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Foreword

The Kingdom’s leadership believes in the importance of research and innovation to build 
a knowledge-based economy and achieve true diversification of the national resources, 
especially in the vital, priority sectors of environment, water, and agriculture. The Ministry 
of Environment, Water, and Agriculture aims to enable partners across the innovation 
ecosystem to stimulate and localize technologies to provide effective sustainability 
solutions within the Ministry’s sectors.

His Excellency Eng. Abdulrahman Abdulmohsen AlFadley
Minister of Environment, Water, and Agriculture

His Excellency Eng. Mansour bin Hilal Al Mushaiti
Vice Minister of Environment, Water, and Agriculture

The innovation ecosystem enjoys unlimited support and keen interest from our wise 
leadership, may God support them. The Ministry of Environment, Water, and Agriculture 
has taken several steps to enable innovation, including establishing a deputyship for 
research and innovation to help find innovative solutions for issues related to sustainability 
of natural resources, environmental protection, meeting basic water and food needs, and 
achieving economic and developmental outcomes.
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Foreword

Dr. Abdulaziz bin Malik Al-MalikDr. Osama Ibrahim Faqeeha
Deputy Minister for Research and InnovationDeputy Minister for Environment 

The Kingdom of Saudi Arabia has placed 
increasing emphasis on strengthening its research, 
development, and innovation (RDI) ecosystem, 
recognizing the pivotal role that emerging 
technologies play in maximizing the economic 
value of the environmental sector and enhancing 
resource efficiency to ensure sustainability for 
future generations. This strategic direction reflects 
the ambitions of the national RDI ecosystem for 
the coming two decades, placing environmental 
sustainability and essential needs, namely food 
and water security, at the forefront of its priorities. 
These efforts are driven by ambitious targets to 
achieve Net Zero by 2060 and increase renewable 
energy production capacity to 50% by 2030.

In light of rapidly accelerating global 
transformations, accelerating the pace of 
“Environmental Innovation” has become not merely 
a strategic option, but a foundational pillar to enable 
major national initiatives such as the “Saudi Green 
Initiative,” and to transform climate challenges into 
promising investment opportunities that contribute 
to diversifying the national economy.

The government of the Kingdom of Saudi Arabia 
has attached the utmost importance to protecting 
the environment and natural resources‚ as one 
of the three main pillars of achieving sustainable 
development. For this purpose‚ the National 
Environment Strategy was adopted‚ which included 
64 initiatives to advance all environmental 
scopes and restructure their sector. This includes 
establishing specialized environmental centers and 
an environment fund that is considered the largest 
in the region‚ which will stimulate environmentally 
friendly practices and technologies. The strategy 
also aims to adopt a new environmental system 
compatible with global best practices‚ another 
waste management system built on the foundations 
of the circular economy‚ and a meteorological 
system.

The government also launched the Saudi Green 
Initiative‚ which includes planting 10 billion trees 
across the Kingdom. This ambitious goal aims 
to rehabilitate 40 million hectares of land and 
restore natural green spaces in accordance with 
the approved road map. By doing so‚ the initiative 
aims to contribute to restoring vital environmental 
functions‚ such as reducing dust and sandstorms 
and improving air quality. This initiative also aims 
to protect 30% of the Kingdom’s terrestrial and 
marine areas‚ and manage them in accordance with 
international best practices.

In alignment with this momentum, this report serves 
as a key output of the National Platform of Research 
and Innovation Analytics for Sustainability (NPRAS), 
providing an in-depth analytical perspective on 
the global and local landscape. The report aims to 
monitor high-priority technology groups with the 
highest impact, and understand trends in patents 
and green investments, thereby empowering 
decision-makers and investors with accurate, 
reliable data. This ensures that national efforts are 
strategically channeled toward areas that secure a 
global competitive advantage for the Kingdom.

At the Ministry of Environment, Water, and 
Agriculture, we reaffirm that effective integration 
between government entities, the private 
sector, and the research community represents 
the cornerstone for achieving this desired 
transformation. We remain committed to fostering 
an attractive environment for adopting innovations 
and elevating sector readiness to integrate modern 
technologies and ultimately realizing a resilient and 
sustainable environmental ecosystem capable of 
addressing future challenges, in fulfillment of the 
goals of Saudi Vision 2030.

Preserving the environment‚ both locally and 
globally‚ requires collaboration among all relevant 
stakeholders. This includes scientific and academic 
institutions working in tandem with specialized 
government agencies to provide the necessary 
knowledge base and scientific research. These 
efforts help guide initiatives addressing various 
environmental issues‚ such as climate change‚ 
biodiversity preservation‚ and restoration of 
degraded lands. Given the interconnected and 
expansive nature of the environmental field‚ 
leveraging technologies and fostering innovation 
becomes crucial. This enables the national 
environmental sector to progress and effectively 
tackle its challenges.

Technologies are a critical enabling factor to achieve 
the goals of the National Environment Strategy‚ 
which requires innovative methods for monitoring 
ecosystems‚ protecting against overgrazing and 
desertification‚ improving waste management 
practices‚ monitoring and reducing pollution‚ and 
improving monitoring and forecasting systems 
for weather phenomena and fluctuations. These 
technologies will contribute to enhancing the 
protection of the Kingdom’s environment and its 
biodiversity‚ and ready-to-use technologies applied 
in other places around the world will help provide 
effective solutions that contribute to achieving 
environmental sustainability and the goals of 
environmental protection within the Kingdom’s 
Vision 2030.
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Foreword

Saudi Arabia’s growing focus on the environmental sector reflects its 
strategic vision for a more sustainable future. Environmental protection 
and the responsible development of natural resources have become key 
pillars of the national development pathway guided by Saudi Vision 2030. 
As the world undergoes rapid transformations in technology, innovation, 
and digitalization, the importance of leveraging advanced knowledge and 
technologies to enhance the sustainability and efficient management of 
natural resources continues to grow.

Within this context, the National Center for Vegetation Cover Development 
and Combating Desertification (NCVC) plays a central role in supporting 
the development of the Kingdom’s environmental sector. The Center works 
to develop and manage vegetation cover, combat land degradation, and 
strengthen the sustainability of ecosystems in the Kingdom’s arid and 
semi arid environments, while also supporting national efforts to protect 
biodiversity and develop plant resources.

Driven by a strong commitment to innovation as a key enabler of sustainable 
development, NCVC promotes research and development and the adoption 
of advanced technologies. It also leverages digital transformation, data, 
artificial intelligence, and remote sensing technologies to enhance vegetation 
monitoring and natural resource management. These efforts contribute to 
improving the management of rangelands, forests, and national parks while 
strengthening the ability to address desertification and environmental 
change.

Today, the environmental sector represents a promising field where 
environmental, economic, and technological dimensions converge, opening 
new opportunities for innovation and investment while supporting the long 
term sustainability of natural resources.

Eng. Ahmad bin Saleh Alayadh
Acting Chief Executive Officer - NCVC
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National Platform of R&I 
Analytics for Sustainability 
“NPRAS”

The Ministry of Environment, Water and 
Agriculture has placed research and innovation 
at the forefront of its priorities to advance 
its sectors and ensure their long-term 
sustainability. Through its Executive Plan for 
Research and Innovation, the Ministry aims 
to effectively direct research and innovation 
efforts toward national priorities and strengthen 
sustainability in support of the Kingdom’s Vision 
2030 objectives. In line with this commitment, 
the Ministry recently launched the National 
Platform of R&I Analytics for Sustainability, 
“NPRAS”, which aggregates accurate and up-
to-date data related to the environment, water, 

NPRAS serves as an effective model for transforming data into insights 
with tangible national impact. It supports leaders, decision-makers, 
and policymakers by providing data-driven guidance and strategic 
insights that enhance innovation adoption policies and identify promising 
technologies to address national challenges. The platform also equips 
investors with information that helps mitigate investment risks and 
uncover opportunities aligned with national priorities. Moreover, it opens 
the door for innovators and entrepreneurs to better understand sectoral 
needs and funding opportunities. For researchers and scientists, NPRAS 
provides access to a network of scientists and researchers, highlighting 
innovation and research gaps, and priority areas—thereby enhancing 
scientific collaboration and facilitating the practical application of 
research outcomes.

and agriculture sectors. The platform analyzes 
this data using advanced analytical tools such 
as big data analytics, artificial intelligence, 
generative AI, agentic AI, and scenario analysis 
tools. NPRAS relies on more than 10,000 
local and international sources, including 
databases of scientific publications, patents, 
sectoral reports, and news, and it monitors 
over 100 million data points updated daily. 
This enables the platform to deliver precise 
insights that support evidence-based research 
and innovation decision-making within the 
environment, water, and agriculture sectors.

Policymakers and 
Decision-Makers

Innovators and 
Entrepreneurs

Investors

Data-driven and analytical 
decision-making

Access to the needs of 
national sectors

Data that reduces 
investment risks

Data on leading scientists 
and researchers

Strategic insights to 
improve policies

Data on partnership 
opportunities and 
financing for promising 
technologies

Investment opportunities 
aligned with national 
priorities

Identifying research gaps 
and priorities

Identifying promising 
technologies for national 
challenges

Highlighting innovative 
solutions

Access to data on high-
impact projects

Data that strengthens 
collaboration to apply 
research outcomes

Researchers and 
Scientists
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NPRAS specialized services also include the development of 
technology adoption roadmaps in collaboration with various 
entities, helping them adopt effective technological solutions 
at lower costs. In addition, the platform publishes periodic 
sectoral reports highlighting key technologies, trends, and future 
opportunities, as well as a monthly innovation brief that tracks 
the most important global and local technological developments 
in a simplified and practical manner. NPRAS additionally provides 
knowledge-based and training workshops that support knowledge 
transfer, clarify practical technology applications, and strengthen 
technical and innovation-related collaboration.

In September 2025, the platform published its first report, titled 
“Water Innovation Trends: Wastewater Treatment & Reuse” The 
report examined the most prominent technological innovation 
trends, innovation-support policies, and investment opportunities 
in emerging technologies, serving as a strategic reference for 
policymakers, sector leaders, investors, and entrepreneurs. 
It included insights from several leaders in the private sector, 
reflecting the pivotal role of national companies and adding a 
practical, market-oriented dimension to the report. Additionally, 
the report provided data-driven insights supported by interviews 
with innovation leaders, offering a practical framework that 
supports ongoing efforts to advance innovation in the water sector 
in alignment with the objectives of Saudi Vision 2030.

Thus, NPRAS Platform serves as the Ministry’s foresight arm, transforming data into insights 
that support research and innovation decision-making. It aims to support advancing the 
development of the environment, water, and agriculture sectors, and to strengthen water 
and food security as well as environmental sustainability—all in alignment with the national 
priorities for research, development, and innovation.

NPRAS offers a comprehensive suite of 
solutions that include platform access as 
well as specialized value-added services. 
The platform continuously monitors and 
anticipates technological trends by tracking 
the latest global innovations and developments 
and aligning them with the needs of the 
Kingdom’s sectors. It also supports decision-
making by providing dashboards and analytical 
methodologies that enable relevant entities to 
assess technological solutions and select the 
most suitable ones.

Furthermore, the platform promotes 
knowledge dissemination, generating 
analytical reports, and knowledge 
briefs that help raise awareness of 
emerging technologies, their impact, and 
opportunities for adoption. It also enhances 
scientific collaboration by offering a space 
for interaction among experts, researchers, 
and relevant stakeholders to foster joint 
efforts and knowledge exchange.

National Platform of R&I 
Analytics for Sustainability 
“NPRAS”
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About the report

The strategic direction of the sectoral 
innovation system necessitates continuous 
and comprehensive monitoring of key 
technology and innovation trends. This is 
essential to enable stakeholders across 
various sectors to refine their policies 
and strategic plans in response to an 
increasingly complex and competitive 
global landscape, both technologically 
and economically. To support this effort, 

This report is one in a series of regular sector-
specific publications issued by the NPRAS 
Platform, which is committed to tracking 
and analyzing innovation trends within the 
environment, water, and agriculture sectors. 
This edition focuses on the environment 
sector, offering a detailed examination of 

the Ministry of Environment, Water, 
and Agriculture established the NPRAS 
Platform, a dedicated platform designed 
to utilize advanced monitoring tools and 
analytical methodologies. Its objective is to 
guide the innovation ecosystem within the 
environment, water, and agriculture sectors 
by identifying and prioritizing technologies 
and innovations with the highest potential 
impact at the sectoral level.

six technology priority groups (TPG) that 
demonstrate strong potential across the 
sector’s value chain. It provides insights into 
the latest trends, emerging developments, 
and key opportunities to shape the future of 
the environment sector.

Enable strategic decision-making by providing policymakers, 
industry leaders, and investors with data-driven insights to guide 
innovation initiatives.

Accelerating efforts to localize and deploy environmental 
technologies by highlighting the most ready technologies that can 
enhance the efficiency and sustainability of the environment sector.

Raising stakeholder awareness of emerging technologies, market 
dynamics, best practices, and global policies related to innovation 
in the environment, water, and agriculture sectors.

This series aims to achieve several aspects:

This report is part of five reports issued by NPRAS on the environment sector. It 
aims to identify trending technologies that contribute to solving sectoral challenges 
in the Kingdom of Saudi Arabia. 
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*a composite score of current research volume (no. of patents & scientific publications in 2024) and growth rate (2019-2024 CAGR of patents and scientific 
publications) in relation to the leading technology in the priority field. A score of 100 indicates that the technology ranks first among the 15 selected tech-
nologies in both research volume and growth rate, whereas a score of 0 indicates that it ranks last in both areas.

Executive Summary

This report examines the future of 
environmental innovations in Saudi Arabia 
by analyzing two technology priority groups 
and its alignment with national strategies. It 
provides stakeholders with actionable insights 
into challenges, opportunities, and technology 
pathways that can enhance productivity, 
resilience, and sustainability across the 
environmental value chain.

Building on this foundation, the report follows 
a rigorous, three-stage methodology aligned 
with global best practices specifically the 
OECD Framework for Anticipatory Governance 
ensuring that its insights are not only robust 
and in-depth but also actionable for driving 
innovation and policy development. The first 
stage in the OECD framework is systematic 
monitoring, where the NPRAS Platform tracks 
+10,000 sources (scientific publications, 
patents, industry reports, and news) with 
100M+ data points, updated twice daily to 
identify signals of high-interest technologies. 
The second stage is technology trend 
analysis, where technologies are evaluated for 
momentum, innovation maturity, and relevance 
to national environmental challenges. Moreover, 
redundancy is removed by clustering similar 
innovations. The final stage is technology 
assessment. Where rapidly evolving, high-
impact technologies are selected and then 
examined in greater depth to assess their 
strategic significance and inform relevant policy 
decisions. Additionally, environmental experts 
were consulted to validate the identified 
technologies, provide practical insights on 
adoption and relevance, and ensure the report 
reflects both data-driven evidence and sector 
expertise. 

The environment innovation trends report builds 
upon the Innovation in the Environment Sector 
in Saudi Arabia – Technology Adoption Roadmap 
report, which will highlight the key technology 
segments within each technology priority group 
(TPG), stating relevant technologies under each 
technology segment from each TPG. A chart will 
assist in selecting the top technologies, with 
each one assessed based on Innovation and 
Interest scores (refer to Figure [4]). This report 
will highlight and focus on two TPGs (Grazing 
Land Management and Innovative irrigation 
techniques for trees and wild plants) following 
one key selected technology within each TPG: 
Agrivoltaic “Solar-Grazing” Systems from 
the Grazing Land Management TPG and AI-
Driven Smart-Irrigation Platforms from the 
Innovative Irrigation Techniques for Trees 
and Wild Plants TPG.

In the Technology Spotlight section, the 
report delves into detailed insights for each 
selected technology, highlighting key players, 
Capability Readiness Level (CRL), Technology 
Readiness Level (TRL), technology advantages 
& disadvantages, key signals & facts, current 
state, localization, future trajectory, key 
uncertainties, and local case studies. 

The selection criteria used for scoring the four 
technologies are based on the technology table 
described in the Appendix. The two criteria are: 
Technology Readiness level (TRL) and Spotlight 
Score* 

In conclusion, the report incorporates insights 
gathered from interviews with innovation 
leaders, providing an overview of key priorities. 
These insights collectively serve as a guiding 
framework for policymakers, industry leaders, 
and investors to foster innovation and advance 
the sustainable environment sector in alignment 
with Vision 2030.
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Introduction

The environment sector in the Kingdom 
of Saudi Arabia today stands at the 
intersection of critical ecological challenges 
and unprecedented technological 
opportunities. Globally, environmental 
systems are facing increasing pressures due 
to biodiversity loss, land degradation, waste 
accumulation, and climate change, all of 
which threaten the sustainability of natural 
resources and the resilience of ecosystems. 
In the Kingdom, these challenges are further 
intensified by vast arid landscapes, limited 
water and soil resources, and the need for 
sustainable management of biodiversity 
and ecosystems.

Nevertheless, these challenges present 
significant opportunities for innovation, as 
emerging technologies enable the Kingdom 
to enhance environmental management, 
ranging from ecosystem monitoring 
systems that provide real-time insights into 
biodiversity and habitat health, to advanced 
waste management and circular economy 
solutions, in addition to innovative irrigation 
techniques for trees and wild plants. These 
technologies support data-driven decision-
making, predictive environmental modeling, 
and improved resource efficiency, thereby 
contributing to the protection of natural 
capital and the reduction of environmental 
impacts.

