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Abstract. This paper explores the potential of digitalization to enhance Morocco’s renewable energy sector. The primary objectives are
to assess the current state of digitalization within the sector, identify key challenges and opportunities, and propose recommendations
for overcoming barriers to digital transformation. The study integrates a literature review with the People, Process, Technology (PPT)
and Triple Bottom Line (TBL) frameworks, alongside a case study approach, expert interviews, and document analysis to gather data
and draw insights. Key findings highlight the critical role of human capital, robust digital infrastructure, and a supportive regulatory
environment. The research underscores that effective change management strategies are essential to overcoming resistance to change,
enabling the sector to embrace digital transformation fully. By investing in skills development, building digital infrastructure, creating a
supportive regulatory environment, adopting a holistic approach to sustainability, and strengthening stakeholder collaboration, Morocco
can successfully navigate the challenges and capitalize on the opportunities presented by digitalization. The study concludes that the
successful digitalization of Morocco’s renewable energy sector requires a multi-faceted approach that addresses the economic,
environmental, and social dimensions of the transition. Through the lens of Morocco’s experience, this research provides valuable
insights into the digital transformation of renewable energy sectors in developing countries, offering practical guidance for policymakers
and industry stakeholders.
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1. Introduction

The transition towards a sustainable future necessitates a fundamental shift in global energy production.
Renewable energy sources, such as solar and wind power, offer a promising alternative to traditional fossil fuels
by reducing greenhouse gas emissions and mitigating climate change. However, integrating these renewable
sources into existing energy grids poses challenges due to their inherent variability. To ensure a stable and
efficient energy supply, digitalization plays a crucial role in optimizing grid management, forecasting energy
production, and facilitating the wider adoption of renewable energy solutions.

Digitalization in the energy sector offers well-explored opportunities for enhanced efficiency, better integration
of renewable energy, effective demand-side management, and increased transparency in decision-making, etc.
For instance, smart grids equipped with real-time data analysis can optimize energy distribution, reduce
transmission losses, enhance grid stability, and facilitate a greater incorporation of renewable sources. Digital
tools, such as smart meters featuring time-based pricing, can incentivize reduced consumption during peak
hours, thereby alleviating strain on the grid. This approach can lead to significant reductions in energy waste
across various sectors. Moreover, digital platforms empower consumers with greater control over their energy
usage, enabling services like mobile apps for meter readings, bill payments, and the management of connected
home devices for energy-efficient operation.

However, digital transformation in the energy sector also presents typical challenges. A more digitalized grid is
susceptible to cyberattacks, making the investment in robust cybersecurity measures essential to protect critical
infrastructure, albeit at a high cost. The collection and analysis of energy consumption data also raise privacy
concerns. To maintain consumer trust, clear regulations and stringent data security protocols must be
established. Furthermore, digitalization demands investment in new technologies and infrastructure, such as
smart meters and communication networks, which can pose significant challenges for developing countries,
including Morocco. Additionally, digital transformation requires a workforce skilled in using digital tools, data
analysis, cybersecurity, and digital grid management. Consequently, investment in training and education is
vital to equip the workforce with the necessary skills.

Despite the recognized importance of both renewable energy and digitalization, research exploring their
intersection within the specific context of Morocco remains limited. Existing literature offers a broad picture of
global trends or focuses on developed economies. There is a scarcity of information regarding the current
digitalization status within Morocco's renewable energy sector. This lack of data makes it difficult to assess the
specific challenges and opportunities this North African country faces.

Furthermore, current research on digitalization in the energy sector often adopts a fragmented approach,
focusing on isolated aspects like on specific technologies or applications. This approach, while valuable, fails
to capture the holistic picture of the sector as an ecosystem from the management point of view. A
comprehensive understanding requires examining the digitalization process within a broader theoretical
framework, considering not just technological advancements but also the interplay between various ecosystem
factors, like resources, processes, policy and regulations, etc.

Therefore, to effectively address the knowledge gap and pave the way for future research, this study adopts a
descriptive case study approach. By developing a robust theoretical framework, the study aims to investigate
the challenges and opportunities associated with the digitalization of Morocco's renewable energy sector. This
case study focuses on the Moroccan renewable energy sector, examining the challenges and opportunities of
digitalization within this context. While the findings of this research may have broader implications, the scope
of this study is primarily limited to the Moroccan experience. By concentrating on this specific case, the research
aims to provide in-depth insights into the factors influencing the digital transformation of the renewable energy
sector in a developing country context.
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2. Utilizing Digital Technology for the Energy Transition

The global energy landscape is undergoing a transformation, shifting away from a heavy reliance on fossil fuels
toward cleaner and more sustainable energy sources (International Renewable Energy Agency — IRENA, 2023).
This transition is driven by a combination of factors, including the depletion of fossil fuel reserves, growing
environmental concerns, and the political imperative driven by the worldwide organizations to mitigate climate
change (Dwivedi et al., 2022; Wang & Azam, 2024). Morocco has positioned itself as a leader in this global
transition, with ambitious targets for renewable energy integration (Fragkos, 2023). The country's abundant
solar and wind resources, coupled with supportive government policies, have created a favorable environment
for the development of the renewable energy sector (Kousksou et al., 2015; Fragkos, 2023).

Digitalization, on the other hand, is the integration of digital technologies across all aspects of society and the
economy. This includes the adoption, application, and utilization of digital tools, leading to new business
models, economic transformation, and a fundamentally altered socioeconomic environment (Gradillas &
Thomas, 2023). For organizations, digitalization signifies a modernization. It involves infusing digital tools
across all organizational functions, from management to customer service. It needs to be emphasized that
digitalization stands as the most significant vector of innovation impacting science, technology, business, and
governance (OECD, 2020). It drives the creation of new business models and fosters digital engagements. By
effectively leveraging digitalization’s potential, advancements in various mentioned fields can be accelerated.
This holds the potential to improve living standards, enhance environmental protection, and inform
policymaking, ultimately influencing economic landscapes.

As digital technologies permeate various fields, the renewable energy sector, in particular, stands to benefit
immensely from digitalization. The International Energy Agency (IEA) recognizes digital technologies as a
game-changer for the renewable energy sector (Sung et al., 2021). They emphasize how these technologies can
unlock several key opportunities. For instance, digital tools can help integrate more renewable energy sources
into the grid by managing their variability and ensuring system reliability. Additionally, digitalization can
optimize energy consumption in buildings and industries, leading to significant efficiency gains. The IEA
highlights that these advancements, coupled with data analysis and smart grids, can pave the way for a more
sustainable and efficient energy future.

Digitalization in the energy sector goes beyond simply boosting reliability and efficiency. It also empowers
consumers to become active participants in the market (Varela, 2017). Smart meters provide real-time usage
data, enabling informed energy choices and even potentially facilitating peer-to-peer energy trading. This digital
transformation also fosters the emergence of new players in the energy market. Innovative startups can leverage
digital platforms to offer disruptive services, such as decentralized energy solutions or personalized energy
management tools. Furthermore, digitalization fuels the development of entirely new products and services,
such as smart appliances that automatically adjust energy consumption or Al-powered energy management
systems for businesses. The vast amount of data generated by these technologies paves the way for data-driven
business models. This allows energy providers to personalize offerings, predict demand fluctuations, and
optimize resource allocation, ultimately leading to a more efficient and responsive energy sector.

The inquiry will now examine some of the key technologies used in the digitalization of the energy sector.
According to the literature (Varela, 2017; Asif, 2022; Idries et al., 2022; Juszczyk & Shahzad, 2022; Motlagh
et al., 2020; Pandey et al., 2023; Pugna et al., 2022; Rizvi, 2019; Singh et al., 2022), the energy sector leverages
a range of technologies such as artificial intelligence (Al), big data, internet of things (1oT), cloud computing,
blockchain to accelerate the sustainable energy transition through digital transformation (Table 1).

Acrtificial intelligence (Al) and its subfield machine-learning (ML) are revolutionizing renewable energy by
modeling, monitoring, and forecasting both production and consumption (Asif, 2022). This fosters a more
sustainable transition through optimized resource allocation and improved grid management. Big data and tools
in data analytics enable the analysis of massive datasets from smart meters, sensors, and weather patterns (Pugna
et al., 2022). This analysis leads to deeper insights into renewable energy production and consumption. By
understanding these patterns, companies can optimize energy generation, predict demand fluctuations, and
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improve grid integration. Ultimately, big data empowers a more efficient and data-driven approach to renewable
energy solutions.

Table 1. Key digital technologies used in the energy sector

Technology | Description Application Explanation
Examples
Artificial Al uses algorithms Demand forecasting Al predicts energy demand fluctuations, enabling efficient
Intelligence | to mimic human resource allocation and grid management.
(Al) and intelligence, while Renewable energy Al optimizes the integration of variable renewable sources like
Machine ML allows machines | integration solar and wind into the grid.
Learning to learn from data Predictive ML identifies potential equipment failures in wind turbines or
(ML) without explicit maintenance solar panels, enabling preventative maintenance.
programming. Automated energy Al algorithms can participate in energy markets, optimizing
trading buying and selling decisions.
Big Data This involves Smart grid Analyzing data from sensors and smart meters helps optimize grid
and Data collecting, storing, optimization operations, improve efficiency, and minimize energy losses.
Analytics and analyzing large Customer behavior Data analytics helps understand energy consumption patterns,
datasets to uncover analysis enabling personalized energy plans and targeted energy-saving
hidden patterns and initiatives.
insights. Risk assessment Analyzing historical data helps predict weather patterns and
potential grid disruptions, allowing for proactive measures.
Internet of A network of Smart meters loT-enabled meters provide real-time energy consumption data to
Things (IoT) | physical devices consumers, empowering informed energy choices.
embedded with Smart grid Sensors monitor and report on grid conditions, enabling real-time
sensors that collect management adjustments and improved reliability.
and exchange data. Renewable energy 10T sensors track performance and health of solar panels, wind
monitoring turbines, and other renewable energy assets.
Distributed energy 10T connects distributed energy resources like rooftop solar
management panels, enabling efficient control and integration with the grid.
Cloud Provides on-demand | Data storage and Cloud platforms offer scalable storage and processing power for
Computing access to computing | analysis massive datasets generated by the renewable energy sector.
resources like Remote monitoring Cloud-based systems enable real-time monitoring and control of
storage, servers, and | and control distributed energy resources and smart grid infrastructure.
software over the Advanced analytics Cloud computing provides the resources and infrastructure for
internet. and Al development running complex Al algorithms and big data analysis tools.
Blockchain A secure, distributed | Peer-to-peer energy Blockchain can enable secure and transparent peer-to-peer trading
ledger technology trading between consumers with renewable energy sources.
that facilitates Renewable energy Blockchain can track and verify the ownership of RECs, ensuring
transparent and certificates (RECs) authenticity and preventing fraud.
verifiable Decentralized grid Blockchain can support decentralized energy models where
transactions. management consumers can buy and sell energy directly from each other.

