Algeria, Tunisia, Egypt, Israel, Jordan, Saudi Arabia, 

United Arab Emirates, Oman and Djibouti) either implemented official national hydrogen strategies or 

initiated studies on which such a strategy should be built upon (Mered, 2022). The Middle East is 

predicted to supply significant amounts of hydrogen and its derivatives mainly towards Europe as well 

as to some Asian regions (Mered, 2022). Besides national hydrogen strategies, many bilateral hydrogen 

agreements between different countries related to supporting or constructing green or blue hydrogen 

projects are also in place. Many GCC countries made agreements with European countries, such as 

Germany or the Netherlands, Asian countries, such as Japan or South Korea, or between neighbouring 

MENA countries, such as between Saudi Arabia and Oman (Heinemann et al., 2022, pp. 17–37). North 

African countries, such as Morocco, Algeria or Egypt, made mostly bilateral agreements with European 

countries such as Germany, Italy, Portugal or the Netherlands. As of January 2023, at least 59 hydrogen 

projects were under development in the MENA region. More than 85 % are planned to be green 

hydrogen and the rest are planned to be blue hydrogen or have not been further specified, yet (van 

Son, 2023). If the production of yellow or pink hydrogen will play a future role in the MENA region, is 

currently not predictable. However, if national restrictions are not sufficiently defined, at least the 

production of yellow hydrogen, using the grid's electricity mix, is very likely. The production of 

turquoise and black hydrogen is, on the other hand, very unlikely. As the local demand for using green 

hydrogen in the countries is relatively low and fossil rich countries are trying to elaborate new 

perspectives of replacing fossil rents with hydrogen rents, many of the projects are planned to be for 

export purposes or for both covering the local demand and exporting (van Son, 2023). Only a small 

portion of projects are planned to cover only the domestic demand in the countries. The ramp-up of 

Selected colours of hydrogen and 

ammonia (German Advisory Council on the 

Environment, 2021, p. 16) 

Green hydrogen is produced in an 

electrolyser and uses freshwater and 

renewable electricity as an input, which is 

why the production process does not 

generate any GHG emissions. 

Blue hydrogen is produced through the 

reforming of natural gas combined with a 

carbon capture and storage process to 

capture the emitted CO2 emission. 

Yellow hydrogen describes the grid-

connected production using the grid’s 

electricity mix.  

Pink hydrogen is produced of nuclear 

electricity in an electrolyser.  

Grey hydrogen is produced through the 

reforming of natural gas without the carbon 

capture and storage process to prevent CO2 

emission. 

Black hydrogen describes the gasification of 

coal.  

Green ammonia can be produced in a 

Haber-Bosch process using green hydrogen 

and nitrogen (direct air capture). 

Grey ammonia uses the steam reforming 

process with natural gas and therefore 

creates high amounts of GHG emissions.  
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the hydrogen market in the region is very fast, with an average of one new hydrogen project 

announced every week in the first half of 2022 (MEED, 2023). The production and use of other colours 

of hydrogen, such as pink, turquoise or black hydrogen (German Advisory Council on the Environment, 

2021, p. 16) are currently not under discussion in the region.  

 

Morocco’s green hydrogen sector 

As this dissertation has a special focus on the Moroccan energy transition, a short summary of country-

specific information on the Moroccan hydrogen sector will be provided to understand the importance 

of this topic for the country and for this dissertation. Because Morocco, compared to other MENA 

countries, has no available gas reserves that could easily be used to produce blue hydrogen, the 

country focuses on producing green hydrogen and green ammonia and published its national hydrogen 

strategy in 2021 (MEME, 2021, p. 5). Accordingly, the country is following two long-term objectives. 

The first objective is to make its fertilizer production more sustainable and to replace currently 

imported grey ammonia – which is needed together with domestically available phosphate reserves 

for producing fertilizers – with its own production of green hydrogen and further processing of green 

ammonia. In 2021, Morocco imported more than 1.6 million tons of ammonia from different countries 

such as Russia, Trinidad and Tobago or Algeria with a trading volume of 770 million US dollars (World 

Integrated Trade Solution, 2023d). Imports increased from 1 million tons of ammonia in 2016 (World 

Integrated Trade Solution, 2023b) to 1.9 million tons of ammonia in 2020 (World Integrated Trade 

Solution, 2023c). In terms of exports, Morocco, following China, was the second largest exporter of 

phosphorous fertilizer in the world, a product being made of ammonia and phosphate (Fertilizers 

Europe, 2023), with an export trade volume of more than 1.1 billion kg in 2021 (World Integrated Trade 

Solution, 2023a). Thus, fertilizer production and export are extremely important for the country. The 

export of hydrogen and ammonia, which is the second objective of the national hydrogen strategy, 

would be another possibility for the country to gain export revenues (MEME, 2021, pp. 10–13). 

Morocco is currently focused on exporting ammonia instead of hydrogen, which might be based on 

the fact that the country needs this type of resource domestically and because of the existing 

infrastructure for the import of ammonia and a lack of hydrogen pipelines towards Europe. As of 

August 2023, there were at least eight large-scale green hydrogen projects with a total capacity of 

more than 7 million tons of ammonia annually under development, which are partly planned for the 

domestic use and for exports towards Europe (Blohm, 2023b; Enerdata, 2023). Many foreign 

stakeholders are involved in developing the projects, such as the German Kreditanstalt für 

Wiederaufbau (KfW), CWP global, Fusion Fuel or Total Eren. Moroccan stakeholders are mainly the 

Office Chérifien des Phosphates (OCP), which is the Moroccan fertilizer company, the Moroccan 

Agency for Sustainable Energy (MASEN), the Institut de Recherche en Énergie Solaire et Énergies 

Nouvelles (IRESEN) and the University Mohammed VI (UM6P).  

 

2.2 State of Research  

This dissertation can be embedded in the broad field of climate science and the research on climate 

change mitigation. More precisely, it discusses how countries can transform their energy sectors to 

achieve carbon neutrality and thus trying to limit the increasing global average temperature to a 

maximum of 1.5° Celsius (UNFCCC, 2015, p. 2). Each of the scientific articles include a concise state of 

research related to the respective focus of the article. Therefore, the here presented state of research 

focuses on the overall topic of energy transitions, sustainability and why we need sustainable energy 

transitions instead of only replacing fossil fuels with renewable energies.  



2 Thematic Introduction 

 

16 
 

A very short history of climate change and why we need energy transitions 

The finding, that increased GHG emissions lead to an increasing global temperature – today known as 

climate change – was already discovered by the Swedish scientist Svante Arrhenius in the year 1896 

(Arrhenius, 1896). Until the 1960s, a few more scientists and research groups analysed the increasing 

CO2 concentrations (Franta, 2018, p. 1024) and even the American Petroleum Industry was already 

aware of the negative impacts on the Earth’s climate using fossil fuels in the 1950s (Teller, 1960, p. 58). 

In 1967, the first global climate model had already been developed (Manabe & Wetherald, 1967). 