Within the framework of the Kingdom of 
Saudi Arabia’s national objectives, the 

Saudi Green Initiative aims to ensure 
that %50 of electricity generation comes 
from renewable energy sources by 2030, 
as part of broader efforts to enhance 
environmental sustainability and reduce 
carbon emissions. This is complemented 
by measures to protect %30 of the 
Kingdom’s land and marine areas, as well as 
initiatives to plant 10 billion trees to further 
strengthen environmental sustainability. 
The report examines the current state of 
the technologies under the environmental 
technology priority groups, their national 
capability maturity, readiness levels, global 
key players, and potential pathways for 
local adoption. It additionally presents 
data on the expected economic and 
environmental impacts of implementing 
these technologies, providing a guided 
framework to support policymakers, 
investors, researchers, and innovators 
in adopting innovative and sustainable 
environmental solutions.

By focusing on innovation, strategic 
planning, and effective partnerships, 
the Kingdom can restore and protect its 
ecosystems, achieve sustainable resource 
management, and become a global model 
for environmental stewardship, in line 
with the objectives of Saudi Arabia’s 
Vision 2030 for sustainable development, 
environmental protection, and enhancing 
the quality of life for society.

19
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Scope of the Report [1/4]

Target Audience: 
This report is developed for the key stakeholders driving the transformation and sustainability of 
Saudi Arabia’s environmental sector.

Leaders and Decision Makers
Senior officials and executives within Saudi ministries, authorities, and government-
affiliated organizations who shape national strategies and lead sustainability 
initiatives across the Environment, Water, and Agriculture (EWA) sectors.

Policymakers
Government officials and advisors responsible for formulating environmental-related 
policies and regulations in line with Saudi Arabia’s Vision 2030, national priorities, 
and regional development plans.

Investors
Public and private sector stakeholders, including sovereign funds, local investment 
firms, and strategic partners committed to financing innovative, high-impact 
environmental technologies and infrastructure projects within the Kingdom.

Researchers and Scientists
Experts from Saudi universities, research centers (such as KAUST and KACST), and 
specialized institutes driving R&D to advance sustainable environmental solutions 
tailored to the Kingdom’s unique environmental context.

Innovators and Entrepreneurs
Saudi-based startups, incubators, and technology developers creating localized, 
scalable innovations to address challenges in environmental productivity, resource 
efficiency, and sustainability, aligned with national goals for food security and sec-
toral transformation.

The report outlines key advancements across the four technology priority groups and presents 
data on their potential economic and environmental impact, highlighting the need for targeted 
investments and supportive policies. These insights align with Saudi Arabia’s Vision 2030 ob-
jectives, reinforcing the importance of adopting innovative solutions and strategic planning to 
enhance environmental productivity, and sustainability.

This report centers on the advancement of Saudi Arabia’s environment sector by examining 
two technology priority groups (TPG): “Grazing Land Management and Innovative irrigation 
techniques for trees and wild plants”. It explores global key players, Capability Readiness Level 
(CRL), Technology Readiness Level (TRL), technology advantages & disadvantages, key signals & 
facts, current state, localization, future trajectory, key uncertainties, and local case studies.

The report offers actionable insights to guide stakeholders in adopting cutting-edge 
technological solutions that support the Kingdom’s goals for a resilient and innovative 
environmental future.
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Scope of the Report [2/4]
Strategic Benefits and Alignment with National Goals

cornerstone of sustainable development, particularly within the context of Saudi Arabia’s 
transformative Vision 2030 framework. The Kingdom’s ambitious environmental agenda 
encompasses comprehensive ecosystem restoration, sustainable resource management, 
and circular economy principles that collectively aim to diversify the economy while 
preserving natural heritage for future generations. Saudi Arabia has committed to achieving 
50% of its electricity capacity from renewable sources by 2030 and net zero greenhouse gas 
emissions by 2060, demonstrating unprecedented environmental ambition. This strategic 
alignment becomes increasingly critical as Saudi Arabia positions itself as a global leader 
in environmental stewardship through initiatives such as the Saudi Green Initiative and 
the Middle East Green Initiative. Within this strategic context, two key TPGs emerge as 
fundamental pillars for achieving these national environmental goals:

Technologies and innovative solutions in this 
technology priority group enable optimal utilization 
of natural grasslands while preventing overgrazing 
and land degradation. These innovations are 
crucial for maintaining the productivity of Saudi 
Arabia’s extensive pastoral systems, which cover 
significant portions of the Kingdom’s territory. 
By implementing smart grazing management 
technologies, Saudi Arabia can enhance livestock 
productivity, restore degraded rangelands, and 
contribute to carbon sequestration efforts. This 
technology priority group directly supports the 
National Transformation Program’s agricultural 
sustainability objectives and the Saudi Green 
Initiative’s land restoration targets, ensuring 
that traditional pastoral practices evolve to meet 
modern environmental standards. 

Technologies in this technology priority group 
directly enables Saudi Arabia’s unprecedented 
reforestation and habitat restoration ambitions 
under Vision 2030. It addresses the fundamental 
challenge of establishing and maintaining native 
vegetation in arid environments, supporting the 
Saudi Green Initiative’s massive afforestation 
targets while optimizing scarce water resources. 
Advanced irrigation systems are essential 
for the successful establishment of native 
ecosystems across degraded landscapes. The 
strategic importance of this technology priority 
group extends beyond environmental restoration 
to encompass climate change mitigation, air 
quality improvement, and the creation of green 
corridors that enhance urban livability. These 
technologies are fundamental to achieving Vision 
2030’s environmental sustainability objectives 
while supporting the broader transformation of 
Saudi Arabia’s landscape and climate resilience.

Grazing Land Management 
Innovative Irrigation Techniques for 
Trees and Wild Plants
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Scope of the Report [3/4]
Environment  Sector Challenges and Opportunities

Figure 2 provides an analytical overview 
of the primary environmental challenges 
and corresponding opportunities within 
the five areas. This framework serves 
as a diagnostic tool that identifies the 
areas requiring immediate attention and 
highlights where technological and policy 

interventions can generate the greatest 
environmental and socioeconomic 
impact. The environmental sector in 
the Kingdom faces key challenges such 
as loss of biodiversity, desertification, 
overgrazing, waste accumulation, and 
rising air and water pollution, in addition 

to limited climate-forecast accuracy and the impacts of global climate change. These 
issues create opportunities to advance the sector through sustainable technologies and 
practices, including ecosystem restoration, improved rangeland management, expanded 
recycling, enhanced pollution monitoring, and strengthened climate-forecast systems. 
Such efforts are essential to achieving the environmental sustainability targets of Saudi 
Arabia’s Vision 2030. By systematically mapping these challenges and opportunities, the 
framework provides a foundation for strategic decision-making, and enabling policymakers, 
researchers, and environmental planners to align national sustainability goals with practical 
technological applications, ensuring that innovation efforts are data-driven, targeted, and 
responsive to the Kingdom’s environmental priorities.

Figure No. [2] outlines the current challenges and opportunities for the environmental 
sector, categorized into five main areas in the environmental value chain*: “Biodiversity”, 
“Land, Vegetation & Desertification “, “Waste Management”, “Pollution Control and 
Compliance”, and “Meteorology”.

*“Innovation in the Environment Sector in Saudi Arabia - Technology Adoption Roadmap“ 2024
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Scope of the Report [4/4]

Figure No. [3] presents the technological framework for the environment sector as outlined 
in the Technology Adoption Roadmap*. The first horizontal level in the diagram is classified 
as the main areas in the environmental value chain, consistent with those introduced in the 
previous figure. The second horizontal level further breaks down the areas components 
into elements. The third level highlights the technology priority groups: “Ecosystem 
Monitoring”, “Grazing Land Management”, and “Innovative Irrigation techniques for Trees 
and Wild Plants”. In addition, “Waste Management, Pollution Control and Compliance, and 
Meteorology” are featured in the framework as a main areas and a technology priority 
groups and throughout this report. This report will therefore be examining “Grazing Land 
Management and Innovative irrigation techniques for trees and wild plants” in greater 
detail.

*“Innovation in the Environment Sector in Saudi Arabia - Technology Adoption Roadmap“ 2024

Figure 3: Technological framework for the environment  sector
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Methodology

Specifically, the content of this report is based on a 
four-stage process for analyzing technology signals.

1. Signal Collection & Technology Identification
Considering established practices, such as the 
Framework for Anticipatory Governance of Emerging 
Technologies (OECD 2024), the first analysis step 
involved the systematic collection and evaluation of 
signals to identify relevant technologies aligned with 
Saudi Arabia’s Vision 2030 environmental objectives 
and the National Environment Strategy. To achieve 
this, the team employed a scanning method that 
combines the advantages of human expertise and 
machine intelligence, utilizing a signals database that 
contains over 100 million data points (e.g., patents, 
industry reports, scientific publications, etc.). Over 
the past five years, about 45,000 signals related 
to MEWAs’ strategic priorities in the environment 
sector were sourced. Using Retrieval-Augmented 
Generation (RAG) AI and human expert validation, 
a longlist of 200 distinct technologies mentioned in 
patents, scientific publications, and news articles 
was compiled for in-depth analysis – comprising 
each of the four technology priority groups as 
outlined in the MEWA Environment Technology 
Adoption Roadmap.

2. Technology Assessment & Landscape Creation
In the second step, a comprehensive technology 
landscape was created from the long list of 
technologies mentioned in the signals. In the first 
step, conceptual overlap among the technologies 
was minimized by subsuming similar or idiosyncratic 
technologies (e.g., “P-band SAR”, “Multi-band 
Synthetic Aperture Radar”, and “High-revisit SAR 
Constellations”). After that, for each of the four 
technology priority groups, the 15 technologies 
receiving the most mentions in signals in 2024 
were selected for the technology landscapes. Those 
15 technologies were clustered into technology 
segments based on the purpose of use and functional 
characteristics. Finally, all technologies included in 
the landscape were evaluated on technology and 
national capability maturity (TRL & CRL), impact 
potential, and ease of implementation following 
the criteria outlined in the MEWA Environment 

Technology Adoption Roadmap.

3. Detail Analysis & Spotlight Selection
In the final step, the signals for each technology 
were examined in detail. Based on this, technology 
descriptions covering information such as global 
key players, current state of adoption, development 
outlook, and relevant case studies were created. 
In this report, one technology in each of the 
identified segments was selected to be presented 
as a spotlight in this report. The selection was 
done by a quantitative assessment of the current 
innovation activity level and the growth trajectory of 
innovation activity. To this end, a composite score of 
current research volume (no. of patents & scientific 
publications in 2024) and growth rate (2019-2024 
CAGR of patents and scientific publications) in 
relation to the leading technology in the priority 
field. A score of 100 indicates that technology ranks 
first among the 15 selected technologies in both 
research volume and growth rate, whereas a score 
of 0 indicates that it ranks last in both areas (see the 
Selection Criteria section in the Appendix for a full 
overview of the technologies and the scoring).

4. Expert Insights & Validation
To complement the quantitative and signal-based 
analysis, the methodology incorporated insights from 
environmental experts with extensive experience 
in technology adoption and sectoral innovation. A 
group of selected experts were consulted through 
structured interviews to validate the identified 
technologies, assess practical relevance, and provide 
contextual perspectives on adoption barriers, policy 
considerations, and regional applicability. Expert 
input was used to refine technology descriptions, 
verify the accuracy of key players and adoption 
trends, and identify emerging use cases that may not 
be fully captured by signals alone. This step ensured 
that the report reflects both data-driven evidence 
and practical expertise, enhancing the robustness, 
relevance, and actionable value of the technology 
landscape and spotlight selection.

Automated Monitoring
The platform’s scouting function utilizes AI-
powered analytics to continuously capture 
technological developments from various 
sources such as scientific publications, 
patents, industry reports, and news. 
Through intelligent filters and algorithms, 
relevant signals are identified, categorized, 
and updated in real time.

Collaborative Evaluation
The platform enables a structured, 
collaborative evaluation of emerging 
technologies. The involvement of various 
experts minimizes subjective assessments 
and facilitates the efficient identification 
of innovation opportunities and risk 
evaluation.

Technology Radar
In an interactive, visual radar view, 
emerging technologies can be analyzed 
and their relevance, maturity level (TRL), 
and application potential assessed. The 
Technology Radar helps identify new 
developments early, strategically prioritize 
innovation fields, and continuously monitor 
technology trends.

The analyses leading to this report were conducted during the first iteration of MEWA’s 
NPRAS Platform— an AI-enhanced Innovation Operating System that enables the sys-
tematic scouting of technology signals, the continuous tracking of emerging technolo-
gies and innovation
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Rangeland management techniques aim to sustainably manage pastures and open grazing 
lands to protect them from overgrazing and desertification. These technologies include 
grazing monitoring techniques and feeding techniques. Grazing management comprises 
two interlinked systems: rangeland health monitoring (vegetation condition, ground cover, 
and degradation risk) and livestock productivity and welfare monitoring (movement, heat 
stress, and performance indicators). Effective grazing management is fundamentally 
a carrying-capacity and control problem, requiring calibrated stocking rates, rotation 
schedules, and adaptive responses to rainfall variability. In arid environments, dust, 
heat stress, sparse biomass, and episodic rainfall significantly affect both technology 
performance and operational economics relative to temperate deployment contexts.

TECHNOLOGY PRIORITY GROUP FOCUS

3.1 GRAZING LAND 
MANAGEMENT
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Frontier Technologies in 
Grazing Land Management

Digital Livestock 
Monitoring Systems

Smart GPS Collars & Virtual 
Fencing
(TRL 9)

Satellite-Based Soil Carbon MRV
(TRL 7)

Containerised Hydroponic 
Fodder Units

(TRL 9)

CRISPR-Edited Drought / Salt-
Tolerant Forage Grasses

(TRL 6)

Edge-AI rumen Bolus & health 
sensors
(TRL 7)

Pasture‑biomass analytics
(TRL 8) Single-Cell Protein Production

(TRL 7)

Microbiome Biostimulant 
Inoculants for Arid Pastures

(TRL 8)

Methane mitigation wearables
(TRL 6)

Blockchain Livestock Traceability
(TRL 7)

Stocking‑rate optimisers
(TRL 8)

Insect Farming for Sustainable 
Livestock Production

(TRL 8)

Autonomous pasture rovers & 
feeders
(TRL 7)

SatIoT Pump Automation
(TRL 8)

Agrivoltaic “Solar Grazing” 
Systems
(TRL 8)

Pasture Intelligence & 
Analytics

Sustainable Feed & 
Forage Production

Genetic & Biological 
Enhancement

The definitions of the listed technologies are in the glossary
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Innovation, Interest, and 
Investment by Technology

To assess the development of each emerging technology, our 
team collected data on four tangible measures of activity: news 
publications, patents, research publications, and investment.

For each measure, we used a defined set of data sources to find occurrences of keywords 
associated with each of the 15 technologies, screened those occurrences for valid 
mentions of activity, and indexed the resulting numbers of mentions on a 0–1 scoring 
scale that is relative to the technologies studied:

Figure 9: Chart representing Innovation Score vs Interest Score 
across all 15 technologies

1.	 Smart GPS Collars & Virtual Fencing
2.	 Satellite‑based soil‑carbon MRV
3.	 Methane‑mitigation wearables
4.	 Pasture‑biomass analytics
5.	 Stocking‑rate optimisers
6.	 Edge‑AI rumen‑bolus & health sensors
7.	 Sat‑IoT Pump Automation
8.	 Agrivoltaic “Solar‑Grazing” Systems

Note: Innovation and interest scores for the 15 trends are relative to one another. All 15 
trends exhibit high levels of innovation and interest compared with other topics. While 
some technologies may have applications outside of environment, this analysis took into 
account only patents, publications, news, and investments in the environmental context.

 Based on the scoring methodology of the McKinsey Tech Report

The innovation score combines the patents and research scores. The 
patents score is based on a measure of patent filings, and the research 
score is based on a measure of research publications. 

The interest score reflects the number of global news publications, 
relative to the technologies studied. (While we recognize that an interest 
score can be inflated by deliberate efforts to stimulate news coverage, 
we believe that each score fairly reflects the extent of discussion and 
debate about a given technology.)

Investment depicts the flows of funding into companies linked with the 
technology, including private-market and public-market capital raises 
(venture capital and corporate M&A, including joint ventures), private 
equity (including buyouts and private investment in public equity), and 
public investments (including IPOs).

9.	 Autonomous pasture rovers & feeders
10.	 Containerised hydroponic fodder units
11.	 Blockchain livestock traceability
12.	 Single-cell protein production
13.	 CRISPR‑edited drought‑/salt‑tolerant forage grasses
14.	 Microbiome bio‑stimulant inoculants for arid pastures
15.	 Insect farming for sustainable livestock production

TECHNOLOGY SEGMENT

GLOBAL EQUITY INVESTMENT

Digital Livestock Monitoring Systems

<$10 Million 

Pasture Intelligence & Analytics

$10 Million - $100 Million

Sustainable Feed & Forage Production

$100 Million - $1 Billion

Genetic & Biological Enhancement

$1 Billion - $10 Billion

Selected for Technology Spotlight, based 
on current activity level and 5-year 
development of innovation and interest
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Technologies Trending in 
Innovation Output and Public 
Interest
Static innovation and interest scores snapshot technological vitality, but momentum reveals 
trajectory. Tracking growth or decline exposes breakouts before rivals, flags waning hypes, 
guides timing of subsidies, calibrates capacity-building, and aligns infrastructure budgets 
with future demand. Dynamics safeguard against sunk costs and amplify the impact of the 
resources in the EWA ecosystem.

