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Abstract:

Nature reserves play a crucial role in maintaining ecosystem biodiversity, making them an effective
tool for mitigating the effects of climate change and promoting environmental sustainability. This study
aims to explore the role of the Ngorongoro Crater Reserve, located southeast of the Serengeti National
Park in Tanzania, as an integrated ecological model that combines natural and cultural heritage. The
reserve spans diverse environments, including craters, forests, grasslands, plains, lakes, and swamps,
making it a rich habitat for wildlife, including many endangered species.

The study addresses the importance of the reserve's geographical location in studying climate change,
as its diverse ecosystems contribute to understanding the impact of climate on biodiversity. It reviews
government efforts to protect the reserve from negative environmental impacts and enhance its ability
to adapt to climate change through conservation strategies and sustainable management of natural
resources.

The study highlights the economic and social role of the reserve, which provides a natural environment
that supports eco-tourism and promotes local development. The reserve is also a scientific destination
for research and study. The study also highlights the importance of reserves in providing a natural
environment that helps reduce psychological stress through their breathtaking views and fresh air.
The study's results show that the Ngorongoro Reserve is a global model for sustainable reserve
management, making it a key reference in preserving the environment and biodiversity for future
generations.

Keywords: Nature reserves, Ngorongoro Crater, biodiversity, climate change, ecosystems, sustainable
development, eco-tourism, eco-tourism, natural resource management, endangered species
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Abstract:

This study examined the hydro-meteorological hazards in the Southern Ghris basin in Morocco, focusing
on the natural and human factors contributing to their escalation. A field methodology included direct
observation, bibliographic and statistical research, and interviews with residents and regional
stakeholders. The findings revealed that hydro-meteorological hazards in the area are increasing
significantly due to climate change, unregulated urbanization, and soil degradation. It was also
determined that the existing infrastructure is inadequate to manage the rising risks. This underscores the
importance of implementing effective measures to improve risk management and raise public awareness,
focusing on developing environmental and urban systems to safeguard oases from future impacts of
hydro-meteorological hazards.

Keywords: Morocco, Ghris basin, hydrometeorological hazards, environment, society
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Abstract:

This research explores the role of innovation to enhance the competitiveness index of Egyptian
governorates within the framework of achieving sustainable development goals and Egypt’s Vision
2030. The study employed a descriptive-analytical approach, supported by a social survey that targeted
332 participants, including experts from the Ministries of Local Development and Planning, as well as
employees in sustainable development units and technology centers in Fayoum, Port Said, and Behera
governorates.

Findings reveal that strengthening innovation to enhance competitiveness requires three main
dimensions: organizational requirements (updating legislations, regulations, and administrative
structures), human requirements (capacity building and preparing a second line of young leaders), and
material requirements (establishing information systems, digital platforms, and effective citizen
engagement mechanisms). However, the study also identified significant challenges, including a weak
information infrastructure, inadequate legal frameworks, and a shortage of qualified staff.

The study concludes that innovation represents a strategic entry point to operationalize local
governance, enhancing community participation, transparency, and accountability, while leveraging
the unique competitive advantages of each governorate. It recommends adopting an integrated vision
tailored to local contexts to ensure sustainable local development.

Keywords: Innovation, governorates’ competitiveness indicator, sustainable development,
innovation enabling environment
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Specialized Environmental Courts in Egypt: Toward Sustainable Environmental Justice

Abstract

Before the rise of the Industrial Revolution, the world had lower emissions than it does nowadays. That
era was characterized by industrial growth without considering the environmental consequences.
Factories that adopted oil as a main energy source were widely spread, resulting in air and water
pollution and contributing to the world's environmental challenges today.

In light of these environmental challenges, the international community has enacted several
environmental protection agreements to reduce emissions and mitigate climate change. Various
international environmental agreements have been ratified to enhance cooperation among states to save
the environment. However, their effectiveness has been undermined by inefficient enforcement
mechanisms, which have limited their ability to achieve their intended targets.

In addressing these challenges, there has been significant growth in establishing Environmental Courts
and Tribunals (hereinafter mentioned as “ECTs”) worldwide, motivating the need to protect our
environment from ongoing damage and degradation. While not all ECTs have succeeded in delivering
justice in environmental disputes, many have effectively addressed complex environmental issues.

This research examines the possibility of establishing Environmental Courts (hereinafter mentioned as
“ECs”) in Egypt. By drawing on successful international models, the study proposes a model for
establishing ECs that aligns with Egypt’s judiciary system.

Keywords: Environmental courts, specialized judiciary, international environment agreements,
environmental courts and tribunals

Research Problem:

The current Egyptian judiciary system lacks specialized ECs established to handle the complexity of
environmental issues. Environmental cases are typically adjudicated within the general judiciary
system; they may go to the administrative judiciary if a public authority is involved and to the civil
courts if the parties are private legal persons. They may also go to criminal courts. This fragmentation
raises concerns about the adequacy, consistency, and specialization of judicial handling in
environmental matters, highlighting the need to explore the potential role of ECs within the Egyptian
legal system.

Aims and Objectives:

This research aims at exploring the possibility of establishing ECs in Egypt by first evaluating the
current gaps within Egypt's judicial system and then examining the role of ECTs in other jurisdictions.
It also aims at finding how Egypt can integrate such courts into its legal system.

Research Questions:
The primary research question guiding this study is:

1. How can ECs be effectively integrated into the Egyptian judiciary system?
To delve deeper into the context of environmental courts, secondary research questions are:

2. What structural and jurisdictional features should an EC system in Egypt have to effectively address
environmental cases?
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3. How are environmental disputes currently addressed within Egypt's judiciary system?
Research Methodology:

This research adopts both descriptive and analytical approaches to examine Egypt's formal institutions
and its ability to implement ECs. The descriptive approach will outline Egypt's current judiciary system,
while the analytical approach will involve studying global models of Environmental Courts. The
overview of EC models relies on existing legal scholarship and judicial reports, rather than on original
research, to identify the most suitable model for adaptation in Egypt.

This research falls under “reform-oriented” legal research, as it aims at assessing and proposing an EC
model within Egypt's current judiciary system.

This research is evaluative, focusing on assessing Egypt's current environmental laws and judicial
practices. Additionally, it is comparative, as it examines international examples of ECs, and projective-
predictive, as it proposes how these courts could be established and how they could function in Egypt.

Literature Review:

Establishing specialized courts with exclusive jurisdiction over environmental disputes has been
increasingly recognized as a better means of addressing complex environmental disputes in countries
adopting this model.

In this literature review, the research will tackle various perspectives concerning this concept by
reviewing case studies, juris opinions, and finally, the formal institutional sources necessary for creating
effective ECs in Egypt. For clarity, this section will be divided into two parts:

1) Foundations and International Practices of ECTs
This research will start the literature review by demonstrating the research written by Brian J. Preston,
the Chief Judge of the Land & Environment Court of New South Wales, addressing the main
characteristics of successful ECTs. (Preston, 2014)

This article identifies 12 characteristics based on Preston's practical experience as a New South Wales
Environment Court Chief Judge. He suggests that these characteristics should mainly exist to
successfully operate these courts and thus achieve their aim of delivering environmental justice.

The first characteristic Preston addresses is status and authority, which refers to the level of credibility,
recognition, and legitimacy an ECT must have to effectively address environmental disputes.
According to Preston, successful ECTs do not necessarily need to be superior or higher courts within a
judicial hierarchy, but at least they should enjoy recognition and legitimacy. Preston sees that it does
not matter whether it takes the shape of a tribunal or a court. Also, hierarchy does not matter in a court,
as he mentioned some unsuccessful ECs that enjoy superiority and unsuccessful inferior ECs. From
Preston's perspective, what really matters to have a successful EC is that it should enjoy comprehensive
jurisdiction, as tackled in the third characteristic below.

The second characteristic is independence from the government and impartiality. For ECTs to function
effectively, judges must be free from external influences such as political pressures, industry interests,
or public opinion, stressing that court judgments should only be based on legal and factual
considerations.

The third one is a comprehensive and centralized jurisdiction; such a jurisdiction allows a court to
address a wide range of environmental issues, thus centralizing all environmental cases within a single
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specialized court instead of distributing them among the general courts in a country. In short, Preston
recommends that ECs should have exclusive jurisdiction over environmental disputes.

The fourth characteristic is that judges and court members who assist judges should be more educated
about environmental issues. This opportunity will improve their ability to respond to environmental
disputes, improving their decision-making quality, effectiveness, and efficiency. Due to the scientific
and technical complexity of these types of disputes, the court members shall also have some
environmental knowledge to assist judges. Further, Preston stressed the same idea in the sixth criterion
by extending access to scientific and technical expertise outside the court.

The fifth characteristic is called "Multi-Door Courthouse," which is a judicial approach designed to
provide multiple pathways to resolve disputes beyond traditional litigation. This model integrates
various alternative dispute resolution (hereinafter mentioned as "ADR”) methods, such as mediation,
arbitration, conciliation, and negotiation, within a single courthouse system, allowing parties to choose
the most suitable process for their case.

The seventh characteristic is facilitating access to justice by removing some barriers during the
litigation process, imposing flexible standing requirements, and allowing the public to participate and
appeal in environmental decisions issued by the government. As Preston stated in introducing this
characteristic, it reflects the essence that delaying justice is a denial of justice. Also, the eighth
characteristic complements this, as it stresses achieving a just, quick, and affordable resolution of
disputes.

The ninth characteristic is the court's responsiveness to pressing environmental issues like climate
change and biodiversity loss. Successful ECTs not only address legal disputes but also promote
remedies and solutions to these complex issues. Specialization in environmental law allows these courts
to use their doctrine and provide more extensive remedies than ordinary courts. They will not be able
to make their doctrine except by their response to the environmental issues through their day-to-day
handling of cases, which is the idea of the tenth characteristic.

The eleventh characteristic is adopting a clear mission or statement of purpose, which should focus on
protecting the environment for the public rather than protecting private rights.

The last characteristic emphasizes the value that ECTs can add beyond individual cases. ECTs
contribute to developing environmental jurisprudence by interpreting and expanding environmental
laws, often drawing on international case law to strengthen domestic regulations. Additionally, ECTs
enhance administrative decision-making by formulating non-binding principles through merit review
appeals. These principles guide future administrative decisions, ensuring consistency and clarity in
environmental governance. ECTs are also known for their innovative legal practices and procedures,
often implementing changes more swiftly than larger courts. Examples include eCourt systems and
flexible dispute resolution methods like mediation and conciliation.

Overall, ECTs resolve disputes, shape environmental law, improve administrative practices, and drive
innovation in environmental litigation.

2) The Need for Specialized ECs in Egypt
Under this fold, Counselor Mohamed Fayez's research, particularly the last chapter, will be reviewed.

The research focuses on the need for establishing ECs in Egypt (Hussien, 2024). It highlights the
importance of climate and environmental disputes and the need for a special court to handle them.
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Counselor Mohamed Fayez Hussien mentioned two different approaches in his research by which a
judge could handle environmental disputes. The first one recommends that judges avoid getting into
the scientific details, seeing them as outside their expertise. While the second approach states that
judges carefully look at the government policies and decisions to ensure they protect the right to a clean
environment and meet national and international commitments.

Counselor Mohamed Fayez Hussien supports creating specialized courts focused on environmental and
climate issues. In his research, he agrees with Donald W. Kaniaru, the Managing Partner of Kaniaru &
Kaniaru Advocates in Kenya, who is the Chair of the National Environmental Tribunal of Kenya and
represents the International Council of Environmental Law (ICEL) at the United Nations Environment
Programme (UNEP) in Nairobi. Donald W. Kaniaru believes these courts are crucial for handling such
disputes. These courts would allow cases related to environmental disputes to be dealt with more
efficiently.