However, the concept and consequences of global change received public attention from the broader 

population with the foundation of the IPCC in 1988. The publication of the first assessment report in 

1990 presented a comprehensive analysis of a changing climate in detail for the first time (IPCC, 1992). 

Accordingly, the human influences on rising temperatures and changing climate conditions were 

confirmed (working group 1), the related consequences for our current way of living were identified 

(working group 2) and appropriate mitigation measures were presented, one of which is the 

replacement of fossil fuels with renewable energies (working group 3). Historical developments to 

increase the use of fossil energies and to achieve higher degrees of industrialisation took many decades 

(Solomon & Krishna, 2011, pp. 7423–7424), which is why this renewable transition is also supposed to 

be time consuming (B. Sovacool, 2016, p. 1). The historically created path dependency and the amount 

of implemented fossil lock-in factors influence how different the new, carbon neutral, future will be 

compared to the current, carbon intensive, status quo and will impact how much time this transition 

will need to be successful (B. Sovacool, 2016, pp. 4–5). As energy plays a dominant role in all aspects 

of life and requires fundamental changes across all fields, one can refer to the necessary “trajectory of 

change” (Williams & Doyon, 2019, p. 145). The main objective of this primarily techno-economic 

development is to replace carbon-intensive fossil energies with renewable technologies and to find 

financially viable solutions for these new energy systems (Markard, 2018, p. 628).  

This dissertation is based on the recognition that the shift towards renewables will mostly not happen 

on its own. It seems as if there is not an important techno-economic reason for such a development 

today, such as the former drive for an increased industrialisation, the discovery of new sources of 

energy or other innovations and circumstances which required a fast adaptation (Flavin & Dunn, 1999, 

p. 24). Even though climate scientists have proven the need for limiting GHG emissions, the human 

rationality of ideologies, uncertainties and perceived interventions in the current way of living, among 

others (Gifford, 2011, pp. 291–297), prevent to act as an urgent rationality (B. K. Sovacool et al., 2015, 

pp. 96–97). Therefore, supportive measures at the local, national and international level, to enable 

and fasten this urgently needed transition need to be developed, because governments have the 

power to guide this transition “in a certain direction, e.g. towards sustainability” (Kitzing & Mitchel, 

2014, p. 2).  

 

The need for a sustainable development 

Technologies create many environmental and social impacts (O’Neill et al., 2018, p. 7; Raworth, 2012, 

p. 12), which is why interdependencies and influences between technological, environmental and 

social aspects need to be carefully studied. Combining these aspects to achieve an environmentally 

friendly and socially just energy generation, leads to the concept of sustainability. In 1987, 

sustainability was defined by the Brundtland Commission of the United Nations as “meeting the needs 

of the present without compromising the ability of future generations to meet their own needs” 

(United Nations World Commission on Environment and Development, 1987, p. 16) and that 

“sustainable development is not a fixed state of harmony, but rather a process of change in which the 

exploitation of resources, the direction of investments, the orientation of technological development, 
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and institutional change are made consistent with future as well as present needs” (p.17). The Agenda 

2030 of 2015 defined that a sustainable development can only be achieved, if the economic, the social 

and the environmental dimension of development are considered “in a balanced and integrated 

manner” (United Nations, 2015, p. 3). In 1992, Mitlin published a literature review on the topic of 

sustainable development, which already originated in the 1970s, including critics and opportunities of 

such a development, such as that this concept has no clear theoretical approach and does not require 

any specific policy interventions, but that it assigns values to ecosystems and social needs in decision-

making processes (Mitlin, 1992). In a more recent publication, Klarin (2018) analyses the history of 

sustainable development and its importance on the international level.  

In addition to the more social requirements of intergenerational sustainability, there are also pressing 

environmental needs that necessitate sustainable development. Rockström et al. (2009) have 

identified nine interconnected planetary boundaries that define a safe space for humanity and whose 

crossing could lead to an uncontrolled and unpredictable change in the Earth’s bio-physical system. 

Accordingly, not only climate change, but also biodiversity loss, global freshwater use, land use change 

and chemical pollution, among others, are affected and threatened by humanity’s current way of life 

(Rockström et al., 2009, p. 473). Therefore, sustainable development is required not only related to 

energy production, but related to all aspects that have an impact on critical ecological or 

environmental elements. Raworth (2012) further developed the concept of planetary boundaries and 

combined the bio-physical thresholds with a social foundation, including for example health, income, 

gender equity or education, to illustrate a safe and socially just framework for humanity. This work 

served inter alia for developing the Sustainable Development Goals (SDGs) to end poverty and achieve 

a sustainable development at a global scale (United Nations, 2015).  

 

Sustainable energy transitions 

Like the previously described content on sustainability, there is also no single definition for the term 

sustainable energy systems but different research approaches exist to analyse sustainability pathways 

and trajectories of energy transitions. Geels et al. (2016) proposed the definition of resulting “major 

changes in buildings, energy, and transport systems that substantially enhance energy efficiency, 

reduce demand, or entail a shift from fossil fuels to renewable inputs. These system transitions entail 

not only technical changes, but also changes in consumer behaviour, markets, institutions, 

infrastructure, business models and cultural discourses” (Geels et al., 2016, p. 577). Williams and 

Doyon (2019)  wrote “that we cannot achieve a sustainability transition without justice, indeed that an 

unjust transition is not sustainable” (Williams & Doyon, 2019, p. 144). In recent years, different 

frameworks have been developed to achieve a more sustainable or just energy future, which will be 

presented and compared to the here presented enabling framework in Chapter 8.2.  

The growing body of literature on energy and social sciences recognises that research on energy 

transitions should not only include the techno-economic perspective of producing renewable 

electricity, but “enable us to comprehend better the sources and dynamics of energy problems and 

develop feasible and acceptable solutions to them” (B. K. Sovacool et al., 2015, p. 95). The authors’ 

stress the importance of conducting interdisciplinary research to incorporate all dimensions of energy 

transitions (B. K. Sovacool et al., 2015, pp. 97–98). While former energy systems were based on 

centralised fossil power plants, which seemed to be less present in our daily life, using decentralised 

renewable technologies seem to be more prominent, at least, in a visual manner (Price et al., 2022, p. 

8). Economic-wise, producing decentralised renewable electricity can provide both positive and 

negative effects compared to fossil electricity, while positive effects appearing to be the strongest 

(Maradin et al., 2017, p. 56). Simultaneously, new economic opportunities can emerge based on 
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changing structures of a future decentralised energy generation from renewables, especially for rural 

areas. Inglesi-Lotz (2016) found a correlation between increasing renewable energy productions, a 

growing GDP as well as increased employment possibilities and a growing share of R&D expenditures 

in Organisation for Economic Co-operation and Development (OECD) countries between 1990 and 

2010 (Inglesi-Lotz, 2016, p. 13). However, economic opportunities for small-scale actors only result 

when the right policy instruments are implemented, which will be shown in this dissertation in Chapter 

6.   

