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1. Executive Summary

1.1

Key Takeaways for Decision Makers

Key Opportunities:

Large-scale utilisation of agricultural and organic waste streams through decentralised biochar
production.

Integration of biochar into giga-projects (NEOM, Green Riyadh, Red Sea Project) for soil resilience and
water efficiency.

Replacement of imported peat moss with locally produced, climate-adapted biochar products.
Entry into voluntary and future compliance carbon markets via certified biochar carbon removal.

UK-Saudi collaboration in engineered biochar, MRV systems, and advanced pyrolysis technologies.

Key Risks:

Fragmented feedstock collection and limited preprocessing infrastructure.

Absence of nationally standardised biochar specifications and certification pathways.
Limited end-user awareness and agronomic familiarity, particularly among farmers.
High upfront capital costs for commercial-scale pyrolysis systems.

Uncertainty around carbon credit eligibility and MRV readiness.

Priority Actions:

Government entities (MEWA, SIRC, NCVC): Launch regional pilots linked to procurement frameworks
and SGI KPls.

Investors: Support integrated waste-to-biochar facilities with guaranteed feedstock and offtake
agreements.

UK partners: Provide MRV methodologies, soil testing protocols, and equipment localisation support.

1.2 Key findings & strategic messages

Biochar, a carbon-rich, porous material derived from the thermochemical conversion of biomass, is gaining
traction in Saudi Arabia as a strategic solution for waste valorisation, sustainable agriculture, and carbon
sequestration. It addresses national priorities under Vision 2030 and the Saudi Green Initiative by supporting
landfill diversion, climate action, and water-efficient agriculture. Key strategic insights include:

Biochar aligns with national climate resilience and food security goals.

Government-backed pilots and partnerships with institutions like KAUST, Aramco, and MEWA signal
cross-sector interest and validation.

The market is transitioning from early pilots to scalable, commercially viable solutions with international
collaboration and private sector engagement accelerating growth.
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1.3 Market size estimates & forecast highlights

The Saudi biochar market was valued at approximately USD 19.8 million in 2024, with projections indicating
growth to USD 53.3 million by 2033, reflecting a compound annual growth rate (CAGR) of 10.4% [1]. Growth is
driven by the increasing availability of organic feedstock (e.g. date palm waste, poultry manure), demand for
sustainable soil amendments, and biochar’s emerging role in carbon credit generation.

Saudi Arabia Biochar Market Forecast
Size, By Feedstock Type, 2024-2033 (USD Million)

USD 533 M

UsD19.8 M

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033
Il Woody Biomass I Agricultural Waste I Animal Manure Others

Figure 1: Projected Saudi Arabia biochar market growth (2024—2033), increasing from USD 19.8M to USD 53.3M, segmented by
feedstock type: Woody Biomass, Agricultural Waste, Animal Manure, and Others.

1.4 Opportunities & risks
Opportunities:

e Conversion of agricultural and organic waste into high-value biochar across arid and semi-arid farming
regions.
Integration into large-scale greening initiatives (e.g. NEOM, Saudi Green Initiative afforestation).

e Potential entry into carbon markets via verified biochar carbon credits.

e Scope for UK-KSA R&D and commercial partnerships in biochar production, soil science, and climate-
tech.

Risks:

Limited local awareness and understanding of biochar’s agronomic performance.
Technical challenges in ensuring soil-biochar compatibility across different regions.
High capex for pyrolysis equipment and lack of established distribution channels.
Regulatory uncertainty around certification, subsidies, or carbon credit eligibility.

1.5 Recommendations (for stakeholders, investors, UK—KSA partnership)

e Stakeholders (e.g. MEWA, NCPD, municipalities): Integrate biochar into national organic waste
management strategies and support local trials across varied soil zones.

o Investors: Support commercial biochar production through PPP models, especially in conjunction with
waste-to-energy facilities or agri-industrial clusters.

3|Page



UK-Saudi Waste-to-Energy
o UK-KSA Partnerships: Focus on knowledge transfer in precision biochar application, carbon offset
methodologies, and agronomic modelling. Establish bilateral innovation hubs and trials, linking UK
SMEs and universities with Saudi end-users.

2 Introduction and Context
2.1 Purpose, scope, methodology & assumptions

This report is intended not only as a market assessment, but as a foundation for policy design, investment
mobilisation, and technology deployment pathways for biochar in Saudi Arabia. Its purpose is to evaluate the
scale, drivers, and constraints of the emerging biochar sector, including applications in agriculture, land
restoration, and waste management. The scope is limited to Saudi Arabia, excluding broader global
developments unless essential for benchmarking. It considers the full biochar value chain — from feedstock
availability to production technologies, end-uses, economics, and policy frameworks.