Source: created by the authors based on Asif (2022), Idries et al. (2022), Juszczyk & Shahzad (2022), Motlagh et al. (2020), Pandey et
al. (2023), Pugna et al. (2022), Rizvi (2019), Singh et al. (2022), and Varela (2017).

loT technology is a game-changer for renewable energy. The network of connected devices enabled by this
technology fosters the creation an “Internet of Energy” for optimizing production, distribution, and consumption
(Motlagh et al., 2020; Simion et al., 2023; Varela, 2017). The benefits of cloud computing are also being
harnessed in the renewable energy sector. Energy companies are integrating cloud-based solutions into their
operations, enabling a more efficient and data-driven approach (Pandey et al., 2023). The cloud's scalability
allows for streamlined data analysis and resource allocation, while also facilitating remote monitoring of
renewable energy systems. Additionally, the cloud's vast storage capacity unlocks the potential of big data,
allowing companies to extract valuable insights for better decision-making. Finally, blockchain, initially
popularized for its secure transactions in the financial sector, is now gaining traction in the renewable energy
sector. This technology facilitates secure peer-to-peer energy trading and transparent record-keeping for
renewable energy certificates (Idries et al., 2022; Juszczyk & Shahzad, 2022). By doing so, blockchain paves
the way for innovative digital business models and services within the energy landscape.

While not strictly classified as “digital technologies” themselves, robotics and automation solutions also play a

crucial role in the digitalization of the renewable energy sector (Rizvi, 2019; Simion et al., 2023). They are
being strategically implemented, particularly in areas like energy distribution automation and field operations.
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This integration allows for enhanced efficiency and data collection. For example, robots can be deployed for

automated inspection and maintenance of wind turbines or solar panels, improving safety, and reducing

downtime. Similarly, drones equipped with sensors can be used to collect data on grid infrastructure, facilitating

predictive maintenance and optimizing resource allocation. Combined with digital technologies like Al and data

analytics, robotics and automation become powerful tools that ensure the smooth functioning of renewable
energy systems.

Digitalization is widely recognized as a key catalyst for accelerating the energy sector's transition to a more
sustainable model (Ersoy et al., 2022). As previously discussed, various digital technologies, such as Al, big
data, 10T, cloud computing, and blockchain, are transforming how energy is produced, managed, and consumed
within the renewable energy sector. To effectively leverage these digital advancements, a comprehensive
understanding of the current state of the digitalization of Morocco's renewable energy sector is crucial. This
understanding should encompass both the challenges and opportunities that exist. The investigation necessitates
a structured approach to data collection and analysis. A theoretical framework will be employed to achieve this.
The following sections will outline this framework, detailing the methodologies and data collection strategies
employed to analyze the current state of the sector and its ongoing digital transformation.

3. Theoretical Framework

Case studies delve deeply into specific contexts, aiming to understand complex phenomena within a particular
setting (Swanborn, 2018). To achieve this, a well-defined theoretical framework serves as the cornerstone of
the analysis (Collins & Stockton, 2018). This framework outlines the key concepts, theories, and models that
will guide the research process. It acts as a lens through which the researcher examines the case study, ensuring
a systematic and focused approach. By establishing a theoretical framework, the case study gains a stronger
foundation, allowing for a more insightful and meaningful interpretation of the data collected.

For a comprehensive analysis of the opportunities and challenges surrounding the digitalization of Morocco's
renewable energy sector, this study will employ two complementary frameworks: the People, Process,
Technology (PPT) framework and the Triple Bottom Line (TBL) framework. This integrated approach, as
recommended by Machado et al. (2024), can offer a richer understanding of the complex phenomena involved
in the transformation studied. These phenomena encompass multiple goals, diverse stakeholders, the challenges
of organizational change, and technology integration — all crucial aspects for successful digitalization in the
renewable energy sector. Ultimately, by integrating the PPT and TBL frameworks, this study can more
effectively investigate the potential benefits and challenges associated with digitalizing Morocco's renewable
energy sector.

The People, Process, Technology (PPT) framework, originating in the 1960s from the field of business
management, offers a practical lens for analyzing change initiatives (Simon, 2021). It emphasizes the need for
a well-balanced interplay between three key elements: People, Process, and Technology. The “People” aspect
focuses on the skills, knowledge, and leadership required to implement change effectively. “Process” examines
the existing workflows and ensures their compatibility with new technologies. Finally, “Technology” considers
the selection and implementation of appropriate digital tools to support the transformation.

In the context of Morocco's renewable energy sector digitalization, the PPT framework can serve as a valuable
tool for identifying potential gaps and areas for improvement. By analyzing the capabilities of the workforce,
the efficiency of current processes, and the suitability of planned technological solutions, the PPT framework
can guide the development of a comprehensive digitalization strategy. This ensures that Morocco leverages the
full potential of digital technologies to achieve its renewable energy goals.

The Triple Bottom Line (TBL) framework, encompassing Economic, Environmental, and Social dimensions —
also sometimes referred to as 3Ps of Sustainability (People, Planet, Profit) — emerged in the mid-1990s as a
response to the growing emphasis on corporate social responsibility. While its exact origin can be traced back
to the work of various thought leaders and publications, John Elkington (Elkington, 1998) is widely credited
with popularizing the concept. The TBL framework is commonly used to assess the social, environmental, and
financial impacts of an organization’s activities. The “Economic” dimension focuses on financial performance
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and viability, considering factors like profitability, resource efficiency, and impact on the local and global

economy. The “Environmental” dimension assesses the organization’s impact on the natural environment,

taking into account factors like pollution, resource depletion, and climate change. The “Social” dimension

examines the effects on people and society, including labor practices, community development, and human

rights. The TBL framework encourages consideration of these three dimensions simultaneously, aiming for a

balance between financial success, environmental responsibility, and social well-being. It promotes a more
holistic approach to decision-making, ensuring long-term sustainability.

In the context of Morocco’s renewable energy sector and its digitalization, the TBL framework can provide a
necessary lens for assessing the initiatives’ long-term impact. Evaluating the social impact on local communities
— including job creation, training opportunities, and potential disruptions — ensures a more comprehensive
approach. Additionally, it prompts consideration of the environmental impact of digital technologies on resource
consumption, waste generation, and the potential for lifecycle assessments. This broader perspective enables
policymakers and stakeholders to make informed decisions that not only achieve renewable energy goals but
also promote social equity, environmental responsibility, and a balanced transition within Morocco.

Further, the two established frameworks — PPT and TBL — are merged to create a comprehensive analytical
matrix (Table 2). By combining these frameworks, the key clusters within the resulting matrix are identified.

Table 2. Leveraging a combined (PPT and TBL) framework for data collection matrix

PPT

People

Process

Technology

Economic benefits
and costs associated

TBL Skills and training needed for | Seamlines and optimization of | Specific technologies that can
workforce and consumers existing processes be leveraged
Upskilling the workforce with | Optimizing processes through | Investing in digital
digital knowledge can lead to | digital tools can lead to technologies can lead to long-
increased efficiency, significant cost savings, term cost savings through
potentially lowering improved resource allocation, | increased efficiency and
operational costs and and potentially lower energy potentially open new markets
Economic improving productivity. prices for consumers. for innovative renewable

energy solutions.

Job displacement might occur
if digitalization automates
existing tasks, impacting
some workers' economic
security.

Implementing new digital
processes can be expensive,
with upfront costs in
infrastructure and software
potentially creating financial
strain.

The upfront investment in
digital technologies can be
significant, possibly
impacting short-term
financial stability.

Environmental
Optimization of
energy production
and distribution,

A digitally skilled workforce
and consumers can be trained
to operate and maintain
renewable energy systems
more effectively, potentially
reducing energy waste.

Digital tools can help
optimize energy production
and distribution, minimizing
waste and maximizing
resource utilization.

Technologies (smart grids)
can optimize renewable
energy production and
distribution, leading to
reduced greenhouse gas
emissions.

If digital training programs

Lack of standardization and

Manufacturing and disposal

communities and
stakeholders

renewable energy
accessibility for communities.

minimizing are not widely accessible, it interoperability, leading to of digital technologies can
environmental could create a skills gap inefficient implementation of | create an environmental
footprint hindering optimal digital processes might result | footprint, so responsible
environmental performance. in increased energy lifecycle management is
consumption for data centers | crucial.
and computing needs.
Digital skills development Streamlining processes Digital technologies can
can empower workers, through digitalization can facilitate the development of
offering opportunities for improve overall system innovative renewable energy
career advancement within reliability, security standards, | solutions and new business
Social the renewable energy sector. potentially leading to fewer models, potentially creating
Impact on disruptions and improved new markets and new jobs,

ultimately improving living
standards.

Digital training programs
might inadvertently exclude
certain demographic groups
due to accessibility issues,

If digitalization leads to job
losses, it could have a
negative social impact on
affected communities.

Digital technology access
might be uneven across
different regions, potentially

63



https://jssidoi.org/ird/
https://doi.org/10.70132/q3292783863

INSIGHTS INTO REGIONAL DEVELOPMENT
ISSN 2669-0195 (online) https://jssidoi.org/ird/

2025 Volume 7 Number 1 (March)
https://doi.org/10.70132/93292783863

PPT | People Process Technology
TBL Skills and training needed for | Seamlines and optimization of | Specific technologies that can
workforce and consumers existing processes be leveraged
exacerbating social exacerbating existing
inequalities. inequalities.

Source: created by the authors

The transition to renewable energy presents a crucial opportunity for Morocco. However, digitalization, a key
driver of this shift, can generate conflicting outcomes. Analyzing this process through the combined lens of the
PPT and TBL frameworks (Table 2) reveals these potential contradictions. On the one hand, digitalization offers
economic benefits. Optimizing processes (PPT) through data-driven decision making (TBL-Economic) can lead
to cost savings. Technology (PPT) like sensor networks can improve energy production and distribution
efficiency (TBL-Economic & Environmental). However, these advancements might come at the cost of job
displacement (PPT-People & TBL-Social). Training existing employees or hiring new specialists with digital
skills (PPT-People) could lead to short-term economic burdens (TBL-Economic). The environmental impact of
digitalization also presents a complex picture. Digital tools for optimizing energy production (PPT-Process) can
significantly reduce waste (TBL-Environment). However, the environmental footprint of the technology itself
(e.g., manufacturing sensors, energy-hungry data centers, etc.) needs careful consideration (TBL-Environment).
Additionally, ensuring accessibility to digital training for all employees (PPT-People & TBL-Social) is crucial
to prevent exacerbating social inequalities.

The analysis conducted through the combined application of the PPT and TBL models highlights the importance
of a nuanced strategy for digitalizing Morocco's renewable energy sector. Simply embracing technological
advancements or economical pursuits without considering the potential downsides could lead to unintended
consequences. Having established a theoretical framework to guide the analysis, the following section outlines
the research methodology employed to investigate the challenges and opportunities of digitalizing Morocco's
renewable energy sector.