Even though fossil energies still dominate the production of electricity in many countries of the world, 

the global share of renewable electricity increased to more than 28% in 2021 (Our World in Data, 

2023). As different countries have progressed to different degrees, some countries are already working 

on the next phase of their energy transition, which includes the coupling and decarbonisation of other 

sectors than electricity (Markard, 2018, p. 630). Therefore, this dissertation does not only focus on 

decarbonising electricity production but also on the production of green hydrogen. 

Green hydrogen will play an important role in decarbonising other sectors than electricity, namely 

hard-to-abate sectors, which cannot be electrified (IEA, 2019, p. 23; IRENA, 2022f, p. 15). The global 

demand of green hydrogen in a carbon neutral energy system ranges between 530 Mt (IEA, 2021, p. 

151) and 614 Mt (IRENA, 2022f, p. 15) by 2050, based on different assumptions and pathways. As the 

production of green hydrogen requires the use of resources, such as freshwater or renewable 

resources (most likely wind or solar), some areas of the world are better suited to competitive large-

scale production than others. It follows, that green hydrogen will most likely be traded between 

different countries. Due to several reasons, such as the high demand for hydrogen and the limited 

availability of space in the Global North, it is predicted that countries of the Global North will import 

significant amounts of green hydrogen from countries of the Global South (Hydrogen Council & 

McKinsey&Company, 2022, pp. 9–13; Van de Graaf et al., 2020, p. 3). History has shown, that the global 

trade of energy can result in an extractive and post-colonial relationship, in which countries of the 

Global South are risking to be exploited for the benefit of countries of the Global North as it has been 

the case for coal, oil and gas (Blondeel et al., 2021, p. 2; Van de Graaf et al., 2020, p. 4). Therefore, the 

topic of sustainability related to the production of green hydrogen will be of importance to prevent 

and reduce inequalities and burdens.
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Part III – Synthesis and Conclusion 

8 Discussion and Research Outlook 

8.1 Synthesis of Research Results  

This chapter synthesises the results of the five scientific articles. Chapter 8.1.1 discusses the results of 

a sustainable energy transition without a regional focus, while Chapter 8.1.2 concentrates on the 

results of the Moroccan energy transition.  

 

8.1.1 Towards a Sustainable Energy Transition 

Even though the consequences of increasing GHG emissions have been known for many decades, 

prevailing barriers in current energy systems remain to prevent a fast shift from fossil fuels to 

renewable energies in many countries around the globe (Blohm, 2021). The extraction and processing 

of domestic fossil fuels were expensive in a number of countries (like Germany), which is why 

supportive measures, such as financial subsidies, needed to be implemented in the past to make the 

use of fossil fuels cost-effective and competitive (Zerzawy et al., 2017, p. 19). Today, these supportive 

measures prevent a competitive use of different energy sources and can act as barriers for renewable 

energies or lock-in factors for fossil technologies. Identifying these barriers, that have historically 

supported centralised power generation from fossil fuels, in order to remove them with the help of a 

favourable framework in which renewables should not compete with subsidised fossil fuels, is part of 

the first article of this dissertation. Chapter 3 shows the possible composition of such a framework that 

can be applied to various status quo energy mixes in different countries, with regional adjustments of 

the criteria, if necessary. Not only do political or technological factors exist which influence 

developments in the energy sector, but also environmental, social or institutional barriers that can 

negatively influence the expansion of renewable energies or that can favour the use of fossil fuels. 

Besides a beneficial governmental support for renewable energies, the social dimension, including 

social acceptance and awareness as well as equity and justice, seems to be at least of the same 

importance when targeting sustainable energy transitions. Chapter 4 (Zelt et al., 2019) includes this 

social perspective and presents future electricity scenarios for Morocco, Jordan and Tunisia, which 

were developed in a participatory manner and ranked according to stakeholders’ preferences with the 

help of a multi-criteria analysis. Future scenarios with the highest shares of renewable capacities (fully 

renewable in Morocco and Tunisia) were ranked first in all three countries. Decisive for the positive 

ranking were the criteria “Energy independence” (25 %), “System costs” (16 %), “System flexibility” (12 

%) and “Water consumption” (12 %) in Morocco; “Safety” (27 %), “Air pollution (health)” (14 %) and 

“Hazardous waste” (14 %) in Jordan; and “Energy independence” (16 %), “System costs” (13 %), “Water 

consumption” (13 %) and “Air pollution (health)” (13 %) in Tunisia. A clear preference for renewable 

energies compared to fossil fuels could be observed during the workshops, mostly based on criteria 

which increase the energy independence of the country. However, discussions during the workshops 

have also shown that future electricity prices need to be affordable for the people and that looking at 

the pure system costs gives the impression that transitioning to renewable energies is much more 

expensive compared to fossil fuels. However, these differences may also result from the fact that 

existing lock-in factors make the use of existing fossil fuels much cheaper compared to a new 

construction of renewable energies. Therefore, the external costs of air pollution from fossil based 

energy generation in Morocco are calculated in Chapter 5 (Dettner & Blohm, 2021) to integrate the 
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health and related economic perspective of Morocco’s energy generation for the example of year 

2015. The results show that air pollution creates many health-related illnesses because large-scale 

fossil power plants are mainly located in the vicinity of urban centres. The results can provide helpful 

information for decision-makers about energy-related health costs and the consequences of ignoring 

these external costs of fossil-dominated energy systems, which leads to a distortive view on the costs 

of fossil and renewable-based energy systems. Reducing such health impacts could result in increased 

socio-economic benefits for the overall population.  

The thematic introduction in Chapter 2 shows, that a potential future production of green hydrogen 

could provide many opportunities for MENA countries to increase their sustainability, such as replacing 

export revenues from fossil fuels with those from green hydrogen. Therefore, this topic is introduced 

in Chapter 7, with the aim of designing hydrogen sectors based on sustainability aspects from the 

beginning and avoiding inequalities, that currently exist in energy sectors. Accordingly, sustainability 

criteria for the production of green hydrogen can ensure that basic needs of the population will be 

respected and that socio-economic benefits can be generated for civil societies. The topic is important 

for the countries of the MENA region, because many of the announced large-scale projects are planned 

to produce green hydrogen for export-purposes so that the countries would only indirectly benefit or 

directly suffer from these projects, if sustainability criteria were not implemented properly. These 

inequalities could result, for example, from existing power relations between high political actors and 

big, sometimes foreign, companies, such as it is the case in the Moroccan energy sector (cf. Chapter 

6). 

 

8.1.2 Performance of the Moroccan Energy Transition 

Chapter 6 demonstrates that Morocco relies on imported fossil fuels and has been successfully 

expanding both fossil and renewable energy capacities in the past, even though the country has 

neglectable amounts of fossil reserves. At this point, it is important to highlight the findings of Chapter 

6, which present that Morocco managed to install around 4 GW of renewable capacity, but, at the 

same time, had built two new coal-fired power plants between 2014 and 2019, so that by 2020 a total 

of 4 GW of coal powered capacity had been installed. This historically conditioned path of favouring 

coal can be interrupted by analysing the existing barriers and lock-in factors that prevent Morocco 

from taking full advantage of its abundance of renewable resource potential. The following section 

synthesises the results related to the Moroccan energy transition with the help of the developed 

enabling framework to identify existing barriers that prevent the country from achieving a sustainable 

energy transition. However, not all categories and criteria of the enabling framework could be used 

for further analysis in the scientific articles, due to the specific focus of the articles or the lack of 

suitable interview partners. 