Looking into the global growth rates in patents, publications, and news published on the 
technologies studied over the past 5 years, the two leading technology segments are 
Pasture Intelligence & Analytics and Sustainable Feed & Forage Production compared 
to the other technology segments, regarding patents and news. The following technologies 
display high growth rates:

Figure 10: Continuous Annual Growth Rate of Patents, Publications, 
and News (2019-2024), Top 5 and Bottom 5 Technologies

Smart livestock devices 
that monitor and reduce 

methane emissions 
through real-time 

tracking and targeted 
interventions.

Remote sensing systems 
that monitor and verify 
soil carbon stocks for 

climate mitigation 
programs.

Dual-use renewable 
energy installations 
combining ground-

mounted solar panels 
with livestock grazing on 

shared land.

Methane-mitigation 
wearables

Satellite-based 
soil-carbon MRV

TECHNOLOGY 
SEGMENT

NEWS

PUBLICATIONS

PATENTS

Agrivoltaic «Solar-
Grazing» Systems

Digital Livestock 
Monitoring Systems

Pasture Intelligence & 
Analytics

Sustainable Feed & 
Forage Production

Genetic & Biological 
Enhancement

Agrivoltaic “Solar‑Grazing” 
Systems

Insect farming for sustainable 
livestock production

Satellite‑based 
soil‑carbon MRV

Sat‑IoT Pump 
Automation

Smart GPS Collars & 
Virtual Fencing

Sat‑IoT Pump 
Automation

Methane‑mitigation 
wearables

Microbiome bio‑stimulant 
inoculants for arid pastures

Pasture‑biomass 
analytics

Insect farming for sustainable 
livestock production

Autonomous pasture rovers 
& feeders

Containerised 
hydroponic fodder units

CRISPR‑edited drought‑/
salt‑tolerant forage grasses

Edge‑AI rumen‑bolus & 
health sensors

Methane‑mitigation 
wearables

Agrivoltaic 
“Solar‑Grazing” Systems

Methane‑mitigation 
wearables

Stocking‑rate 
optimisers

Microbiome bio‑stimulant 
inoculants for arid pastures

Single-cell protein 
production

Smart GPS Collars & 
Virtual Fencing

CRISPR‑edited drought‑/
salt‑tolerant forage grasses

Stocking‑rate 
optimisers

Single-cell protein 
production

Pasture‑biomass 
analytics

Blockchain livestock 
traceability

Stocking‑rate 
optimisers

Microbiome bio‑stimulant 
inoculants for arid pastures

Sat‑IoT Pump 
Automation

Insect farming for sustainable 
livestock production

+36% -3%

+11% -10%

+45% +8%

+27% -5%

+4% -13%

+43% +7%

+25% -5%

+3% -20%

+43% +3%

+19% -20%

-1% -23%

+35% -5%

+18% -25%

-5% -38%

+32% -5%
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Overview of 
National RDI 
Output

Overall, Saudi Arabia is in a good 
competitive position in the technologies 
investigated. Regarding Patents, 
compared to the overall Global Patent 
Rank, our nation ranks in the global 
Top-10 for two of the technologies 
surveyed, and Top-20 in two of the key 
emerging technologies in the field. Our 
country appears most competitive in the 
technology Stocking‑rate optimisers.

Regarding Publications, the positioning 
is similar with a Top 20 ranking in four 
of the technologies observed and a 
Top 30 ranking in roughly half of the 
technologies. Most notably, Saudi 
Arabia is in a good position regarding 
the technologies “CRISPR‑edited 
drought‑/salt‑tolerant forage grasses”, 
“Microbiome bio‑stimulant inoculants 
for arid pastures”, and “Containerised 
hydroponic fodder units”

Figure 11: Saudi Arabia’s Positioning across Emerging Technologies, 
Global Rank in No. of Patents & Publications (2019-2024)

PATENTS

PUBLICATIONS

1.	 Smart GPS Collars & Virtual Fencing
2.	 Satellite‑based soil‑carbon MRV
3.	 Methane‑mitigation wearables
4.	 Pasture‑biomass analytics
5.	 Stocking‑rate optimisers
6.	 Edge‑AI rumen‑bolus & health sensors
7.	 Sat‑IoT Pump Automation
8.	 Agrivoltaic “Solar‑Grazing” Systems

9.	 Autonomous pasture rovers & feeders
10.	 Containerised hydroponic fodder units
11.	 Blockchain livestock traceability
12.	 Single-cell protein production
13.	 CRISPR‑edited drought‑/salt‑tolerant forage grasses
14.	 Microbiome bio‑stimulant inoculants for arid pastures
15.	 Insect farming for sustainable livestock production

TECHNOLOGY 
SEGMENT

Digital Livestock 
Monitoring Systems

Pasture Intelligence & 
Analytics

Sustainable Feed & 
Forage Production

Genetic & Biological 
Enhancement

No Patents Recorded
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Agrivoltaic “Solar-grazing” Systems are dual-use renewable energy installations that 
combine ground-mounted solar panels with livestock grazing on the same land. The 
panels are raised high enough or spaced widely to allow animals (primarily sheep) to 
graze beneath them while generating electricity. This approach enables agriculture and 
solar energy to share the same sunlight and land, providing farmers with renewable energy 
benefits, livestock shade, reduced water consumption, and a secondary income stream 
while maintaining agricultural productivity.

TECHNOLOGY SPOTLIGHT

3.1.1 AGRIVOLTAIC 
“SOLAR‑GRAZING” SYSTEMS

42 43
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Agrivoltaic 
“Solar‑Grazing” Systems
Agrivoltaic «Solar-grazing» Systems represent a 
dual-use approach that combines solar energy 
production with livestock grazing on the same 
land. These systems feature elevated solar panels 
installed at heights that allow sheep and other 
livestock to graze underneath, creating synergistic 
benefits for both energy production and agriculture 
(NREL, DOE). This innovative approach addresses 
land-use conflicts while providing multiple revenue 

Agrivoltaic «Solar-Grazing» Systems demonstrate a 
high technology readiness level (TRL 8), indicating 
system prototype demonstration in operational 
environment to system complete and qualified. 
Academic research confirms these systems 
have progressed beyond laboratory testing, with 
comprehensive studies documenting established 
operational frameworks for combining agricultural 
production with photovoltaic energy generation 
on the same land area, including livestock 
integration protocols and proven commercial 

streams for farmers through both renewable energy 
generation and continued agricultural production. 
Research shows these systems can increase land 
productivity by up to %70 compared to separate 
solar and grazing operations. The shade from panels 
reduces water requirements for vegetation and 
provides cooling for livestock, while grazing animals 
naturally maintain vegetation around panels, 
reducing maintenance costs (Science Direct, MDPI).

viability (ScienceDirect, SpringerNature). For Saudi 
Arabia's context, the technology achieves (CRL 4), 
representing moderate readiness with significant 
development potential. While the Kingdom 
possesses strong solar energy infrastructure aligned 
with grazing land management priorities, peer-
reviewed research indicates limited foundational 
fieldwork, and multi-disciplinary studies are still 
required to characterize ecological impacts and 
optimize PV-livestock integration from both animal 
welfare and infrastructure perspectives (APC, MDPI).

Technology and National Capability Maturity 

*Capability Readiness Level (CRL) and Technology Readiness Level (TRL) descriptions are in the Glossary

4
Capability Readiness Level (CRL)

Technology Readiness Level (TRL) 
8

Lightsource BP EDF power solutions

RWE enel Green Power

BayWa r.e. Sun Farming

Clearway Energy Group Silicon Ranch

Global Key Players
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Agrivoltaic “Solar-Grazing” Systems represent a transformative dual-use technology 
that maximizes land productivity by combining renewable energy generation with 
livestock grazing, offering significant environmental and economic benefits for 
sustainable agriculture.

Rapid technological advancements are observed, with innovations focusing on 
enhanced dual-use efficiency, smart integration technologies, and expanded livestock 
compatibility for sustainable land optimization.

Advantages Disadvantages

•	 Enhanced land productivity: 
Agrivoltaic systems achieve dual income 
streams while maintaining agricultural 
functionality, with studies showing 
energy outputs up to 1.5 MW per 
hectare alongside continued livestock 
operations. EMU Dspace

•	 Multi-disciplinary sustainability 
benefits: Comprehensive academic 
reviews identify agrivoltaic grazing as 
addressing land use conflicts while 
providing ecological co-benefits, 
supporting both renewable energy 
expansion and sustainable rangeland 
management practices. Earth’s Future

•	 Livestock welfare benefits: Solar 
panels provide protective shade 
that reduces heat stress and water 
consumption for grazing animals, while 
eliminating costly mowing operations 
across approximately 100,000 acres of 
U.S. solar farms. farms.com

•	 High initial capital costs: Agrivoltaic 
systems require significantly higher 
capital and operational expenditures 
compared to conventional PV systems 
due to specialized mounting structures, 
increased spacing requirements, 
complex integration needs, and elevated 
maintenance costs. Regular solar panel 
cleaning demands substantial water 
consumption and dedicated manpower 
or robotic systems, further increasing 
operational expenses*. MDPI

•	 Structural vulnerability to wind loads: 
Systems face significant challenges with 
wind-induced structural stress, requiring 
specialized engineering solutions for 
damping and mass distribution, with 
current design standards showing 
contradictions between theoretical 
and practical requirements. Advanced 
Energy and Sustainability Research

•	 Reduced agricultural performance: 
Shading from panels can decrease 
crop yields and interfere with growing 
conditions, while the dual land-
use approach complicates farming 
operations and may require modifications 
to traditional agricultural practices and 
equipment access. nature.com

Key Innovation Signals

•	 Multi-disciplinary research 
framework: Comprehensive review 
identifies six priority research gaps 
including PV-livestock integration, 
animal welfare considerations, and 
biogeochemical modeling for improved 
system design optimization. Earth’s 
Future

•	 Expanded livestock integration: Solar 
grazing now accommodates 80,000 
sheep across 100,000 acres in America, 
with panel modifications enabling cattle 
grazing through raised installations and 
enhanced shade benefits. Farms.com

•	 Bifacial and smart technologies: Novel 
transparent bifacial PV modules, dynamic 
tracking systems, and IoT-AI integration 
enhance energy efficiency while 
optimizing crop productivity through 
precision agriculture applications. 
Environmental Challenges

•	 Yield enhancement validation: Global 
case studies demonstrate crop yield 
increases above 10% under partial 
shading with energy outputs reaching 
1.5 MW per hectare through optimized 
panel configurations. EMU Dspace

•	 Hybrid energy integration: Solar-
wind-biomass hybrid systems increase 
continuity and scalability of agrivoltaic 
installations while reducing water 
consumption and carbon emissions for 
enhanced sustainability performance. 
Environmental Challenges

•	 Academic integration focus: 2025 
AAEA annual meeting dedicated track 
sessions highlight growing academic 
and industry collaboration for advancing 
solar farming integration on cropland 
applications. AgriTechTomorrow.com

Technology Potential Latest Developments

Figure 13: Investment Development of the technology against 
Innovation score vs Interest Score

Figure 12: Patents & publications count (2019-2024) for 
Agrivoltaic “Solar Grazing” Systems

*Insights taken from experts in the environment sector
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Agrivoltaic “Solar-Grazing” Systems represent a rapidly expanding dual-use 
approach that combines renewable energy generation with livestock management, 
offering significant economic and environmental benefits while addressing land use 
competition between agriculture and solar development.

While agrivoltaic solar-grazing systems are gaining momentum globally with successful 
deployments in Europe, Africa, the US, and Japan. Saudi Arabia’s adoption hinges on 
water scarcity challenges, Vision 2030 renewable energy targets, and the need for 
regulatory frameworks supporting dual land use policies.

Key Stats & Facts

•	 Water usage reduced by approximately 
50%: Agrivoltaic systems significantly 
decrease irrigation requirements 
compared to traditional agricultural 
practices while maintaining food 
security, demonstrating substantial 
water conservation potential in arid 
regions. MDPI

•	 Multiple capacity categories available: 
Systems range from small-scale 
installations up to 500 kW to large 
utility-scale projects exceeding 1 MW, 
providing scalable solutions for diverse 
agricultural operations and energy 
requirements. AgriTechTomorrow.com

•	 Cost-benefit ratio of 1.5 achieved: 
Indian agrivoltaic case study 
demonstrates positive economic returns 
with farm profits of 161,907 INR and 
gross financial margins of 316,907 INR, 
validating commercial viability. Solar 
Compass

•	 LCOE reduced by 55%: Agrivoltaic 
systems demonstrate significantly 
lower LCOE (levelized cost of electricity) 
compared to surface-mounted 
solar installations, making dual-use 
configurations more economically 
attractive than traditional ground-
mounted systems. Solar Compass

•	 Dual income streams enhance 
economic viability: Agrivoltaic systems 
provide farmers with combined revenue 
from both crop production and energy 
generation, creating diversified income 
sources that improve financial resilience 
and land productivity. OpenAlex

•	 Global case studies span four 
continents: Implementation examples 
from Japan, France, Africa, and Latin 
America demonstrate worldwide 
applicability and successful adaptation 
to diverse climatic and agricultural 
conditions. EMU Dspace

Current State Requirements for Localization

•	 Dual-use efficiency gains momentum: 
Agrivoltaic systems demonstrate higher 
land productivity compared to separate 
solar and agricultural installations, 
with growing commercial adoption 
across diverse farming operations. 
AgriTechTomorrow.com

•	 Solar shepherds create profitable 
business models: Professional grazing 
services on solar farms generate 
significant revenue streams for livestock 
operators while providing cost-effective 
vegetation management for renewable 
energy installations. The Conversation 

•	 Open field systems expand agricultural 
integration: Comprehensive 
deployment strategies for open field 
agrivoltaic installations demonstrate 
successful combination of energy 
production with diverse agricultural 
activities across various farming 
environments and crop types. 
Sustainable Energy Technologies and 
Assessments

•	 Opportunity for local adoption: the 
vast rangelands in the northern regions 
in Saudi Arabia (such as Tabuk and Al-
Jawf) represent a prime opportunity 
to implement agrivoltaics, given the 
abundance of solar radiation and the 
extensive land area available.*

•	 Vision 2030 alignment accelerates 
deployment: Saudi Arabia’s renewable 
energy investment framework under 
Vision 2030 creates favorable policy 
conditions for agrivoltaic systems, with 
government backing for innovative 
solar solutions that support agricultural 
sustainability goals. Alexandria 
Engineering Journal

•	 Agricultural governance frameworks 
require adaptation: Current risk 
management and governance structures 
in Saudi agriculture need enhancement 
to accommodate dual-use land systems, 
requiring institutional readiness 
improvements for agrivoltaic project 
approvals and oversight. ResearchGate

•	 Regional infrastructure demonstrates 
technical feasibility: Successful 500 
KW photovoltaic system implementation 
in Al-Kharj proves Saudi Arabia’s 
infrastructure readiness for agricultural 
solar applications, with economic 
analysis supporting scaled agrivoltaic 
deployment. IEEE Xplore

•	 Material implementation constraints: 
Include soiling and dust accumulation 
(energy losses and cleaning 
requirements), livestock welfare needs 
(airflow and water availability), fencing 
and predator management costs, and 
grid interconnection constraints in 
remote rangelands*.

Insights and Statistics Technology Adoption

*Insights taken from experts in the environment sector
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Agrivoltaic solar-grazing systems are rapidly scaling toward mainstream agricultural 
adoption as dual-use efficiency gains attract both renewable energy developers and 
livestock operators, though long-term ecological impacts on soil health and grazing 
patterns remain uncertain.

Future Trajectory Key Uncertainties

•	 Advanced Technology Integration: 
Future systems will incorporate 
artificial intelligence, Internet of Things 
sensors, energy storage solutions, 
and autonomous robotics to enhance 
scalability, resilience, and operational 
efficiency across diverse agricultural 
conditions. Solar RRL

•	 Ecosystem Services Enhancement: 
Future agrivoltaic systems will prioritize 
habitat-enhancing strategies to maximize 
biodiversity benefits and ecosystem 
services, transforming solar installations 
into multifunctional landscapes that 
support wildlife conservation alongside 
energy production. Renewable and 
Sustainable Energy Reviews

•	 Climate Resilience Focus: Development 
will emphasize climate change 
mollification and resilience building, 
with agrivoltaic systems contributing 
to soil carbon sequestration, food 
security enhancement, and regenerative 
agriculture practices for long-term 
sustainability. SpringerNature

•	 Long-term ecological impacts: 
Comprehensive understanding of how 
agrivoltaic systems affect soil health, 
biodiversity, and ecosystem resilience 
over extended periods remains limited, 
requiring foundational fieldwork to 
characterize layered ecological impacts. 
Earth’s Future

•	 Policy and Standardization Gaps: 
Persistent barriers including public 
acceptance, policy inconsistencies, and 
absence of universal design standards 
hinder widespread adoption despite 
promising technological developments 
and global case studies. Advanced 
Energy and Sustainability Research

•	 Animal Welfare Integration: 
Understanding PV-livestock integration 
from both animal welfare perspectives 
and infrastructure compatibility 
remains underdeveloped, requiring 
comprehensive research on behavioral 
impacts and operational safety 
considerations. Earth’s Future

Outlook

51

Land, Vegetation & Desertification
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Local Case Study 
ACWA Power’s Solar 
Agriculture Integration 

While Saudi Arabia has not yet implemented 
agrivoltaic solar-grazing systems that integrate 
livestock management directly with photovoltaic 
installations, the Kingdom has developed 
significant renewable energy infrastructure 
supporting agricultural applications, including 
pilot integration projects in the Eastern Province. 
Additionally, a project under King Abdullah 
Petroleum Studies and Research Center 
(KAPSARC), which tests smart grazing systems 
in the Najd region.* Alternatively, ACWA Power 
in partnership with the Water and Electricity 
Holding Company (Badeel) and Saudi Aramco 
Power Company (SAPCO), has implemented one 
of the world's largest renewable energy portfolios 
supporting agricultural development across 
Saudi Arabia's desert regions. The consortium 

secured 8.2$ billion in financing to develop 15 
GW of renewable capacity through seven major 
projects, including the Afif1 and Afif2 solar 
photovoltaic plants (2 GW each) located in 
Riyadh Province, specifically designed to support 
the Kingdom's agricultural modernization efforts 
under Vision 2030. These installations represent 
a strategic integration of renewable energy 
infrastructure with desert agriculture initiatives, 
demonstrating how large-scale solar deployment 
can enable sustainable food production in arid 
environments (marketscreener.com).