4. Methodology

This research has adopted a descriptive case study method to investigate the challenges and opportunities
associated with the digitalization of Morocco's renewable energy sector. The ability to investigate instances of
the phenomenon being studied in depth, and to employ multiple sources of evidence, makes case study design
a useful tool for descriptive studies where the focus is on specific situation or context (Rose et al., 2024). A
descriptive case study is a case study whose purpose is to describe a phenomenon (the “case”) in its real-world
context (Yin, 2018). The “case” may be an individual, or it can be some event or entity other than a single
individual, and it can include a variety of topics, such as small groups, communities, decisions, programs,
organizational change, etc. The appropriate case might be a country’s economy, an industry in the world
marketplace, an economic policy, or the trade or capital flow between countries (Yin, 2018). Thus, the unit of
analysis for our case study is derived from the research aim — the digitalization of Morocco's renewable energy
sector.

The unit of analysis is related to the research question. The selection of a descriptive case study is guided by the
main empirical research question, which was formulated as follows — what are the prerequisites for the
digitalization of Morocco's energy sector? To provide a structured approach to the research, the main research
guestion is divided into two sub-questions: 1) what are the challenges associated with the digitalization of
Morocco's energy sector? 2) what opportunities does the digitalization of energy sector provide to Morocco?
These sub-questions permit a more detailed and comprehensive description of the research topic. Moreover, a
linear-analytic research design was applied to ensure research rigor (see Figure 1).
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RQL1: What are the challenges associated with the digitalization of Morocco's energy sector?
RQ2: What opportunities does the digitalization energy sector provide to Morocco?

Research Flow

z
Theoretical framework
PPT-TBL

Development of data )
collection framework Research Methods
L Matrix )

Quantitative research Research Output
Statistical data analysis

Case study design

Descriptive Data interpretation and
~ - itoti findings
Qualitative research
in-depth interviews I
Conclusions and
implications

Figure 1. Methodology of the research
Source: created by authors

A linear-analytic research design requires to follow the sequence of the research: it starts with the issue being
studied and a review of the relevant literature, then proceed to cover the methods used, the data collected, and
the data analysis and findings, ending with the conclusions and their implications (Yin, 2018).

Literature review can reveal important insights into the development of the research topic. Reviewing a
particular (stream of) literature is essentially learning about the history, the present state, and the potential future
developments of a specific realm (Michailova, 2023). A literature review revealed the key stakeholders in
Morocco’s renewable energy sector:

Government and Regulatory Institutions

This group, encompassing entities responsible for shaping the digitalization landscape through relevant policies,
regulations, and investment plans, establishes the policy framework for renewable energy development and
digitalization.

International Organizations

International organizations play a crucial role in supporting Morocco's digitalization efforts. They offer
expertise and support for renewable energy initiatives by providing technical assistance, financial resources,
and knowledge sharing. These contributions empower Morocco to achieve its economic, environmental, and
social goals.

Private Companies

This category comprises energy and IT companies that act as the driving force behind digitalizing the renewable
energy sector. They achieve this by developing, implementing, and investing in cutting-edge digital
technologies within the sector.

Research Institutions and Academia

Universities and research institutions play a vital role in supporting the successful digitalization of the renewable
energy sector. They achieve this by generating knowledge, developing innovative solutions, and training the
future workforce.

Community and Consumers

The digitalization of the renewable energy sector directly impacts two key stakeholder groups: local
communities residing near renewable energy projects and the general public who consume the generated energy.

Table 3 summarizes potential data contributions from the identified stakeholders within the context of the
established theoretical framework.
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Table 3. Key stakeholder groups and data contributions

Stakeholder Data Contributions Relevance to
Group integrated PPT-

TBL framework
Government Existing regulations and policies Process (PPT),
and Regulatory | This data will help identify potential hurdles or areas where adjustments might be Economic (TBL)
Institutions necessary to facilitate the smooth integration of digital technologies within the sector.

Investment incentives
Understanding the existing and potential investment incentives offered by the government
can inform strategies for attracting private sector participation in digitalization efforts.

Economic (TBL)

Potential roadblocks for digital transformation
By identifying potential roadblocks, such as infrastructure limitations or regulatory gaps,
stakeholders can develop solutions and mitigate these challenges.

Process (PPT),
Economic (TBL),
Technology (PPT)
(if infrastructure
related)

Social concerns

Data from government agencies can offer insights into potential social concerns related to
digitalization, such as job displacement or data privacy issues. Understanding these
concerns allows for proactive measures to address them and ensure public acceptance.

Social (TBL)

Environmental regulations and monitoring

Government data on existing environmental regulations and monitoring practices can
inform how digital solutions can be leveraged to ensure the environmental sustainability
of the digitalized renewable energy sector.

Environmental
(TBL)

International
Organizations

Technical assistance and expertise

International organizations can provide direct technical assistance by deploying experts to
work alongside Moroccan counterparts on specific digitalization projects within the
renewable energy sector.

Technology (PPT)

Financial resources or instruments

They can offer access to a variety of financial instruments such as grants, loans, or
blended finance mechanisms to support investment in digital infrastructure and
technology development for renewable energy.

Economic (TBL)

Knowledge sharing and best practices

International organizations can facilitate the creation of knowledge exchange platforms
that connect Moroccan stakeholders with experts and practitioners from other countries
who have successfully implemented digital solutions in the renewable energy sector.
These platforms can foster collaboration, knowledge sharing, and the transfer of best
practices. This could involve best practices for waste management associated with digital
technologies, life-cycle assessments of different solutions, or promoting energy efficiency
through digital tools.

Process (PPT),
Environmental
(TBL)

Private
Companies

Workforce Skills and Training Needs

Companies can contribute data on the specific skills and expertise required within their
organizations to successfully implement digital solutions for renewable energy projects.
This might include information on technical skillsets, data analysis capabilities, or project
management expertise.

People (PPT)

Data management practices and cybersecurity considerations

Data on the challenges companies face when integrating digital solutions with existing
infrastructure is crucial. This could involve aspects like data compatibility, cybersecurity
concerns, or the need for upgrades to existing equipment.

Process (PPT),
Technology (PPT)

Innovation and New Business Models

Companies are encouraged to share data on their ideas for innovative digital solutions and
potential new business models with respective revenue streams within the digitalized
renewable energy sector. This could involve novel applications of existing technologies,
data-driven service offerings, or entirely new approaches to energy production or
distribution.

Economic (TBL),
Technology (PPT)

Investment plans for renewable energy integration

Data on how companies plan to integrate renewable energy sources into their digital
solutions can contribute to the environmental dimension. This could involve information
on using digital tools to manage and optimize the integration of renewable energy sources
like solar or wind power.

Economic (TBL)
Process (PPT)
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Stakeholder

Data Contributions

Relevance to

Group integrated PPT-
TBL framework
Return on Investment (ROI) Expectations Economic (TBL)
Companies can provide data on their anticipated ROI for various digitalization projects.
This data can help assess the financial feasibility of different technological solutions and
identify areas where incentives or policy adjustments might be needed to support wider
adoption.
Data on the environmental impact of new technologies Environmental
Companies can provide data on the life-cycle assessments (LCA) of the digital solutions (BTL)
they propose to implement. LCAs evaluate the environmental footprint of a product or
service throughout its life cycle, from resource extraction to disposal. This data can help
assess the environmental impact of different digitalization options and identify solutions
with a lower environmental footprint.
Data on waste management practices Environmental
Information on how companies plan to manage and dispose of any electronic waste (TBL), Process
generated by the new digital technologies can be valuable. Responsible waste (PPT)
management practices are crucial for minimizing the environmental impact of
digitalization.
Data on energy efficiency improvements Environmental
Companies can provide data on the potential energy efficiency gains expected from their | (TBL)
proposed digitalization solutions. This could involve information on how digital tools can
optimize energy production, distribution, and consumption, ultimately reducing the
environmental impact of the renewable energy sector.
Social Responsibility Initiatives People (PPT),
Data on existing or planned social responsibility initiatives related to digitalization can be | Social (TBL)
valuable. This might include data on workforce training programs, community
engagement efforts, or plans to address potential job displacement or skill gaps arising
from digital transformation.
Research Collaboration with industry Process (PPT)
Institutions and | Data on existing or planned collaborative efforts between research institutions and
Academia industry stakeholders (including private companies) can be beneficial. This could involve

collaborative research projects, joint development of practical solutions, or student
internship programs that bridge the gap between theory and real-world application.

Development of environmentally sustainable digital solutions

Environmental

Data on research efforts focused on developing or adapting digital solutions that (TBL),

minimize environmental impact can be valuable. This could involve research on energy- Technology (PPT)
efficient hardware and software for digital technologies used in the renewable energy

sector or exploring the use of recycled materials in these technologies.

Open-Source Technology Development Technology (PPT),

Data on research efforts related to the development and adaptation of open-source digital
technologies suitable for the Moroccan renewable energy sector can be valuable. This
information can inform companies about potential solutions that are readily available and
adaptable to their specific needs.

Process (PPT)

Skills Gap Analysis

Research institutions can contribute data on their assessments of existing skill gaps within
the workforce relevant to the digitalization of the renewable energy sector. This data can
help identify areas where curriculum development or targeted training programs are
needed to equip future generations with the necessary skills.

People (PPT)

Research on economic modeling for digitalization of renewable energy sector

Research institutions can contribute data on their existing or planned research addressing
economic models for digitalization within the renewable energy sector. This could
include data on cost-effectiveness analysis of different technological solutions or potential
financial benefits for both companies and consumers.

Economic (TBL)

Social impact assessments

Data on existing or planned research methodologies for assessing the social impacts of
digitalization on the renewable energy sector can be insightful. This could involve
frameworks for evaluating potential job displacement, skills gaps, or the need for social
safety nets during the transition.

Social (TBL)
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Data on community concerns regarding potential job displacement or changes in
traditional energy use patterns can be informative. Additionally, understanding their
expectations for increased participation in decision-making processes around
digitalization can be valuable.

Stakeholder Data Contributions Relevance to
Group integrated PPT-
TBL framework
Research on the environmental sustainability and environmental impact of digital Environmental
renewable energy solutions (TBL)
Research institutions can contribute data on the environmental impact of different digital
solutions being considered for the renewable energy sector. This could involve life-cycle
assessments (LCA) of specific technologies, comparative analyses of environmental
footprints, or research on potential environmental risks associated with digitalization
(e.g., e-waste management), frameworks for evaluating the environmental impact of
different solutions or tools to measure the effectiveness of environmental risk mitigation
strategies.
Community Existing skills and knowledge within the community People (PPT)
and Consumers | Data on existing levels of digital literacy and access to technology within the
communities served by private companies can be helpful. This could involve information
on internet penetration, smartphone ownership, or comfort levels with using digital tools.
Concerns about job displacement or traditional energy use Social (TBL),

Economic (TBL),
Process (PPT)

Energy Conservation Practices

Data on existing energy consumption patterns and community attitudes towards energy
conservation can be helpful. This could involve information on preferred communication
channels for energy-saving tips or willingness to participate in demand-response
programs facilitated by digital technologies.

Environmental
(TBL), Process
(PPT)

Access to technology and affordability concerns
Data on potential social equity concerns arising from digitalization can be valuable. This
might involve concerns about unequal access to information or potential benefits within

Social (TBL),
Economic (TBL),
Technology (PPT)

the community, particularly for low-income residents.