 

The Moroccan energy sector 
(Analysis based on the framework categories Energy markets, Legal requirements, Infrastructure) 

 

In Chapter 3, an enabling environment for transitioning the energy sector towards a more sustainable 

system is defined inter alia as being liberalised, without implemented trade barriers, well-managed 

and with private sector participation, to enable decentralised and cost-effective renewable electricity 

generation. Chapter 6 considers many of these aspects and analyses the manner in which electricity 

generation has been liberalised and which factors influenced the rise of renewables and coal in 

Morocco. Accordingly, liberalising Morocco’s electricity generation in 1994 – distribution and 
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transmission are still not liberalised – was beneficial for the public utility ONEE, as it allowed it to 

reduce its financial pressure caused by rising fossil fuel prices and focus instead on rural electrification 

(Usman & Amegroud, 2019). Since then, electricity generation has been dominated by the private 

sector and ONEE remained to produce 22 % of the total electricity generated in 2019 (ONEE, 2020, p. 

4). The stakeholders in the energy sector are mostly large, foreign companies that have constructed 

large-scale power plants and the findings indicate that mainly these large-scale actors gain the 

economic benefits from electricity generation. Small-scale actors have not been involved in relevant 

activities in the energy sector so far. Until now, there are few trade barriers in place and generating 

electricity is basically very open for foreign ownership and investments (Fink, 2017, p. 211). The 

management of the energy sector – including legal and infrastructural requirements – seems to cause 

problems for private investors such as a very non-transparent and not standardised development of 

action plans and grid access agreements (Usman & Amegroud, 2019, p. 22). The unbundling of 

problems related to the grid access as well as the elimination of administrative barriers, which are 

identified as being important in Chapter 3, have been considered by the Moroccan government by 

creating a new agency, called National Electricity Regulatory Authority (ANRE), which is now in charge 

of dealing with transparency and standardisation (see Chapter 6). ANRE will most likely not only 

remove existing barriers for renewable electricity generation but also create positive impacts on the 

planned green hydrogen and green ammonia production, which also require transparent and reliable 

policies for project planning and electricity supply, as described in Chapter 7. These results on the 

Moroccan energy sector indicate that even though most of the enabling criteria for a supportive 

treatment of renewable energies seem to be in place, not only the rise of renewables but also the 

intensive expansion of coal has been supported during the past years. Influenced by foreign institutions 

and companies, the increase of coal-fired power generation has been achieved without international 

attention and only the transition towards renewables has been discussed and highlighted 

internationally. With regard to this development, one cannot speak of a sustainable energy transition 

because renewable electricity only adds to and did not replace any fossil electricity.  

Transitioning to sustainable energy systems does not only include the use of fossil-free technologies 

but also incorporating environmental impacts and social needs which offer benefits for the local 

population to improve their current standard of living (Blohm, 2021, p. 10). This is especially important 

in Global South countries, which could profit from socio-economic and ecologic benefits of energy 

transitions. However, the pure transfer of clean technologies or knowledge is not enough to support 

and strengthen domestic economies to achieve the integration within the local value chain (Blohm, 

2021). The strengthening of domestic economies, which is part of the enabling framework, has been 

an important discussion point for Moroccan workshop participants, but has apparently not been 

managed properly enough during the last years to benefit Moroccan companies. Chapter 6 deals with 

the topic of how Morocco failed to include and support domestic companies and instead has been 

more focused on attracting foreign investors without imposing necessary suitable technology and 

knowledge transfer mechanisms. Unfortunately, foreign ownership has not been successful in creating 

a spillover effect from foreign to domestic companies (Bouoiyour, 2011, pp. 9–11), with an exception 

of the Research and Development (R&D) sector. Moroccan research institutes, universities and 

ministries created bilateral energy partnerships, for example, with German research institutes and 

ministries, which has enabled a transfer of knowledge between the two countries. These cooperations 

and partnerships can be both beneficial and problematic when the involved stakeholders are not 

following the domestic interests, as it has been shown within the Desertec project (Schmitt, 2018). 

Related to the research on green hydrogen, it has been shown that domestic companies and research 

institutions are involved in the ramp-up of this new technology to learn and shape the future design 
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of this evolving sector (see Chapter 2.1.3). This important spillover effect, which is also mentioned in 

the enabling framework under the criteria Strengthening domestic economies and National systems of 

innovation, needs to be further developed so that more Moroccan companies along the entire value 

chain can be involved in participating in and thus benefitting from the energy transition. It will be 

especially important that the skills that are required to get an employment in the sector are properly 

offered to the domestic workforce.  

Additionally, Morocco’s growing green hydrogen sector could learn from the experiences that have 

been made in the energy sector related to the impacts of foreign investment, foreign ownership and 

the missing creation of socio-economic benefits. In Morocco, a country that is highly vulnerable to the 

consequences of climate change, water is a particularly scarce resource (Government of Morocco, 

2021, p. 20). Therefore, desalinating seawater not only for the production of green hydrogen but 

additionally for supporting basic social needs of the population could increase the sustainability of 

these projects. Otherwise, it would be important that not only economic benefits will be created for 

the so far involved larger companies, but that additional socio-economic benefits can be created for 

the local population. The consideration of the developed sustainability criteria, not only in the 

expanding hydrogen sector but also in the regular energy sector, could increase the overall 

sustainability of the entire energy transition.  

 

The political economy of Morocco’s energy system 
(Analysis based on the framework categories Energy policy, Energy markets, Institutions and Clash of interests) 

 

The political economy of Morocco is elusive because it seems that the political decision-making is 

influenced by decisions made by the king as well as by influences from foreign stakeholders. Chapter 

6 analyses the successful expansion of renewable energies in Morocco to date and describes how 

decisions in the energy sector are often not based on informed choices, which would be important for 

the civil society to understand and support necessary changes (see Chapter 3). The former Desertec 

vision, which foresaw the production of electricity in desert regions and its export to Europe (Schmitt, 

2018) would have enabled Morocco to increase its economic and industrial activities. Due to 

misleading price predictions as well as interventions from German stakeholders, the country started 

to construct large-scale CSP plants instead of cheaper PV systems (Schmitt, 2018, pp. 766–767). 

Electricity from the CSP plants has been subsidised by the Moroccan energy agency MASEN with the 

help of a World Bank loan, so that the produced electricity can be sold at competitive prices to the 

consumer (World Bank, 2018, p. 11). The results in Chapter 4 also indicate that workshop participants 

did not favour CSP over PV and that, according to today’s economic reasons, no new CSP power plants 

should be constructed in the future, which the respective decision-makers already considered in the 

long-term planning after knowing the real cost of CSP electricity generation.  