Operationally, these solar installations 
power advanced controlled environment 
agriculture systems, including greenhouse 
facilities and precision irrigation networks that 

enable year-round crop production in desert 
conditions. The projects utilize sophisticated 
energy management systems that optimize 
power distribution between grid supply and 
agricultural operations, ensuring consistent 
energy availability for climate-controlled farming 
environments. The solar infrastructure supports 
water desalination and treatment facilities that 
provide the high-quality water essential for 
hydroponic and soilless cultivation systems, 
while advanced monitoring technologies track 
energy consumption patterns to maximize 
agricultural productivity per unit of renewable 
energy generated (Renewable Energy and 
Sustainable Development, Sustainable Futures).

The strategic significance of this deployment 
extends beyond energy generation to 

encompass food security and economic 
diversification objectives central to Saudi 
Arabia's national development strategy. These 
projects demonstrate how renewable energy 
infrastructure can enable agricultural self-
sufficiency in desert environments, reducing 
dependence on food imports while creating 
thousands of jobs in rural communities. The 
integration of solar power with advanced 
agricultural technologies establishes a 
foundation for scaling controlled environment 
agriculture across the Kingdom's vast desert 
territories, positioning Saudi Arabia as a regional 
leader in sustainable desert farming technologies 
and renewable energy-powered food production 
systems. (Acta Horticulturae)

Source: ACWA

*Insights taken from experts in the environment sector
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Innovative irrigation techniques for trees and wild plants encompass a range of systems 
designed to facilitate the growth of natural vegetation while optimizing water usage and 
increasing efficiency in managing water resources. These techniques allow for the efficient 
allocation of irrigation water tailored to specific plant needs and land characteristics‚ 
without compromising plant growth. For trees and wild plants, irrigation success is 
typically measured by survival and establishment outcomes (root development and 
drought resilience) rather than agricultural yield; therefore, deep watering regimes, pulse 
scheduling, and micro-catchment design are often required during establishment phases.

TECHNOLOGY PRIORITY GROUP FOCUS

3.2 INNOVATIVE IRRIGATION 
TECHNIQUES FOR TREES & 
WILD PLANTS
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Frontier Technologies 
in Innovative Irrigation 
Techniques for Trees & 
Wild Plants

Soil & Water 
Enhancement

Super‑absorbent hydrogel soil 
amendments

(TRL 7)

SSD / SDI with air‑injection PC 
emitters
(TRL 9)

AWG‑fed micro‑irrigation
(TRL 7)

Autonomous irrigation drones
(TRL 6)

Biochar‑amended basins
(TRL 7)

Ultra‑low‑pressure precision 
micro‑emitters

(TRL 8)

Fog‑harvesting mesh arrays
(TRL 7)

AI‑driven smart‑irrigation 
platforms

(TRL 8)

Cocoon passive‑irrigation planters
(TRL 8)

Nanobubble‑oxygenated irrigation 
water

(TRL 6)

Porous‑clay diffuser irrigation
(TRL 8)

Radiative‑cooling dew & 
condensate irrigation

(TRL 6)

Capillary‑wick slow‑release 
devices
(TRL 8)

Partial Root‑Zone Drying (PRD)
(TRL 7)

Solar‑powered desalination for 
afforestation

(TRL 7)

Precision Micro-Irrigation 
Systems

Atmospheric Water 
Harvesting Systems

Smart Automated Irrigation 
Control

The definitions of the listed technologies are in the glossary
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Innovation, Interest, and 
Investment by Technology

To assess the development of each emerging technology, our 
team collected data on four tangible measures of activity: news 
publications, patents, research publications, and investment.

Figure 19: Chart representing Innovation Score vs Interest Score 
across all 15 technologies

1.	 SSD / SDI with air‑injection PC emitters
2.	 Super‑absorbent hydrogel soil amendments
3.	 AWG‑fed micro‑irrigation
4.	 Fog‑harvesting mesh arrays
5.	 AI‑driven smart‑irrigation platforms
6.	 Solar‑powered desalination for afforestation
7.	 Cocoon passive‑irrigation planters
8.	 Biochar‑amended basins

Note: Innovation and interest scores for the 15 trends are relative to one another. All 15 
trends exhibit high levels of innovation and interest compared with other topics. While 
some technologies may have applications outside of environment, this analysis considered 
only patents, publications, and news investments in the environmental context.

 Based on the scoring methodology of the McKinsey Tech Report

9.	 Autonomous irrigation drones
10.	 Porous‑clay diffuser irrigation
11.	 Partial Root‑Zone Drying (PRD)
12.	 Radiative‑cooling dew & condensate irrigation
13.	 Capillary‑wick slow‑release devices
14.	 Nanobubble‑oxygenated irrigation water
15.	 Ultra‑low‑pressure precision micro‑emitters

For each measure, we used a defined set of data sources to find occurrences of keywords 
associated with each of the 15 technologies, screened those occurrences for valid 
mentions of activity, and indexed the resulting numbers of mentions on a 0–1 scoring 
scale that is relative to the technologies studied

The innovation score combines the patents and research scores. The 
patents score is based on a measure of patent filings, and the research 
score is based on a measure of research publications. 

The interest score reflects the number of global news publications, 
relative to the technologies studied. (While we recognize that an interest 
score can be inflated by deliberate efforts to stimulate news coverage, 
we believe that each score fairly reflects the extent of discussion and 
debate about a given technology.)

Investment depicts the flows of funding into companies linked with the 
technology, including private-market and public-market capital raises 
(venture capital and corporate M&A, including joint ventures), private 
equity (including buyouts and private investment in public equity), and 
public investments (including IPOs).

TECHNOLOGY SEGMENT

GLOBAL EQUITY INVESTMENT

Soil & Water Enhancement

<$10 Million 

Precision Micro-Irrigation Systems

$10 Million - $100 Million

Atmospheric Water Harvesting Systems

$100 Million - $1 Billion

Smart Automated Irrigation Control

$1 Billion - $10 Billion

Selected for Technology Spotlight, based 
on current activity level and 5-year 
development of innovation and interest
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Technologies Trending in 
Innovation Output and Public 
Interest
Static innovation and interest scores snapshot technological vitality, but momentum reveals 
trajectory. Tracking growth or decline exposes breakouts before rivals, flags waning hypes, 
guides timing of subsidies, calibrates capacity-building, and aligns infrastructure budgets 
with future demand. Dynamics safeguard against sunk costs and amplify the impact of the 
resources in the EWA ecosystem.

Looking into the global growth rates in patents, publications, and news published on the 
technologies studied over the past 5 years, particularly the growing momentum in the 
segment Smart Automated Irrigation Control is evident. In particular, the following 
technologies display high growth rates across all three measures examined

Figure 20: Continuous Annual Growth Rate of Patents, Publications, 
and News (2019-2024), Top 5  and Bottom 5 Technologies

Ultra-fine oxygen 
bubbles infused into 
irrigation systems to 
enhance plant root 
health and nutrient 

uptake.

Renewable energy-
driven water treatment 

converting seawater into 
fresh water specifically 

for tree planting 
initiatives.

Advanced agricultural 
systems leveraging 

artificial intelligence, IoT 
sensors, and weather 
data to optimize water 

usage.

Nanobubble-
oxygenated 

irrigation water

Solar-powered 
desalination for 

afforestation

TECHNOLOGY 
SEGMENT

NEWS

PUBLICATIONS

PATENTS

AI-driven 
smart-irrigation 

platforms

Soil & Water 
Enhancement

Precision Micro-
Irrigation Systems

Atmospheric Water 
Harvesting Systems

Smart Automated 
Irrigation Control

AI‑driven smart‑irrigation 
platforms

Nanobubble‑oxygenated 
irrigation water

AI‑driven smart‑irrigation 
platforms

Cocoon passive‑irrigation 
planters

Porous‑clay diffuser 
irrigation

Biochar‑amended 
basins

Solar‑powered desalination 
for afforestation

AI‑driven smart‑irrigation 
platforms

Super‑absorbent hydrogel 
soil amendments

Porous‑clay diffuser 
irrigation

Solar‑powered desalination 
for afforestation

Porous‑clay diffuser 
irrigation

Radiative‑cooling dew & 
condensate irrigation

Partial Root‑Zone Drying 
(PRD)

Biochar‑amended 
basins

Ultra‑low‑pressure 
precision micro‑emitters

Radiative‑cooling dew & 
condensate irrigation

Partial Root‑Zone 
Drying (PRD)

Super‑absorbent hydrogel 
soil amendments

Cocoon passive‑irrigation 
planters

SSD / SDI with air‑injection 
PC emitters

AWG‑fed 
micro‑irrigation

Capillary‑wick 
slow‑release devices

Nanobubble‑oxygenated 
irrigation water

Autonomous irrigation 
drones

Ultra‑low‑pressure 
precision micro‑emitters

Autonomous irrigation 
drones

Radiative‑cooling dew & 
condensate irrigation

AWG‑fed micro‑irrigation

SSD / SDI with air‑injection 
PC emitters

+25% -7%

+22% -14%

+67% +15%

+7% -8%

+13% -15%

+43% +15%

+1% -10%

+1% -15%

+41% +15%

0% -11%

-3% -21%

+32% +7%

0% -17%

-4% -26%

+32% 0%
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Overview of 
National RDI 
Output

Overall, Saudi Arabia is in a good 
competitive position in the technologies 
investigated. Regarding Patents, 
compared to the overall Global Patent 
Rank, our nation ranks in the global Top-
20 for five of the technologies surveyed, 
and Top-10 in one of the key emerging 
technologies in the field. Notably though, 
for the technology Porous‑clay diffuser 
irrigation, our country ranks #8 globally 
in patents registered between 2019 and 
2024.

Regarding Publications, the positioning 
is more promising with a Top-10 ranking 
in 20% of the technologies observed and 
a Top-20 ranking in more than half of the 
technologies observed. The positioning 
is especially strong in the segment 
Atmospheric Water Harvesting Systems. 
In addition, Saudi Arabia is ranked in the 
global Top-20 for most of the technologies 
in the segments Precision Micro-Irrigation 
Systems, pointing toward capability 
development in the Water innovative 
technologies. 

Figure 21: Saudi Arabia’s Positioning across Emerging Technologies, 
Global Rank in No. of Patents & Publications (2019-2024)

PATENTS

PUBLICATIONS

1.	 SSD / SDI with air‑injection PC emitters
2.	 Super‑absorbent hydrogel soil amendments
3.	 AWG‑fed micro‑irrigation
4.	 Fog‑harvesting mesh arrays
5.	 AI‑driven smart‑irrigation platforms
6.	 Solar‑powered desalination for afforestation
7.	 Cocoon passive‑irrigation planters
8.	 Biochar‑amended basins

9.	 Autonomous irrigation drones
10.	 Porous‑clay diffuser irrigation
11.	 Partial Root‑Zone Drying (PRD)
12.	 Radiative‑cooling dew & condensate irrigation
13.	 Capillary‑wick slow‑release devices
14.	 Nanobubble‑oxygenated irrigation water
15.	 Ultra‑low‑pressure precision micro‑emitters

TECHNOLOGY 
SEGMENT

Soil & Water 
Enhancement

Precision Micro-
Irrigation Systems

Atmospheric Water 
Harvesting Systems

Smart Automated 
Irrigation Control

No Patents Recorded
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AI-driven smart-irrigation platforms are advanced agricultural systems that leverage 
artificial intelligence, IoT sensors, and weather data to optimize water usage in farming. 
These platforms analyze soil moisture levels, crop water requirements, weather forecasts, 
and historical patterns to automatically adjust irrigation schedules and water distribution, 
reducing waste while maximizing crop yields and resource efficiency.

TECHNOLOGY SPOTLIGHT

3.2.1 AI DRIVEN SMART 
IRRIGATION PLATFORMS

64 65
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AI-Driven Smart-Irrigation 
Platforms
AI-driven smart-irrigation platforms represent 
a transformative approach to agricultural water 
management that combines artificial intelligence, IoT 
sensors, and predictive analytics to optimize water 
usage with unprecedented precision. These systems 
continuously monitor environmental conditions 
including soil moisture, temperature, humidity, 
and weather patterns through interconnected 
sensor networks, feeding real-time data to machine 
learning algorithms that determine optimal irrigation 
schedules tailored to specific crops and soil types 

AI-driven smart-irrigation platforms have reached TRL 
8, with system prototypes successfully demonstrated 
in real operational agricultural environments. 
Laboratory and pilot-scale testing indicate water-use 
reductions, alongside successful integration of IoT 
sensors, machine-learning algorithms, and automated 
control systems. While the technology demonstrates 
proven functionality under real farming conditions, 
further scaling, standardization, and cost optimization 
are required to enable widespread commercial 
deployment (goldncloudpublication, Zenodo). Saudi 

(goldncloudpublication, Zenodo). The technology's 
significance lies in its ability to address critical water 
scarcity challenges while maintaining plant health 
and ecosystem sustainability. Field deployments 
commonly demonstrate water savings in the range of 
20-50%, depending on the baseline irrigation method, 
vegetation type, sensor/control design, and operational 
practices. This makes them essential for sustainable 
forestry and ecosystem restoration in water-stressed 
regions, supporting biodiversity conservation and 
climate resilience goals (Zenodo).

Arabia demonstrates moderate readiness (CRL 5) for 
AI-driven smart-irrigation platforms through Vision 
2030 initiatives that explicitly integrate AI innovations 
for sustainable water management and precision 
agriculture systems. However, the Kingdom continues 
to advance its technical capacity, data quality assurance 
practices, and the development of comprehensive 
governance frameworks, which are essential enablers 
for large-scale domestic implementation. (International 
Journal of Science and Research Archive, Sustainable 
Futures).

Technology and National Capability Maturity 

*Capability Readiness Level (CRL) and Technology Readiness Level (TRL) descriptions are in the Glossary

5
Capability Readiness Level (CRL)

Technology Readiness Level (TRL) 
8

Netafim Lindsay Corporation

CropX Rachio

Arable Fasal

Jain Irrigation Systems Rain Bird

Global Key Players

Manna Irrigation
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AI-driven smart-irrigation platforms represent a transformative approach to precision 
agriculture that can reduce water consumption while increasing crop yields through 
real-time environmental monitoring and predictive analytics.

Recent advances in AI-driven smart irrigation platforms during 2025 have focused 
on integrating hybrid machine learning models, blockchain technology, and multi-
sensor fusion systems to create more autonomous and sustainable agricultural water 
management solutions.

Advantages Disadvantages

•	 High Water Efficiency: Advanced IoT 
sensors and machine learning algorithms 
enable precise water delivery based 
on real-time soil moisture, weather 
forecasts, and crop requirements, 
achieving significant water savings in 
water-scarce regions. Smart agriculture

•	 Automated decision-making: Machine 
learning models continuously analyze 
environmental parameters and historical 
data to optimize irrigation schedules with 
minimal human intervention, adapting 
to changing climate patterns and soil 
conditions for enhanced reliability. 
goldncloudpublication

•	 Increased crop productivity: 
Integration of weather forecasting APIs 
with IoT-driven monitoring systems 
enables data-driven irrigation decisions 
that maximize crop yield while reducing 
operational costs and supporting 
sustainable agricultural practices. 
SpringerNature

•	 High implementation costs: Smart 
irrigation systems require substantial 
upfront investments for sensors, 
automation equipment, and specialized 
infrastructure, creating significant 
barriers for small-scale farmers 
and limiting widespread adoption 
in developing agricultural regions. 
Contribuciones a las Ciencias Sociales

•	 Cybersecurity vulnerabilities: AI-
driven irrigation platforms face 
continuous cybersecurity risks and 
data privacy concerns, with farmers 
often relying on black-box systems 
they don’t fully understand, raising 
accountability issues when system 
failures occur. According to experts in 
the environmental sector, cyberattacks 
on smart irrigation systems pose an 
existential threat to food security, 
necessitating the implementation of 
stringent cybersecurity standards such 
as ISO/IEC 27001. Analecta Technica 
Szegedinensia

•	 Data management complexity: 
Managing vast amounts of sensor 
data, ensuring data quality, addressing 
connectivity issues, and maintaining 
system reliability pose ongoing 
challenges that can compromise system 
effectiveness and decision-making 
accuracy. CRC Press eBooks

Key Innovation Signals

•	 Hybrid machine learning integration: 
Advanced systems now combine multiple 
AI algorithms including deep learning 
and IoT sensors for enhanced precision 
farming approaches, enabling more 
accurate water optimization and crop 
monitoring capabilities. Springernature

•	 Edge computing real-time processing: 
IoT-enabled edge computing systems 
are revolutionizing real-time agriculture 
by processing irrigation data locally, 
reducing latency and enabling instant 
automated responses to changing 
environmental conditions without cloud 
dependency. IEEE Xplore

•	 Drone-integrated water management: 
Latest developments combine robotics, 
drones, and remote sensing with AI-
powered irrigation systems, enabling 
comprehensive field monitoring and 
automated water distribution across 
large agricultural areas. Smart agriculture

•	 Big data analytics enhancement: 
Modern smart irrigation platforms 
leverage advanced big data analysis and 
machine learning algorithms to process 
vast amounts of agricultural data, 
improving decision-making accuracy 
and water efficiency optimization. 
Sustainable development goals series

•	 AI-powered autonomous systems: 
Recent innovations focus on fully 
autonomous irrigation systems that 
combine artificial intelligence with IoT 
networks, transforming agricultural 
efficiency through real-time adaptive 
water management without human 
intervention. IEEE Xplore

•	 Nano-agriculture integration: Cutting-
edge developments incorporate nano-
agriculture technologies with smart 
farming systems, creating sophisticated 
irrigation platforms that utilize 
nanotechnology for enhanced nutrient 
delivery and water management 
precision. Journal of Biosystems 
Engineering

Technology Potential Latest Developments

Figure 23: Investment Development of the technology against 
Innovation score vs Interest Score

Figure 22: Patents & publications count (2019-2024) for AI-
Driven Smart-Irrigation Platforms
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Recent market analysis reveals that AI-driven smart irrigation platforms are 
experiencing rapid growth with significant water conservation achievements and 
substantial economic impact across global agricultural markets.