Source: created by the authors based on Bahgat (2013), Bakkari et al. (2024), Bouabid et al. (2019), Cantoni & Rignall (2019), Choukri
et al. (2017), Fragkos (2023), Kousksou et al. (2015), Moore (2021), Plank et al. (2023), and Schinko et al. (2019).

To gather data for this study, a mixed-methods approach was employed, allowing for the triangulation of
findings. A combination of qualitative (in-depth interview) and quantitative (statistical data analysis) methods
permits the describe the energy sector situation in Morocco as well as gain insights associated with the
digitalization of Morocco's energy sector. In-depth interviews are useful for deriving detailed information or to
get insights into the lived experience of participants (Rose et al., 2024). According to De Massis & Kotlar
(2014), interviews are often the primary data source in case studies, as they are a targeted, insightful, and highly
efficient means of collecting empirical data. The in-depth interviews were conducted with five key experts
representing Government and Regulatory Institutions, International Organizations, Research Institutions and
Academia, and Private Companies. These interviews provided rich qualitative data on the sector’s dynamics
and informed the subsequent analysis. Additionally, a thorough analysis of relevant documents, including
reports, strategies, and policies, was undertaken to supplement the interview data. To provide a broader context,
secondary data, such as statistical information on Morocco’s energy and digital landscape, was incorporated
into the analysis. This triangulation of data collection methods enhanced the credibility and robustness of the
research findings.

While pre-established theoretical frameworks, such as the PPT and BTL models, provide a valuable structure
for analysis, it was essential to maintain methodological flexibility to capture the nuances of stakeholder
perspectives. As suggested by grounded theory (Charmaz & Thornberg, 2021), allowing for emergent themes
can enrich the research findings. By developing a set of initial guiding questions based on the chosen framework
and remaining open to unforeseen insights, researchers could more effectively address the research objectives.
During in-depth interviews conducted in English and French with stakeholder representatives, researchers
adapted their questioning style based on the conversation’s flow and the representative’s insights. This
flexibility allowed for deeper exploration of unforeseen issues or perspectives that emerged during the
interview. Similarly, when analyzing reports and documents, the investigation was not limited to the initial
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guiding questions. Instead, framework analysis was used to reveal new aspects or viewpoints not anticipated
initially. The obtained data were carefully systematized to derive findings and draw conclusions.

5. Results

The following sub-sections present the findings of the research on the challenges and opportunities associated
with digitalizing Morocco's renewable energy sector. By examining the country's energy landscape, stakeholder
perspectives, and other relevant data, the study provides a foundation for understanding the current state of the
sector and identifying key factors influencing its development.

Morocco’s Energy Landscape

Morocco is experiencing a rapidly growing population, industrial development, and urbanization. These factors
are driving a significant increase in the country's energy consumption. However, there was a slight decrease of
1.4% in total energy consumption in 2022, following an 8% increase in 2021 (Enerdata, 2024). Despite some
fluctuation, Morocco relies heavily on imported hydrocarbons to meet its energy needs. Currently, the country
imports approximately 90% of its energy needs (International Trade Administration — ITA, 2024).

Morocco uses six main resources for its energy supply: oil, coal, natural gas, hydropower, wind, and solar. Oil
remains the dominant source, accounting for 56% in 2021, followed by coal (38.8%) (Figure 1). While oil
consumption has been relatively stable since 2011, coal use has steadily increased by 43% between 2011 and
2021 (Figure 2). Conversely, renewable energy sources like wind and solar are experiencing significant growth.
Their production has jumped from 2,372 TJ in 2010 to 37,370 TJ in 2021, a fifteenfold increase.

Coal Oil Biofuels and waste
30.8% 56.4% 5.6%

@® Coal ©Oil @ Naturalgas @ Hydro © Wind, solar,etc. = @ Biofuels and waste

Figure 2. Total energy supply in Morocco during 2021
Source: International Energy Agency — IEA (2024)
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Figure 3. Evolution of total energy supply in Morocco (2000-2021)
Source: International Energy Agency — IEA (2024)

Recognizing the need for energy security and environmental sustainability, the Moroccan government aims to
reduce dependence on imported fossil fuels and increase renewable energy use. This aligns with their
commitment to the Paris COP21 agreement and Nationally Determined Contributions (NDCs). To achieve this,
Morocco has launched several initiatives to boost the use of renewable energy sources for electricity production
(Ministry of Energy Transition and Sustainable Development — METSD, 2024).
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By 2022, Morocco had a total installed power capacity of 10,830 MW, with renewables contributing 38% (4,031
MW) according to the Ministry of Energy Transition and Sustainable Development — METSD (2024). This
includes wind power (13.48%), hydropower (16.70%), and solar power (7.82%). This growth continued by the
end of 2023, with the National Office of Electricity and Drinking Water — ONEE (2024) reporting a total
installed power capacity of 11,474 MW. Notably, green installed power reached 4,672 MW, representing a
15.9% increase from 2022. This clean installed power is the result of 38 wind energy sub-projects, 23
hydropower sub-projects, and 19 photovoltaic plant sub-projects across different regions of Morocco (Ministry
of Energy Transition and Sustainable Development — METSD, 2024).

Morocco’s abundant renewable resources and favorable investment climate make it an attractive destination for
international investors. Its impressive ranking of 2nd in Emnst & Young’s Renewable Energy Country
Attractiveness Index (RECAI) (Ernst & Young, 2023), specifically in the normalized index, underscores its
significant potential in the renewable energy sector. The RECAI evaluates countries based on market
attractiveness, technology-specific scores, and global market trends, adjusting for economic size to highlight
exceptional performance in smaller markets. This high ranking reflects Morocco’s robust policy support,
favorable investment climate, and successful deployment of renewable energy projects, positioning it as a
leading market for renewable energy investment and development. Consequently, the quality of renewable
resources and the supportive investment climate have led to a significant drop in wind and solar power costs,
making them competitive with fossil fuel-based electricity.

Morocco has experienced increasing electricity consumption in recent years, with figures indicating a steady
growth trend (Rahhou, 2024). While total primary energy consumption has historically increased by 5%
annually since 2004, Morocco aims to reduce consumption by 15% from 2016 levels by 2030 through energy
efficiency measures (International Trade Administration — ITA, 2024). In 2022, the country's electricity
production mix was diverse, with coal leading at 37.25%, followed by hydroelectricity (16.70%), natural gas
(17.72%), wind (13.48%), solar (7.82%), and fuel oil (7.03%) (International Trade Administration — ITA, 2024).

Renewable Energy Integration

Morocco's energy sector has historically relied heavily on imported fossil fuels, leading to significant economic
vulnerabilities. However, the country possesses abundant solar and wind resources, presenting a compelling
opportunity to diversify its energy mix and enhance energy security.

In response to the energy crisis and the growing global focus on climate change, Morocco launched a
comprehensive renewable energy program in 2009 (Alami, 2021). The Moroccan Solar Plan (MSP) emerged as
a flagship initiative, aiming to develop large-scale solar power projects (Anouar, 2022; NDC Partnership, 2016).
Furthermore, the country has set ambitious targets for increasing the share of renewable energy in its electricity
mix, with a goal of exceeding 52% by 2030. With this strategy, Morocco aims to position itself as a key
electricity hub for North and West Africa, leveraging its renewable energy initiatives to enhance regional energy
connectivity and sustainability (Simpara, 2024; World Economic Forum, 2024).

To achieve these targets, the Moroccan government has established a supportive policy framework and initiated
institutional reforms to implement the national energy strategy. Key reforms include the creation of the National
Regulatory Authority (ANRE) and the Moroccan Agency for Sustainable Energy (MASEN), both of which play
significant roles in developing renewable energy projects. The Moroccan Agency for Energy Efficiency
(AMEE) is now responsible for implementing energy efficiency programs. Additionally, the Institute for
Research in Solar Energy and Renewable Energies (IRESEN) conducts extensive research, development, and
innovation activities in collaboration with the private sector. These efforts aim to ensure rapid technology
transfer and translate research results into innovative products in renewable energies, energy efficiency, and
new energy sources (Centre National pour la Recherche Scientifiqgue et Technique — CNRST, 2021).
Collectively, these institutions are crucial in driving renewable energy investments and facilitating the
integration of renewable energy sources into the grid.

The development of renewable energy projects is primarily driven by the MSP, which is part of Morocco’s
energy strategy focusing on REs and sustainable development. Several other strategies and roadmaps support
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Morocco’s energy transition, including the Long-Term Low Emissions Development Strategy (LT-LEDS)

Morocco 2050, Office of Electricity and Drinking Water (ONEE) Production Master Plan for 2040, PtX

Roadmap, Biomass Energy Valorisation (VEB) Strategy, Roadmap for the Exploitation of Marine Energies,

Cluster Green H2, National Sustainable Development Strategy (SNDD), National Energy Efficiency Strategy

2030, updated NDCs, National Climate Plan (PCN), Green Economy Strategy, National Water Plan 2050, and
Morocco Vision 2050.

While the focus has primarily been on solar and wind energy, Morocco is also exploring the potential of other
renewable sources, such as hydropower and biomass. Recent political debates indicate that Morocco also plans
to develop a green hydrogen economy. The country aims to become an exporter of green hydrogen and its
derivatives in the future, addressing domestic market needs, particularly the production of green ammonia.
Energy partnerships with European countries and international hydrogen agreements underline the political
support for developing a green hydrogen sector in Morocco.

Additionally, the announcement of the European Union (EU) and Morocco to establish a “Green Partnership”
highlights the intentions to cooperate in advancing the energy transition (European Commission, 2021). The
Moroccan government has expressed the intention to integrate more renewable energy sources into the energy
mix, aiming for more than 52% renewable energy share in the capacity mix by 2030 (International Energy
Agency — IEA, 2019). This share includes 20% from solar energy, 20% from wind energy, and 12% from hydro
energy.

The energy transition is accompanied by many initiatives of National Center for Scientific and Technique
Research (NCSTR), as encouraging Moroccan’s researchers to develop studies, research and patents linked to
renewable energy. According to the International Renewable Energy Agency — IRENA (2024), there has been
a significant increase in patent filings in Morocco following its commitment to renewable energy in 2009. The
report highlights that out of the 364 patents filed in the field of renewable energy between 2009 and 2020, 159
originated from Morocco, with the remaining patents primarily filed by European countries such as Spain (41),
France (35), and Germany (31).

Morocco’s Digital Landscape

Morocco's digital landscape has undergone significant transformations in recent years, driven by investments
in infrastructure, government policies, and increased access to technology, according to the 2023 data of the
globally recognized Network Readiness Index (NRI). This composite index is published annually by the World
Economic Forum (WEF) in collaboration with academic institutions (European Commission, 2023; Portulans
Institute, 2024). It aims to measure the degree of readiness of countries to exploit opportunities offered by
information and communications technology (ICT). The Network Readiness Index (NRI) focuses on four key
dimensions: technology, individuals, governance, and impact. Each pillar is comprised of three sub-pillars,
supported by 58 indicators. These indicators encompass topics such as emerging technologies like artificial
intelligence (Al) and the Internet of Things (10T), as well as the role of digital transformation in advancing the
Sustainable Development Goals (SDGs).