He also notes that regular courts may face challenges in handling environmental cases due to the high
level of expertise needed to do so properly. He suggests creating a specialized environmental committee
with legal and scientific experts as a solution. This committee could work with Egypt's National
Climate Change Council to ensure that government decisions are informed by legal and scientific
knowledge. It would also ensure that Egypt's environmental policies align with international climate
agreements.

Introduction to the Means of Environmental Protection Globally
1. Environmental Global Issues

In this decade, the world has witnessed a significant atmospheric change due to global warming, which
has negatively affected the environment, affecting all countries worldwide. The problem is that
environmental challenges are unlike any other international community problems. That is because they
require intensive measures and the collaboration of all countries, particularly the industrial ones, due
to their high contribution to greenhouse gas emissions. Moreover, any delay or barriers in enforcing
these measures will, unfortunately, result in a massive environmental dilemma that no state can contain.

The international community's awareness about the effects of climate change has grown, especially
after the first important world conference on the environment, which was held in Stockholm in 1972
(United Nations Conference on the Human Environment, 1972). At this conference, several principles
were adopted, including, but not limited to, recognizing the right to live in a healthy environment as a
fundamental human right that cannot be derogated. For this reason, the right to live in a healthy
environment is enshrined in most constitutions, including Egypt. The conference also highlighted the
importance of scientific research and development for the environment in all countries, particularly
developing countries, by providing them with the necessary tools to conduct this kind of research.

In 1985, a conference was held in Austria, where meteorologists warned the international community
about a serious environmental threat resulting from the rise in global temperatures, which could threaten
the existence of living organisms and human beings (Askar, 2013, p. 8). The rise of ocean and sea
volume, resulting from icebergs melting, will cause coastal flooding, leading to human rights violations
due to people's displacement from coastal cities, and numerous forms of chaos.

2. Overview of International Environmental Governance: Treaties and the Evolution of Climate
Litigation
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Recognizing the negative consequences of climate change, the international community managed to
enact environmental agreements that hope to mitigate its impact. These agreements promote
environmental governance, by which states are obliged to reduce greenhouse gas emissions. Even
countries like Egypt, the United Kingdom, France, and Germany are committed to reducing these
emissions. Accordingly, they incorporated the ratified international environmental conventions into
their national laws (Hashish, 2024, p. 62).

The United Nations Conference on Human Environment (hereinafter mentioned as “Stockholm
Conference”) was held in 1972 in Stockholm, Sweden. This conference is considered the first major
world conference to address global environmental issues (Askar, 2013, pp. 122- 126). The Stockholm
Conference established 26 principles that confirm the fundamental right to a healthy environment, the
protection of natural resources for present and future generations, and the prevention of environmental
harm, particularly pollution. They highlight the importance of rational planning, national institutions,
and environmental education to foster responsible conduct. Additionally, the principles stress the
necessity of scientific research, international cooperation in environmental law, and liability for
environmental damage. Lastly, they call for global efforts to eliminate nuclear weapons and other
means of mass destruction to safeguard both humanity and the environment.

After the Stockholm Conference, the United Nations Conference on Environment and Development,
which is known as the Rio Earth Summit, was held 20 years later, in 1992, in Rio de Janeiro, the
previous capital of Brazil (United Nations Conference on Environment and Development, 1992). The
Rio Earth Summit issued 27 principles that balance environmental protection with economic
development. Principle 10 highlights the importance of public access to justice and judicial remedies
among the most important principles.

From our perspective, this declaration promoted the idea of establishing ECTs under the auspices of
national states, by which each state has its own ECTs, as Principle 10 reads that “... Effective access to
judicial and administrative proceedings, including redress and remedy, shall be provided.”
Consequently, the Rio Declaration ensures that individuals can effectively access judicial and
administrative proceedings regarding environmental disputes. However, it does not clearly declare the
establishment of a specified environmental court. Instead, it issued a broader principle of access to
justice in environmental matters, leaving it to individual states to determine the most appropriate
judicial mechanisms for addressing environmental disputes. This approach has led some countries to
establish dedicated ECTs. In contrast, others have incorporated environmental adjudication within their
existing judicial frameworks, without requiring specialized courts to address environmental disputes.

First: ECTs' National Models

1. Global Rise of ECTs

Environmental justice is the essence of environmental protection, as it is an important safeguard for
environmental protection (Hou, Yang, & Hou, 2024, p. 57081). Due to their technical complexity and
urgency, traditional judicial systems prove insufficient to address environmental cases. Consequently,
over 60 nations have established ECTs (United Nations Environment Programme, 2022, p. 11).

The UNEP report shows many examples for ECTs (United Nations Environment Programme, 2022,
pp. 11-14), including but not limited to the case of New Zealand, a country with two ECs and one
tribunal specializing in resource management and environmental disputes. These courts balance
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sustainable development with environmental protection. Moreover, Australia has a network of ECs
across various states, including specialized tribunals in New South Wales, Queensland, South Australia,
Victoria, and Western Australia. These courts address various environmental issues, such as pollution
control, land use, and conservation, ensuring effective enforcement of environmental laws.

2. National Specialized ECs

Under this section, the research will focus on three ECTs in different jurisdictions: Sweden, China, and
Australia. The research will focus on the structure, jurisdictions, and standing of parties, which are the
pillars of the legal systems that govern how appeals are handled, how individuals' rights are protected,
and how decisions are challenged within each jurisdiction.

2.1. Sweden
A) The Structure and Evolution of Sweden's ECs

The courts in Sweden are divided into three main categories: general courts, administrative courts, and
special courts (Wang, 2016, p. 609). The general courts are the District Courts, the Appellate Courts,
and the Supreme Court.

The District Courts are often the court of first instance. The general court's role is to hear disputes in
private law and criminal cases. On the other hand, public law disputes are heard by the administrative
courts, which consist of the Administrative Courts of Appeal, which have jurisdiction to review
administrative decisions. The latter courts are divided into the Country Administrative Courts, the
Administrative Courts of Appeal, and the Supreme Administrative Court.

A new system was established for environmental permits and appeals. As a result, Land and
Environmental Courts (hereinafter mentioned as 'LEC') were created upon enacting the Environmental
Code (hereinafter mentioned as 'EC') within five district courts (Lexadin, n.d.) to handle cases relating
to permits, appeals of administrative decisions or orders, and actions for injunctions and damages under
the Environmental Code.

So, suppose a party seeks to file a lawsuit regarding environmental matters. In that case, they must file
it with any of the five Land and Environmental Courts in different regions of the country. Then, if any
of the litigants wants to appeal a decision from the former, the next step is to appeal to the Land and
Environment Court of Appeal (hereinafter mentioned as “LECo0A”). This court is a division of the Svea
Court of Appeal (Sweden, 1998, Chapter 20, Section 1), which is located in Stockholm. If any of the
parties wants to challenge the former decision, then the only way is to challenge it before the Swedish
Supreme Court (Sweden, 1998, Chapter 20, Section 1).

B) The Jurisdiction of LEC

LECs are considered a part of the administrative decision-making regarding environmental matters,
which is mainly exercised by the Municipal Environmental Boards (hereinafter mentioned as "MEB").
They are local government bodies responsible for enforcing environmental regulations within their
jurisdiction, and they are responsible for handling issues like waste management, pollution control, and
local land use planning. MEBs operate independently, but their decisions can be appealed to the
Country Administrative Boards (hereinafter mentioned as "CAB"), which work at the regional level,
on a larger scale than MEB. They are responsible for handling environmental issues that affect entire
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regions, such as water quality, air pollution, and biodiversity, as well as reviewing MEB's decisions
(Wang, 2016, p. 610). Moreover, the decisions made by CABs are subject to appeal before LEC (Voigt
& Makuch, n.d., p. 396). Consequently, cases started in the MEB cannot be appealed beyond LECoA,
except under certain circumstances. In addition, if cases are started in the LEC, they could reach the
Supreme Court (Voigt & Makuch, n.d., p. 397).

Moreover, big projects made by the government cannot be appealed against by the ordinary procedures
provided previously; instead, people concerned, including NGOs, may apply for judicial review to the
Supreme Administrative Court (Wang, 2016, p. 610). Furthermore, LEC may have jurisdiction in cases
concerning compensation for environmental damage, including but not limited to compensation arising
from public interventions, permit application procedures, water operations, fishing prohibitions, and
private claims related to bodily injury, material damage, or financial loss (Sweden, 1998, Chapter 20,
Section 2).

Regarding criminal cases, supervisory authorities are obligated to report to the police or the prosecution
service if there is suspicion of a criminal offense. Once a suspected offense is reported, it may lead to
a police investigation, which could result in the issuance of a fine by the prosecutor or the initiation of
a prosecution in the court (Wang, 2016, p. 611).

Moreover, while specialized courts like LECs benefit from deep legal and technical expertise in

environmental law, their separation from general courts can lead to inconsistencies, especially in

criminal environmental matters, especially when the criminal is accused of several crimes, including

an environmental one. There have been debates about whether such criminal cases should also fall

under LECs, as many district courts lack sufficient experience due to the low volume of such cases

(Voigt & Makuch, n.d., p. 395). Also, “imprisonment is rarely used — there were only 3-4 environmental
cases where imprisonment was imposed. Prof. Darpo explained that in these rare cases, it does not
concern crimes committed by businesses / professional operators, but by individuals or groups of
individuals. He gave the example of a recent case related to a waste burning incident which resulted
in a 6-month jail sentence.....Also, the Land and Environmental Court of Appeal Judge confirmed that
very few prison sentences have been imposed for environmental crimes committed by private
individuals; if they were, 1t mostly concerns cases where these individuals were charged with other

criminal activities too.” (Philipsen & Faure, 2015, p. 19). The point is that environmental crimes shall

be under the jurisdiction of LECs, as mentioned by Preston, that ECTs should enjoy comprehensive

jurisdiction in administrative, civil, and criminal matters, as many successful ECTs around the world

have been characterized by comprehensive jurisdiction (Preston, 2014, p. 372).

C) The Standing for Parties in Swedish ECs

Standing means who can bring a case or appeal a decision, and in this regard, environmental matters.
In other words, it determines who has the right to participate in legal proceedings concerning
environmental decisions or permits, under the EC, that "any person who is the subject of a judgment or
a decision against him” has the right to appeal it (Sweden, 1998, Chapter 16, Section 12). Also, it
extends to non-profit organizations whose purpose is to promote nature conservation or environmental
protection interests. Still, the organization shall at least have been working for 3 years in Sweden, and
have no less than 2000 members (Sweden, 1998, Chapter 16, Section 13). However, this was
overturned by the Court of Justice of the European Union (hereinafter mentioned as 'CJEU') and just
reduced the number of members to 100, which can show that it has support from the public
(Dyjurgdrden-Lilla Virtans Miljéskyddsforening v. Stockholms kommun, 2009). In this context, the
‘public’ is defined as “one or more natural or legal persons, in accordance with national legislation

DLl 35 e sy culaglall 3858 e jtuad ——



Specialized Environmental Courts in Egypt: Toward Sustainable Environmental Justice

or practice, including their associations, organizations, or groups.” (Djurgdrden-Lilla Virtans
Miljéskyddstorening v. Stockholms kommun, 2009, paragraph 4). The public concerned, for the
purposes of environmental protection, is considered to exist as long as individuals or groups are affected
or likely to be affected by the matter in question, provided that they are recognized under national laws
as promoting environmental protection. Consequently, if a foreign organization, like an NGO registered
in Germany, wants to challenge an environmental decision in Sweden, the national criterion will not
be fulfilled, and thus, it will not be able to challenge the decision because it lacks standing (Wang,
2016, p. 613).