While global smart irrigation adoption accelerates through IoT integration and climate 
pressures, Saudi Arabia’s deployment success hinges on addressing technical 
expertise gaps, security infrastructure, and policy alignment with Vision 2030 water 
conservation goals.

Key Stats & Facts

•	 Water conservation impact: Smart 
irrigation technologies can reduce water 
consumption by up to 30% and increase 
agricultural productivity by up to 125%, 
with semi-arid regions achieving water 
savings reaching 78%. Contribuciones 
a las Ciencias Sociales

•	 Lightweight blockchain security: 
LightAgro introduces blockchain-based 
authentication using secp256k1 curves 
for secure IoT irrigation data, achieving 
85.26% ML accuracy with gradient 
boosting while protecting against cyber 
threats in smart farming systems. 
Journal of Mobile Multimedia

•	 Market value expansion: The micro-
irrigation system market, closely related 
to smart irrigation, was valued at USD 
9.9 billion in 2024 and is estimated 
to reach USD 25.1 billion by 2034. 
AgriTechTomorrow.com

•	 Advanced machine learning 
integration: ISOA-ASVM algorithm 
achieves 99.3% accuracy in precision 
irrigation by combining distributed 
parallel computing with real-time 
sensor data processing, enabling 
automated disease identification and 
climate adaptation for optimal water 
management. Research Square

•	 Crop yield improvement: AI-enabled 
predictive models have been shown to 
improve crop yield by 26%, reduce water 
use by 41%, and cut chemical usage 
by 33% through optimized farming 
operations and resource management. 
Journal of Asian Development Studies

•	 Market growth trajectory: The global 
smart irrigation market is projected to 
expand at a compound annual growth 
rate (CAGR) of 12% through 2031, 
driven by IoT adoption and climate 
resilience initiatives. natlawreview.com

Current State Requirements for Localization

•	 Multi-technology convergence: 
Smart farming operations now utilize 
comprehensive technology stacks 
combining robotics, drones, remote 
sensing, GIS, artificial intelligence, and 
IoT tools for integrated agricultural 
operations and advanced water 
management systems. Smart agriculture

•	 Digital infrastructure dependency: 
Smart irrigation systems require robust 
digital infrastructure including IoT 
devices, sensors, AI-driven analytics, 
and automation capabilities, with 
adoption success heavily dependent on 
broadband connectivity and institutional 
support frameworks. Zenod

•	 Regional adoption disparities: Smart 
farming adoption shows notable 
differences between regions, with 
affluent countries making tremendous 
progress while underdeveloped regions 
struggle with digital literacy, inadequate 
infrastructure, and budgetary 
constraints. Plant Science Today

•	 Vision 2030 policy alignment: AI-
driven smart irrigation platforms must 
align with Saudi Arabia’s Vision 2030 
framework, requiring collaborative 
governance structures and public-private 
partnerships to ensure technological 
solutions support environmental 
preservation, economic resilience, 
and international sustainability 
commitments. IJSRA

•	 Cost and educational barriers: While 
60% of Saudi farmers utilize IoT 
technologies, implementation faces 
significant barriers including high costs 
and educational challenges, requiring 
targeted capacity building and financial 
support mechanisms for widespread 
adoption. arXiv (Cornell University)

•	 Arid climate adaptation: Smart irrigation 
systems must be specifically adapted for 
Saudi Arabia’s extreme arid conditions, 
requiring precision technologies and 
controlled environment agriculture 
systems to enhance food security while 
managing water scarcity challenges 
effectively. Sustainable Futures

•	 Enabling conditions: Including metering 
and water accounting systems, salinity 
management measures, ruggedization 
for dust and heat, and integration 
opportunities with treated wastewater 
reuse where appropriate*.

Insights and Statistics Technology Adoption

*Insights taken from experts in the environment sector
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AI-driven smart irrigation platforms are evolving toward autonomous systems 
integrating predictive analytics, edge computing, and real-time adaptive control, 
though scalability and standardization challenges remain uncertain.

Future Trajectory Key Uncertainties

•	 Nano-agriculture integration: Emerging 
technologies in agriculture are advancing 
toward nano-agriculture applications 
combined with AI and big data analytics, 
enabling molecular-level precision 
in nutrient delivery and plant health 
monitoring for unprecedented agricultural 
efficiency. Journal of Biosystems 
Engineering

•	 Multi-technology convergence: Future 
smart irrigation systems will leverage 
integrated platforms combining machine 
learning algorithms, sensor data, and 
predictive analytics to create water-
efficient frameworks that dynamically 
respond to crop needs and environmental 
conditions. SHS Web of Conferences

•	 Scalable domain-independent solutions: 
Research directions focus on building 
scalable, domain-independent approaches 
that address long-term data processing 
challenges and standardization gaps to 
enable wider adoption across diverse 
agricultural settings. MDPI

•	 Data integration complexity: 
Unresolved issues persist in data 
integration, network reliability, and 
scalability of IoT-based frameworks, 
creating significant barriers to 
widespread adoption and effectiveness 
across diverse agricultural environments 
and operational scales. International 
Journal of Computational and 
Experimental Science and Engineering

•	 Infrastructure investment 
requirements: Integration of AI systems 
with existing irrigation infrastructure 
and farming practices presents 
challenging uncertainties, requiring 
significant investment in hardware 
and software with unclear return-on-
investment timelines for agricultural 
operators. Journal of Environmental & 
Earth Sciences

•	 Long-term data processing gaps: 
Critical uncertainties remain in 
processing long-term agricultural 
data due to lack of corresponding 
annotated datasets and standardization 
protocols, limiting the development of 
robust predictive models for diverse 
environmental conditions. MDPI

Outlook
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Local Case Study 
SIO Smart Irrigation 
Capacity-Building Initiative

Water scarcity and irrigation efficiency represent 
persistent challenges for agriculture in Saudi 
Arabia, particularly in regions dependent on 
groundwater and seasonal rainfall. In response, 
the Saudi Irrigation Organization (SIO), in 
collaboration with the Food and Agriculture 
Organization (FAO), implemented applied 
smart-irrigation capacity-building activities in 
Baljurashi. The initiative addressed the need to 
transition from conventional irrigation practices 
toward data-driven approaches by exposing 
farmers and extension officers to modern smart-
irrigation concepts, including sensor-based 

monitoring and decision-support systems suited 
to arid and semi-arid environments (Fao, MDPI).

The solution emphasized the practical value 
of AI-driven and IoT-enabled smart-irrigation 
platforms as described in recent scientific 
literature. These platforms combine soil-
moisture sensors, climatic data, and analytical 
models to optimize irrigation scheduling and 
reduce water losses. Research highlights that 
such systems can improve water-use efficiency, 
support crop water-demand estimation, and 
enhance decision-making under water-stressed 

conditions similar to those found in Saudi 
Arabia. The Baljurashi initiative translated these 
benefits into a local context by demonstrating 
how advanced irrigation analytics can support 
national water-conservation and agricultural 
sustainability objectives (ScienceDirect, Results 
in Engineering).

From an operational perspective, the initiative 
focused on preparing farms for real-world 
application rather than immediate large-scale 
rollout. Training and demonstrations highlighted 
how smart-irrigation systems function in 
practice, including continuous data collection 

from field sensors, analysis of soil and climatic 
conditions, and translation of analytics into 
irrigation actions. These operational principles 
are directly applicable to perennial crop 
settings, such as Al-Aziziah palm trees farm in 
Hail, Saudi Arabia. Where irrigation precision is 
critical due to high water demand and long crop 
lifecycles. By building technical understanding 
and operational readiness, the Saudi Irrigation 
Organization established a practical foundation 
for adopting AI-driven smart-irrigation platforms 
across commercial and smallholder farms. 
(Smart Agricultural Technology, MDPI).

Source: AI-generated image created using Google Gemini, prompt-based synthesis.
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Dr. Abdulrhman Alfawzan                                                                          
Principle Advisor in Environment Fund 

In an arid land with ambitious goals—like planting 10 billion trees 
and conserving 30% of our ecosystems—technology has become 
our greatest ally. From AI-driven irrigation that conserves every 
drop, to satellite monitoring of biodiversity, innovation has turned 
challenges into catalysts. While mainstream solutions gain traction, 
I’m closely watching Agrivoltaics, a dual-use model merging solar 
energy with sustainable grazing—an elegant answer to the food-
energy-water nexus. Vision 2030 and the Saudi Green Initiative have 
made environmental resilience a national priority, with financial and 
regulatory systems enabling scale. Over the next decade, we will see 
‘Saudi-Made’ solutions built for our climate, a matured environmental 
credit market, and fully integrated ecosystems where satellites, AI, 
and smart systems work in harmony. Saudi Arabia isn’t just adapting—
it’s shaping the global future of arid-zone sustainability.

 

"

"

Innovating for a Sustainable 
Future: Environment Fund in 
Environmental Technology 
Advancements 

Dr. Abdullah Alraddadi                                                                                    
Assistant Deputy Minister for International Affairs and Climate

In navigating the evolving landscape of environmental innovation, it is clear 
that the shift is no longer optional but imperative. The sector is undergoing 
a transformation driven by the urgency of climate change, water scarcity, 
and resource constraints, requiring a more integrated and forward-looking 
approach. Innovation today is not limited to technological advancement alone; 
it is increasingly about aligning policy, research, and market mechanisms to 
deliver scalable and sustainable impact. A key insight is the growing importance 
of cross-sector collaboration where governments, research institutions, and 
private players must work in tandem to accelerate solutions. At the same time, 
data and digital technologies are emerging as critical enablers, allowing for 
more precise monitoring, forecasting, and decision-making. However, the real 
challenge lies in bridging the gap between innovation development and real-
world adoption. Ultimately, success in environmental innovation will depend 
on the ability to translate ambitious strategies into actionable outcomes, 
ensuring that efforts are both locally relevant and globally aligned. This 
requires not only investment in capabilities but also a mindset shift toward 
agility, experimentation, and long-term resilience.

"

"

Innovating for a Sustainable
Future: MEWA in 
Environmental Technology 
Advancements
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Dr. Mohammed AlAssim 
Vice President for Planning and Development in MWAN

The waste sector today faces a complex set of environmental challenges that 
span the entire value chain—from limited treatment technologies and weak 
data tracking to behavioral gaps, material design issues, and waste surges 
during seasonal events such as Hajj. Technology is central to overcoming 
these challenges, particularly where innovation is still lacking, such as the 
treatment and recycling of lithium-ion batteries, which remain constrained 
by technical complexity, high costs, and lack of standardization. In Saudi 
Arabia, the transformation of the sector is being driven by a tailored approach 
through Waste Master Plans that build on local realities rather than simply 
importing international models. These plans establish a clear baseline, guide 
long-term investments, and align sector development with national priorities. 
Environmental innovation is increasingly driven by clear infrastructure gaps, 
strong policy direction under Vision 2030, and new PPP models that attract 
private investment. Over the next decade, innovation will shift from standalone 
solutions toward optimizing efficiency, cost, and digital integration. By enabling 
experimentation, strengthening R&D and talent, and fostering collaboration 
across sectors, Saudi Arabia has a unique opportunity to position itself as a 
global leader in environmental innovation.

"

"

Innovating for a 
Sustainable Future: 
MWAN in Environmental 
Technology Advancements 

Sultan Alsaif 
CEO, TerraFuel | Executive Director of Technology & Innovation in SIRC

The defining environmental challenge today is shifting from a linear 
take–make–dispose model to a fully circular economy at national 
scale. For us, this means turning waste into value—whether by 
converting municipal waste into consistent, high-quality industrial fuel, 
or by using AI and IoT to transform complex waste streams into data-
driven resource systems. Beyond what’s widely discussed, I’m closely 
watching biomass pyrolysis for biochar production and the valuation of 
carbon within the circular economy. These solutions go beyond energy 
recovery, enabling permanent carbon sequestration and improving soil 
health, particularly critical in arid regions while unlocking new pathways 
for project bankability. In Saudi Arabia, environmental innovation is 
driven by Vision 2030, a clear regulatory roadmap, and growing demand 
for industrial symbiosis. Over the next decade, the market will evolve 
from waste management to full resource management, positioning the 
Kingdom as a global hub for circular petrochemicals, integrated waste 
hubs, and exportable climate-tech solutions designed for extreme 
environments.

"

"

Innovating for a Sustainable 
Future: SIRC & TerraFuel in 
Environmental Technology 
Advancements
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Dr. Nizar Haddad                                                                                    
Programme Director in FAO KSA 

Saudi Arabia’s environmental challenge is no longer ambition, but execution 
at scale. The binding constraints are weak ecosystem monitoring, fragmented 
planning, limited institutional capacity, and incentives that are not yet fully 
aligned with measurable environmental outcomes. Technology is essential—
but only when embedded in governance, standard operating procedures, 
and national ownership. FAO’s experience shows that combining Earth 
observation, field-validated monitoring, and decision-support platforms can 
transform environmental management from isolated pilots into coordinated 
national systems. The real risk lies in unsustainable tech deployment: high-
volume data without quality assurance, scenario models without calibration, 
and platforms delivered without long-term capacity or financing. Looking 
ahead, environmental innovation in Saudi Arabia will be driven by Vision 2030 
and the Saudi Green Initiative, with rapid growth in digital monitoring, water-
smart solutions, AI analytics, and results-based financing. Saudi Arabia can 
position itself as a global leader by institutionalizing monitoring, reporting 
and verification, integrating water productivity into all land restoration 
decisions, and linking finance to verified environmental performance—
creating scalable, arid-zone solutions transferable worldwide. 

 

"

"

Innovating for a 
Sustainable Future: FAO in 
Environmental Technology 
Advancements 

Dr. Ratul Das 
Principle Advisor in Environment Fund 

Saudi Arabia’s environmental innovation story in desalination is 
fundamentally about breaking the historical link between water and 
fossil fuels. The Kingdom has moved rapidly from energy-intensive 
thermal desalination to ultra-efficient seawater reverse osmosis, 
enhanced by energy-recovery systems, solar integration, and AI-
driven plant optimization. These technologies have pushed energy use 
for desalination to record lows, transforming water production from a 
carbon liability into a pillar of net-zero strategy. What is less visible, but 
highly promising, is the emergence of next-generation approaches such 
as Batch Reverse Osmosis and novel compression technologies that 
push efficiency toward thermodynamic limits. Investment is driven by 
water-energy sovereignty, lower costs, and the ambition to localize high-
value technologies rather than import them. Over the next decade, the 
market will evolve toward autonomous, renewables-powered plants and 
advanced digital control. Ultimately, Saudi Arabia is positioning itself not 
just as the world’s largest deployer of water technology, but as a global 
exporter of climate-resilient environmental innovation.

"

"

Innovating for a Sustainable 
Future: ACWA Power in 
Environmental Technology 
Advancements
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Dr. Abdullah Alraddadi – Ministry of Environment, Water, & Agriculture 
Assistant Deputy Minister for International Affairs and Climate instruments that support national environmental priorities. Such support should not 

be limited to startups alone, but also directed toward large corporations capable of 
driving meaningful impact in the Kingdom’s environmental sector. Importantly, these 
solutions should be tailored to address local environmental challenges.

4. How do you see the market for environmental innovation evolving in the next 
5–10 years?

Saudi Arabia has been among the leading countries in investing in the environmental 
sector over the past decade and is one of the strongest proponents of innovation 
as the most effective solution to environmental challenges. The Kingdom has also 
emerged as an attractive investment destination. By leveraging targeted policies, it 
is possible to align innovation, investment, and environmental priorities in a way that 
drives a transformative shift in the sector.

5. How can Saudi Arabia position itself as a global leader in environmental 
innovation?

Saudi Arabia holds a leading global position in environmental efforts. The Saudi Green 
Initiative and the Middle East Green Initiative stand as prominent examples of this 
leadership (for more information, please refer to the initiatives’ official websites). At 
the same time, Saudi Arabia’s geographic context makes it one of the regions most 
affected by climate change and among the most water-scarce areas in the world. These 
challenges serve as key drivers of innovation. While the Kingdom has distinguished itself 
internationally through its environmental initiatives, there is significant opportunity 
to leverage this leadership to advance environmental innovation on a global scale—
aligned with Saudi Arabia’s position and the local and regional challenges it faces. 
This opportunity extends across a wide range of sectors, including but not limited 
to climate change, encompassing other environmental domains that require tailored 
and context-specific solutions.