Chapter 3 indicates that governmental support for transitioning to renewable energy systems is 

beneficial as strategic long-term decisions might otherwise favour fossil fuels. The general 

governmental support for renewable electricity in Morocco that is given, can be seen in the long-term 

targets of installing 52 % renewables by 2030 and 80 % by 2050 (Anouar, 2022). However, no support 

mechanisms, such as feed-in tariffs, are in place, which make the expansion of renewables less 

economically attractive than it could be (see Chapter 6). Implementing feed-in tariffs, optimally 

combined with a priority feed-in for renewable electricity, would lower the risks for project developers 

and create predictable production and operation costs as well as revenues in the long term, which 

would be especially important for small-scale domestic project developers and owners (Abolhosseini 
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& Heshmati, 2014, p. 6). This would allow rural areas to shape power generation to their own needs 

and future visions and make small-scale electricity projects competitive compared to large projects.  

Even though the government supports the expansion of renewables, coal was mentioned as the most 

important and most cost-effective source for electricity generation in the national energy strategy of 

2009 (MEME, 2009, p. 23). In times of an urgent need for reducing CO2 emissions and decarbonising 

the entire economy, the true costs of coal-fired powerplants seem to be neglected. To achieve long-

term decarbonisation goals, carbon pricing policies would make the use of coal much more cost-

intensive and not the cheapest source of electricity generation (OECD et al., 2015). While the Moroccan 

government stopped the construction of new coal-fired power plants in 2021, the rapid coal phase-

out has not been supported (UK Government & United Nations Climate Change, 2021). The removal 

of existing pervasive subsidies, which currently make the use of fossil fuels cheaper, would be a first 

step towards enabling a fair competition between fossil and renewable electricity production (Peszko 

et al., 2019).  

Therefore, Chapter 5 calculates the external costs of air pollution from electricity generation in 

Morocco. It is shown that the current type of electricity generation has significant negative health 

effects, such as respiratory diseases or even premature mortality. Large-scale fossil power plants are 

usually located near urban areas due to grid constraints, which causes the population to suffer from 

this form of electricity generation. These costs are currently borne by the general economy. 

Internalising external costs unveils the true cost of electricity generation, showing that electricity from 

coal-fired power plants is not cheaper than electricity generated by renewable power plants, which 

makes a comparison of different energy systems beyond system costs even more important. It is 

important to note that Chapter 5 focuses on the external costs of air pollution and its impact on human 

health and does not assess the impacts and costs of other greenhouse gas emissions on the global 

climate as well as effects on the built and natural environment. Methane in particular, but also other 

pollutants, such as nitrous oxide (N2O) or carbon tetrafluoride (CF4), have high global warming 

potentials (Myhre et al., 2013, p. 714), affecting physical climate patterns on Earth and leading to rising 

global temperatures. Due to the high marginal abatement costs (Johansson et al., 2006, p. 304), it 

would be important to also consider and analyse the share of these external costs. The cost rage for 

external costs of climate change are very large due to the various regional-specific impacts on human 

systems such as water scarcity, food production, health and wellbeing, cities, settlements and 

infrastructure as well as impacts on changes in ecosystems such as changes in ecosystem structures, 

species range shifts and changes in timing (IPCC, 2023, p. 10).  

Chapter 4 shows that system costs were evaluated as being very important by Moroccan stakeholders 

to make electricity affordable for everybody. If external costs of fossil power generation were 

internalised in the cost of electricity, energy prices would rise and the government would have to 

inform the population about the reasons for using coal.  

Energy independence was one of the most important criteria for future electricity systems that were 

mentioned by workshop participants (see Chapter 4). Increasing the share of renewable electricity 

supports this objective as Morocco has no domestic fossil reserves but high renewable wind and solar 

potentials. However, increasing energy independence should not result in an increased economic 

dependence, such as on FDI, as described in Chapter 6. Additionally, the increased use of coal-fired 

electricity, which was not replaced by renewable energies, did not increase Morocco’s energy 

independence but increased the amount of imported coal (The Global Economy, 2023). In general, 

technological decisions that have been made in Morocco in the past, such as favouring large-scale and 

centralised power generation, seem to follow the same patterns as at the political level. The political 

economy is centralised at the highest political level and the operation of large-scale power plants 
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brings economic benefits primarily to actors involved, which are either foreign companies or related 

to the royal family. Preferring large-scale, centralised power generation to small-scale, decentralised 

power generation is only one example that seems to impede the empowerment of domestic actors at 

the community or individual level. These decisions and interests of the monarchy can be compared to 

powerful lobbies that influence politicians to adhere to existing structures and that do not enable 

energy transitions as described in Chapter 3.  

 

Social participation to achieve a sustainable energy transition 
(Analysis based on the framework categories Society, culture and behaviour, Equity and justice and Knowledge) 

 

The results of Chapter 6 show that the Moroccan energy transition towards high shares of renewables 

did not empower small-scale, local actors but seems to favour large-scale actors, which apparently 

creates social injustices. Chapter 3 identifies criteria, such as equity, justice, knowledge transfer and 

social acceptance, as being important to enable and ensure a socially just energy transition. 

Accordingly, gaining acceptance for removing existing barriers and for changes related to the energy 

transition, transparency and participation seem to be key enablers to achieving a willingness to accept 

necessary changes and to empower civil societies. Citizens should not only be informed about decisions 

that cannot be influenced any more, but should optimally be involved in actively shaping the necessary 

decisions at an early stage. Chapter 6 shows weaknesses related to involving communities in decision-

making processes in Morocco. The construction of the first Moroccan CSP plant was decided at the 

highest political level. The respective community, in which the power plant had been constructed, was 

confronted with the decision at a very late stage, which caused fear and uncertainties about the 

resulting consequences (Terrapon-Pfaff et al., 2019, pp. 9–10). An early involvement might not only be 

important when it comes to expanding renewable energies but also in the case of producing green 

hydrogen, as described in Chapter 7. Energy planning and energy system transformation should be in 

line with societal preferences to correspond with technological priorities and social needs (see Chapter 

3). Workshop discussions (see Chapter 4) and subsequent interviews (see Chapter 6) have shown that 

Moroccan stakeholders generally support the use and further expansion of renewable energies – also 

at the community level – but local needs would need to be considered more to achieve a just and fully 

socially accepted energy transition. Creating awareness for climate change and transferring knowledge 

and skills to the domestic workforce are important to be considered in the energy sector, but are 

currently missing, or at least not coordinated properly. Knowledge transfer is, to a limited extent, 

initiated, but seems to not match with the skill requirements that would lead to an increased 

employment within the sector (see Chapter 6). This mismatch excludes the local population and the 

local workforce. Pure financial participation of local citizens in energy projects, as it is for example the 

case in Germany (see Chapter 3), is unlikely to create socio-economic benefits because energy planning 

would remain in the hands of the government and foreign companies, which are not obliged to locally 

create socio-economic benefits. Additionally, not many people might have the financial capacities to 

participate financially in such large-scale projects. 