Morocco has traditionally occupied a mid-range position within the global NRI rankings, however, there has
been a notable shift in its ranking in recent years. In an effort to align with emerging technologies and enhance
its economic competitiveness, Morocco established the Digital Development Agency (ADD) in 2017. This
autonomous public institution is responsible for driving the country's digital transformation and fostering digital
literacy. In 2023 the country is positioned 77" out of a sample of 134 countries (Portulans Institute, 2023).
Morocco has shown steady progress in improving its digital infrastructure and technological capabilities
reaching the 72" out of the 134 economies included in the NRI 2023 (Figure 4), but challenges remain in areas
such as digital literacy, and e-participation.
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Figure 4. Morocco global NRI ranking, overall and by pillar
Source: Portulans Institute (2023)

Morocco's performance in the Technology pillar of the 2023 Network Readiness Index (NRI) is marked by
significant progress. Morocco's solid foundation in digital infrastructure is evident in its high rankings for
“International Internet bandwidth” (21%%) and “FTTH/building Internet subscriptions” (43™). This indicates a
robust connectivity landscape that supports digital innovation and economic growth. The country's investment
in emerging technologies is demonstrated by its strong performance in “Al scientific publications” (27"). This
suggests a growing focus on research and development in cutting-edge technologies, positioning Morocco for
future competitiveness.

Morocco has made significant progress in expanding mobile network coverage and improving international
internet bandwidth. According to the country’s Ministry of Economy and Finance (Simpara, 2023), the number
of mobile subscriptions reached approximately 55.9 million in 2023, representing a penetration rate of 150.9%.
This surpasses the penetration rate of developed countries and confirms Morocco's strong position in mobile
telecommunications (26"). Despite improvements, fixed broadband subscriptions remain relatively low
compared to some other countries in the region. This can hinder the adoption of data-intensive services and limit
the potential for digital transformation. While mobile tariffs have decreased, the cost of mobile handsets and, in
some cases, fixed broadband subscriptions can still be a barrier to access for certain segments of the population.
The country's efforts to develop local digital content, including mobile applications, have been limited compared
to other MENA nations. This impacts the diversity and relevance of digital services available to Moroccan users.

In the People Pillar, Morocco’s performance reflects both progress and areas needing further development. This
pillar assesses the readiness of individuals, businesses, and governments to use and benefit from ICT. Morocco
has made significant strides in increasing internet access among its population. The country has a high
percentage of individuals using the internet, which is a positive indicator of digital inclusion. According to the
International Telecommunication Union (2023) estimates, 91% of the population was using the internet in 2022.
This growth is driven by several factors, including improved infrastructure, and rising smartphone adoption.
While internet penetration is high overall, there is a slight gender gap, with 90% of male and 86% of female
populations using the internet in 2021. This suggests that efforts to bridge the digital divide should continue to
ensure equal access for all. Internet usage is highest among younger age groups, with 99% of 15-24-year-olds
and 85% of 25-74-year-olds online in 2021. However, internet penetration among the elderly (75+) remains
relatively low at 28%, indicating a need for targeted initiatives to improve digital inclusion for older populations.
Despite improvements, there is still a need to enhance digital skills and literacy across the broader population.
The low ranking of “Government online services” (102™) suggest that the extent to which a country's
government has implemented and effectively delivered public services through digital channels is not
satisfactory. The low ranking in “Knowledge intensive employment” (111") indicates challenges in
transitioning towards a knowledge-based economy, which is essential for long-term competitiveness. This
suggests that both basic digital literacy and more advanced technical skills necessary for the workforce. Overall,
Morocco’s global ranking in the People Pillar indicates that while there has been progress, there is still room
for improvement to match the leading countries in digital readiness.
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In the Governance Pillar, Morocco demonstrates a mix of strengths and areas needing improvement. The country

scores well in several key indicators, reflecting its commitment to enhancing digital governance and public

services. The country's efforts to improve e-government services are evident in its strong ranking for “E-

commerce legislation” (1%) and “Privacy protection by law content” (46"). These indicators demonstrate a

supportive legal and regulatory framework for digital development. Though the regulatory environment in

Morocco is improved to support digital transformation, the low ranking in “E-Participation” (111") suggests

opportunities for improving citizen engagement and participation in digital governance. There is a need to

improve digital skills and literacy among government employees and the general population. The low ranking

in “Online access to financial account” (124™) highlights challenges in promoting financial inclusion through
digital channels, which can limit economic opportunities for many citizens.

Morocco's performance in the Impact pillar reflects its efforts to leverage digital technology for economic
growth and social development. Morocco's strong ranking in “High-tech and medium-high-tech manufacturing”
(23rd) indicates a growing capacity for technological innovation and industrial competitiveness. However, the
country's performance in “High-tech exports” (83") suggests that there is room for improvement in leveraging
digital technology to drive exports and foreign exchange earnings. Regarding the progress in areas related to
the Sustainable Development Goals (SDGs), Morocco's commitment to sustainable development is
demonstrated by its ranking for “SDG 7: Affordable and Clean Energy” (40™). However, challenges persist in
achieving quality education (72"%) highlighting the need for improvements in educational systems to equip the
population with the necessary digital skills. In general, Morocco’s global ranking in the Impact Pillar indicates
that while there has been progress, there is still room for improvement to match the leading countries in
harnessing the full potential of ICT for sustainable development.

In conclusion, Morocco's digital landscape has evolved significantly, with notable strengths in digital
infrastructure, emerging technologies, and necessary legislation for e-services. However, addressing challenges
in education, knowledge-intensive employment, and e-participation is essential for building a more inclusive
and competitive digital ecosystem.

Stakeholder Perspectives
This section presents key findings from expert interviews conducted to gain insights into the challenges and
opportunities associated with Morocco's renewable energy transition.

Morocco's commitment to sustainability and renewable energy, as evidenced by the establishment of the
Ministry of Energy Transition and Sustainable Development (METSD) and associated agencies. While this
signifies a positive step, experts highlight the gap between ambitious goals and concrete achievements.
Widespread energy waste, as highlighted by one expert's observation of “...a lot of energy being wasted...”,
underscores the urgent need for efficiency improvements. To address these challenges, experts advocate for the
accelerated deployment of smart grid infrastructure. This, they argue, is crucial for optimizing energy
distribution, reducing waste, and facilitating the integration of renewable energy sources into the market.
However, the centralized nature of Morocco's current energy system, as noted by experts, presents significant
obstacles to this transition, requiring both technological and regulatory advancements.

The absence of robust smart grid infrastructure, coupled with a lack of comprehensive regulatory frameworks
governing energy markets and pricing, poses significant challenges to Morocco's energy transition. As
emphasized by experts, these deficiencies are particularly critical given the energy sector's pivotal role in the
national economy. Furthermore, the limited availability of comprehensive economic and investment return
models, as noted by one expert, who stated “economic and investment return models are not widely publicized,
suggesting they might not be fully developed,” creates uncertainty for potential investors. To compound these
issues, regulatory delays in adopting smart grid frameworks exacerbate investor concerns and hinder overall
progress.

Morocco has actively sought international partnerships to advance its renewable energy agenda. While
collaboration with foreign entities has been pursued through various projects, concerns have been raised
regarding the nature of these partnerships. Experts have highlighted that foreign organizations often prioritize
technology transfer rather than knowledge sharing, as evidenced by the statement: “foreign organizations often
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prioritize importing and implementing their own technologies, with a focus on taking away the generated

energy.” Furthermore, the lack of open-source technology sharing has been identified as a critical barrier to

local capacity building, as emphasized by the expert's observation: “the technologies brought in by foreign
partners are not open-source, meaning there is limited sharing of expertise with local stakeholders.”

Morocco boasts a strong intellectual foundation for driving innovation in the renewable energy sector, with
numerous universities capable of conducting cutting-edge research. This potential is evidenced by the
proliferation of renewable energy projects incorporating digital technologies. However, challenges persist in
harnessing this capacity effectively. As highlighted by experts, fragmented digitalization initiatives, exemplified
by the observation “...fragmented green energy sector digitalization initiatives...”, hinder the development of a
unified national strategy. This lack of coordination among academia, industry, and government, coupled with a
skills gap, has impeded progress. The expert noted the need for ““...new competences and processes...” required
for smart grid technologies, highlighting the need for targeted skills development and training programs.

Effective communication and collaboration are essential for driving innovation and policymaking in the energy
sector. As one expert noted, ““...lack of communication... with those who make decisions...” hinders progress. A
lack of coordination among academia, industry, and government stakeholders, as evidenced by fragmented
initiatives pursued by individual actors, has led to inefficiencies and missed opportunities, as highlighted by
experts.

Long-term sustainability is often overlooked in the pursuit of rapid renewable energy development. Experts
emphasize a tendency towards short-term thinking, as evidenced by the statement “...sustainability... is viewed
narrowly...”. This neglects the critical issue of end-of-life management for renewable technologies, such as the
disposal of solar panels and batteries. Additionally, the renewable energy sector has experienced political
interference, hindering its responsible development. As one expert noted, “the current development of wind
farms often leads to the emergence of unsustainable infrastructure and service providers in their vicinity.” This
highlights the need for a holistic approach that considers both environmental and economic impacts.

Moroccan consumers, both residential and industrial, face significant challenges in optimizing energy
consumption. A lack of real-time data, as highlighted by experts, hinders their ability to identify and address
energy inefficiencies. The transition to a digitalized energy system necessitates significant behavioral changes
and skill development across all stakeholder groups. This includes households, industries, and energy producers.

For instance, households will require training in utilizing smart meters to monitor and manage energy
consumption effectively. Industries must enhance their data analysis capabilities to optimize operations and
reduce energy waste. Energy producers will need to adapt to the dynamic nature of a smart grid and integrate
renewable energy sources seamlessly. As one expert noted, “...resistance to change... new competences and
processes...” will be a key challenge in overcoming these hurdles.

This underscores the need for stakeholders' education and awareness campaigns. By explaining the benefits of
smart grids, such as potential cost savings and a more sustainable energy future, these campaigns can empower
the stakeholders to actively participate in the energy transition.

While large corporations in Morocco have made significant strides in digital transformation, small and medium-
sized enterprises (SMEs) face distinct challenges. As noted by experts, the primary obstacle for SMEs is not
financial constraints but rather a reluctance to adopt new technologies and processes. The expert emphasized:
“the main challenge is not the availability of funding but rather the reluctance of SMEs to change, adapt their
processes, and acquire the necessary skills to utilize digital and smart technologies effectively.”

Despite the establishment of two energy innovation clusters, their impact on fostering industry collaboration
has been limited. As one expert stated, “the two energy innovation clusters have not been able to fully bridge
the gap and foster the necessary synergies among industry stakeholders.” Furthermore, regional disparities in
development levels have hindered progress. As noted by experts, “there is a noticeable gap in the level of
development between different regions, with some being far more advanced than others.”
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On a positive note, the role of academia in promoting collaboration is acknowledged. Experts recognize the
efforts of universities in fostering knowledge sharing and cooperation among industry stakeholders, as
evidenced by the statement: “academia is actively working to enhance collaboration and knowledge sharing
among various players in the energy sector.”