1. What are the key environmental-related challenges, and how do technologies 
play a role in overcoming them?

Saudi Arabia faces a wide range of environmental challenges. Some are specific to 
the Kingdom and the wider region, while others are global in nature. These challenges 
can be categorized by environmental sub-sector, in line with the technology adoption 
roadmap issued by the Ministry of Environment, Water and Agriculture. Innovation has 
a role to play across all of these sub-sectors. However, given the diversity of challenges 
and the breadth of opportunities, a structured approach is essential. One proposed 
approach is to link technological opportunities with existing initiatives and declared 
national priorities. For example, climate adaptation presents a range of technologies 
that can help address the impacts of climate change. Similarly, the circular economy 
offers significant innovation potential, including areas such as recycling and resource 
optimization. The recommendation, therefore, is to align innovation efforts with 
ongoing national initiatives, ensuring they complement and reinforce existing efforts.

2. What is not yet on everyone’s radar, and you are closely following?

Answering this question is challenging due to the lack of full visibility into undisclosed 
plans across entities. However, several areas can be inferred from existing national 
initiatives, such as Saudi Green Initiative. For instance, afforestation one of the 
initiative’s key pillars requires advanced and innovative technologies to meet its 
ambitious targets. This is a particularly relevant domain for Saudi Arabia and a limited 
number of other countries, given the Kingdom’s desert environment.

3. What drives investments in environmental innovation in Saudi Arabia?

Environmental innovation is driven more by necessity than by investment, making it 
inherently more challenging than in other sectors. As a result, the government’s role 
in fostering innovation within the environmental sector is critical. This role extends 
beyond regulation and legislation to actively enabling innovation and providing financial 
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Dr. Abdulrhman Alfawzan – Environment Fund 
Principle Advisor which are incentivizing the private sector by reducing the risk of adopting green technologies. 

They aren’t just funding projects; they are building a market where environmental health 
translates into economic resilience. 

•	 RDI Missions: The Research, Development, and Innovation Authority (RDIA) has prioritized 
“Sustainable Environment & Essential Needs”, providing a clear roadmap and funding for 
high-TRL (Technology Readiness Level) solutions. 

•	 National Commitment toward Environment Protection: For example, The Circular Carbon 
Economy (CCE): Our commitment to the 4Rs (Reduce, Reuse, Recycle, Remove) drives capital 
toward technologies that can capture emissions and turn them into value. 

4. How do you see the market for environmental innovation evolving in the next 5-10 years?
The market for environmental innovation in Saudi Arabia is maturing rapidly. We are moving 
beyond proof-of-concept into broad-market industrialization. Key drivers for the next 5–10 years 
include: 

•	 Market Maturity: I anticipate a significant maturation of the domestic market, characterized 
by the establishment of robust environmental credit systems. As the public and private sectors 
increasingly align their mandates, environment solutions will transition from subsidized 
initiatives to a primary engine of economic value. 

•	 Localization of Innovation “Saudi Made”: A shift from importing environmental tech to 
developing and patenting solutions specifically designed for our climates. 

•	 Cognitive Environment: We are moving away from isolated tech silos. Ecosystem data from 
satellites will automatically feed into AI-irrigation and livestock management, we will create a 
seamless, self-optimizing ecosystem.

5. How can Saudi Arabia position itself as a global leader in environmental innovation?
Saudi Arabia serves as a global ‘Living Lab,’ where we turn the challenges of extreme heat and 
water scarcity into a blueprint for the world’s arid regions. Our leadership extends far beyond our 
borders: we are creating a scalable blueprint for nearly half of the world’s landmass facing similar 
conditions. We are standardizing ‘Arid-Tech’ for global use, driving regional restoration through 
the Middle East Green Initiative, and pioneering Anticipatory Governance. By aligning our national 
strategy with forward-thinking international frameworks, we aren’t just reacting to environmental 
trends, we are defining the future of global environmental policy. 

1. What are the key environmental-related challenges, and how do technologies play a role 
in overcoming them?
The primary challenge we face is the scarcity of resources in an arid environment, coupled with 
the ambitious scale of our national goals—such as planting 10 billion trees and protecting 30% of 
our land and marine areas. Traditionally, managing desertification or urban waste at this scale was 
labor-intensive and reactive. This is where technology came in, which brought about a qualitative 
shift in this sector and pushed towards effective environmental protection:

•	 Ecosystem Monitoring: Next-Gen SAR Satellites provide real-time tracking of biodiversity 
and habitat health across our vast, remote terrains. 

•	 Resource Efficiency: In a water-scarce region, AI-Driven Smart-Irrigation ensures that every 
drop is utilized effectively, enabling the survival of native vegetation without depleting non-
renewable groundwater. 

•	 Circular Economy: Advanced waste management technologies are turning the challenges of 
urban expansion into opportunities for resource recovery, converting waste into valuable raw 
material. 

2. What is not yet in everyone’s radar, and you are closely following?
From my point of view, most of the selected technologies in this report are in the radar, but some 
are on the edge of the radar and are not being focused on, waiting to be brought to the ground. I 
am particularly focused on Agrivoltaic “Solar-Grazing” Systems. While many see solar energy and 
land conservation as competing interests, Agrivoltaics creates a “dual-use” synergy. By placing 
solar panels over grazing lands, we provide shade that reduces soil evaporation and heat stress 
for livestock, while the panels themselves generate clean energy. It’s an elegant solution to the 
food-energy-water nexus in our desert environment. Despite its advantages, there are inherent 
technical challenges to address. This is a standard part of the innovative lifecycle, and the next 
step is for developers to proactively bridge these gaps through targeted R&D. 

3. What drives investments in environmental innovation in Saudi Arabia?
What drives investment in innovation in any country also drives it in Saudi Arabia. The future 
vision and the structural framework are keys: 

•	 National Strategies: Vision 2030 and the Saudi Green Initiative (SGI) have turned 
environmental protection from a “nice-to-have” into a core economic mission. 

•	 Financial Sustainability: There are many Financial Institutions (e.g., Environment Fund) 
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Dr. Mohammed AlAssim – MWAN 
Vice President for Planning and Development 3. What drives investments in environmental innovation in Saudi Arabia?

The current identified investment opportunities that complement the existing waste management 
infrastructure create a market opportunity for innovative solutions. Waste management is a perfect 
microcosm of this dynamic clear infrastructure gap, combined with policy goals circular economy 
under Vision 2030, creates a market opportunity that is now being filled by private investment, 
supported by new PPP models and regulations. 

This same pattern repeats across energy, water, and industrial sectors. Limitations in treatment 
capacity and technology availability for specific waste streams highlight the need for advanced, 
localized technologies. These investment opportunities, combined with the commitment of the 
National center for waste management to achieve environmental sustainability, incentivize private 
sector investment aimed at addressing unmet needs and improving overall sector performance.

4. How do you see the market for environmental innovation evolving in the next 5–10 years?
Innovation in the waste sector will continue to evolve alongside the growing waste infrastructure. 
Over the next 5–10 years, innovations are likely to shift from being primarily solution based to 
focusing on the optimization of technologies, enhancing efficiency and cost-effectiveness. The 
market is also likely to see increased adoption of digital tools and systems which will enable better 
monitoring, decision-making, and regulatory compliance within the waste management sector. 

5. How can Saudi Arabia position itself as a global leader in environmental innovation?
Establishing a clear regulatory framework that encourages experimentation and piloting while 
maintaining environmental safeguards will attract both local and international innovators, 
resulting in high-impact environmental solutions in waste management. 

Strengthening research and development capabilities, investing in talent, and fostering 
collaboration between industry, academia, and government will further enhance the Kingdom’s 
innovation capacity. Through these initiatives, Saudi Arabia can position itself to be the pioneer in 
the sector, exporting its influence and expertise globally.

1. What are the key environmental-related challenges, and how do technologies play a role 
in overcoming them?
The waste sector faces a variety of challenges that can be grouped into five key categories: 
value chain technologies, digitization and data tracking, seasonal events waste surge (Hajj); 
awareness, capabilities, and behaviors; and materials design and value. Each of these categories 
encompasses several challenges that need to be addressed, with each challenge requiring a 
specific approach. With respect to the value chain technology category, many of the challenges 
arise from the limited availability of technologies to treat certain types of waste. For example, one 
important challenge within this category is the limited innovative financially viable solutions to 
treat lithium-ion batteries. 

The treatment and recycling of spent lithium-ion batteries (LIBs) face several limitations, including 
the complexity of disassembling tightly integrated components, the need for sophisticated 
technology, and the lack of standardization among manufacturers. This is a potential area for 
an innovative technological solution that can play a critical role in addressing existing gaps and 
providing more efficient ways to utilize and extract value from all waste streams.

2. What is not yet on everyone’s radar, and you are closely following?
In managing the waste sector, the National Center for Waste Management (MWAN) is orchestrating 
a distinctive approach through the development of Waste Master Plans aimed at transforming the 
sector holistically. 

The project established a baseline of the existing infrastructure, developed detailed frameworks 
to guide the evolution of waste management systems, and formulated comprehensive plans for 
sector-wide investments. 

Rather than directly adopting international best practices, the Waste Master Plans identify, adapt, 
and tailor those practices to align with the Kingdom’s existing waste infrastructure and specific 
national needs across all relevant waste streams.
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Sultan Alsaif - TerraFuel & SIRC 
CEO and Executive Director 3. What drives investments in environmental innovation in Saudi Arabia?

Investment is driven by the clear regulatory roadmap provided by the National Waste 
Management Law and the strategic mandates of Vision 2030. Beyond regulation, 
there is a growing demand for Industrial Symbiosis. Companies are no longer just 
looking to dispose of waste; they are seeking energy security. TerraFuel’s model 
of converting waste into industrial fuel offers a hedge against price volatility while 
helping corporations meet their ESG (Environmental, Social, and Governance) targets.

4. How do you see the market for environmental innovation evolving in the next 
5–10 years?

We will see a total shift from “Waste Management” to “Resource Management.” 
The market will evolve into an integrated ecosystem where “waste” is the primary 
feedstock for new industries. We expect the emergence of a vibrant local Climate-
Tech sector, where Saudi startups develop home-grown solutions for water-scarce 
and high-temperature environments, eventually exporting this expertise globally.

5. How can Saudi Arabia position itself as a global leader in environmental 
innovation?

By becoming the global hub for “Circular Petrochemicals” and “Integrated Waste 
Hubs.” Saudi Arabia has the unique advantage of having world-class industrial players 
(like SABIC and Aramco) and a dedicated national circular economy driver (SIRC). 
By standardizing the use of 4IR technologies (AI, Blockchain, and Robotics) in waste 
processing, we can export the operational blueprints for modern, sustainable cities 
to the rest of the world.

1. What are the key environmental-related challenges, and how do technologies 
play a role in overcoming them?

The primary challenge is the transition from a linear “take-make-dispose” model to a 
fully circular economy at a national scale.

•	 From a TerraFuel perspective: The challenge is ensuring the consistency and 
quality of waste-derived feedstock. We utilize Advanced Mechanical-Biological 
Treatment (MBT) to convert municipal waste into high-quality Refuse-Derived 
Fuel (RDF), providing a sustainable alternative to fossil fuels for heavy industries 
like cement production.

•	 From a SIRC perspective: The challenge is managing the complexity and volume 
of diverse waste streams. We are leveraging AI-driven sorting and IoT-enabled 
logistics to transform waste collection into a data-driven resource recovery 
operation.

2. What is not yet on everyone’s radar, and you are closely following?

I am particularly focused on Biomass Pyrolysis for Biochar production. While much of 
the industry focuses on energy recovery, we see a massive opportunity in converting 
agricultural and organic waste into biochar. This technology supports the Saudi 
Green Initiative (SGI) by enhancing soil health and providing a permanent method 
for carbon sequestration in arid environments. Additionally, the Valuation of Carbon 
in the Circular Economy—integrating waste management into global carbon credit 
markets—is a frontier that will redefine project bankability.
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Dr. Nizar Haddad – FAO                                       
Programme Director including SOPs, indicators, compliance triggers, seasonal mobility/corridor mapping, and 

participatory agreements on grazing access rules. FAO support digital grazing management 
with Earth Observation monitoring and structured field verification, thereby using technology 
to makes conditions and compliance visible and allowing governance mechanisms to make 
behavior change possible. 

•	 Misaligned state incentives, especially in grazing system remain a binding constraint, even 
as Saudi Arabia strengthens regulation, permitting, and sector restructuring. FAO supports 
the design of results-based incentive packages that have potential to link permits and 
operational SOPs to measurable KPIs, risk-based inspections, tiered penalties/fees, and pay-
for-outcomes contracts backed by MRV. This would allow Saudi Arabia to reward compliant 
actors and discourage non-compliance. 

•	 Agri-food and biomass waste in Saudi Arabia is under optimized by fragmentation, weak 
planning integration, and financing constraints. FAO can support circular bioeconomy planning 
that maps biomass supply (food loss/waste, residues, manure), identify optimal processing 
nodes (composting, anaerobic digestion, biochar), and connect these to land restoration and 
soil improvement. Based by MRV performance metrics, Saudi can move to service models and 
PPP ready investments with clean environmental, greening, and land rehabilitation benefits. 

•	 Severe hyper-arid constraints and water stress, recently being exacerbated by increased 
exposure to climate shocks. FAO tools such as WaPOR can help quantify water productivity 
and evapotranspiration patterns, supporting smarter irrigation scheduling and accountability. 
Further, scenario tools such as AquaCrop can support testing of water-deficit strategies under 
heat stress. Additionally, FAO early-warning and risk mapping tools such ASIS help translate 
drought and vegetation stress signals into trigger-based contingency actions to protect 
investments and livelihoods. 

FAO provides range suitable technologies to address Saudi environmental challenges. However, 
these require to be embedded in workflows and governance and further strengthened through 
standardized monitoring and MRV, inter-agency coordination, spatial decision support, enforceable 
compliance systems, and results-based financing. FAO added value is in enabling the full chain, 
from tools and protocols to capacity building to and operationalization. The result will be faster, 
more coordinated, and measurable and effective environmental decisions at scale across Saudi 
Arabia. 

2. What is not yet on everyone’s radar, and you are closely following? 

FAO strengthen is in supporting technology implementation especially through selection, piloting, 
and scaling of environmental technologies in Saudi Arabia. From our work, the operational gap 
between environmental ambitions and what will work on the ground sustainably is one of the 
concerns always on our radar. Here, we identify and follow some areas on concern as summarized 
below. 

1. What are the key environmental-related challenges, and how do technologies play a role 
in overcoming them?

Saudi Arabia’s priority environmental challenges are well known. These can be summarized as 
limited systems and ability to measure environmental conditions consistently, weak coordination 
of planning and decisions across agencies and mandates, limited institutional and human 
capacity, weak enforcement and environment compliance, and proven systems to scale out 
innovative technologies and practices. Most important, technology and innovation must align with 
policies, standard operating procedures and other enablers. The key environmental challenges 
are highlighted below: 

•	 Weak ecosystem monitoring and verification for land degradation, vegetation condition, 
biodiversity pressures, and restoration performance. FAO combines cloud-based Earth 
observation analytics (e.g., SEPAL) with standardized field data collection and validation 
workflows (e.g., Open Foris). Together, these enable repeatable monitoring, quality assurance, 
and verifiable reports, allowing interventions be targeted, tracked, and adapted where 
necessary. 

•	 Limited human and institutional capacity to operate environmental data systems, tools, 
and decision support. In many instances, private contractors fill the gaps but in a fragmented 
arrangement, thereby lowering technology and innovation ROI. FAO supports targeted training 
and developing guidelines, protocols, QA routines, and workflows that help Saudi national 
teams consistently generate and maintain decision maps, environmental indicators, and 
dashboards. 

•	 Weak integration of environmental safeguards into spatial planning and investment 
decisions. FAO decision support platforms and workflows such as the Hand-in-Hand Platform 
combined with FAO Earth Observation tools and field validation allow multi-sector spatial 
overlays that connect ecosystem sensitivity, land degradation risk, and infrastructure setup 
needs for specific development scenarios. This improves prioritization and reduces costly 
conflicts by embedding environmental constraints and opportunities into land-use planning 
upfront. 

•	 Severe degradation of vast rangelands driven by multiple factors but mostly attributed 
to rangeland grazing governance gaps including unsustainable grazing pressure, weak 
enforcement, unclear access rules, and limited range management mechanisms. FAO’s 
Pastoralist Knowledge Hub advocates “Digital grazing management” as an operational system 
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For national parks, field-based assessments informed 1 model national park and supported 
nationwide national park planning processes. Across data and geo-spatial, FAO provided sustained 
technical support and delivered more than 80 technical outputs and supported development 
of a digital platform and standardized data collection tools for forests, rangelands, vegetation 
rehabilitation, and land degradation monitoring. To ensure sustainability, FAO backed these 
activities by capacity building for over 300 office and field staff of NCVC. From FAO perspective, 
the priority is to align deployment of environmental technology and innovation with coordinated 
operational systems. FAO tools such as Hand-in-Hand Platform), range of open-source Earth 
Observation tools such as SEPAL and Open Foris, and simulation and scenario models tools such 
as WaPOR and ASIS coupled with field validated MRV workflows and participatory community 
engagement provide a solid foundation for sustainable application of rapidly development 
environmental technology and innovation in Saudi Arabia.

3. What drives investments in environmental innovation in Saudi Arabia? 

Investments in environmental innovation in Saudi Arabia are most consistently triggered by 
delivery against national targets such as Vision 2030 and the Saudi Green Initiatives. Within the 
sector, investments are highly geared towards high tech solutions, international best practices 
and standards, and reducing risks and improving efficiency. 

FAO’s value is to connect investments to deployable national systems to provide shared planning 
layers, so innovations align with national priorities, remain sustainable beyond projects, and 
produce verified outcomes that will unlock further financing and scaling. 