 

The here presented findings indicate that an enabling framework to overcome existing barriers in the 

energy sector and to enable a sustainable transition, as developed in Chapter 3, can only partially be 

found in Morocco because many barriers or lock-in factors still exist. The country has achieved to 

expand renewable capacities in the past years, but due to the still strong support for fossil energies, 

the Moroccan pathway cannot be called a sustainable energy transition.  
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8.2 Comparison of the Enabling Framework with Other Existing 

Frameworks 

This chapter compares the enabling framework developed in Chapter 3 with three other existing 
analytical frameworks, which are used to study energy transitions or specific problems in this field. In 
general, many other frameworks exist, each of them having a different analytical scope, and it would 
not be possible to provide an all-encompassing analysis in this dissertation of this emerging research 
field. Therefore, only three frameworks were chosen for a detailed comparison, based on their specific 
focus and application in different case studies. The three frameworks are the Actors, Objectives, and 
Context (AOC) framework by Jakob et al. (2020), the Meta-Theoretical Framework (MTF) by Cherp et 
al. (2018) and further developed by Brauers et al. (2021) and the Multi-Level Perspective (MLP) 
Framework by Geels (2002). Even though some of the frameworks have their origin in other 
publications by other authors, the here referenced publications were used to make the comparison. 
Table 8-4 summarises the information on the three frameworks and provides information on specific 
differences to the enabling framework.  
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Table 8-4 Comparison of three existing frameworks with the developed enabling framework in Chapter 3 
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All frameworks include technical, social and economic aspects of energy transitions, which develop in 

frames of specific contexts or landscapes. However, there are some differences between the 

frameworks compared to the enabling framework, which are shortly highlighted. At least two of the 

three presented frameworks, namely the AOC framework and the MTF, focus on actors and their 

objectives. To research and understand specific developments and who influenced these 

developments, such as cementing lock-in factors or supporting renewable energies, the focus on 

actors, their objectives and the power to implement the objectives, is very important. However, 

researching specific objectives might have been challenging in the Moroccan case due to the ruling 

monarchy. Monarchies and their mostly non-public and rather impenetrable objectives, are extremely 

difficult to identify and analyse. For this reason, one of the most influencing factors with its underlying 

specific barriers would only be insufficiently considered in the analysis.  

None of the frameworks in Table 8-4 have sustainability at the centre of their analysis, like the enabling 

framework has, but it seems to be possible to identify barriers that prevent sustainable energy 

transitions. Furthermore, the MLP and MTF are better applicable to specific barriers or lock-in factors, 

whereas the enabling framework is mainly applicable to the broader questions of identifying barriers 

and enablers of energy transitions. The AOC framework combines both approaches of studying specific 

lock-ins in frames of a broader context analysis.  

This short analysis provides additional information to the state of literature in Chapter 3 and shows 

that other analytical frameworks with a comparable focus already exist, but that all of them have their 

own nuances and specialties. Therefore, the frameworks are comparable with each other and could 

probably generate comparable results, if the same research question was analysed. 

 

8.3 Limitations  

This section critically discusses the limitations of this dissertation which are not only related to the 

results but to biases associated with the chosen methodologies. The first three topics – Data collection, 

Participatory workshops and scenario development and Author’s nationality – are related to 

methodological limitations, while the last aspects – Developed frameworks and External cost 

calculation – are content-related limitations.  

 

Data collection 

Conducting workshops always includes a bias of personal opinions that mostly do not represent the 

majority of the population. One workshop per country was conducted including 25-30 participants, 

each from different disciplines (academia, public sector, private sector), for generating the results of 

Chapter 4. More workshops or surveys with different societal groups in different regional areas of the 

countries would have been needed to capture the broader national visions of the energy transitions. 

Only such a broad involvement of all layers of society could unveil the full range of socio-economic 

needs and societal long-term visions. The here included workshop participants had mostly positive 

views on renewable energies, which is why the more sceptic or reluctant and opposite part of the 

population was missing. Chapter 4 shows, however, that groups with different preferences (economic, 

environmental, technical) came nearly to the same results. It is therefore uncertain, how big the 

personal biases of the involved workshop participants were. It must be assumed, that other workshop 

participants would have created different scenarios. However, pure desk research or conducting a high 

number of individual interviews or surveys instead of conducting workshops would not have been able 

to achieve a more representative result as it would not have resulted in developing consistent and 

supported scenarios but only in identifying individual objectives.  
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Results on the performance of the Moroccan energy transition (see mainly Chapter 6) are mostly based 

on a literature review and online interviews. Conducting a high number of on-site interviews combined 

with distributing survey documents would have increased the validity of results and would have 

unveiled more specific weaknesses of the Moroccan energy transition. However, such field trips were 

not possible during the writing of this dissertation due to travel restrictions during the COVID-19 

pandemic.  

 

Participatory workshops and scenario development 

The development of future electricity scenarios represents a possibility to systematically analyse future 

alternatives, which are not based on projected real developments, such as business-as-usual scenarios, 

which are based on political developments, but on storylines or narratives (Dieckhoff et al., 2014, p. 

10). They are based on current assumptions and knowledge to analyse an ideal possible situation in 

the future. Even though inputs and assumptions are based on state-of-the-art techno-economic 

parameters, the future reality will probably lie in between all different scenarios and their results. 

Additionally, fast-decreasing LCOEs can make scenario costs already outdated after a short period, 

which is due to the fact that technological improvements for renewable energies happen fast during 

the current time (IRENA, 2022g, p. 31). The participatory development of future scenarios during 

stakeholder workshops, was a necessary step to include stakeholders’ preferences while directly 

visualising infrastructural and economic effects, such as changing system costs or excess electricity. 

The use of a simplified spreadsheet model in Excel during the workshops was a first attempt to enable 

discussions among different stakeholder groups on how the electricity future could look like. After the 

workshops, the developed scenarios were modelled with the open source energy system model 

renpassG!S, which is a more precise open source energy system model but which has a long computing 

time, which is why it was not used during the workshops. The here presented results must be seen 

within the conditions that were state-of-the-art during the year in which the workshops took place and 

as one possibility of how a preferred future system could look like. Re-modelling scenario results at a 

later stage would lead to different results as behavioural changes and new innovations will impact 

future pathways (Ekins & Zenghelis, 2021). Choosing another methodology of, for example, developing 

cost-optimised electricity scenarios instead of defining installed capacities, would have resulted in the 

creation of different scenarios. However, developing future scenarios based on storylines or narratives 

instead of a cost-optimisation enabled us to directly show the modelling results during the workshops, 

which would not have been possible otherwise. Additionally, the three energy systems in Morocco, 

Jordan and Tunisia were modelled as isolated systems to create an easy-to-use tool for workshop 

participants. Interconnections would have increased the modelling effort and would have created 

differences between the simplified spreadsheet model in Excel and the energy system model, because 

not everything is possible to model with Excel. Missing elements of a more precise modelling, including 

cost-optimal solutions, interconnections and sector-coupling technologies – as they are more and 

more important in current and future energy systems – are therefore important limitations related to 

the findings of Chapter 4. 