The expert perspectives presented in this section have provided valuable insights into the complexities and
challenges associated with Morocco's renewable energy transition. The findings underscore the need for a
comprehensive and multi-faceted approach to address the identified issues. The following discussion section
will delve deeper into these challenges, explore potential solutions, and propose recommendations for
policymakers, industry stakeholders, and researchers to advance Morocco's renewable energy agenda.

Discussion

This study aimed to assess the challenges and opportunities associated with digitalizing Morocco's renewable
energy sector. By combining expert interviews with an analysis of secondary data, including statistics and
relevant documents, this research sought to identify the current state of the sector and to understand the factors
influencing its development. The following discussion delves deeper into the findings, analyzing them through
the lens of the People, Process, Technology (PPT) and Bottom Triple Line (BTL) frameworks to elucidate the
complexities and implications of digital transformation.

People: The Human Factor in Digital Transformation

The successful digitalization of Morocco's renewable energy sector is contingent upon a skilled and adaptable
workforce. A significant skills gap, as highlighted by experts, exists within the sector, hindering its ability to
fully harness the potential of emerging technologies. Upgrading the skills of both the existing workforce and
consumers is paramount to ensuring a smooth transition to a digitalized energy landscape.

While digitalization offers numerous opportunities for innovation and efficiency, it also carries the risk of job
displacement. As automation and artificial intelligence become increasingly prevalent, certain roles within the
energy sector may become redundant. Therefore, it is essential to implement comprehensive retraining and
upskilling programs to equip displaced workers with the necessary competencies for emerging roles.

Equitable access to digital training programs is crucial to prevent exacerbating existing social inequalities.
Targeted initiatives should be implemented to ensure that all segments of the population, including individuals
from rural areas, have the opportunity to acquire the digital skills required for the renewable energy sector.

Process: Optimizing Efficiency Through Digitalization

Digital technologies offer immense potential for optimizing processes within the renewable energy sector. By
streamlining operations, reducing manual interventions, and enhancing data-driven decision-making, digital
tools can significantly enhance efficiency. For instance, automation of routine tasks, such as data entry and
report generation, can free up human resources for more strategic activities. Additionally, digital platforms can
facilitate seamless communication and collaboration among stakeholders, accelerating project timelines and
reducing costs.

However, the implementation of new digital processes is not without its challenges. Resistance to change,
coupled with the need for substantial investments in technology and training, hinders the adoption. Furthermore,
ensuring interoperability between different digital systems is crucial to avoid creating new inefficiencies. To
overcome these challenges, a phased approach to digital transformation is essential, along with robust change
management strategies.

Technology: Enablers of the Energy Transition

Digital technologies are emerging as indispensable tools for driving the energy transition. Technologies such as
artificial intelligence, big data analytics, the Internet of Things (loT), and blockchain offer unprecedented
opportunities to optimize energy production, distribution, and consumption. For instance, Al-powered
predictive analytics can enhance renewable energy forecasting, enabling grid operators to better integrate
variable energy sources. loT devices can facilitate real-time monitoring of energy systems, enabling efficient
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troubleshooting and maintenance. Blockchain technology has the potential to revolutionize energy trading by
creating transparent and secure peer-to-peer energy markets.

While the adoption of these technologies promises substantial benefits, it also comes with associated costs and
potential environmental impacts. The initial investment in digital infrastructure and the ongoing expenses for
data management and cybersecurity can be significant. However, these costs can be offset by increased
efficiency, reduced operational expenses, and new revenue streams. Furthermore, the environmental impact of
digital technologies, particularly in terms of energy consumption for data centers and the production of
electronic devices, must be carefully considered and mitigated through sustainable practices.

Economic Implications of Digitalization in the Renewable Energy Sector

The integration of digital technologies into the renewable energy sector holds significant potential for economic
benefits. By streamlining operations, reducing costs, and enabling data-driven decision-making, digitalization
can enhance the sector's overall efficiency and profitability. For instance, the optimization of energy distribution
and consumption patterns through digital platforms can lead to substantial cost savings for both energy providers
and consumers. Moreover, the development of new digital solutions and services can create job opportunities
and stimulate economic growth.

However, the transition to a digitalized energy system also involves economic risks and challenges. The initial
investment in digital infrastructure and workforce training can be substantial, potentially impacting short-term
financial performance. Additionally, the potential for job displacement due to automation must be carefully
considered to mitigate negative social and economic consequences. To maximize the economic benefits of
digitalization while minimizing risks, it is essential to develop strategies for managing costs, mitigating risks,
and fostering innovation.

Social Implications of Digitalization

The social implications of digitalization in Morocco's renewable energy sector are multifaceted and require
careful consideration. While digital technologies offer the potential to empower individuals and communities,
the country's socio-economic landscape presents significant challenges. High illiteracy rates, particularly in
rural areas, coupled with regional disparities in development, create a complex environment for digital
inclusion.

To maximize the social benefits of digitalization, targeted interventions are necessary to bridge the digital
divide. This includes investing in digital literacy programs, expanding internet access, and developing culturally
appropriate digital tools.

Moreover, the fear of job displacement due to automation is prevalent among the workforce. This social anxiety
poses a dilemma for policymakers, who must balance the benefits of digitalization with the need to protect
vulnerable population. While new job opportunities may emerge in the digital economy, it is crucial to
implement effective retraining and upskilling programs to mitigate the negative social impacts of this transition.
By addressing these challenges and ensuring equitable access to digital technologies, Morocco can harness the
full potential of digitalization to create a more inclusive and sustainable society.

Environmental Implications of Digitalization

The environmental impact of digitalization in the renewable energy sector is a complex issue with both positive
and negative dimensions. On the one hand, digital technologies offer significant potential for reducing the
environmental footprint of the energy sector. By optimizing energy production and distribution, digital tools
can contribute to minimizing waste and maximizing resource efficiency. For instance, smart grids can enable
the integration of renewable energy sources, reduce energy losses, and optimize grid operations.

However, the growing reliance on digital technologies also raises environmental concerns. The energy
consumption associated with data centers and the production of electronic devices can contribute to greenhouse
gas emissions. Additionally, the disposal of electronic waste, if not managed properly, can have detrimental
effects on the environment. To mitigate these negative impacts, it is crucial to adopt sustainable practices in the
design, production, and disposal of digital technologies.
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To fully realize the environmental benefits of digitalization while minimizing its drawbacks, a holistic approach

is necessary. This includes promoting energy efficiency in data centers, encouraging the reuse and recycling of
electronic waste, and supporting research and development of low-carbon digital technologies.

Overall Assessment and Recommendations

The digital transformation of Morocco's renewable energy sector presents both significant challenges and
opportunities. While the analysis through the PPT and BTL frameworks highlights the potential benefits of
digitalization in terms of efficiency, economic growth, and environmental sustainability, it also underscores the
importance of addressing key challenges such as skills gaps, infrastructure limitations, and social inequalities.

To fully realize the potential of digitalization, a comprehensive and coordinated approach is essential. This
includes investing in human capital development, further building robust digital infrastructure, and creating
supportive regulatory frameworks. Additionally, it is crucial to prioritize research and development in emerging
digital technologies and to further foster collaboration among government, industry, and academia.

Crucially, successful implementation necessitates a robust change management strategy. Overcoming resistance
to change, fostering a culture of innovation, and ensuring stakeholder buy-in will be critical to the overall
success of the digital transformation. By adopting a holistic perspective and addressing the identified challenges,
including the effective management of change, Morocco can position itself as a leader in the renewable energy
transition and reap the rewards of a digitalized energy sector.

Conclusions

This case study aimed to identify the challenges (RQ1) and opportunities (RQ2) associated with digitalizing
Morocco's renewable energy sector. By examining the perspectives of key stakeholders and analyzing relevant
data, the study sought to understand the sector's digitalization prerequisites and to identify strategies for
overcoming barriers to digital transformation.

The research findings underscore the significant potential of digitalization in driving Morocco's renewable
energy transition. While the country has demonstrated a strong commitment to renewable energy, the realization
of its full potential is hindered by several challenges. Firstly, the study highlights the critical role of human
capital in the digitalization process. A skilled workforce is essential for the successful implementation and
operation of digital technologies. However, the current skills gap, particularly in relation to digital
competencies, poses a significant barrier to progress. This is further compounded by the uneven distribution of
digital skills across the population, with certain demographics, such as youth and women, facing greater
challenges. Secondly, the importance of robust digital infrastructure and supportive regulatory frameworks is
evident. The absence of these elements impedes the effective integration of renewable energy sources and the
optimization of energy systems. Additionally, the lack of interoperability between different digital systems can
hinder the overall efficiency of the energy sector. Thirdly, the study emphasizes the need for a holistic approach
to digitalization that considers both economic and environmental implications. While digital technologies offer
opportunities for cost reduction and efficiency gains, their impact on jobs, social equity, and the environment
must be carefully managed. The potential for job displacement due to automation, as well as the environmental
consequences of digital technologies, require careful consideration and mitigation strategies. Finally, the
research underscores the importance of effective change management and stakeholder engagement in driving
digital transformation. Overcoming resistance to change, fostering collaboration among various stakeholders,
and ensuring equitable access to digital technologies are crucial for realizing the full potential of digitalization.

The findings of this study underscore the complex interplay of technological, economic, social, and
environmental factors in the digitalization of Morocco's renewable energy sector.

Economically, the transition to a digitalized energy system offers opportunities for economic growth, job
creation, and increased efficiency. However, the initial investments in digital infrastructure and workforce
development may pose challenges for some stakeholders. It is essential to develop strategies to mitigate these
costs and maximize the economic benefits of digitalization.
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Environmentally, digital technologies present both opportunities and risks. While they can contribute to the

optimization of energy production and distribution, reducing overall environmental impact, their own energy

consumption and waste generation must be carefully managed. A circular economy approach, emphasizing the
reuse and recycling of electronic waste, is crucial to minimize the ecological footprint of digitalization.

Socially, the implications of digitalization are far-reaching. While digital technologies can enhance access to
energy services and create new economic opportunities, they also risk exacerbating existing inequalities. Efforts
to bridge the digital divide, invest in digital literacy, and ensure equitable access to the benefits of digitalization
are essential to achieve a just and inclusive energy transition.

Based on the findings of this study, several key recommendations emerge for advancing Morocco's renewable
energy transition through digitalization. Firstly, investing in human capital development is paramount. This
includes targeted training programs to equip the workforce with the necessary digital skills, as well as initiatives
to bridge the digital divide. By fostering a digitally literate population, Morocco can maximize the potential
benefits of digital technologies. Secondly, building a robust digital infrastructure is essential for enabling the
effective integration of renewable energy sources. This requires significant investments in smart grid
technologies, data centers, and high-speed internet connectivity. Thirdly, a supportive regulatory environment
is crucial for stimulating innovation and investment in the renewable energy sector. Streamlining regulatory
processes, creating incentives for digital adoption, and establishing clear guidelines for data privacy and security
are essential for unlocking the full potential of digitalization. Fourthly, a holistic approach to sustainability is
required. While digital technologies offer numerous benefits, their environmental impacts must be carefully
managed. Promoting circular economy principles, investing in clean energy for data centers, and encouraging
the development of sustainable digital technologies are essential steps. Finally, strengthening the collaboration
among government, industry, academia, and civil society is vital for successful digital transformation. By
working together, stakeholders can address challenges, share knowledge, and accelerate the transition to a
sustainable energy future.