2.2. China
A) The Development of Chinese ECTs

China's legal system is based on German and Japanese models, which historically started during the
late 19'" century (Lees & Vifiuales, 2019, p. 139). However, modern law development was interrupted
by a conflict that included civil wars and the Japanese invasion. Only after the Cultural Revolution
(1966-1976) did China return to its legal modernization process, having adopted many laws and rules,
including the environmental law. China's judiciary and legal services have continuously grown and
developed (Lees & Vifiuales, 2019, p. 139).

In the People's Republic of China, the courts system includes general and special courts. General courts
are organized in the four levels; District People's Courts, Intermediate People's courts, High-people's
Courts at the level of the province, and Supreme People’s Court (hereinafter mentioned as ‘SPC). At
every level there are divisions, which deal with civil, administrative, criminal, and commercial matters.
Special courts perform more specific functions (Wang, 2016, p. 615).

The SPC is at the top of the pyramid and coordinates the lower courts. It is responsible to the National
People's Congress, and the lower courts are answerable to their respective local people's congresses.
Judicial independence is provided in the Constitution, with courts operating independently from
administrative bodies, public organizations, and even persons. China's journey toward specialized
environmental adjudication can be divided into three major phases (Wang, 2016, p. 615).

In the first phase in 1989, grassroots tribunals emerged under local environmental agencies without a
clear legal basis, leading to their dissolution by the SPC. The second phase was in 2007, where formal
reforms integrating environmental courts into the judicial system as divisions, panels, circuit courts,
and tribunals, with 88 District Courts, 19 Intermediate Courts, and 2 High People's Courts establishing
environmental tribunals by 2012. In this phase, environmental courts enjoyed legitimacy unlike the
grassroots tribunals during the first phase. In the present phase, the SPC launched a national initiative
to strengthen environmental justice, creating its own environmental division, requiring High People’s
Courts to establish environmental units, and encouraging District and Intermediate Courts with
significant caseloads to do the same. Consequently, by the end of 2014, 291 District Courts, 92
Intermediate Courts, and 17 High People’s Courts had established environmental divisions or panels.
These environmental units handle four categories of cases: criminal, administrative, civil, and
enforcement of administrative orders (Preston, 2014, p. 376).

B) The Jurisdiction of Chinese Courts in Environmental Disputes

ECs mainly function as judicial bodies. Environmental divisions within the court system shall handle
administrative, civil, and criminal environmental cases filed with them. When environmental public
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authorities commit illegal acts, act improperly, or fail to act (administrative omission), affected or
interested parties in China have two main ways: administrative appeals and judicial review. These are
alternative and complementary remedies; individuals may first pursue an administrative appeal and, if
unsatisfied with the result, still retain the right to initiate judicial proceedings by filing a judicial review
(Wang, 2016, p. 616).

In addition to administrative cases, Chinese ECs also have the power to hear civil claims involving
ecological damage, bodily injury, property damage, and financial loss. Courts may also issue
injunctions before or during litigation to prevent ongoing or potential environmental harm. In criminal
environmental cases, the power to prosecute lies with the People's Procuratorate. Any individual or
organization suspecting an environmental crime has a duty to report it to the police or procuratorate
(Wang, 2016, p. 616).

The Judicial Guidance of July 2014 provided the structural framework for ECs in China. It requires the
establishment of environmental divisions in the Supreme People's Court and High People's Courts.
However, Intermediate People's Courts are only required to create such divisions if they face many
environmental disputes. So far, a fully centralized and uniform environmental jurisdiction across
regions has not been realized (Wang, 2016, p. 616).

C) The Standing of Parties before Chinese ECs

China has improved access to environmental justice by expanding its legal standing in administrative
litigation to include third parties affected by environmental decisions. Before this amendment, only
parties affected by such a decision could stand before the courts exclusively. However, administrative
appeals remain limited to the original parties, and civil litigation continues to face barriers due to
judicial reluctance and technical complexity. Historically, NGOs lacked standing to bring public
interest cases, but the 2012 Civil Procedure Law amendments and the 2015 judicial interpretation
marked significant progress by granting standing to qualified social organizations. Article 58 of the
revised Environmental Protection Law (hereinafter mentioned as “EPL”) mandates courts to accept
these cases, strengthening public enforcement of environmental laws. This shift enhances legal
accountability and aligns China more closely with international environmental standards (Wang, 2016,
p. 617).

A study examining thirty-five cases accepted and heard in 2015 under Article 58 EPL found a notable
diversification compared to the period between 2005 and 2014 (Lees & Vifuales, 2019, p. 139).
Previously, environmental litigation primarily targeted water pollution and involved weaker individual
defendants. In contrast, the 2015 cases covered a broader range of environmental harms, featured a
wider array of plaintiffs, and often involved large corporate defendants. Proceedings were generally
efficient and occasionally resulted in significant monetary awards or settlements.

Moreover, less than a third of these cases were filed before environmental tribunals, with most brought

before general courts. Although ECs in China were not originally designed to accommodate
administrative public interest litigation, the increased use of ordinary courts is a noteworthy trend.
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2.3. Australia, New South Wales, Land & Environmental Court
A) Structure of Australia’s Judicial System

The New South Wales court system has a three-level hierarchy. At the base of the system are the Local
Courts (Magistrates' Courts), which handle most criminal matters, small civil claims, and committal
hearings for more serious offenses. Decisions made by these courts can generally be appealed to the
District Court (Stein, 2002, p. 7).

The District Court exercises first instance jurisdiction over serious crimes and civil disputes up to a
monetary limit. Parties dissatisfied with a Local Court outcome may seek review here, and the District
Court’s own decisions can in turn be appealed to the Supreme Court’s appellate division. Alongside
the District Court, in this intermediate tier sits the Workers’ Compensation Court, a specialist forum
for disputes over workplace injuries and insurance entitlements. Appeals from tribunal or commission
determinations proceed through this Court before moving on to the Supreme Court’s Court of Appeal
(Preston, 2012, p. 6).

The highest state trial court is the Supreme Court of New South Wales, which hears the most serious
criminal charges, including murder, and civil claims without a financial cap. Within the Supreme Court
sits the Court of Appeal, a separate division charged with reviewing decisions from the Supreme Court's
trial divisions, the District Court, the Workers' Compensation Court, and designated specialist courts.
Two of those specialist courts, the New South Wales Land & Environment Court (hereinafter
mentioned as ‘NSWLEC”), which was established to handle environmental matters, and the Industrial
Court, occupy the same superior status and appeals of their decisions are heard by the Court of Appeal
(Preston, 2012, p. 6). Finally, the appeal lies with the High Court of Australia.

B) Jurisdiction of NSWLEC

NSWLEC is a court with a comprehensive jurisdiction covering all environmental disputes whether
civil, criminal, or administrative, including planning and land matters and the use of natural resources,
which makes this court the ideal model of national ECs (Hussien, 2024, p. 256).

In detail, the NSWLEC jurisdiction ““fa/ls into the following categories: administrative or merits review
of governmental decisions, civil jurisdiction, civil enforcement; judicial review of governmental
action; criminal enforcement (prosecutions); appeals against criminal convictions and sentences of the
Local Court; and appeals against decisions of Commissioners of the Court.” (Preston, 2012, p. 403).

Also, it can conduct merits review of government decisions, admitting new evidence and exercising the
same functions and discretions as the original decision maker. Merits review is organized into three
classes: (Preston, 2014, p. 374) Class 1 covers environmental, planning, and protection appeals; Class 2
covers local government and miscellaneous appeals; and Class 3 covers land tenure, valuation,
compensation matters, and Aboriginal land claims.

Beyond merits review, the Court has original civil jurisdiction over tree and neighbor disputes under
the Trees Act and over mining and petroleum disputes under the Mining Actand Petroleum Act
(Preston, 2012, p. 404). In its civil enforcement role, it can order individuals, companies, or government
bodies to remedy or restrain planning and environmental statutes breaches. In its criminal enforcement
role, it prosecutes summary offenses under laws such as the Environmental Planning and Assessment
Act 1979 and the Protection of the Environment Operations Act 1997 (Preston, 2012, p. 403).
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C) Standing of Parties

NSWELC has facilitated access to justice by removing barriers to environmental litigation and
promoting public interest litigation in environmental matters, interpreting the law with a liberal
approach (Preston, 2014, p. 383). This means that a person or group does not have to show a direct
personal interest in the matter (like financial loss or property damage) (Preston, 2008, p. 27). Instead,
it is often enough to show that the case raises important environmental or planning issues that affect
the community. This is different from many traditional systems, where only people directly harmed can
sue.

3. Critical Analysis of the Swedish, Chinese, and Australian ECs

The Swedish ECs are characterized by their integrated and specialized approach, which leads to their
efficiency in handling environmental disputes, due to the following: first, the comprehensive
jurisdiction they have. Second, the courts enjoy widespread credibility and legitimacy, consequently
gaining the trust of industry stakeholders and environmental NGOs, who view them as impartial and
effective forums for dispute resolution. However, the procedural framework by which Swedish ECs
operate is facing some challenges, particularly the parallel proceedings due to different proceedings
under each statute, such as the Environmental Code, the Minerals Act (1991:45), the Act on Building
of Railroads (1995:1649), and the Roads Act (1971:948), which create complexity and redundancy
(Voigt & Makuch, n.d., p.398). These parallel processes may delay decision-making and confuse
stakeholders due to overlapping jurisdictions and inconsistent procedural timelines. Consequently,
Swedish ECs indeed have administrative jurisdiction. However, it is still insufficient due to the conflict
of jurisdiction that could arise due to administrative courts' jurisdiction on the other side.

China's environmental judicial system is characterized by multiple divisions across China, unlike
Sweden and Australia, which have integrated ECs with broad, consolidated authority that streamlines
processes and improves access to justice. It has its own justification, as each country is trying to
integrate its EC structure to suit its geographical and population. That is why China's ECs structure,
due to its large size and population, has multiple divisions of environment across its courts, which
would likely be inefficient elsewhere. Other countries would prefer adopting a unified court model like
Sweden's or Australia's, as these structures would serve their objectives.

While NSWELC enjoys an extensive jurisdiction covering environmental, planning, development,
building, local government, land, and resource matters, the court exercises both merit review and
judicial functions, a dual role enabling it to operate simultaneously as an administrative tribunal and a
judicial authority. In addition to its appellate jurisdiction, it hears appeals from local courts and
decisions rendered by its commissioners. Its original jurisdiction extends to tree disputes, mining issues,
and other land use conflicts. These powers within a single institution promote efficiency, consistency,
and legal coherence, effectively making it a centralized court for environmental litigation. Moreover,
NSWLEC's success is further supported by its accessibility through technological innovations like
eCourts, videoconferencing, and onsite inspections. These tools enhance public participation and
reduce geographic and procedural barriers to environmental justice.
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Second: The Implementation of ECs within the Current Egyptian Judiciary
System

1. Addressing Environmental Disputes in Egypt
1.1. The Current Egyptian Judicial System

Egypt has a dual judiciary system, which means that there are ordinary courts and administrative courts
(Arab Republic of Egypt, 2019, Section Three), along with a separate Supreme Constitutional Court.
The ordinary courts are three-tiered and primarily deal with civil and criminal matters.