 

Author’s nationality 

Another methodological limitation results from the author’s nationality. Being a researcher born in the 

Global North, my perspective on energy transitions in the Global South most likely differs from those 

of people or researchers born in the Global South. For that reason, I tried to be very critical with 

analysing the collected information and tried to develop solutions that fit the local circumstances so 

that socio-economic benefits could be created for local populations instead of international 
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stakeholders that are involved either in generating electricity or importing the produced hydrogen 

from the countries under study. However, having the Global North perspective in mind, I might have 

difficulties to find appropriate solutions that match with the requirements of people living in the Global 

South. 

 

Developed Frameworks 

Both developed frameworks, the enabling framework to support the sustainable energy transition at 

the national level in Chapter 3 as well as the sustainability criteria for the production of green hydrogen 

in Chapter 7, present barriers, enablers and criteria that are not independent of each other and which 

can be fulfilled by following different approaches. Energy transitions are “dynamic processes” (Kitzing 

& Mitchel, 2014, p. 1), which should resolve “market imperfections” (Kitzing & Mitchel, 2014, p. 1) and 

which are different from country to country. There is no universal solution for successful energy 

transitions and different regional circumstances can lead to different best-practise examples and ways 

a country will transform. To prove the robustness of the framework, more case studies need to be 

conducted based on the framework’s categories. Therefore, the here presented results must be seen 

as a proposition of criteria that can lead to sustainability but without promising successes when 

transferring the results to other countries or regions. A regional analysis of social preferences and 

socio-economic needs as well as existing techno-economic structures must be the basis for a further 

decision on which approach will be the best for a specific country. Additionally, both chapters lack a 

prioritisation or ranking of more or less important criteria because many criteria influence each other. 

These interdependencies are not part of this dissertation, which is why a prioritisation of the criteria 

cannot be presented here either.  

 

External cost calculation 

The calculation of external costs in Chapter 5 is limited to the impacts of air pollution on human health 

and does not take into consideration other external costs from energy generation, such as the costs of 

damage or avoidance of GHG emissions related to climate change. 

Additionally, the bottom-up approach needs to be evaluated critically because of two reasons. First, 

assumptions concerning the power plant set up and related emission quantities were made as no 

actual emission measurement data was available to compare the computed results to. Second, more 

detailed modelling of external costs, including atmospheric chemistry modelling to assess secondary 

pollutants, would have better represented the actual effects. However, the objective of the article was 

to develop and apply a straightforward approach using less modelling effort to enable decision-makers 

to understand the modelling results.  

 

8.4 Research Outlook 
The synthesis and limitations sections show that several further research topics exist, which could 

either confirm or further develop the presented findings. Each of the scientific articles in Chapters 3 to 

7 includes an outlook on further research topics but this section synthesises the results and highlights 

important research gaps related to the social dimension of sustainable energy transitions, the 

Moroccan energy transition as well as to the production of green hydrogen in Morocco. 

  

The social dimension of sustainable energy transitions 

It has been shown that the social dimension of both electricity generation and hydrogen production 

has been researched the least related to topics such as participation, social involvement or the 
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generation of socio-economic benefits for local populations. Further research on these topics could be 

related to (1) identifying regional knowledge transfer opportunities or education requirements to give 

the local workforce the ability to require necessary skills for open employments; (2) finding appropriate 

decision-making and participation processes to involve local communities in energy planning 

procedures; (3) developing future concepts for communities to capture societal preferences and 

visions and (4) studying advantages and disadvantages of local content requirements to eventually 

restrict foreign involvement, if necessary, but to implement beneficial requirements instead of 

creating additional barriers.  

 

The Moroccan energy transition 

Based on the derived findings, there are at least four important research gaps to better understand 

the political economy of the Moroccan energy sector and to overcome existing barriers. These are (1) 

identifying future objectives of high-level Moroccan stakeholders to understand the contradiction 

between supporting renewable energies and relying on fossil fuels, mainly in the case of coal; (2) 

analysing direct and indirect geopolitical influences in the energy and hydrogen sector to identify 

domestic needs and international objectives; (3) identifying socio-economic needs of rural 

communities to respect and include them in the national energy strategy and (4) developing future 

electricity scenarios or pathways including social, environmental and economic criteria to design a 

socially just and economically beneficial coal phase-out.  

 

Green hydrogen production in Morocco 

Due to the fact that Morocco has ambitious targets related to the production of green hydrogen and 

also because of the presented findings on missing socio-economic benefits of electricity generation, 

research on the growing green hydrogen sector is important. Further research is needed on, and not 

limited to (1) analysing advantages and disadvantages of exporting either green hydrogen or green 

ammonia and identifying the safest and economically beneficial solution for the country; (2) creating 

socio-economic benefits of green hydrogen production for projects that are planned for export-

purposes; (3) identifying challenges and benefits of additional water desalination in connection to 

green hydrogen productions to meet domestic needs; (4) analysing measures to strengthen domestic 

economies and companies related to economic and industrial activities; (5) integrating sustainability 

along the value chain of fertilizer production also focusing on mining activities; (6) studying impacts of 

the green hydrogen production on the overall energy transition due to an increased need for 

renewable capacities and (7) analysing how to attract foreign investments while generating local 

impact at the same time.  

 

9 Policy Recommendations 
Based on the presented findings, this chapter gives policy recommendations to enable sustainable 

energy transitions. Chapter 9.1 focuses on the Moroccan energy transition considering the domestic 

perspective of decision-making, while Chapter 9.2 addresses international actors that are active in 

foreign electricity sectors or in the global green hydrogen sector. However, based on the already 

mentioned limitation related to the author’s nationality, the context, that a Global North researcher 

gives recommendations to find beneficial solutions for Global South energy transitions, is important to 

keep in mind. 
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9.1 Policy Recommendations for the Moroccan Energy Transition

Chapters 3 to 7 analyse different research questions and find barriers and enablers of the Moroccan 

energy transition. These results are the basis for the here presented recommendations to enable a 

sustainable energy transition in a country that is not only focused on the expansion of renewable 

energies.

Table 9-5 Policy recommendations for the Moroccan energy transition

Updating the national energy strategy and developing a Moroccan roadmap 

with intermediate targets to achieve long-term goals

A precise roadmap until the year 2050, including intermediate and achievable 

targets, would ensure the compliance of renewable targets and could lead to a 

full decarbonisation of the country, which is currently lacking. The targets 

should be related to the overall use of energy with a focus on targeting 

capacities. To define these targets, representatives of the population should 

participate in the development process to ensure support and social 

acceptance of necessary changes.

Involving the Moroccan society in the energy transition

Instead of deciding centrally about energy planning in rural communities, 

participation and involvement of the local, rural population in decision-making

processes could be supported to design the energy future based on basic needs 

and social preferences. This could, for example, be done through a community-

based energy planning system and a compulsory consultation of community 

representatives in which energy projects could be developed.

Creating participation possibilities for small-scale domestic actors

Small actors such as individuals or communities should economically benefit 

from the energy transition which can, for example, be achieved by enabling to 

construct small-scale power plants combined with a financial support scheme, 

such as a feed-in tariff, or a possibility to get inexpensive loans or well-done 

knowledge transfer to gain employments in the sector.