This study has made significant contributions to the understanding of the challenges and opportunities
associated with digitalizing Morocco's renewable energy sector. By examining the perspectives of key
stakeholders and analyzing relevant data, the research provided a nuanced understanding of the sector's
dynamics.

While the study offers valuable insights, further research is needed to explore specific aspects of the
digitalization process in greater depth. For example, in-depth case studies of successful digitalization initiatives
could provide valuable lessons for other developing countries. Additionally, long-term monitoring and
evaluation of the impacts of digitalization on Morocco's energy sector are essential to inform ongoing policy
and decision-making.

In conclusion, the successful digitalization of Morocco's renewable energy sector requires a multi-faceted
approach that addresses the economic, environmental, and social dimensions of the transition. By addressing
the identified challenges and capitalizing on the opportunities presented by digitalization, Morocco can position
itself as a leader in the global renewable energy transition.

References

Alami, A. (2021, November). How Morocco went big on solar energy. BBC. https://www.bbc.com/future/article/20211115-how-
morocco-led-the-world-on-clean-solar-energy

Anouar, S. (2022, August 2). Morocco Has Invested $5.2 Billion in Solar Energy Projects. Morocco World News.

Asif, M. (2022). Digitalization in Energy Sector. In The 4Ds of Energy Transition: Decarbonization, Decentralization, Decreasing Use
and Digitalization. https://doi.org/10.1002/9783527831425.ch16

Bahgat, G. (2013). Morocco energy outlook: Opportunities and challenges. Journal of North African Studies, 18(2), 291-304.
https://doi.org/10.1080/13629387.2012.726089

78


https://jssidoi.org/ird/
https://doi.org/10.70132/q3292783863
https://www.bbc.com/future/article/20211115-how-morocco-led-the-world-on-clean-solar-energy
https://www.bbc.com/future/article/20211115-how-morocco-led-the-world-on-clean-solar-energy
https://doi.org/10.1002/9783527831425.ch16
https://doi.org/10.1080/13629387.2012.726089

INSIGHTS INTO REGIONAL DEVELOPMENT
ISSN 2669-0195 (online) https://jssidoi.org/ird/

2025 Volume 7 Number 1 (March)
https://doi.org/10.70132/q3292783863

Bakkari, M., Bossoufi, B., El Kafazi, I., Bouderbala, M., & Karim, M. (2024). A review of wind energy potential in Morocco: New
challenges and perspectives. Wind Engineering, 48(1), 101-120. https://doi.org/10.1177/0309524X231200582

Bouabid, A., Sleptchenko, A., & Mouling, S. (2019). Pathways to 100 percent Renewable Energy Supply: Morocco Options until 2030.
Proceedings of 2019 7th International Renewable and Sustainable Energy Conference, IRSEC  2019.
https://doi.org/10.1109/IRSEC48032.2019.9078202

Cantoni, R., & Rignall, K. (2019). Kingdom of the Sun: a critical, multiscalar analysis of Morocco’s solar energy strategy. Energy
Research and Social Science, 51, 20-31. https://doi.org/10.1016/j.erss.2018.12.012

Centre National pour la Recherche Scientifique et Technique — CNRST. (2021). Energies Renouvelables: Vue d ’Ensemble sur I’ Activité
Scientifique et I’Innovation Technologique au Niveau National et International.
https://barometre.cnrst. ma/images/img/2022img/pdf2022/Etudeenergiesrenouvelablefinale.pdf

Charmaz, K., & Thornberg, R. (2021). The Pursuit of Quality in Grounded Theory. Qualitative Research in Psychology, 18(3), 305-
327. https://doi.org/10.1080/14780887.2020.1780357

Choukri, K., Naddami, A., & Hayani, S. (2017). Renewable energy in emergent countries: lessons from energy transition in Morocco.
Energy, Sustainability and Society, 7(1). https://doi.org/10.1186/s13705-017-0131-2

Collins, C. S., & Stockton, C. M. (2018). The Central Role of Theory in Qualitative Research. International Journal of Qualitative
Methods, 17(1). https://doi.org/10.1177/1609406918797475

De Massis, A., & Kotlar, J. (2014). The case study method in family business research: Guidelines for qualitative scholarship. Journal
of Family Business Strategy, 5(1), 15-29. https://doi.org/https://doi.org/10.1016/j.jfbs.2014.01.007

Dwivedi, Y. K., Hughes, L., Kar, A. K., Baabdullah, A. M., Grover, P., Abbas, R., Andreini, D., Abumoghli, ., Barlette, Y., Bunker,
D., Chandra Kruse, L., Constantiou, I., Davison, R. M., De, R., Dubey, R., Fenby-Taylor, H., Gupta, B., He, W., Kodama, M., ... Wade,
M. (2022). Climate change and COP26: Are digital technologies and information management part of the problem or the solution? An
editorial ~ reflection and call to action. International Journal of Information Management, 63, 102456.
https://doi.org/10.1016/J.1IJINFOMGT.2021.102456

Elkington, J. (1998). Cannibals with forks: The Triple Bottom Line of 21st Century Business, Conscientious Commerce. In New Society
Publishers (Issue April). New Society Publishers.
https://www.google.com/books/edition/Cannibals_with_Forks/SRNPAAAAMAAJ?hI=en

Enerdata. (2024). Morocco Energy Information. https://www.enerdata.net/estore/energy-market/morocco/

Ernst & Young. (2023, June 13). Will local ambition fast-track or frustrate the global energy transition?
https://www.ey.com/en_gl/insights/energy-resources/will-local-ambition-fast-track-or-frustrate-the-global-energy-transition

Ersoy, S. R., Terrapon-Pfaff, J., & Agouzoul, H. (2022). Sustainable Transformation of Morocco’s Energy System.

European Commission. (2021, June 28). EU and Morocco form green partnership on energy, climate, and environment ahead of COP
26. https://climate.ec.europa.eu/news-your-voice/news/eu-and-morocco-form-green-partnership-energy-climate-and-environment-
ahead-cop-26-2021-06-28 en

European Commission. (2023). Network Readiness Index. https://composite-
indicators.jrc.ec.europa.eu/explorer/explorer/indices/NRI/network-readiness-index

Fragkos, P. (2023). Assessing the energy system impacts of Morocco’s nationally determined contribution and low-emission pathways.
Energy Strategy Reviews, 47. https://doi.org/10.1016/j.esr.2023.101081

Gradillas, M., & Thomas, L. D. W. (2023). Distinguishing digitization and digitalization: A systematic review and conceptual
framework. Journal of Product Innovation Management. https://doi.org/10.1111/jpim.12690

Idries, A., Krogstie, J., & Rajasekharan, J. (2022). Challenges in platforming and digitizing decentralized energy services. In Energy
Informatics (Vol. 5, Issue 1). https://doi.org/10.1186/s42162-022-00193-9

International Energy Agency — IEA. (2019, October 10). Morocco Renewable Energy Target 2030. https://www.iea.org/policies/6557-
morocco-renewable-energy-target-2030

International Energy Agency - IEA. (2024). The World Energy Statistics and Balances Data: Morocco.
https://www.iea.org/countries/morocco/energy-mix

79


https://jssidoi.org/ird/
https://doi.org/10.70132/q3292783863
https://doi.org/10.1177/0309524X231200582
https://doi.org/10.1109/IRSEC48032.2019.9078202
https://doi.org/10.1016/j.erss.2018.12.012
https://barometre.cnrst.ma/images/img/2022img/pdf2022/Etudeenergiesrenouvelablefinale.pdf
https://doi.org/10.1080/14780887.2020.1780357
https://doi.org/10.1186/s13705-017-0131-2
https://doi.org/10.1177/1609406918797475
https://doi.org/https:/doi.org/10.1016/j.jfbs.2014.01.007
https://doi.org/10.1016/J.IJINFOMGT.2021.102456
https://www.google.com/books/edition/Cannibals_with_Forks/SRNPAAAAMAAJ?hl=en
https://www.enerdata.net/estore/energy-market/morocco/
https://www.ey.com/en_gl/insights/energy-resources/will-local-ambition-fast-track-or-frustrate-the-global-energy-transition
https://climate.ec.europa.eu/news-your-voice/news/eu-and-morocco-form-green-partnership-energy-climate-and-environment-ahead-cop-26-2021-06-28_en
https://climate.ec.europa.eu/news-your-voice/news/eu-and-morocco-form-green-partnership-energy-climate-and-environment-ahead-cop-26-2021-06-28_en
https://composite-indicators.jrc.ec.europa.eu/explorer/explorer/indices/NRI/network-readiness-index
https://composite-indicators.jrc.ec.europa.eu/explorer/explorer/indices/NRI/network-readiness-index
https://doi.org/10.1016/j.esr.2023.101081
https://doi.org/10.1111/jpim.12690
https://doi.org/10.1186/s42162-022-00193-9
https://www.iea.org/policies/6557-morocco-renewable-energy-target-2030
https://www.iea.org/policies/6557-morocco-renewable-energy-target-2030
https://www.iea.org/countries/morocco/energy-mix

INSIGHTS INTO REGIONAL DEVELOPMENT
ISSN 2669-0195 (online) https://jssidoi.org/ird/
2025 Volume 7 Number 1 (March)

https://doi.org/10.70132/q3292783863
International Renewable Energy Agency — IRENA. (2023, June). World Energy Transitions Outlook 2023.

International Renewable Energy Agency — IRENA. (2024). Patents Evolution. https://www.irena.org/Data/View-data-by-
topic/Innovation-and-Technology/Patents-Evolution

International Telecommunication Union. (2023). Digital Development Dashboard: Morocco. https://www.itu.int/en/ITU-
D/Statistics/Documents/DDD/ddd_ MAR.pdf

International Trade Administration — ITA. (2024, January 1). Morocco — Energy. https://www.trade.gov/country-commercial-
guides/morocco-energy

Juszczyk, O., & Shahzad, K. (2022). Blockchain Technology for Renewable Energy: Principles, Applications and Prospects. Energies,
15(13). https://doi.org/10.3390/en15134603

Kousksou, T., Allouhi, A., Belattar, M., Jamil, A., El Rhafiki, T., & Zeraouli, Y. (2015). Morocco’s strategy for energy security and
low-carbon growth. Energy, 84, 98-105. https://doi.org/10.1016/j.energy.2015.02.048

Machado, E. A., Scavarda, L. F., Caiado, R. G. G., & Santos, R. S. (2024). Industry 4.0 and Sustainability Integration in the Supply
Chains of Micro, Small, and Medium Enterprises through People, Process, and Technology within the Triple Bottom Line Perspective.
Sustainability (Switzerland), 16(3). https://doi.org/10.3390/su16031141

Simpara, M. (2023, April 30). Morocco’s mobile boom: 55.9 million subscriptions and a tale of two markets. Morocco World News.
https://www.moroccoworldnews.com/2024/04/362388/moroccos-mobile-boom-55-9-million-subscriptions-and-a-tale-of-two-markets

Michailova, S. (2023). Crafting literature reviews worth publishing: Five recommendations. European Management Review, 20(3), 361—
366.