The Court of First Instance is composed of Primary Courts (A/-Mahakim al-Kulliya/ Al-Mahdkim al-
abted ya) and Summary Courts (4/-Mahakim al-Juz'tya). Their jurisdiction covers civil matters and is
regulated under the Egyptian procedural law based on several criteria to determine their jurisdiction on
cases (Arab Republic of Egypt, 1968, Arts.28—68). Then, the next stage is the Court of Appeal
(Mahakem- al-isti’nafiah), and the final one is the Court of Cassation (Mahkamat al-naqd) (Arab
Republic of Egypt, 1972a, Art. 1).

The criminal judiciary system in Egypt includes Misdemeanor Courts (Mahakim Jinah) and Felony
Courts (Mahakim Jinayat). Felony Courts are divided into two levels: courts of First Instance and
Courts of Appeal (Arab Republic of Egypt, 1951, Art. 216). Likewise, Misdemeanor Courts are divided
into First-Instance Misdemeanor Courts and Appellate Misdemeanor Courts. Appeals arising from both
are challenged before the Court of Cassation.

On the other hand, Egypt’s administrative judiciary comprises four tiers: (Arab Republic of Egypt,
1972b, Art. 3) the Administrative Courts (Mahakim al Idariyya), which act as courts of first instance;
the Disciplinary Courts (Mahakim al Ta dibiyya); the Courts of Administrative Justice (Mahkamat al
Qada’ al Idarr), which review appeals and certain first instance matters; and finally, the Supreme
Administrative Court (Mahkamat al Idariyya al ‘Ulya), whose rulings are final. These courts have
exclusive jurisdiction over administrative disputes (Arab Republic of Egypt, 1972b, Art. 10), including
but not limited to election challenges, public employment matters, annulment of final administrative
decisions, tax and nationality cases, disputes over quasi-judicial decisions, compensation claims,
administrative contracts, and other matters defined by law.

The administrative judicial body also composed of two other divisions the fatwa division and the
legislative division, whose jurisdiction covers: (i) issuing advisory opinions on legal questions referred
by bodies designated by law, (ii) reviewing and drafting bills or regulations of a legislative nature, and
(i11) reviewing contracts in which the State or any public entity is a party (Arab Republic of Egypt,
1972b, Art. 2).

Moreover, there are courts with special jurisdictions, including the Economic Courts, Family Courts,
and Military Courts. However, for the present research objectives, the focus will be exclusively on the
Economic Courts, as they serve as the foundational model for the proposed ECs.

Article 1(2) of Economic Courts Law No. 120 of 2008, which states that each Economic Court is
composed of “first-instance circuits and appellate circuits,” (Arab Republic of Egypt, 2008) while
Article 1 makes clear that "appeals from first-instance circuits lie exclusively to the appellate circuits
within the same Economic Court.” Under the Law No.120 of 2008, as amended by Law 146/2019,
review before the Court of Cassation is an exceptional remedy; neither cassation nor retrial (4/-tamaas
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i‘aadat al-nazar) is available save for the limited grounds exhaustively listed under the law. Jurisdiction
is likewise confined. Where a dispute falls within the closed list of “economic matters” mentioned
under the law, it must be filed in the Economic Court. Causes of action governed by other legislation
remain with the ordinary judiciary and follow the normal appeal path: first instance, then appeal, then
cassation.

Accordingly, economic disputes are divided into two groups. The first comprises claims that begin
before the Economic Court's first instance circuits; judgments here, and the appellate rulings that review
them in noncriminal matters, are final, with no cassation lies. The explanatory memorandum stresses
that this bar on further appeal serves the very purpose of the Economic Courts' swift resolution, legal
certainty in commercial dealings, and an investment-friendly climate. The second group consists of
claims that fall, in the first place, within the appellate circuits' original jurisdiction; the resulting
judgments are subject to immediate cassation but not to an intermediate appeal, thus preserving the
principle of "single-tier" litigation for these high-value or complex cases.

Cassation may be invoked on the grounds set out in article 248 of the Civil Procedure Code,
misapplication or misinterpretation of law, or a procedural nullity affecting the judgment, or under
article 249, where the appealed decision conflicts with an earlier final judgment between the same
parties. Articles 11 and 12 of the Economic Courts Law repeated this restrictive regime, save for the
Public Prosecutor’s power under Article 250 of the Civil Procedure Code to file a “cassation in the
interests of law” against any final decision, regardless of the issuing court, when it appears to violate
the law.

Article 6 of the Economic Courts Law 120/2008 assigns exclusive jurisdiction to the Economic Court’s
primary circuits over all civil or commercial disputes worth more than or equal to EGP 10 million that
“arise from the application” of 20 statutes (e.g., the Capital-Market Law, Leasing & Factoring Law,
Competition Law, Intellectual-Property Law, Telecommunications Law, Investment Law). This list is
exhaustive. If the resolution of a claim requires applying to one of those statutes, the Economic Court
must hear it, except for what is reserved to the State Council (administrative judiciary) in relation to
administrative disputes. Article 4 provides further exclusive criminal jurisdiction, both at first instance
and on appeal, over offenses related to the aforementioned statutes, and extends to Anti Money
Laundering and Cyber Crime laws. Thus, whether the dispute is civil or criminal, the Economic Court
has the competence to hear the case.

1.2. Environmental Claims before Egyptian Courts

Under Egypt's current judicial system, environmental claims may be brought before the courts through
civil, administrative, or criminal proceedings, as will be discussed below (Friends of the Environment
Association, 1996, p. 197).

Any individual may report environmental crimes to the Public Prosecution or to one of the police
officers, in accordance with article 25 of the Criminal Procedure Code and article 103 of the Egyptian
Environmental Law. Additionally, a harmed party has the right to join the criminal proceedings as a
civil claimant to seek compensation for damages resulting from the environmental offense. It is also
possible to file a precautionary action known as a petition for fact-finding before the Summary
Proceedings Court (Court of Urgent Matters), which may appoint an expert to examine the
circumstances that are suspected to constitute an environmental violation. Another remedy is the action
for restoration to the original state, which is filed before the competent civil court. Moreover, a claim
may be brought for the removal of unlawful works with a threatening fine in the event of non-
compliance with the removal order. Finally, it is possible to take action to compensate for damage
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arising from environmental harm. This remedy enables claimants to pursue liability against
environmental polluters.

Moreover, an action may be filed before the Administrative Judiciary by means of an annulment claim,
where an administrative decision that violates the law affects any element of the environment. For such
a claim to be admissible, the claimant must demonstrate a legal interest in having the decision annulled.
This interest may be pecuniary or moral, actual or potential. The Supreme Administrative Court broadly
interprets the concept of legal interest to the extent that it almost recognizes it in favor of any citizen
concerned with public affairs (Supreme Administrative Court, Egypt, 1994). In 2001, an NGO
concerned with protecting the environment filed a case against the Prime Minister, the Head of the
Environmental Affairs Agency, the Chair of East Alexandria Neighbourhood, and the Head of the
Egyptian General Authority for Shores Protection to challenge licenses granted for building clubs for
the armed forces, police, and teachers on Rushdi and Kamal Mustafa Beaches, which are public
property. The NGO argued that the construction would block the sea view, violate citizens’ rights to
enjoy public spaces, and breach Environmental Law No. 4 of 1994. The Administrative Court accepted
the case on the grounds that the NGO had the legal right to defend the public interest in environmental
matters. It ruled that the administrative decisions violated Article 74 of the Environmental Law, as no
approval from the Environmental Affairs Agency or environmental assessment had been obtained, and
accordingly annulled the decisions and halted all related procedures (Ahmad & Minan, 2021, p. 570).
Consequently, the Egyptian administrative courts promote the principle of public interest litigation.

2. Adapting National ECs Models to the Egyptian Context

The current Egyptian Constitution acknowledged environmental protection as a national duty, as article
46 of it reads, "Every individual has the right to live in a healthy, sound and balanced environment. Its
protection is a national duty. The state is committed to taking the necessary measures to preserve it,
avoid harming it, rationally use its natural resources to ensure that sustainable development is
achieved, and guarantee the rights of future generations thereto.” Moreover, Egyptian environmental
law (Arab Republic of Egypt, 1994) provides the most comprehensive legislation covering various
aspects of environmental protection. Side by side and other laws include Law No. 48 of 1982, which
focuses on the protection of the Nile River and waterways from pollution, and Law No. 102 of 1983,
which is concerned with the protection of nature reserves.

Although these laws protect the environment, their enforcement is distributed across several courts, as
today environmental cases may proceed under civil, criminal, or administrative law. For example,
criminal courts hear pollution offenses, ordinary courts hear tort and contract disputes, and the Supreme
Administrative Court reviews administrative decisions. Unfortunately, this attitude does not serve the
ideal protection of the environment, although within the recognition of law to sentence environmental
disputes urgently, as the environmental law No. 4 of 1994 stipulated in article 83 bis that "Cases
involving violations of the provisions of this law shall be heard on an expedited basis." So, the legislator
admitted that any delay in environmental disputes does not serve environmental justice. That is why
the former Minister of Justice, Mohamed Abdel-Aziz El Gendy, issued Decision No. 3009 for 2011,
which stipulated making studies and recommendations to establish an independent EC in Egypt (Arab
Republic of Egypt, 2011).

Therefore, access to justice is a cornerstone in achieving environmental justice (Preston, 2014, p. 382).

Ideally, everyone in any country must be able to reach the courts without delays. In practice, however,
the court systems in most countries struggle to meet this idea, suffering from slow litigation as caseloads
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keep rising, judges and support staff are too few to handle all these cases, and some court buildings
may lack the space and technology to handle a large number of litigants.

Despite Egypt’s continuous efforts to address this issue, which is also a global challenge. This is
perhaps why the principle of judicial specialization and ADR mechanisms were introduced to reduce
the caseloads on courts. Former Minister of Justice, Counselor Omar Marwan, has acknowledged that
Egypt once suffered from “slow justice.”, while recent figures show improvement, the caseload still far
exceeds judicial capacity; the nation ideally needs one judge for every 14,000 people, yet the bench
remains understaffed, as a result, the courts handle roughly 11 million civil and criminal cases each
year, far more than the current number of judges can comfortably process (Logrofio Narbona & Hasona,
2022, p. 20).

Therefore, these challenges point to a clear need for specialized ECs against this backdrop to serve
environmental justice. The Environmental Court's models that have been introduced in the previous
section will be recalled, and then its applicability if adopted in the Egyptian jurisdiction will be
analyzed.

Sweden's 1999 Environmental Code created five regional Land and Environmental Courts to hear
permit applications, appeals against administrative orders, injunctions, and damage claims. Appeals go
to the Land and Environment Court of Appeal, a specialist chamber of the Svea Court of Appeal in
Stockholm. Further challenges are possible only before the Swedish Supreme Court.

China followed a decentralized path, as by 2014 it had established environmental divisions in 291
District Courts, 92 Intermediate Courts, and 17 High People's Courts. These units sometimes full
divisions, elsewhere three-judge collegial panels with expert judges hear criminal, administrative, civil
and enforcement actions arising from environmental disputes.

New South Wales operates a three-tier hierarchy. Local (Magistrates’) Courts hear minor criminal and
small civil matters; appeals reach the District Court. The District Court also acts as a first instance
forum for serious crimes and civil claims, with further appeal to the Supreme Court’s Court of Appeal.
At the same superior level as the Supreme Court sit two specialist benches the Land
& Environment Court and the Industrial Court, whose decisions could be challenged before the Court
of Appeal.