Local content requirements for specific aspects such as employment or 

domestic value chain creation should be further researched but implemented

only, if they increase the creation of domestic benefits.

Focusing on suitable renewable technologies and limiting air pollution 

Energy system modelling indicates that nuclear and coal-fired electricity are not 

needed in the future Moroccan energy system. The phase-out of coal-fired 

power plants could be brought forward combined with a fast expansion of 

renewable energies, such as wind onshore and PV plants. Until the entire 

phase-out of coal is achieved, one option would be to install state-of-the-art 

filter systems combined with measurement stations in the surroundings of 

fossil power plants to reduce external costs of air pollution. Besides pumped-

hydro power stations, other storage technologies could be taken into 

consideration because of the decreasing future availability of water.
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Following domestic needs instead of foreign demands

Export-only projects that include the use of electricity and water (such as the 

production of green hydrogen) should, if possible, only be operated once the 

domestic needs of the affected population for these resources are met. 

Increasing the overall sustainability of the energy transition

Implementing sustainability criteria for the production of green hydrogen as 

well as for electricity generation would probably lead to a more socially just, 

socially accepted and environmentally friendly energy transition that is built 

upon social needs and future visions. Both electricity generation and green 

hydrogen production should be beneficial for the local population. 

9.2 Policy Recommendations for International Stakeholders in The 

Global Electricity and Green Hydrogen Sector

The results of this dissertation show that involving foreign stakeholders in domestic energy transitions 

might lead to positive and negative effects. Table 9-6 summarises policy recommendations for 

international stakeholders to support energy justice and sustainability in the electricity and hydrogen 

sector.

Table 9-6 Policy recommendations for global energy transitions

Asking the local population about their needs as part of energy planning 

processes

Integrating the local populations in energy planning processes might lead to 

a higher acceptance for the projects and enables the project to be built upon 

local needs and requirements. Even if these consultations might not be 

required by national governments, they should still be conducted. 

Providing access to electricity and water with energy projects, if needed

There are many regions around the world in which the local population lack 

basic needs such as electricity or water. Constructing additional capacities of 

renewable electricity and freshwater desalination capacities, for example in 

connection to green hydrogen projects, may help to solve this problem. Of 

course, electricity and water need to be affordable for the population and 

should not be sold at high prices. Through this, companies could help to 

overcome energy poverty and water scarcity.

Creating domestic value chains and leaving economic benefits in countries 

of the Global South, especially for export-oriented projects

The local workforce and domestic companies should be involved in all stages 

of the value chain in the electricity and hydrogen sector in order not only to

increase the economic participation but also the acceptance and support 

from the local population. The involvement of foreign workforce could be 

limited to those areas in which the expertise of domestic workforce is missing. 
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In this case, capacity building measures could be implemented to increase the 

domestic involvement in the long term. Especially export-oriented projects 

should create a positive impact in the local economy.

Implementing sustainability criteria for the production of green hydrogen at 

the global-level

Implementing beneficial sustainability criteria for the production of green 

hydrogen should be fostered at the global-level so that international 

stakeholders will not choose to be active in a country in which no 

requirements are in place. This would ensure a fair global competition while 

creating socio-economic benefits in countries of the Global South.

Preventing neo-colonialism and resource exploitation in countries of the 

Global South to achieve sustainable energy transitions in the Global North

Trade activities should not be built on neo-colonial structures but should be 

beneficial for all trading partners. Resources, such as freshwater or raw 

materials, should be protected and used primarily by local populations. All 

activities in which foreign stakeholders are involved should optimally follow 

the same standards and support a responsible treatment of resources, that 

are implemented in the home country. If no standards exist, implementing 

global standards would be beneficial.

10 Conclusion
This dissertation is focused on research activities regarding the energy transition in Morocco, a country 

that is embedded in the geopolitical structures and characteristics of the MENA region but which 

differs from the other countries for varies reasons, such as having a ruling monarchy and lacking fossil 

reserves. Not only the current and future electricity generation is analysed, but also the sustainable 

production of green hydrogen. It can be concluded that Morocco started the construction of 

renewable energies relatively early in the 2000s, initiated by liberalising electricity generation and 

allowing foreign investments and ownership without many limitations. Looking only at expansion rates 

of renewable energies, Morocco seems to be one of the most successful countries of the MENA region. 

Lacking fossil reserves but having promising renewable potentials combined with attractive economic 

opportunities are important underlying reasons why the country has been successful so far. Foreign 

involvements enabled technology and knowledge transfer to strengthen domestic economies and, in 

theory, created long-term possibilities for local workforces. However, a positive spillover effect to 

domestic businesses is still in its infancy and the energy transition is currently not as beneficial to the 

population as it could be if it were geared to local needs and social preferences. 

On the downside of this development is the missing involvement of local populations in decision-

making processes and concentrating economic benefits at the company-level from which the civil 

society can only benefit to a small extent. It will be important for the country to hold the prevailing 

preference and acceptance for renewable energies in the future and to prevent social protests against 

large-scale projects among the population. Even though a shift towards more small-scale projects 

would not solve all of the presented problems, it would be a possibility to enable a socialisation of 

economic benefits and enable the local population to shape the energy transition based on social 
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preferences and social needs. However, financial support mechanisms and a more precise technology 

and knowledge transfer would be necessary to achieve this goal. All of these aspects indicate that 

Morocco is currently not following a sustainable energy transition but rather successfully enabled the 

construction of renewables to meet the rising electricity demand, while neglecting the social 

dimension of involvement and participation. 

The Moroccan King Mohammed VI desires to play an important role in producing green hydrogen and 

ammonia in the future and exporting high volumes of it abroad, mainly to Europe. Experiences which 

were made in the electricity sector could be transferred to the hydrogen sector, at least to a certain 

extent, to strengthen the domestic economy from the beginning and to find individual solutions for 

involving local communities and the local workforce in this sector. Implementing sustainability criteria 

for the production of green hydrogen would be one possibility to achieve this empowerment. The 

overarching goal should be that energy transitions could be beneficial for societies of transitioning 

countries, especially if countries support other countries with their energy transition, such as through 

delivering green hydrogen.  

Transferring research results from Morocco to other MENA countries is extremely difficult due to many 

differences that were mentioned in the introduction such as the availability of fossil resources or the 

political economy of the Moroccan monarchy. The high renewable resource potential throughout the 

entire region, however, could be one of the most important drivers and enablers for all countries to 

expand renewable capacities at comparable low costs. Something the countries under study also had 

in common was that workshop participants were focused on expanding renewable energies for 

electricity generation instead of reacting to more short-term demands such as covering rising 

electricity demands or reducing the overall amount of CO2 emissions. Covering socio-economic needs 

seemed to be more important for the stakeholders than combating against the global problem of 

climate change in general. This dissertation started the dialogue of connecting actors from different 

disciplines. The developed results can be further developed and implemented to achieve sustainable 

energy transitions in different countries.  
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