Ministry of Energy  Transition and Sustainable Development -~ METSD. (2024). Renewable Energies.
https://www.mem.gov.ma/Pages/secteur.aspx?e=2

Moore, S. (2021). From fuel-poor to radiant: Morocco’s energy geopolitics and renewable energy strategy. In International Political
Economy Series. https://doi.org/10.1007/978-3-030-59554-8 5

Motlagh, N. H., Mohammadrezaei, M., Hunt, J., & Zakeri, B. (2020). Internet of things (IoT) and the energy sector. In Energies (Vol.
13, Issue 2). https://doi.org/10.3390/en13020494

National Office  of Electricity  and Drinking  Water -  ONEE. (2024). Electricity Production.
http://www.one.org.ma/FR/pages/interne.asp?esp=2&id1=4&id2=53&t2=1

NDC Partnership. (2016). Morocco solar program. https://ndcpartnership.org/knowledge-portal/good-practice-database/morocco-solar-
program

OECD. (2020). The Digitalisation of Science, Technology and Innovation. OECD. https://doi.org/10.1787/b9e4a2c0-en

Pandey, V., Sircar, A, Bist, N., Solanki, K., & Yadav, K. (2023). Accelerating the renewable energy sector through Industry 4.0:
Optimization  opportunities in  the digital revolution. International Journal of Innovation  Studies, 7(2).
https://doi.org/10.1016/j.ijis.2023.03.003

Plank, F., Daum, B., Muntschick, J., Knodt, M., Hasse, C., Ott, I., & Niemann, A. (2023). Hydrogen: Fueling EU-Morocco Energy
Cooperation? Middle East Policy, 30(3), 37-52. https://doi.org/10.1111/mep0.12699

Portulans Institute. (2023). Network Readiness Index 2023: Morocco.
https://download.networkreadinessindex.org/reports/countries/2023/morocco.pdf

Portulans Institute. (2024). Network Readiness Index 2023: Benchmarking the Future of the Network Economy.
https://networkreadinessindex.org/

Pugna, I. B., Boldeanu, D. M., Gheorghe, M., Cozgarea, G., & Cozgarea, A. N. (2022). Management Perspectives towards the Data-
Driven Organization in the Energy Sector. Energies, 15(16). https://doi.org/10.3390/en15165775

Rahhou, J. (2024, February 23). Electricity Production in Morocco Rises by 2.4% in 2023. Morocco World News.
Rizvi, F. (2019). The strategic path to digital transformation. Hart’s E and P, November.

Rose, S., Spinks N., & Canhoto A.l. (2024). Management research: Applying the principles of business research methods.
https://doi.org/https://doi.org/10.1111/emre.12608

80


https://jssidoi.org/ird/
https://doi.org/10.70132/q3292783863
https://www.irena.org/Data/View-data-by-topic/Innovation-and-Technology/Patents-Evolution
https://www.irena.org/Data/View-data-by-topic/Innovation-and-Technology/Patents-Evolution
https://www.itu.int/en/ITU-D/Statistics/Documents/DDD/ddd_MAR.pdf
https://www.itu.int/en/ITU-D/Statistics/Documents/DDD/ddd_MAR.pdf
https://www.trade.gov/country-commercial-guides/morocco-energy
https://www.trade.gov/country-commercial-guides/morocco-energy
https://doi.org/10.3390/en15134603
https://doi.org/10.1016/j.energy.2015.02.048
https://doi.org/10.3390/su16031141
https://www.moroccoworldnews.com/2024/04/362388/moroccos-mobile-boom-55-9-million-subscriptions-and-a-tale-of-two-markets
https://www.mem.gov.ma/Pages/secteur.aspx?e=2
https://doi.org/10.1007/978-3-030-59554-8_5
https://doi.org/10.3390/en13020494
http://www.one.org.ma/FR/pages/interne.asp?esp=2&id1=4&id2=53&t2=1
https://ndcpartnership.org/knowledge-portal/good-practice-database/morocco-solar-program
https://ndcpartnership.org/knowledge-portal/good-practice-database/morocco-solar-program
https://doi.org/10.1787/b9e4a2c0-en
https://doi.org/10.1016/j.ijis.2023.03.003
https://doi.org/10.1111/mepo.12699
https://download.networkreadinessindex.org/reports/countries/2023/morocco.pdf
https://networkreadinessindex.org/
https://doi.org/10.3390/en15165775
https://doi.org/https:/doi.org/10.1111/emre.12608

INSIGHTS INTO REGIONAL DEVELOPMENT
ISSN 2669-0195 (online) https://jssidoi.org/ird/

2025 Volume 7 Number 1 (March)
https://doi.org/10.70132/q3292783863

Schinko, T., Bohm, S., Komendantova, N., Jamea, E. M., & Blohm, M. (2019). Morocco’s sustainable energy transition and the role of
financing costs: A participatory electricity system modeling approach. Energy, Sustainability and Society, 9(1).
https://doi.org/10.1186/s13705-018-0186-8

Simion, C.-P., Verdes, C.-A., Mironescu, A.-A., & Anghel, F.-G. (2023). Digitalization in Energy Production, Distribution, and
Consumption: A Systematic Literature Review. Energies, 16(4), 1960. https://doi.org/10.3390/en16041960

Simon, B. (2021). Everything You Need to Know about the People, Process, Technology Framework. SmartSheet.
https://www.smartsheet.com/content/people-process-technology

Simpara, M. (2024, June 26). WEF Report: Morocco Leads North Africa in Ambitious Energy Transition Efforts. Morocco World News.
https://www.moroccoworldnews.com/2024/06/363475/wef-report-morocco-leads-north-africa-in-ambitious-energy-transition-efforts

Singh, R., Akram, S. V., Gehlot, A., Buddhi, D., Priyadarshi, N., & Twala, B. (2022). Energy System 4.0: Digitalization of the Energy
Sector with Inclination towards Sustainability. Sensors, 22(17). https://doi.org/10.3390/s22176619

Sung, J., Troilo, M., & Howarth, N. (2021). Better energy efficiency policy with digital tools. The International Energy Agency (IEA).
https://prod.iea.org/articles/better-energy-efficiency-policy-with-digital-tools

Swanborn, P. (2018). What is a Case Study? In Case Study Research: What, Why and How? https://doi.org/10.4135/9781526485168.n1

Varela, 1. (2017). Energy is essential, but utilities? Digitalization: What does it mean for the energy sector? In Digital Marketplaces
Unleashed. https://doi.org/10.1007/978-3-662-49275-8 73

Wang, J., & Azam, W. (2024). Natural resource scarcity, fossil fuel energy consumption, and total greenhouse gas emissions in top
emitting countries. Geoscience Frontiers, 15(2). https://doi.org/10.1016/J.GSF.2023.101757

World Economic Forum. (2024). Fostering Effective Energy Transition.
https://www3.weforum.org/docs/WEF Fostering Effective_Energy Transition 2024.pdf

Yin, R. K. (2018). Case Study Research and Applications: Design and Methods (6th ed.). Sage.

Funding: The research leading to these results has received funding from the project titled "Cluster for innovative
energy" in the frame of the program "HORIZON-MSCA-2022-SE-01" under the Grant agreement number 101129820

Funded by the
European Union

Author Contributions: The authors contributed equally. All authors have read and agreed to the published version of the
manuscript.

81


https://jssidoi.org/ird/
https://doi.org/10.70132/q3292783863
https://doi.org/10.1186/s13705-018-0186-8
https://doi.org/10.3390/en16041960
https://www.smartsheet.com/content/people-process-technology
https://www.moroccoworldnews.com/2024/06/363475/wef-report-morocco-leads-north-africa-in-ambitious-energy-transition-efforts
https://doi.org/10.3390/s22176619
https://prod.iea.org/articles/better-energy-efficiency-policy-with-digital-tools
https://doi.org/10.4135/9781526485168.n1
https://doi.org/10.1007/978-3-662-49275-8_73
https://doi.org/10.1016/J.GSF.2023.101757
https://www3.weforum.org/docs/WEF_Fostering_Effective_Energy_Transition_2024.pdf

INSIGHTS INTO REGIONAL DEVELOPMENT
ISSN 2669-0195 (online) https://jssidoi.org/ird/

2025 Volume 7 Number 1 (March)
https://doi.org/10.70132/q3292783863

Jurga VESTERTE
ORCID ID: https://orcid.org/0000-0002-4831-1102

Ilona SKACKAUSKIENE
ORCID ID: https://orcid.org/0000-0002-5078-3678

Najiba EL AMRANI EL IDRISSI is Ph.D professor coordinator of the research team Signals, telecommunications and
smart grids at the Faculty of Science and Technology of Fez, Sidi Mohamed Ben Abdellah University. Research interests:
Microstrip Antenna, Antenna Arrays, Electromagnetics, UMTS, Telecommunications.

ORCID ID: https://orcid.org/0000-0001-5603-1306

Kamal ZARED
ORCID ID: https://orcid.org/0000-0003-0612-2052

This is peer-reviewed scientific journal https://jssidoi.org/ird/page/peer-review-policy

Copyright © 2025 by author(s). Publishing rights by UAB Sustainability for Regions
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Open Access

82


https://jssidoi.org/ird/
https://doi.org/10.70132/q3292783863
https://orcid.org/0000-0002-4831-1102
https://orcid.org/0000-0002-5078-3678
https://www.researchgate.net/topic/Microstrip-Antenna?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InNjaWVudGlmaWNDb250cmlidXRpb25zIiwicGFnZSI6InByb2ZpbGUifX0
https://www.researchgate.net/topic/Antenna-Arrays?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InNjaWVudGlmaWNDb250cmlidXRpb25zIiwicGFnZSI6InByb2ZpbGUifX0
https://www.researchgate.net/topic/Electromagnetics?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InNjaWVudGlmaWNDb250cmlidXRpb25zIiwicGFnZSI6InByb2ZpbGUifX0
https://www.researchgate.net/topic/UMTS?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InNjaWVudGlmaWNDb250cmlidXRpb25zIiwicGFnZSI6InByb2ZpbGUifX0
https://www.researchgate.net/topic/Telecommunications?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InNjaWVudGlmaWNDb250cmlidXRpb25zIiwicGFnZSI6InByb2ZpbGUifX0
https://orcid.org/0000-0001-5603-1306
https://orcid.org/0000-0003-0612-2052
https://jssidoi.org/ird/page/peer-review-policy
https://jssidoi.org/s4r/requisites
http://creativecommons.org/licenses/by/4.0/