Accordingly, based on this background, Egypt would benefit from a dedicated environmental court
structure modeled on Sweden's LECs but with some changes to adapt to the local nature. Specifically,
the research proposes amending the Economic Courts Law to include Egypt's environmental statutes
among the Economic Courts' subject matters. The Economic Courts are already a nationwide
specialized judiciary covering all Court of Appeal circuits. By law, they handle cases related to
economic and commercial matters.

A legislative amendment to add the Environmental Protection Law and other environmentally relevant
laws to this list would allow the seven geographically distributed Economic Courts (one in each
appellate circuit) to hear environmental cases. These courts have two tiers (first instance and appeal)
and specialized judges and operate under modern procedures. In fact, after recent reforms, litigants can
now file claims electronically in the Economic Courts through a unified e-filing system as per the
Minister of Justice decree No.8548 of 2020. This digital infrastructure would immediately extend to
environmental cases filed in the Economic Courts, helping to overcome Egypt’s slow litigation and
improve access to justice, particularly in remote areas. In short, using the existing Economic Court
network provides a quick, centralized way to introduce expert environmental adjudication across the

DLl 35 e sy culaglall 3858 e jtuad ——



Specialized Environmental Courts in Egypt: Toward Sustainable Environmental Justice

country, while respecting the constitutional rule that administrative review remains with the State
Council.

The proposed Egyptian environmental court would therefore mirror Sweden’s system in being part of
the ordinary judiciary and focusing on substantive environmental issues, but with two key adjustments:
excluding administrative appeals (which stay in the State Council) and including criminal enforcement.
Combining criminal and civil jurisdiction in one specialized court would create the needed “¢wo-in-
one” approach, and retaining the administrative jurisdiction with the State Council due to the
constitutional barriers. This process means the new courts could handle, for example, criminal
prosecutions for industrial pollution or illegal waste dumping alongside injunctions, fines, and damage
claims under environmental law. At the same time, civil suits for environmental damages and disputes
over compliance could proceed in the same courts. By concentrating on such cases, judges can develop
deep expertise in environmental facts and law, similar to the Swedish model, while the procedural
flexibility could be borrowed from Sweden's reformatory administrative procedure.

From our perspective, these Swedish ECs are especially fitting for Egypt's unitary system. Unlike
Australia, a federal country where the New South Wales Land and Environment Court serves only one
state. Hence, Egypt requires a nationwide solution. The NSW court's jurisdiction is strictly limited to
New South Wales, reflecting Australia's federated structure. In contrast, Sweden's LECs were designed
for a unitary state and have a uniform national role. By following the Swedish idea, Egypt can establish
environmental courts within the physical location of the economic courts. This step avoids the
complexity of creating separate environmental tribunals in each governorate. Indeed, Sweden's
experience shows that integrating environmental, planning, and land-use issues in one court branch
promotes coherent case law and consistent enforcement nationwide. In contrast, an NSWELC-style
court would not easily apply to Egypt because there is no parallel to Australian federalism.

3. Detailed Assessment and Identified Gaps in the Proposed EC model & Current Judicial
System

In this section, the main characteristics observed by Judge Preston mentioned above in the literature
review will be used in assessing the proposed EC model, namely status and authority, independence
and impartiality, comprehensive and centralized jurisdiction, judicial expertise and access to technical
knowledge, multi-door courthouse mechanisms, and access to justice.

The proposal benefits from the Economic Courts' established reputation as specialized and modern
judicial bodies, giving it an immediate status advantage. This is supported by the fact that Egypt has
constitutional provisions of the independence of the judicial branch, whereby only a few situations can
be interfered with by the Court of Cassation, as mentioned before. Nevertheless, Preston points to the
fact that actual power relies on the exhaustive jurisdiction. It is where the model is deficient, although
the model unifies both civil and criminal cases of environmental disputes, administrative cases of
environmental concerns remain within the jurisdiction of the State Council, as it is reinforced by the
Constitution.

This partial consolidation of jurisdiction addresses some existing fragmentation but highlights another
challenge, which is judicial expertise. Judges in the Economic Courts are highly experienced in
commercial disputes, but they may lack deep knowledge of the nature of environmental disputes and
environmental science. However, such an issue may be solved as long as time passes, as those reputable
judges will gain the needed knowledge, especially when they create their own doctrine. Moreover,
collaboration with experts from the Ministry of Justice would accelerate this process, and their
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contribution is likely to become part of the court's evolving doctrine. While Preston prefers that those
technical experts be integrated within the court structure, the proposal favors external collaboration.
This preference, from our perspective, has its own justification, which is judicial independence, as
integrating those experts within the court structure may affect the court's role and change it from
adjudication to having an advisory role. By relying instead on external collaboration, the court can
retain its independence while still ensuring access to specialized knowledge experts when needed.

In terms of accessibility, the nationwide reach of the Economic Courts and their e-filing system already
reduces physical and procedural barriers, particularly for litigants in remote areas. However, strict
standing requirements continue to limit the participation of citizens and NGOs with legitimate
environmental interests, restricting the scope of public interest litigation. Article 103 of the Egyptian
environmental law reads, “Every citizen and organization concerned with the protection of the
environment shall have the right to report any violation of the provisions of this Law.” In solving this
issue, the research suggests amending this article to enable them to initiate lawsuits, not just report
violations. This amendment would make citizens and organizations shift from being passive reporters
to active litigants in protecting the environment.

A further limitation is the courts' heavy reliance on formal litigation procedures, with limited
integration of ADR. Preston's "multi-door" approach, incorporating mediation, conciliation, and expert
facilitation, could make environmental dispute resolution more flexible. The procedural structure of the
Economic Courts already contains a mechanism that could be adapted for such purposes. Each court
forms a Preparation Panel chaired by a judge from its appellate circuits and composed of a sufficient
number of judges at the rank of Court President or Primary Court Judge, supported by administrative
staff. This panel is responsible for verifying the completeness of case documents, reviewing the
materials, holding hearings with the parties, and preparing a memorandum summarizing claims, legal
grounds, and points of agreement or disagreement. Crucially, the panel is tasked with attempting
reconciliation between the parties. If successful, the settlement is recorded, signed, and referred to the
competent circuit for incorporation into the official record and adjudication in line with the Civil and
Commercial Procedures Law. The panel may also consult experts and specialists when needed. This
process supports what Preston had said regarding “multi-door” courts, instead of having specialized
committees away from the judiciary review.

With targeted reform, this structure could evolve into a genuine multi-door entry point for
environmental disputes, embedding ADR within the court’s workflow while preserving judicial
oversight. So, the ADR mechanism in the Economic Courts is not merely a procedural formality before
commencing trial proceedings, and it is not required in criminal cases or in appeal cases as defined by
law.

Conclusion

In this paper, the main research questions concerning the establishment of ECs in Egypt were answered.
The research started with a comparative case study of the international ECs, their structures,
jurisdictions, and standings, aimed at determining which of these has the best potential to fit into the
Egyptian judiciary system. Based on this analysis, the research proposed a solution to fit with the
current judiciary system in Egypt, which is extending the jurisdiction of the Economic Courts to include
environmental laws.
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Converting Agricultural Engines to Run on Hydrogen: A Sustainable
Solution to Climate Challenges

Abstract:

To meet the growing demand for low-emission agricultural machinery, researchers are exploring
innovative and sustainable methods to reduce the environmental impact of internal combustion engines
and lower greenhouse gas emissions. This study investigates the use of hydrogen as a supplementary
fuel in diesel engines to maximize efficiency and minimize harmful emissions. The experiments were
conducted at the Green Power H20 facility, where hydrogen was tested as a complete replacement for
diesel fuel in a set of diesel engine pumps. Greenhouse gas emission levels were measured and
compared between diesel and hydrogen operation, with strict adherence to safety standards for
hydrogen usage. The tests were carried out under engine loads ranging from 30% to 70%. The results
demonstrated a successful 100% replacement of diesel with hydrogen. No greenhouse gas emissions—
carbon monoxide (CO), carbon dioxide (CO2), or sulfur dioxide (SO:)—were detected when using
hydrogen. The exhaust gas velocity increased to 4 meters per second with the rise in hydrogen pressure.
The water discharge rate reached 56 cubic meters per hour under the same engine load, surpassing that
of diesel operation. This research highlights the potential of hydrogen as a clean and efficient alternative
fuel, significantly reducing greenhouse gas emissions responsible for global warming while
maintaining or enhancing engine performance.

Keywords: Carbon emissions, hydrogen, agricultural engines, sustainability, climate
challenges
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Solution to Climate Challenges

Introduction:

Achieving sustainability in the agricultural sector requires a multifaceted approach, including
resource conservation, soil health management, efficient water use, and climate change mitigation. While
agricultural machinery enhances productivity and expands farming operations, most machines still rely
on diesel engines. Unfortunately, diesel engines contribute significantly to air pollution, emitting harmful
substances such as carbon dioxide (CO:), which accounts for 3% of global air pollution, along with
nitrogen oxides (NOx), sulfur oxides (SOx), and particulate matter (PM) (Nader, 2018). Additionally,
about 25% of diesel engine energy is lost as waste heat.

These emissions have a direct impact on climate change, reinforcing the urgent need for cleaner,
emission-free energy solutions (Mohamed. A,2019); (Peterson, 2022); (Sajan, 2021). The global shift
toward sustainable fuel alternatives has gained momentum, with hydrogen emerging as a promising
candidate (Priya et al., 2024). While some studies focus on reducing fossil fuel dependency—given their
environmental and ecological risks (Jenni Bai et al., 2023; Aravindan et al., 2023)—others emphasize
the transition to hydrogen as a long-term solution (Pravin,2015). Research has also explored hydrogen
production methods to ensure sustainability (Ibrahim & Canan, 2015).

This study aligns with Egypt’s 2030 vision for a cleaner, emission-free environment by
investigating hydrogen as a replacement for diesel in agricultural engines. The experimental results
demonstrate a complete elimination of carbon emissions when using hydrogen, marking a significant
step toward sustainable farming practices. Replacing diesel fuel in agricultural engines with hydrogen
demonstrates remarkable results in eliminating carbon emissions.

Research Significance

With global agriculture under increasing pressure to reduce its carbon footprint, switching from diesel to
hydrogen engines is emerging as a radical solution. On the one hand, conventional diesel-powered
agricultural machinery is a major contributor to greenhouse gas emissions, releasing harmful pollutants
such as carbon dioxide and sulfur dioxide, which contribute significantly to climate change. Hydrogen,
on the other hand, offers a zero-emission alternative, as its combustion produces only water vapor,
completely eliminating carbon emissions. In addition to environmental benefits, hydrogen enhances
operational efficiency. Some studies suggest that hydrogen engines can match or outperform diesel
engines, but less attention has been given to the critical importance of reducing or eliminating emissions
with improved water discharge rates, which is critical for irrigation and agriculture in harsh
environmental conditions. Furthermore, the scalability of hydrogen aligns with global sustainability
goals, offering a practical path to decarbonizing food production while maintaining productivity.

Hydrogen adoption in agriculture is not just an innovation; it is essential to mitigate challenges, achieve
climate emissions targets, and secure the future of the agricultural sector. By investing in this clean
energy transition, stakeholders can boost environmental resilience and agricultural sustainability.