4. How do you see the market for environmental innovation evolving in the next 5–10 years? 

Saudi Arabia’s environmental innovation market is expected to expand rapidly, driven by 
government commitments and investments through flagship projects such as the Saudi Green 
Initiative. It is important to note that the kingdom has high commitment in the sector and requires 
all projects to mainstream the protection of the environment. Based on current trends, Key areas of 
environmental innovation will focus on water management including renewable water harvesting, 
grey water use, and water use efficiency, climate action and climate-smart technologies, and 
environment sector digitalization among others. 

Use of digital monitoring, AI Analytics, and IoT will be scaled up for rangelands, forests, and 
protected area management. Cloud based Remote sensing and Earth Observation tools will play 
important roles in climate actions, smart irrigation systems, and water use efficiency modelling 
and scenarios including for land rehabilitation and urban greening. 

•	 Coordination bottleneck: Agencies have overlapping mandates in land rehabilitation, 
biodiversity, and monitoring and can run parallel interventions without benefiting each other 
and without sharing data and information to guide prioritization of actions. This increases 
technology costs and may dilute impact. 

•	 Technology sustainability: Contract focused delivery without complementary institutional 
capacity development can be a sustainability trap. Without national ownership, institutional 
capacity, clear data governance, and long-term operating financial arrangements, platforms 
and apps delivered through well intended contracts may not survive.

•	 Data quality: Mobile apps and digital tools are being adopted faster than the required technical 
capacity for quality control and assurance, calibration, and data collection. This is especially 
so and these tools tend to replace costly field verification. The risk is high volume of data with 
limited quality for solid planning and decision support. 

•	 Scenario models: With tools for complex scenario modelling being available to everyone, 
simulations are increasingly used for planning, design, and implementation support. 
Unfortunately, in most cases, calibration and validation efforts are thin either because of 
urgency to deliver or because quality field data to is not available for calibration and validation. 

•	 Community engagement: Within the environment sector, local institutions and communities 
are not strongly involved mostly because of limited structured participatory governance 
including resource use agreements, access rules and incentives. The vital stakeholders remain 
observers while they should be active environmental and land resource co-managers. 

These insights come from FAO ongoing engagement in the environment sector through the 
Sustainable Rural Agriculture Development (SRAD) Project designed together with Ministry of 
Environment, Water and Agriculture (MEWA) and implemented in collaboration with the National 
Center for Vegetation Cover and Combating Desertification (NCVC). Through the SRAD project, 
FAO supported evidence-based planning and implementation across forests, rangelands, 
national parks, land desertification, and geospatial systems, utilizing range of FAO environmental 
technologies. In forests, the project surveyed and mapped 613,132 hectares across 492 forest 
sites in 5 regions, produced 5 regional forest atlases, and developed and piloted the National 
Forest Inventory in Al-Baha, scaling it out across the Kingdom. In rangelands, 26 priority sites 
covering approximately 8 million hectares were surveyed, assessed, and mapped. For land 
desertification control, sand encroachment control was piloted in 1 region, protecting 22,176 
hectares and 616,650 trees. 
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Water is the binding constraint in Saudia Arabia and the Kingdom position as a global environmental 
leader with be strengthened by becoming reference country for water-smart environmental 
solutions including land restoration and vegetation cover establishment. FAO can support water 
management approach that links operational protocols to measurable evidence using tools such 
as WaPOR to track evapotranspiration and water productivity patterns, and AquaCrop to test 
deficit irrigation and heat-stress scenarios. This is crucial for assessment of how technologies 
would perform when scaled out to different water-constraint environments. 

This will turn “smart irrigation” from a market claim into enforceable guidance and performance 
accountability. In the rangelands, Saudi can lead by demonstrating that sustainability is achievable 
through a practical mix of governance and technology. FAO can help translate grazing policies 
into a digital grazing management framework with clear SOPs, indicators, and compliance alerts, 
supported by seasonal planning, mobility and corridor mapping, and participatory agreements on 
grazing land access rules. 

These actions will make conditions and compliance visible and translate range governance 
mechanisms into behavioral change. Another action that would strategically position Saudi Arabia 
as a global leader is by scale what works in specific pilots and environment using financing models 
tied to verified outcomes. 

FAO can help package programmes into performance-based service models and pay-for-results 
mechanisms that use MRV evidence to trigger payments, remove or reduce private sector risk, 
and crowd sourced green finance. The model would be repeatable with plug and play components 
including strong coordination, verified outcomes, disciplined water management, enforceable 
rangeland governance, and finance that rewards impact, focused on arid and hyper-arid realities 
and transferable to similar environments worldwide.

Progress will be made in developing, testing, and adapting models for integrating private sector 
investments in land resources rehabilitation and payment for ecosystem services, especially 
at local community and land user levels. Recent development will allow effective integrated 
environmental data systems through crowd sources and citizen data, which will facilitate 
embedding of environmental intelligence into business, infrastructure development, land-use 
planning, and in policy design. Further, establishment of innovation hubs will support testing, 
adaptation, and scaling up of environmental innovations and technologies.

5. How can Saudi Arabia position itself as a global leader in environmental innovation? 

This section looks at how Saudi Arabia can take advantage of FAO technology and solutions to 
position itself as a global leader in environmental innovation. The key strategy would be to build a 
national environment “system” that allows single, coordinated delivery model. With FAO support, 
this can be anchored in shared spatial planning and targeting layers using tools such as Hand-in-
Hand Platform coupled with decision-ready visualization using tools like Earth Map. 

The model would be simple - one common view of priorities, interventions, and risks across 
agencies, with dashboards that translate data into decisions for leaders, technical teams, and 
field enforcement. Saudi can strengthen its global position by institutionalizing Monitoring 
Reporting and Verification that combines satellite analytics with field-validated evidence. For this, 
SEPAL would be ideal for scalable Earth Observation processing while Open Foris would provide 
standardized field data collection, verification, and QA. However, FAO’s value would not only be in 
the tools, but the operationalization of SOPs, sampling approaches, indicator definitions, quality 
control points, and national capacity development so that systems remain functional beyond 
specific projects. 
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Dr. Ratul Das – ACWA Power 
Executive Manager, Research and Development Furthermore, there is a powerful push to transform the sector from a technology 

importer into a global exporter; by localizing the manufacturing of RO membranes 
and integrating Industrial AI, the Kingdom is building a knowledge-based economy 
that treats water security as a high-tech industrial asset. This shift not only secures a 
sustainable supply for giga-projects but also positions KSA as the primary “testbed” 
for the world’s next generation of climate-resilient water tech.

4. How do you see the market for environmental innovation evolving in the next 
5–10 years?

In the next 5–10 years, Saudi Arabia’s desalination sector will shift from merely scaling 
up production to achieving “energy-neutral” water through radical technological 
integration. By 2030, the Kingdom aims to have 50% of its desalination capacity 
powered by renewables, while the subsequent five years will likely see the deployment 
of Small Modular Reactors (SMRs) to provide consistent, carbon-free baseload power. 
This energy evolution is being managed by a “digital-first” market where Autonomous 
Plants—run by predictive AI and digital twins—optimize every kilowatt-hour in real-
time. Ultimately, the focus is transitioning from being the world’s largest consumer of 
water tech to its primary exporter, localizing the manufacturing of core components 
like membranes and high-pressure pumps to turn water security into a high-tech 
industrial engine.

5. How can Saudi Arabia position itself as a global leader in environmental 
innovation?

Saudi Arabia is positioning itself as the global leader in environmental innovation by 
shifting from a consumer of technology to a primary “scaling engine” and IP builder. 
A major takeaway from the 2026 Innovation Days in Riyadh was the signing of 27 
strategic partnerships specifically designed to bridge the gap between lab research 
and industrial deployment. Key insights from the event highlight a move towards 
“disruptive efficiency”: the Kingdom will now pilot Batch Reverse Osmosis (via 
MIT’s Harmony Desalting) to push energy recovery to its thermodynamic limit, and 
Gravitational Vapor Compression (with WGA), a green technology that moves beyond 
the traditional thermal and membrane limits, all these to dramatically lower the cost 
of water production. By integrating these deep-tech solutions with Industrial AI to 
automate energy loads and utilizing advanced anti-fouling membranes, KSA is not just 
securing its own water future but is actively packaging these localized innovations as 
a high-tech export for the global market.

1. What are the key environmental-related challenges, and how do technologies 
play a role in overcoming them?

The primary environmental challenge for Saudi Arabia’s desalination sector is its 
historically high energy intensity, which has traditionally relied on the combustion of 
hundreds of thousands of barrels of oil daily to power thermal plants. To mitigate this, 
the Kingdom has aggressively transitioned to Sea Water Reverse Osmosis (SWRO), a 
process that requires significantly less electricity. By 2026, this shift is being optimized 
through the widespread installation of Energy Recovery Devices (ERDs), such as 
pressure exchangers, which recycle up to 98% of the energy from waste streams, 
and the integration of dedicated solar farms to decouple water production from the 
carbon-heavy grid. These advancements, combined with AI-driven load management, 
have slashed the energy required to produce a cubic meter of water to record lows—
approaching 2.7 kWh/m^3—effectively transforming desalination from a fossil-fuel-
dependent liability into a core component of the Kingdom’s net-zero ambitions.

2. What is not yet on everyone’s radar, and you are closely following?

What’s currently flying under the mainstream radar but gaining serious momentum in 
the Kingdom is the shift toward Batch Reverse Osmosis (Batch RO). While standard 
RO is the current king, Batch RO—being piloted through partnerships like the one with 
Harmony Desalting (from MIT)—uses a “closed-loop” pressure cycle that avoids the 
energy waste of continuous flow, potentially pushing efficiency toward the theoretical 
thermodynamic limit.

3. What drives investments in environmental innovation in Saudi Arabia?

Investment in Saudi Arabia’s desalination innovation is primarily propelled by the 
strategic need to decouple water production from fossil fuel consumption, effectively 
freeing up millions of barrels of crude oil for export while lowering the Levelized Cost 
of Water. Under the dual mandates of Vision 2030 and the Saudi Green Initiative, 
the Kingdom is prioritizing “water-energy sovereignty” by transitioning to high-
efficiency, solar-integrated Reverse Osmosis to meet its aggressive Net Zero targets. 

Interviews – Questions for 
Sector Leader  
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Selection Criteria Scorecard

Technology Segment
Technology 
Readiness 

Level

Spotlight 
Score

TPG 1

01 Smart GPS Collars & Virtual Fencing Digital Livestock Monitoring Systems 9 39

02 Satellite based soil carbon MRV Pasture Intelligence & Analytics 7 55

03 Methane mitigation wearables Digital Livestock Monitoring Systems 6 31

04 Pasture biomass analytics Pasture Intelligence & Analytics 8 39

05 Stocking rate optimisers Pasture Intelligence & Analytics 8 30

06 Edge AI rumen bolus & health sensors Digital Livestock Monitoring Systems 7 33

07 Sat IoT Pump Automation Sustainable Feed & Forage Production 8 9

08 Agrivoltaic “Solar Grazing” Systems Sustainable Feed & Forage Production 8 75

09 Autonomous pasture rovers & feeders Pasture Intelligence & Analytics 7 33

10 Containerised hydroponic fodder units Sustainable Feed & Forage Production 9 33

11 Blockchain livestock traceability Digital Livestock Monitoring Systems 7 36

12 Single-cell protein production Sustainable Feed & Forage Production 7 52

13 CRISPR edited drought /salt tolerant forage 
grasses Genetic & Biological Enhancement 6 30

14 Microbiome bio stimulant inoculants for arid 
pastures Genetic & Biological Enhancement 8 28

15 Insect farming for sustainable livestock production Sustainable Feed & Forage Production 8 58

Technology Segment
Technology 
Readiness 

Level

Spotlight 
Score

TPG 2

16 SSD / SDI with air injection PC emitters Precision Micro-Irrigation Systems 9 32

17 Super absorbent hydrogel soil amendments Soil & Water Enhancement 7 35

18 AWG fed micro irrigation Atmospheric Water Harvesting 
Systems 7 14

19 Fog harvesting mesh arrays Atmospheric Water Harvesting 
Systems 7 19

20 AI driven smart irrigation platforms Smart Automated Irrigation Control 8 89

21 Solar powered desalination for afforestation Atmospheric Water Harvesting Systems 7 22

22 Cocoon passive irrigation planters Soil & Water Enhancement 8 13

23 Biochar amended basins Soil & Water Enhancement 7 28

24 Autonomous irrigation drones Smart Automated Irrigation Control 6 25

25 Porous clay diffuser irrigation Precision Micro-Irrigation Systems 8 21

26 Partial Root Zone Drying (PRD) Precision Micro-Irrigation Systems 7 24

27 Radiative cooling dew & condensate irrigation Atmospheric Water Harvesting 
Systems 6 0

28 Capillary wick slow release devices Precision Micro-Irrigation Systems 8 4

29 Nanobubble oxygenated irrigation water Soil & Water Enhancement 6 19

30 Ultra low pressure precision micro emitters Precision Micro-Irrigation Systems 8 59
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TRLs are used as methods of assessing the maturity of a technology being developed. It has a scale from 
1-9 (from basic principles and research to actual proven systems and full commercial application)

Basic Technology 
Research	

Basic science 
capabilities and 
facilities are limited 
in KSA

Applied Research

•	 Small-scale 
basic science 
completed in 
KSA, by local and 
foreign personnel

•	 Necessary lab 
equipment 
physically 
located in the 
KSA; with limited 
dependence on 
out sourcing

Laboratory Testing 
of prototype 
component or 
process

Functional applied 
science applications 
of relevant tech 
completed at a 
small scale in either 
Saudi labs, or by 
tech-focused KSA 
companies (e.g., 
MNCs and National 
Champions)

Critical Function

•	 Multiple KSA labs 
are fully capable 
of conducting 
appropriate basic 
science.

•	 Research output 
from local labs 
widely published 
and cited in Int’l 
peer reviewed 
journals

Laboratory Testing 
of Integrated 
system

•	 Functional tech. 
modules built 
in several Saudi 
labs and/or 
companies.

•	 Findings widely 
published.

•	 Large group of 
skilled Saudi 
scientists, 
engineers, and 
technologists 
enabled

Prototype System 
Verified

•	 Saudi labs or 
companies have 
produced Minimum 
Viable Products (MVP) 
of fully functional tech 
components.

•	 MVPs demonstrated 
in public forums and 
conferences

Commercial Design

•	 In-country 
manufacturing 
capacity exists at cost 
levels comparable to 
similar systems.

•	 Tech-based service, it 
can be deployed and 
provisioned worldwide

Pilot System 
Demonstrated

•	 In-country 
manufacturing 
capacity exists at 
scale.

•	 If it is a Technology-
based service, it can 
be deployed and 
provisioned nationwide

Full Commercial 
Deployment

•	 In-country 
manufacturing 
capacity has produced 
scale quantities 
sold nationwide and 
internationally 

•	 Tech-based service 
deployed in multiple 
countries.

CRL is a scale that assesses the market readiness and economic viability of a technology, ranging from 1 to 9. 
It focuses on the business model, market validation, and the commercial need for the technology, ensuring 
that the solution meets market demands and has a viable business case. Unlike TRL, CRL is more subjective 
and requires detailed market analysis.

sources: 
1. TRL – Definition is designed by NASA https://esto.nasa.gov/files/trl_definitions.pdf.There is detailed 
description for hardware and software https://www.nasa.gov/pdf/458490main_TRL_Definitions.pdf 
2. CRL – Definitions are designed by RDIA National Mission Guidebook

Technology Readiness Level (TRL)

Capability Readiness Level (CRL)

Glossary

TRL1

CRL1

TRL3

CRL3

TRL2

CRL2

TRL4

CRL4

TRL5

CRL5

TRL6

CRL6

TRL7

CRL7

TRL8

CRL8

TRL9

CRL9
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Terminology Description

1 Smart GPS Collars 
& Virtual Fencing

Collars equipped with GPS, accelerometers and audio tactile cues pair with cloud software to create 
invisible, programmable boundaries. Managers shift paddocks via smartphone, automate adaptive 
rotations and protect sensitive riparian or reforested zones without costly fencing. Data improves 
grazing efficiency, labour productivity and rangeland health across vast Saudi desert ranches.

2 Satellite based soil 
carbon MRV

Constellations of multispectral and radar satellites integrate with machine learning models and limited 
field cores to estimate soil organic carbon stocks at hectare scale. The service delivers audit ready MRV 
for carbon markets within days, replacing months of sampling. Accurate, repeatable metrics unlock 
regenerative grazing incentives and natural capital reporting.

3 Methane mitigation 
wearables

Nose mounted or collar based devices oxidise exhaled methane using catalytic filters and capture 
data on each animal’s emissions. Trials show up to sixty percent reduction in enteric methane without 
affecting productivity. Integrated sensors provide health analytics and quantify carbon credits, giving 
ranchers revenue while supporting national climate pledges.

4 Pasture biomass 
analytics

AI models merge Sentinel 2 imagery, drone photogrammetry and ultrasonic sensors to precisely predict 
pasture height, biomass and nutritive value in near real time. Dashboards flag deficits, guide rotation 
timing and estimate feed budgets, enabling data driven stocking decisions that prevent overgrazing, 
reduce drought risk and optimise livestock weight gains.

5 Stocking rate 
optimisers

Cloud platforms such as StockSmart fuse biomass data, weather forecasts, stocking history and terrain 
to simulate forage supply against demand. Algorithms recommend daily herd moves and stock numbers, 
creating adaptive grazing plans that maximise utilisation while maintaining ecological thresholds. 
Managers export actionable maps, reducing planning time and wildfire fuel loads.