Research Problem

While hydrogen holds significant promise as a clean fuel for the agricultural sector, the
conversion of traditional diesel engines to hydrogen faces several critical challenges. First, there are
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technical obstacles related to developing safe and efficient infrastructure for hydrogen storage and
distribution, particularly in rural and remote areas where agricultural activities are concentrated. Second,
the high conversion costs for existing equipment may pose a barrier for farmers, especially in developing
countries with limited resources.

Additionally, the lack of technical awareness among agricultural workers regarding the operation
and maintenance of hydrogen-powered engines could slow the transition. Questions also arise regarding
the source of hydrogen production itself. If it is generated using fossil fuels, the environmental benefits
become limited.

However, this problem presents important research and practical opportunities. There is an urgent
need for in-depth studies on improving hydrogen combustion efficiency, developing innovative financing
solutions to facilitate the transition, and establishing supportive government policies. This promising
field also requires international collaboration to share knowledge and develop unified safety and
performance standards.

Thus, this research seeks to address these comprehensive challenges by assessing the technical
and economic feasibility of equipment conversion, analyzing long-term environmental impacts, and
proposing an integrated framework for real-world implementation.

Research Objectives

The primary objective of this research is to investigate the viability of hydrogen as a clean energy
alternative for agricultural engines, with the overarching goal of reducing carbon emissions and
mitigating climate change impacts. The study specifically aims to:

1. Evaluate the technical feasibility and assess the performance and efficiency of hydrogen-
powered engines compared to conventional diesel engines under various operational
conditions, including different load capacities (30% to 70%) and real-world farming scenarios.

2. Analyze the environmental benefits of reducing greenhouse gas emissions (CO, CO:, and SO-)
achieved by replacing diesel with hydrogen, emphasizing the potential to meet global
sustainability targets in the agricultural sector.

3. Identify implementation challenges and examine the infrastructural, economic, and safety
barriers to widespread hydrogen adoption, including storage, distribution, and engine
modification requirements.

4. Propose practical solutions and develop actionable strategies to overcome adoption hurdles,
such as cost-effective conversion technologies, policy incentives, and training programs for
farmers and technicians.

5. Promote sustainable practices and highlight hydrogen’s role in supporting climate-smart
agriculture, ensuring food security while aligning with the global transition to net-zero
emissions.
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By addressing these objectives, this research seeks to provide a comprehensive framework for
decarbonizing agricultural machinery, contributing to environmental conservation, reducing greenhouse
gas emissions, and making agricultural systems more sustainable.

Research Methodology
1. Experimental Approach

- Conduct laboratory tests on diesel engines modified to run on hydrogen.
- Compare engine performance using conventional diesel fuel versus hydrogen.

- Measure emissions (CO2, CO, SOz, NOx) under different operating conditions (30%-70% of
load).

2. Quantitative Analysis
- Collect technical data (combustion efficiency, fuel consumption, service life).
- Use precise measurement tools (e.g., exhaust analyzers, flow meters).
- Apply statistical analysis to compare results.

3. Case Study Approach

- Apply the model to a specific farm/area.

- Monitor practical challenges during actual implementation.

- Measure key performance indicators (KPIs).

Previous Studies

Brzezinski and Pyza (2021), in their study titled “Carbon Dioxide Emission from Diesel Engine
Vehicles in Intermodal Transport,” stated that many logistics operators operate in both domestic and
foreign markets using various forms of transport organization. Choosing a corresponding technology and
appropriate form of transport has an influence not only on delivery time and costs but also on the
environment as a whole. There is a plethora of public research available in global literature discussing
various ways of tapping transport. Nonetheless, there is a lack of complex studies detailing carbon
emissions coming from transport activity, specifically where a theory of organic fuel combustion in the
form of a chemical reaction with oxygen is considered. To fill this gap, we offer an innovative Emission
Model of Industrial Sources (EMIS) method. This method makes it possible to determine the amount of
COz2 emitted into the atmosphere via various transport methods. It also enables us to estimate, in terms
of CO2 output, a threshold where transport of containers via combined mode becomes more favorable
for the environment than road transport. We ran a simulation of our algorithm to create boundary
conditions. This lets us prepare a regression function of CO2 emissions for intermodal and road transport
as a function of various transport distances. The simulation results suggest that our approach may be used
by supervisory institutions responsible for developing and utilizing combined transport.

According to Megia et al. (2021), in a study titled "Hydrogen Production Technologies: From
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Fossil Fuels toward Renewable Sources,” the global economic growth, the increase in the population,
and advances in technology lead to an increase in the global primary energy demand. Considering that
most of this energy is currently supplied by fossil fuels, a considerable amount of greenhouse gases is
emitted, contributing to climate change, which is the reason why the next European Union binding
agreement is focused on reducing carbon emissions using hydrogen. This study reviews different
technologies for hydrogen production using renewable and non-renewable resources. Furthermore, a
comparative analysis is performed on renewable-based technologies to evaluate which technologies are
economically and energetically more promising. The results show how biomass-based technologies
allow for a similar hydrogen yield compared to those obtained with water-based technologies, but with
higher energy efficiencies and lower operational costs. More specifically, biomass gasification and steam
reforming obtained a proper balance between the studied parameters, with gasification being the
technique that allows for higher hydrogen yields, while steam reforming is more energy-efficient.
Nevertheless, the application of hydrogen as the energy vector of the future requires both the use of
renewable feedstocks and a sustainable energy source. This combination would potentially produce green
hydrogen while reducing carbon dioxide emissions, limiting global climate change, and, thus, achieving
the so-called hydrogen economy.

Furthermore, as stated by Lee et al. (2023) in "Probabilistic Assessment of Cereal Rye Cover Crop
Impacts on Regional Crop Yield and Soil Carbon," field studies on the effects of winter cover crops
(WCCs) in agricultural systems are often costly, demand substantial labor, and are restricted in their
applicability to localized sites. To overcome these limitations and enable broader spatial and temporal
assessments, this study employed the Agricultural Production Systems Simulator (APSIM) model to
investigate alternative crop rotation systems. Specifically, two WCC-integrated rotations—corn—rye—
corn—rye and corn-rye—soybean—rye—were compared against conventional rotations of continuous corn
and corn—soybean. Simulations were conducted across the state of Illinois at a spatial resolution of 5 km
x 5 km over a twenty-year period (2000-2020).

The primary objective of this analysis was to assess the extent to which the integration of winter
cover crops (WCCs) influences both soil organic carbon (SOC) dynamics and crop productivity across
diverse environmental and management contexts. To enhance robustness, the modeling framework
incorporated multiple sources of uncertainty, including baseline soil conditions, interannual climatic
variability, heterogeneity in soil properties, and variations in management practices. By employing this
probabilistic approach, the study was able not only to estimate the likelihood of positive or negative
outcomes but also to quantify the expected magnitude of changes in crop yields and SOC following WCC
adoption. This framework, therefore, offers a more comprehensive and scalable understanding of the
potential benefits and trade-offs associated with integrating winter cover crops into agricultural systems.

The findings indicate that integrating cereal rye into rotations enhanced corn yield stability
statewide. Notably, regions with a low probability of immediate SOC increase (p < 0.75) still showed
significant potential for long-term carbon sequestration with sustained WCC use. This study offers the
most comprehensive uncertainty analysis of WCC benefits to date, providing valuable insights into their
spatially and temporally variable advantages to support broader adoption.
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Moreover, a study by Bahmanpour et al. (2024), titled "The Effect of Temperature and Drying
Method on Drying Time and Color Quality of Mint", examined the combined effects of low-
concentration hydrogen peroxide (H:0:) solutions and transient spark discharge plasma on
Pectobacterium inactivation. The interaction between these two treatments is evaluated for potential
synergistic antimicrobial activity. Furthermore, the chemical and physical properties of the plasma-
treated H20: solution are analyzed to better understand the underlying mechanisms. Ultimately, this
approach can be presented as an eco-friendly solution for rinsing citrus fruits on an industrial scale.

Barzanouni et al. (2024) investigated the synergistic effect of Atmospheric Pressure Cold Plasma
(APCP) and hydrogen peroxide (H20:) on the control of citrus postharvest green mold. The fungal isolate
was cultured on Sabouraud Dextrose Agar (pH 5.6) at 27 °C for seven days. The researchers adjusted the
spore concentration to approximately 10° spores/mL using UV spectrophotometry (absorbance 0.1 at 420
nm), following the procedure described by Palou et al. (2002).

The experimental setup employed a point-to-plane plasma reactor, in which a high-voltage needle
electrode was positioned 15 mm above a Petri dish containing the spore suspension mixed with H20- at
concentrations of 0.05%, 0.1%, or 0.5% (v/v). A grounded electrode was submerged in the solution. The
reactor was operated with an 18 kV transient spark discharge (pulse duration <100 ns, current >1 A,
frequency 0.5-10 kHz) and supplied with an airflow of 2 L/min. The authors conducted treatments for
2.5, 5, 10, and 15 minutes on 5 mL spore suspensions. Following the treatments, they measured the
concentrations of H202, NO:", and NOs", in addition to pH and electrical conductivity. The collected data
were statistically analyzed using SAS version 9.4.

Additionally, Mattalitti, Hos, et al. (2024), stated in a study titled "Sustainable Agriculture
Development and Food Security: A Systematic Review, Indonesian Annual Conference Series,” that
sustainable agriculture is essential to ensure food security, especially in agriculturally rich regions like
Southeast Sulawesi. This review consolidates current research on sustainable agricultural practices in the
region, evaluating their role in enhancing food security. Key themes explored include the synergy
between traditional farming techniques and modern sustainable approaches, the influence of local
institutions in promoting sustainable agriculture, and socioeconomic challenges, such as limited financial
resources and labor availability, which hinder widespread adoption.

By analyzing existing methodologies, socioeconomic conditions, and institutional frameworks, this
review offers a holistic perspective on how sustainable agriculture can strengthen food supply stability
in Southeast Sulawesi. The findings provide actionable insights for policymakers and practitioners
seeking to implement effective and scalable sustainable farming strategies (Felix Donkor &Kevin
Mearns, 2021). In recent times, the environmental impacts of energy supply have progressively gained
policy focus on the sustainable development agenda. The United Nations and other international
organizations have encouraged governments to significantly expand the share of renewable energy, while
greener technologies are being promoted, especially in resource-rich nations. However, countries are at
diverse levels of development and thus confronted with unique energy challenges (San Miguel and
Cerrato, 2020).
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It is therefore necessary to introduce tailored measures to successfully transition to a low-carbon
economy (Rana et al. 2020). The shift toward a low-carbon society represents a significant paradigm shift
in the energy sphere toward sustainable development. Sustainable development denotes a development
paradigm that seeks to enhance human development goals and concurrently safeguard the capacity of
ecological systems to supply the natural resources and ecosystem services that support the social
economy (Ozturk and Acaravcei, 2011; Shaker, 2015). A more widespread definition traced to the
Brundtland Report of the concept of sustainable development, first formally defined in 1987, emphasizes
fulfilling current societal needs while safeguarding the capacity of future generations to meet theirs. Over
time, this framework has evolved to integrate three key pillars: economic growth, social equity, and
environmental protection, ensuring long-term planetary and societal well-being (Van Pelt et al. 2014).

Consequently, sustainability should be viewed as humanity’s target of human-ecosystem
equilibrium, while sustainable development refers to the holistic approach and temporal processes that
lead us to the end point of sustainability (Shaker, 2015). There have been several policy innovations to
address this agenda of sustainable development across the globe. The United Nations’ Sustainable
Development Goals (SDGs) are widely recognized as the global blueprint for facilitating the sustainable
development agenda. In this regard, it is essential to use environmentally friendly approaches to meet the
escalating global energy demands for clean energy solutions and sustainable development. In other
words, sustainable development seeks to enhance the living standards of people, fulfill essential social
needs, and minimize resource degradation during related processes, thereby ensuring a balance between
economic growth, social welfare, and environmental protection (Ozturk and Acaravci, 2011). This study
looks at a myriad of topics relating to clean energy use, environment, and sustainable development,
highlighting the significance of clean energy usage for both developed and developing countries.

Furthermore, a study on hydrogen as an alternative fuel, by Vinoth Kanna (2018), states that as oil
prices increase, the interest in alternative fuels increases. Growing concerns over global air pollution
have intensified the urgency for cleaner energy solutions. Initiatives like India’s demonstration programs
highlight national commitments to addressing this challenge. Rising oil prices further accelerate the
competitiveness of alternative fuels, though critical uncertainties remain—particularly regarding which
fuels will dominate and to what extent they can displace gasoline as the primary petroleum derivative.
The transition will likely involve a mix of alternatives, shaped by technical feasibility, policy support,
and market dynamics.

However, widespread adoption faces barriers, including economic constraints, technological
limitations, and infrastructural gaps. Historically, gasoline’s affordability and abundance have
overshadowed alternatives, but volatile oil markets could rapidly alter this landscape. Among the
promising options, biomass-derived fuels and hydrogen stand out. Hydrogen, in particular, holds
transformative potential: Fuel cells could replace batteries in portable electronics, power vehicles, and
even residential electricity supply.

Lipei Fu et al. (2022) suggested in their study "Research Progress on CO: Capture and Utilization
Technologies" that industrial expansion has led to escalating greenhouse gas emissions, thus
exacerbating climate change impacts. As the primary driver of the greenhouse effect, CO- mitigation has
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become a critical global priority. While source reduction efforts have shown limited success, emerging
perspectives recognize CO2 not merely as a pollutant but as a valuable carbon resource. This dual nature
has spurred significant research into advanced capture and utilization strategies. This review first
comprehensively evaluates state-of-the-art CO: capture technologies, including chemical absorption
processes, adsorption using solid-phase porous materials, membrane separation systems, cryogenic
separation techniques, hydrate-based methods, and microbiological approaches. The paper then
systematically analyzes CO: utilization pathways across four domains: physical applications, chemical
conversion processes, biological utilization methods, and mineralization techniques. Notably, the work
highlights several cutting-edge CO: resource utilization technologies. Through comparative analysis of
various methods' advantages and limitations, this review provides critical insights and references for
addressing CO:-related challenges, offering valuable guidance for future research directions in carbon
capture and utilization.

As suggested by Singh et al (2023), in their study titled "Carbon Capture, Sequestration and
Utilization for Sustainable Environmental Solutions: Current Advancements and Future Prospects,"
carbon capture and sequestration (CCS) has emerged as a critical component of global energy strategies,
offering significant potential for reducing CO- emissions from conventional fossil fuel power plants. This
comprehensive review examines current CCS technologies, including capture methods, pre-combustion
systems, post-combustion processes, oxyfuel combustion technology, and direct air capture (DAC)
systems. The study provides a detailed analysis of the technical parameters influencing CCS efficiency
and implementation. Our evaluation reveals that existing CO: sequestration technologies are already
being deployed at commercial scales, yielding valuable derivatives such as specialty chemicals, advanced
polymers, and sustainable construction materials. Among emerging technologies, DAC has demonstrated
particularly promising results with increasing commercial adoption. The review identifies several
potential future applications while addressing current implementation challenges. We propose policy
frameworks to accelerate CCS deployment and support global decarbonization efforts. This work serves
as both a technical reference and a strategic guide for researchers and policymakers working toward
sustainable carbon management solutions.

Materials and Methods:

This study investigates the partial substitution and complete replacement of diesel fuel with
hydrogen in a diesel engine pump set. The experimental setup utilizes a modified diesel engine
configuration, with Table 1 detailing the technical specifications of the pump set unit
(https://www.man.eu/engines/en/products/on-road/busses-and-special-vehicles/busses-and-special-
vehicles.html).
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Table 1: Engine specifications

Model APAN diesel RTM
Bore 78 mm
Stroke 78.4 mm
Power 20 HP
Cooling Air
Starting system Manual
Cylinder NO. 1
Pump inlet 5 Inch
Pump outlet 5 Inch
Q 80 m?/hr.
Pressure 10 Pa

The research began with preliminary tests using conventional diesel fuel. The engine was operated
according to standard procedures, while one of the researchers, who holds a license for measuring carbon
emissions and preparing carbon footprint reports from the National Quality Institute of the Egyptian
Organization for Standardization and Quality (license number: NQI/CFP/05/25/239), measured the
amount of greenhouse gas emissions from the diesel fuel using the E8500 gas analyzer, as shown in
Figure 1 (https://site.jjstech.com/pdf/E-Instruments/E8500-Manual.pdf). Table 2 shows the specifications and
measurement range of the device, and the combustion equation for diesel fuel is given below:

C13Hzs +20 02, — 13 CO; + 14 H,O
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Figure 1: Gas analyzer E8500

Source: https://analyserservices.com/product/e8500-plus-portable-industrial-combustion-gas-
emissions-analyzer/
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Table 2: Gas analyzer specification

Model E8500
Material: ABS plastic case with internal aluminum
Physical shielding.
Dimensions (analyzer): 11.42” x 10.24” x
4.887/29.0 x 26.0 x 12.4 cm.
Weight: (analyzer): 11 1bs./5 kg.
Carrying case (analyzer & all accessories): Approx.
22 1bs. /10 kg
7.2 Volt, 8 AH rechargeable battery pack.
Power Operating time: 4 to 8 hours, 110/240 VAC input,

12 V/2.5A fast charger.

Charging time: 6 hours minimum.

Gas sample pump: high-quality diaphragm pump

Instrument pumps with long-life motor.

CO dilution pump.
Automatic condensate drain pump.
Carbon monoxide 0% - 10%
(LY 10% - 15%
Carbon dioxide 0% - 20%

Gas-range (CO2) 20% - 50%
Hydrocarbons 0-0.40 %
(HC or CxHy) 0.40—1.00 %

1.00—-3.00 %
Oxygen (O2) 0-25%
Temperature 0—2000 °F (0 - 1100°C)
Velocity 10 — 300 ft/sec (3 — 100 m/sec)

In the second phase, the engine was transitioned from diesel to hydrogen fuel by gradually
introducing hydrogen at 3 PSI while proportionally decreasing diesel input until achieving pure hydrogen
operation, with critical safety measures implemented to prevent backfiring, including the installation of
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a flashback arrestor between the hydrogen source and engine, as shown in Figure 2. The hydrogen was
supplied directly from an electrolyzer cell (Figure 3 and Table 3), powered by a solar array, which
continuously produced hydrogen through water electrolysis; the generated hydrogen then flowed through
a regulator and buffer before entering the engine's combustion system, where it burned according to the
stoichiometric hydrogen combustion equation, enabling carbon-free operation while maintaining
performance comparable to diesel fuel. The hydrogen goes into the hydrogen poplar, then into the inlet

to the engine for combustion according to the following equation:

2Hz(g) + 02(g9) — 2H:0(g)

Figure 2: Flashback arrestor

Source: https://www.howoautopart.com/hirschmann-607495-

sensor-davs-300-for-xcmg

Table 3: Electrolyzer aspects

Dimension 20*20*15 cm
Pressure 4 PSI
Rate 0.2 L/min
Solar cell 12V &30A
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Figure 3: Hydrogen electrolyzer

Source: Manufactured by Green Power

Company https://greenpowerh2o.website/
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Results:

Experimental results demonstrated distinct performance characteristics between diesel and hydrogen
across varying engine loads (30-70%). As shown in Figure 4, diesel fuel consumption increased linearly
from 0.008 kg/s at 30% load to 0.08 kg/s at 70% load, while hydrogen maintained near-zero consumption
under all load conditions. Comparative analysis revealed significant differences in exhaust temperatures,
with hydrogen operation demonstrating near-elimination of carbon emissions (carbon monoxide, carbon
dioxide, and sulfur oxides), with minimal secondary effects due to operational factors. Improved exhaust
flow dynamics were observed, particularly at high pressures where hydrogen achieved superior speeds.
Together, these results highlight the advantages of hydrogen in agricultural applications, offering
comparable engine performance to diesel while significantly reducing fuel consumption and
environmental impact through carbon-neutral combustion with minimal emissions that could be
overcome in the future.

Figure 4: Engine load vs. fuel consumption
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Source: Ahmed Mohamed Ibrahem; Ahmad Gomaa Mohamed; Moataz Ahmed Mahfouz, et al. Journal
of Agricultural & Environmental Sciences (Damanhour University). (2024). Volume 23, Issue 1. Pages 372-386

As illustrated in Figure 5, the comparative analysis of carbon monoxide (CO) emissions reveals
significant improvements when using hydrogen fuel versus conventional diesel. While diesel operation
showed CO levels decreasing from 340 ppm to 270 ppm as engine load increased from 30% to 70%,
hydrogen fuel demonstrated substantially lower emissions, ranging from just 150 ppm to 130 ppm across
the same load spectrum. These results clearly indicate hydrogen's superior environmental performance,
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with CO emissions reduced by approximately 55-60% compared to diesel operation, confirming its
potential as a cleaner alternative fuel for agricultural machinery applications.

Figure 5: Engine load vs. carbon monoxide percentage
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Source: Ahmed Mohamed Ibrahem; Ahmad Gomaa Mohamed; Moataz Ahmed Mahfouz, et al. Journal of
Agricultural & Environmental Sciences (Damanhour University). (2024). Volume 23, Issue 1. Pages 372-386.

Figure 6 shows the relationship between engine load and carbon dioxide (CO;) percentage when
using both fuel types. The carbon dioxide increases from 1 % to 2 % with increased engine load when
using diesel fuel, but when using hydrogen fuel, carbon dioxide decreases from 0.9 % to 0.7 % with
increased engine load. So, it is a significant improvement in the percentage of carbon monoxide when
using hydrogen fuel than diesel fuel.
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Figure 6: Engine load vs. carbon dioxide percentage
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Source: Ahmed Mohamed Ibrahem; Ahmad Gomaa Mohamed; Moataz Ahmed Mahfouz, et al. Journal of
Agricultural & Environmental Sciences (Damanhour University). (2024). Volume 23, Issue 1. Pages 372-386

As shown in Figure 7, the results reveal distinct behaviors of nitrogen monoxide (NO) emissions between
diesel and hydrogen operation. In the case of diesel fuel, NO emissions increase moderately from 5 ppm
to 12.5 ppm as engine load rises. This trend can be attributed to higher in-cylinder temperatures at greater
loads, which promote thermal NO formation via the Zeldovich mechanism. However, overall NO levels
remain comparatively low because diesel combustion is not perfectly clean; the presence of
carbonaceous species and incomplete oxidation consumes part of the available oxygen, thereby limiting
nitrogen—oxygen interactions.

By contrast, hydrogen combustion produces significantly higher NO concentrations, starting at 23
ppm under low load. This is primarily due to hydrogen’s unique combustion properties: a very rapid
flame speed, high diffusivity, and elevated flame temperatures compared to diesel. These conditions
create favorable environments for NO formation in the early stages of combustion. Interestingly, as the
load increases, NO emissions decrease slightly (from 23 ppm to 18.6 ppm). This counterintuitive decline
can be explained by improved mixture homogeneity and higher in-cylinder densities at elevated loads,
which reduce localized hot spots and consequently lower peak NO generation.