6
Edge AI rumen 
bolus & health 
sensors

Indwelling ceramic boluses powered by induction capture rumen temperature, pH, activity and 
conductivity; on device microcontrollers flag anomalies before clinical signs appear. Bluetooth or LoRa 
uploads feed AI dashboards that predict heat stress, acidosis and calving, reducing mortality and 
antibiotics. Long life design delivers decade scale welfare gains and savings.

7 Sat IoT Pump 
Automation

Satellite connected ultrasonic sensors monitor trough levels and trigger solar pumps or alerts when 
thresholds drop. Low power modules use direct to satellite links, bypassing patchy cell coverage. 
Systems slash water run driving, avert stock dehydration and generate data that supports long term 
drought planning and rangeland water infrastructure decisions

8 Agrivoltaic “Solar 
Grazing” Systems

Dual use solar farms integrate rotational livestock grazing beneath elevated photovoltaic arrays. Panels 
provide shade and windbreaks, improving pasture moisture while sheep maintain vegetation, reducing 
mowing costs. Studies report higher soil carbon and diversified revenue for landowners. Optimised 
designs create microclimates, enhancing forage yield in arid zones like Saudi rangelands.

9
Autonomous 
pasture rovers & 
feeders

Self driving, all terrain robots haul and dispense feed, collect machine vision pasture images and herd 
movement data during each run. Onboard AI avoids obstacles and navigates predefined routes from 
cloud maps. Removing daily tractor runs saves labour, fuel and compaction, while sensing supports 
adaptive grazing and early predator detection.

10
Containerised 
hydroponic fodder 
units

Forty foot containers convert grains into fresh green fodder within seven days using stacked hydroponic 
trays, LED lighting and misting. Automation controls light, temperature and nutrient dosing, delivering 
eight kilograms of forage per kilogram of seed with minimal water. Portable units ensure year round feed 
production independent of rainfall variability.

3.1 GRAZING LAND MANAGEMENT

Terminology Description

11
Blockchain 
livestock 
traceability

Distributed ledgers record animal identity, health treatments, movement permits and slaughter data, 
timestamped and tamper proof. QR codes or RFID tags link carcasses to sustainability metrics, satisfying 
export, halal and deforestation free requirements. Smart contracts automate compliance reporting and 
carbon credit issuance, building consumer trust and premium global market access.

12 Single-cell protein 
production

Gas‑fermentation or heterotrophic microbes convert methane, methanol or carbon based substrates 
into high protein microbial biomass. Year round bioreactors use minimal land and water, supplying 
sustainable protein for aquafeed, pet food, and emerging ruminant applications in water constrained 
regions.

13

CRISPR edited 
drought /salt 
tolerant forage 
grasses

Genome editing modifies stress response pathways in forage crops such as alfalfa, ryegrass, and 
sorghum to enhance tolerance to water deficit and salinity. Edited lines show improved biomass stability 
under drought or saline conditions in controlled and early field trials, supporting climate resilient forage 
production.

14

Microbiome 
bio stimulant 
inoculants for arid 
pastures

Drought adapted microbial consortia are applied to degraded rangelands to enhance nutrient availability, 
soil aggregation, and root development. These bio-stimulants improve soil water retention and pasture 
productivity while reducing dependence on synthetic fertilizers in arid and semi-arid systems.

15

Insect farming 
for sustainable 
livestock 
production

Insect based systems, particularly Black Soldier Fly larvae, convert organic waste into high protein meal 
and lipids for animal feed. Production delivers efficient nutrient recycling, reduced land use, and co 
products such as frass fertiliser, supporting circular bioeconomy livestock supply chains.

Glossary



108

Environment Innovation Trends Land, Vegetation & Desertification

109

Terminology Description

1
SSD / SDI with 
air injection PC 
emitters

Buried drip lines with pressure compensating emitters inject water mixed with micro bubbles directly 
into root zones, cutting surface evaporation, boosting oxygenation, lowering pumping energy and de-
livering uniform moisture in sandy soils. Desert trials show forty percent water savings and faster root 
biomass development relative to conventional surface drip irrigation.

2
Super absorbent 
hydrogel soil 
amendments

Cross linked polymer or biopolymer hydrogels mixed into soil or encapsulating seeds absorb hundreds 
of times their weight in water, then slowly release moisture as soils dry. Formulations using starch, guar 
and silica improve seedling survival, halve irrigation frequency and reduce fertiliser leaching, enabling 
successful afforestation in arid dune landscapes.

3 AWG fed micro 
irrigation

Solar powered desiccant or condensation units capture atmospheric humidity, store water in tanks and 
feed low flow drip or emitter nets. Systems producing 500–5 000 litres daily operate off grid, displacing 
water tankers, lowering diesel emissions and providing reliable resilient irrigation water for remote Sau-
di Green Initiative planting corridors.

4 Fog harvesting 
mesh arrays

Vertical polypropylene or biomimetic meshes condense fog droplets transported by wind, channeling 
clean water into gravity tanks. Optimised fibre diameters and hydrophobic coatings reach nine litres per 
square metre daily in coastal or highland fog belts, providing zero energy supplementary irrigation for 
trees and shrubs across Saudi mountains and oases.

5 AI driven smart irri-
gation platforms

Networks of soil moisture and weather sensors transmit data to edge or cloud algorithms merging sat-
ellite imagery and climate forecasts using machine learning. The platform generates zone level watering 
commands, lowering consumption twenty to forty percent, preventing over irrigation and integrating 
with solar pumps across urban landscaping and restoration projects.

6
Solar powered 
desalination for 
afforestation

Photovoltaic or solar thermal driven reverse osmosis plants desalinate brackish or seawater and pipe it 
through high efficiency drip networks. Integrating renewable power slashes operational carbon, while 
fertigation optimises nutrient delivery. Pilots on Red Sea coasts irrigate mangrove and acacia groves 
without stressing fossil groundwater reserves, supporting sustainable desert agriculture.

7 Cocoon passive 
irrigation planters

Reusable doughnut shaped reservoirs encircle seedlings, collecting precipitation and condensation, 
then releasing small daily doses via wicks. Biodegradable versions degrade after roots establish. Sur-
vival rates exceed ninety percent with ninety percent less irrigation water, making them attractive for 
Saudi afforestation and urban tree campaigns while providing protection and root insulation.

8 Biochar amended 
basins

Locally produced biochar blended with sand is used to form planting basins that enhance soil water 
retention, nutrient holding capacity, and microbial activity. Biochar’s porous structure improves root 
zone aeration, reduces nutrient leaching, and sequesters stable carbon, supporting improved sapling 
establishment and reduced irrigation demand in arid field trials.

9 Autonomous irriga-
tion drones

Unmanned aerial or ground vehicles equipped with multispectral cameras, LiDAR and variable rate 
sprayers autonomously patrol plantations, detecting drought stress and delivering precise micro doses 
of water or nutrients. Automation cuts labour, minimises soil compaction and responds rapidly to hot 
spot stress in vast, remote planting zones for efficient interventions.

10 Porous clay diffus-
er irrigation

Unglazed clay pots or buried ceramic diffusers slowly seep water laterally into surrounding soil, main-
taining moist deep root zones with minimal evaporation. Modern engineered shapes and pressure reg-
ulators extend applicability to rocky substrates, cutting establishment water needs by seventy percent 
compared with surface sprinklers in Saudi arid orchards and shelterbelts.

3.2 INNOVATIVE IRRIGATION TECHNIQUES FOR TREES 
AND WILD PLANT

Terminology Description

11 Partial Root Zone 
Drying (PRD)

Solenoid valves alternate wetting of two root zone halves while maintaining plant hydration. IoT sensors 
trigger switching based on soil moisture thresholds, inducing hormonal responses that curb transpi-
ration without yield loss. Trials in citrus and date palms report thirty five percent water savings and 
improved drought tolerance in desert projects.

12
Radiative cooling 
dew & condensate 
irrigation

Infrared emissive surfaces coupled with super hydrophobic coatings radiate heat to the sky at night, 
dropping below ambient temperature and condensing atmospheric moisture. Collected dew irrigates 
seedlings passively. Prototype panels capture 0.3–0.5 litres per square metre nightly at forty percent 
relative humidity, sustaining saplings through dry seasons.

13 Capillary wick slow 
release devices

Water filled bags or buried reservoirs feed cotton wicks that drip water onto root balls over several days. 
The simple, gravity driven system requires no power or pressure, reduces watering visits, and proves 
effective for roadside trees and remote restoration plots where infrastructure is absent, lowering labour 
and maintenance costs.

14
Nanobubble oxy-
genated irrigation 
water

Electrochemical or venturi generators dissolve oxygen nanobubbles into irrigation water, increasing 
dissolved oxygen levels, stimulating root respiration and microbial activity. Greenhouse studies show 
fifteen percent biomass gains and improved drought resilience. Field pilots integrate inline nanobubble 
injectors with drip systems on high salinity desert soils, performing well under desert conditions.

15
Ultra low pressure 
precision micro 
emitters

Low Energy Precision Application (LEPA) emitters deliver large droplets near ground level through bub-
blers operating at one tenth the pressure of conventional sprinklers. The technology minimises wind 
drift, reduces pumping energy up to forty percent and achieves over ninety percent application efficien-
cy on flat or gently sloping desert land regions.

Glossary
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Abbreviation 
and Terms description

1 SAR Synthetic Aperture Radar (SAR) is a radar imaging technique that creates high-resolution images by 
processing signals from a moving antenna to simulate a larger aperture.

2 P-band P-band radar frequency is a radar frequency range of 0.3-1 GHz that provides deep forest penetration for 
biomass and subsurface monitoring applications.

3 L-band L-band radar frequency is range of 1-2 GHz used for soil moisture monitoring and moderate vegetation 
penetration in SAR applications.

4 S-band S-band radar frequency is range of 2-4 GHz providing high-resolution surface monitoring with limited 
vegetation penetration in SAR systems.

5 JAXA's ALOS-4 JAXA’s ALOS-4 (Advanced Land Observing Satellite-4) is Japan’s L-band SAR Earth observation satellite, 
designed for environmental monitoring and disaster management.

6 NASA-ISRO's NASA–ISRO Synthetic Aperture Radar Mission is a joint US–India satellite mission for climate monitoring, 
carbon assessment, and natural disaster observation.

7 NISAR NISAR is NASA-ISRO Synthetic Aperture Radar, a dual-frequency satellite mission for global Earth 
observation and deformation monitoring.

8 R&D (Research and Development) refers to innovative activities undertaken by corporations or governments 
to develop new services or products, or improve existing ones.

9 ESA's Refers to the European Space Agency's - Europe's intergovernmental space organization comprising 22 
member states, responsible for coordinating European space activities and missions.

10 BIOMASS mission BIOMASS mission is ESA's Earth Explorer satellite using first space-based P-band radar to measure 
global forest biomass and carbon stocks.

11 geosynchronous Orbit matches Earth's rotation, allowing satellites to stay in the same position relative to the ground to 
provide persistent, continuous coverage of one area.

12 Sentinel Sentinel is the European Space Agency's satellite constellation providing systematic Earth observation 
data through the Copernicus program for environmental monitoring.

13 RADARSAT RADARSAT Satellite Program is Canada’s synthetic aperture radar (SAR) satellite program, providing all-
weather Earth observation capabilities for environmental monitoring and resource management.

14 LEO Low Earth Orbit(LEO)is the satellite orbital region between 160-2000 kilometers altitude enabling 
frequent Earth coverage with shorter orbital periods

15 Shakuntala Shakuntala is a pathfinder hyperspectral satellite launched by the Indian startup Pixxel. Weighing under 
15kg, it captures detailed Earth data across 150+ spectral bands at 10-meter resolution

16 Hyperspectral 
Imaging

Hyperspectral imaging is a captures electromagnetic spectrum data across hundreds of narrow 
wavelength bands, enabling precise material identification and spectral analysis

Abbreviation 
and Terms description

17 PV-livestock Refers to systems that combine photovoltaic solar panels with livestock grazing on the same land, 
optimizing dual land use for energy production and agriculture.

18 Megawatt (MW) Megawatt (MW) Is a unit of electric power equal to one million watts, measuring the instantaneous rate 
of energy generation or consumption.

19 photovoltaic (PV) Refers to solar technology that converts sunlight directly into electricity using semiconductor materials, 
typically silicon-based solar panels or cells.

20
Agriculture and 

Applied Economics 
Association (AAEA)

Refers to a professional organization for agriculture economists, researchers, and policy analysts focused 
on food, agriculture, and resource economics.

21 Levelized Cost of 
Electricity (LCOE)

Refers to the average cost per unit of electricity generated over a power plant's lifetime, including all 
capital and operating expenses.

22 Kilowatt (kW) Refers to a unit electrical power equal to 1,000 watts, measuring the rate of energy consumption or 
generation capacity.

23 INR Refers to the official currency of India, Indian Rupee.

24 Mollification Refers to the softening or reducing the severity of climate change impacts through mitigation and 
adaptation strategies.

25 ACWA Power a Saudi Arabian renewable energy developer and the world's largest private water desalination company, 
leading energy transition and green hydrogen.

26 Badeel A water and Electricity Holding Company, a wholly owned subsidiary of Saudi Arabia's Public Investment 
Fund (PIF) focused on renewable energy projects.

27
Saudi Aramco 

Power Company 
(SAPCO)

Saudi Aramco's power generation subsidiary developing electricity infrastructure and renewable energy 
projects supporting Saudi Arabia's agriculture and industrial development.

28 Gigawatt (GW) Gigawatt (GW) is a unit of electrical power to one billion watts or 1,000 megawatts, commonly used to 
measure the capacity of large-scale power generation facilities.

29 Afif1 A 2-gigawatt solar photovoltaic power plant located in Riyadh Province, Saudi Arabia, developed as part 
of the kingdom's renewable energy expansion under Vision 2030.

30 Afif2 A 2-gigawatt solar photovoltaic power plant located in Riyadh Province, Saudi Arabia, developed as part 
of the kingdom's renewable energy expansion under Vision 2030.

31 Electrochemical 
slag

Refers to metallurgical waste processed using electrical current to extract valuable metals through 
controlled electrochemical reactions and oxidation.

Abbreviation 
Glossary
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Abbreviation 
and Terms description

32 EU's Critical Raw 
Materials Act

EU's Critical Raw Materials Act is a European legislation establishing supply chain resilience targets and 
recycling benchmarks for strategic materials essential to green transition.

33 Bioleaching Bioleaching is a biotechnology process using microorganisms to extract metals from ores and waste 
materials through biological oxidation and dissolution.

34
Biological metal 

extraction 
processes

 Biotechnological methods using living organisms like bacteria and fungi to recover metals from ores and 
waste materials.

35 Virgin mining Virgin mining is the extraction of metals and minerals directly from natural ore deposits in the earth's 
crust using traditional mining methods.

36 IoT (Internet of Things) is a network of interconnected physical devices embedded with sensors and software 
that collect and exchange data wirelessly.

37 Metallurgy Metallurgy is the science and technology of extracting, refining, and processing metals from ores to 
create useful materials and alloys.

38 Aramco (Saudi Aramco) is the Saudi Arabian national oil company and the world's largest integrated energy.

39 Ma’aden (Saudi Arabian Mining Company) is a state-owned multi-commodity mining giant and one of the world's 
fastest-growing mining companies, focusing on gold, phosphate, and aluminum.

40 AI
Artificial Intelligence is the simulation of human intelligence processes by computer system, including 
learning, reasoning, problem - solving, perception, and language understanding to perform tasks that 
typically required human cognitive abilities.

41 Black-box systems Computational models whose internal decision-making processes remain opaque and incomprehensible 
to users, despite producing observable outputs from given inputs.

42 Weather forecasting 
APIs

Refers to application programming interface that provide standardized access to meteorological data 
services, enabling real-time integration of weather predictions into agriculture systems.

43 Multi-sensor fusion 
system

Refers to integrated technological frameworks that combine data from multiple sensor types to create 
comprehensive, real-time environmental monitoring for precision agricultural applications.

44 IoT-enabled edge 
computing system

Refers to distributed computing architectures that integrate internet of things sensors with localized 
processing capabilities to enable real-time data analysis and automated responses.

45 Nano-agriculture 
technology

Refers to advanced agricultural systems utilizing nanoscale materials and devices to enhance crop 
productivity, optimize nutrient delivery, and improve precision farming applications.

46 Nanotechnology Nanotechnology is the scientific manipulation and engineering of materials at the nanoscale (1-100) to 
create novel properties and applications enhanced functionality.

47 ISOA-ASVM 
algorithm

Refers to an algorithm that combines Improved Swarm Optimization Algorithm with Adaptive Support 
Vector Machine for enhanced agricultural decision-making and precision irrigation system optimization.

Abbreviation 
and Terms description

48 LightAgro
LightAgro is a lightweight blackchain-based agricultual security platform utilizing secp256k1 
cryptographic authentication to protect IoT irrigation data with machine learning-enhanced threat 
detection capabilities.

49 Secp256k1 Secp256k1 is a specific elliptic curve cryptographic standard used for digital signatures and 
authentication, proving 256-bit security for blackchain applications.

50 Machine Learning 
(ML)

(ML) is a computational method enabling systems to automatically learn patterns from data and make 
predictions without explicit programming instructions.

51 GIS Geographic Information System (GIS) is a spatial analysis technology that captures, stores, analysis, and 
visualizes geographic data for agricultural mapping and resource management.

52 M&A Mergers and Acquisitions

53 IPOs Initial Public Offering

54 EWA Environment, water and Agriculture sectors

55 RAG AI RAG AI Retrieval-Augmented Generation [RAG] AI technique combining search and AI responses

Abbreviation 
Glossary
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