On the one hand, diesel fuel produces lower NO emissions than hydrogen, yet this comes at the
expense of significant carbon dioxide and particulate matter emissions. Hydrogen, on the other hand,
eliminates CO. and PM completely but poses challenges related to NOx formation due to its high-
temperature combustion characteristics. These findings highlight that the key challenge in adopting
hydrogen as a sustainable fuel lies not in carbon-related emissions—which are entirely avoided—but in
controlling nitrogen oxides. Future mitigation strategies could involve exhaust gas recirculation (EGR),
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water or steam injection, or advanced catalytic after-treatment systems specifically designed for
hydrogen engine emissions compared to hydrogen fuel.

Figure 7: Engine load vs. nitrogen monoxide percentage
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Source: Ahmed Mohamed Ibrahem; Ahmad Gomaa Mohamed; Moataz Ahmed Mahfouz, et al. Journal of
Agricultural & Environmental Sciences (Damanhour University). (2024). Volume 23, Issue 1. Pages 372-386

Figure 8 shows the relationship between engine load and exhaust temperature, which increases from 145
°C to 150 °C when using diesel fuel and increases from approximately 131 °C to 133 °C when using
hydrogen fuel under the same operating conditions. This comparison highlights the lower exhaust gas
temperatures associated with hydrogen combustion, reflecting its cleaner burning characteristics and
reduced heat release relative to diesel.
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Figure 8: Engine load vs. exhaust temperature
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Source: Ahmed Mohamed Ibrahem; Ahmad Gomaa Mohamed; Moataz Ahmed Mahfouz, et al. Journal of
Agricultural & Environmental Sciences (Damanhour University). (2024). Volume 23, Issue 1. Pages 372-386

Compared to conventional diesel fuel, the use of hydrogen results in lower exhaust gas
temperatures, ranging between 131 °C and 133 °C under increasing engine load. This difference arises
from the distinct combustion characteristics of hydrogen, which include higher flame propagation speed,
the absence of carbon-based compounds, and more complete combustion with reduced formation of soot
and unburned hydrocarbons. In contrast, diesel combustion involves slower flame development and
partial oxidation of carbon-containing molecules, leading to higher heat release and consequently higher
exhaust temperatures.

Figure 9 presents the relationship between engine load and exhaust velocity for both diesel and
hydrogen fuel. The exhaust velocity increases from 0.001 m/s to 0.2 m/s with engine load when using
diesel fuel, and the exhaust velocity increases from 3.95 m/s to 4.15 m/s with engine load when using
hydrogen fuel, but when using hydrogen fuel, the velocity is higher than when using diesel fuel.
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Figure 9: Engine load vs. exhaust velocity
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Figure 10 shows the relationship between engine load and pump discharge rate for both diesel and
hydrogen fuels. For the diesel engine, the discharge rate increases from 28 m?/hr. to 54.6 m*hr. as engine
load rises. Similarly, with hydrogen fuel, the discharge rate increases from 32 m?*hr. to 56 m?*/hr. Overall,
the pump discharge rate is higher when using hydrogen fuel compared to diesel, indicating improved
performance at the same engine load levels.
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Figure 10: Engine load vs. pump discharge rate
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The Safety of Hydrogen Use in Agricultural Environments

The integration of hydrogen as a clean energy carrier in agricultural environments—powering machinery,
irrigation pumps, and greenhouse operations—offers a promising path toward decarbonization.
However, its safe deployment necessitates a rigorous understanding and implementation of specific
safety protocols due to its unique physicochemical properties: a wide flammability range (4-75% in air),
low ignition energy, and high propensity to leak.

» Storage Safety: On-farm hydrogen storage requires carefully designed safety systems, most
commonly in the form of high-pressure gaseous storage or cryogenic liquid storage. For gaseous
hydrogen, storage tanks must comply with international pressure vessel standards (e.g., ASME
or ISO). They should be fitted with thermally activated pressure relief devices (TPRDs) to prevent
over-pressurization and placed in secure, well-ventilated outdoor areas. These precautions reduce
the risk of tank rupture and help avoid the buildup of leaked hydrogen, which could create a
flammable atmosphere. In the case of liquid hydrogen (LH-), storage dewars need to be equipped
with vacuum insulation and pressure-build circuits to control boil-off gas. They should also be
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located away from ignition sources and protected from direct sunlight to minimize safety hazards.

» Transportation Safety: The movement of hydrogen within the farm premises, whether via
pipelines or mobile trailers, demands robust integrity. Pipelines should be constructed from
hydrogen-compatible materials (e.g., specific grades of stainless steel) to avoid embrittlement
and leakage. They must be clearly marked, buried, or shielded and feature automated shut-off
valves. Mobile transport requires securing tanks to prevent damage during transit, following
designated routes away from high-traffic areas, and ensuring all connections are leak-free before
operation.

» Maintenance and Operational Safety: A comprehensive safety culture is paramount. This
includes the mandatory use of hydrogen-specific leak detection sensors in storage, maintenance,
and operational areas to provide early warnings. Strict ignition control protocols must be
enforced, such as prohibiting open flames and using intrinsically safe electrical equipment.
Crucially, personnel require specialized training in hazard awareness, emergency procedures
(e.g., emergency shutdowns), and proper maintenance practices for hydrogen systems. All
equipment must be grounded to prevent static electricity buildup, and regular maintenance
schedules must be adhered to inspect for material fatigue and potential leaks (Ibrahim & Kannan,
2015; Sajjan, 2021).

Economic Feasibility of the Research

The transition from conventional diesel fuel to hydrogen represents a paradigm shift, not only
environmentally but also economically. A comparative cost analysis reveals a complex interplay between
direct expenses, capital investment, and externalities.

1. Fuel Cost (Based on Energy Content):

Diesel Fuel: Currently holds a significant price advantage. Its cost is relatively low and stable due to
mature infrastructure and established global supply chains. It is typically priced per liter or gallon.

Hydrogen: The cost of hydrogen is currently substantially higher than that of diesel. Its price is highly
dependent on the production pathway:

Grey/Brown Hydrogen (produced from fossil fuels via steam methane reforming): The cost is lower than
green hydrogen but still exceeds diesel, while still generating carbon emissions.

Green Hydrogen (produced via electrolysis powered by renewable energy): It is the most expensive
option currently, due to the high capital costs of electrolyzers and the price of renewable electricity.
However, its cost is projected to decrease significantly with technological advancements and economies
of scale (Aravindan & Praveen, 2023; Asim et al., 2023).

2. Efficiency and Energy Consumption:

Diesel Engines: They exhibit a typical thermal efficiency ranging from 35% to 40% in modern
applications, meaning a substantial portion of the fuel's energy is lost as waste heat.

Hydrogen fuel cells exhibit substantially higher energy conversion efficiency, with the ability to
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transform approximately 50—60% of the chemical energy stored in hydrogen into usable electrical power.
In contrast, hydrogen internal combustion engines (H:-ICEs) achieve efficiencies that are generally
comparable to, or marginally greater than, those of conventional diesel engines. The superior efficiency
of fuel cells directly contributes to a reduction in fuel consumption per unit of mechanical or electrical
work output, thereby enhancing overall energy utilization and offering significant potential for improving
the sustainability and cost-effectiveness of hydrogen-based energy systems.

3. Capital Expenditure (Initial Investment):

Diesel Systems: They entail relatively low capital outlay. Engines, fuel tanks, and refueling infrastructure
are well-understood and manufactured cheaply at scale.

Hydrogen Systems: They require a substantially higher initial investment. These costs include storage
systems, as high-pressure or cryogenic storage tanks are required, which are technologically complex
and expensive to manufacture. Further, the conversion or new technology, as the cost of fuel cell stacks
or modifying internal combustion engines to run on hydrogen, is significantly higher than that of
conventional diesel engines. Finally, refueling infrastructure, as establishing a network for green
hydrogen production, storage, and distribution, requires massive capital investment compared to the
existing diesel infrastructure.

4. Maintenance Costs and Lifespan:

Diesel Engines: They are renowned for their durability and long operational lifespan. Maintenance costs
are moderate and predictable (e.g., oil changes, filter replacements).

Hydrogen Fuel Cells: Long-term durability data is still emerging. While they have fewer moving parts,
potentially reducing routine maintenance, the cost of replacing the fuel cell stack itself can be a
significant future expense.

5. Externalities (Indirect Societal Costs):

Diesel Fuel: It carries high external costs not reflected in its market price, including: public health costs
associated with air pollution (e.g., respiratory illnesses), environmental remediation costs from soil and
water contamination, and the profound social and economic costs of climate change driven by carbon
emissions.

Green Hydrogen: It has very low external costs. When produced from renewable sources, its lifecycle
carbon emissions and local air pollutants are nearly negligible, thereby avoiding significant public health
and environmental damage costs. The internalization of these externalities, through mechanisms like
carbon pricing (Benzoni & Ru, 2023), drastically alters the economic calculus.

Recommendations
» Optimize hydrogen storage systems to enhance safety and efficiency for agricultural use.

» Conduct extensive testing under diverse operating conditions (e.g., high loads, hot and arid
climates).

» Develop dual-fuel (diesel-hydrogen) hybrid engines as a transitional solution toward full
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hydrogen adoption.

» Collaborate with agricultural machinery manufacturers to develop hydrogen-compatible models.

A\

Conduct on-the-ground feasibility studies on farms of varying scales.

» Promote green hydrogen production using renewable energy (solar, wind) to ensure
sustainability.

» Integrate carbon capture technologies when using blue hydrogen as an interim solution.
» Monitor long-term emissions to identify any unexpected environmental impacts.

» Design awareness programs to educate farmers on hydrogen's environmental and economic
benefits.

» Transition agricultural engines to hydrogen, which requires an integrated approach to ensure
success as a sustainable solution. Future research should focus on bridging the gap between theory
and practice.

Conclusion:

In conclusion, this study underscores the transformative potential of integrating hydrogen technology
into Egypt's agricultural sector as a strategic pathway toward achieving Egypt’s Vision 2030 and the
aligned Sustainable Development Goals (SDGs). The findings demonstrate that hydrogen, as a clean
energy carrier, can significantly decarbonize agricultural operations, enhance energy security, and
promote environmental sustainability. By enabling the use of green hydrogen produced from renewable
sources, this research directly supports SDG 7 (Affordable and Clean Energy) by providing a viable
alternative to fossil fuels, reducing greenhouse gas emissions, and fostering the adoption of renewable
energy in rural areas.

Furthermore, the adoption of hydrogen technology contributes to SDG 13 (Climate Action) by
mitigating carbon emissions and reducing the agricultural sector's carbon footprint, thus supporting
Egypt's commitments to global climate agreements. Additionally, by powering agricultural machinery
and irrigation systems efficiently and sustainably, this technology enhances productivity and resilience,
thereby supporting SDG 2 (Zero Hunger) through the promotion of sustainable agricultural practices
and improved food security.

However, the successful implementation of hydrogen technology requires overcoming technical,
economic, and regulatory challenges. Strategic investments in infrastructure, coupled with supportive
policies and international cooperation, will be essential to unlock the full potential of hydrogen in
agriculture. This research provides a foundational framework for policymakers, stakeholders, and
researchers to leverage hydrogen technology as a catalyst for sustainable development, ensuring that
Egypt's agricultural sector becomes a model of innovation and sustainability in line with Egypt’s Vision
2030.
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