The methodology includes a review of publicly available data up to Q4 2025, drawing from Saudi government
sources (e.g. MEWA, SIRC, NCWM), national research institutions (e.g. KAUST, KACST), peer-reviewed
scientific studies, market intelligence, and verified case examples. Where quantitative estimates are given (e.g.
market size, savings), they are based on current research or extrapolated using conservative assumptions. This
includes national waste generation figures, trial results on biochar use in Saudi soils, and known project
announcements. Assumptions are noted where data is not publicly available, and caution is taken not to
overstate technical performance or market potential.

2.2 Definitions, units, boundaries

Biochar is a carbon-rich, porous substance produced through pyrolysis — the thermal decomposition of
biomass (e.g. wood chips, crop residues, animal manure) in a low-oxygen environment. It is not the same as
charcoal (used as fuel), though it shares similar origins. Biochar is applied to soil or other media to improve water
and nutrient retention and long-term carbon storage. Its benefits stem from its physical structure, chemical
stability, and interaction with soil biology.

Units used in this report include metric tonnes (t) for feedstock and production capacity, hectares (ha) for land
use, and USD for economic values. Biochar yields and application rates are discussed in tonnes per hectare
(t/ha) or kilograms per square metre (kg/m?), where applicable.

The system boundaries of this report include upstream biomass sources (e.g. agricultural waste, green waste),
conversion through pyrolysis, and downstream uses such as soil amendment, landscaping, and climate
mitigation. This includes indirect benefits like reduced irrigation needs and greenhouse gas emissions.

Although the report centres on biochar, it is positioned within the broader waste-to-resource framework. Related
terms include:

e MSW (Municipal Solid Waste): Household and commercial waste, excluding industrial and hazardous
waste.

o Waste-to-Energy (WtE): Processes that convert waste into usable forms of energy, such as heat,
electricity, or fuel. Biochar production from biomass is considered a low-temperature WtE pathway when
energy is captured as a byproduct.
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Figure 2: A multi-sectoral map of biochar applications within a circular economy. The central diagram illustrates the integration of biochar
across industrial, medicinal, and agricultural frameworks, while the sidebar highlights specific ecological benefits such as soil remediation
and carbon sequestration.

2.3 Global / regional context: waste trends, climate & energy, circular economy imperatives

Globally, attention to biochar has increased due to its dual relevance for soil regeneration and long-term
carbon sequestration. Its origins are rooted in ancient practices such as terra preta (Amazonian “black earth”),
but modern science has confirmed its potential to lock away carbon for centuries while enhancing degraded
soils. These attributes make biochar attractive in climate strategies: the Intergovernmental Panel on Climate
Change (IPCC) recognises it as a negative emissions technology.

Internationally, biochar is being integrated into national decarbonisation plans, voluntary carbon markets, and
regenerative agriculture. It is especially relevant in arid and semi-arid regions facing poor soil health, high
evaporation, and limited organic matter — all of which apply to Saudi Arabia. The Kingdom faces persistent
challenges including sandy, alkaline soils, extreme heat, and chronic water scarcity. These factors limit crop
productivity and make conventional soil amendments (e.g. compost, fertilisers) less effective or more water-
intensive.

At the same time, Saudi Arabia generates substantial volumes of underutilised organic waste — from date palm
farms, poultry and livestock operations, and municipal landscaping — much of which is landfilled or openly burned.
Biochar offers a way to close this loop: transforming biomass “waste” into a soil-building, water-saving, carbon-
sequestering material. This aligns with the circular economy model, which Saudi Arabia is actively advancing
through Vision 2030 and the Saudi Green Initiative. Biochar thus sits at the intersection of national priorities —
land restoration, food security, emissions reduction, and waste diversion — and offers a technically and
economically feasible tool to help meet those objectives.

3 Saudi Arabia Context & Enabling Environment

3.1 Vision 2030, national strategies, regulatory & policy frameworks

Saudi Arabia’s Vision 2030 embeds sustainability and circular economy principles into national development,
creating strong policy drivers for technologies like biochar. Under the Saudi Green Initiative (SGI), the Kingdom
targets 10 billion trees planted, 40 million hectares of land restored, and 30% of terrestrial and marine areas
protected by 2030, alongside a net-zero 2060 pledge. These goals prioritize soil rehabilitation and carbon
sequestration, areas where biochar offers strategic value [2].
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Biochar supports SGI objectives by improving soil fertility, enabling afforestation on degraded land, and
conserving water in arid conditions. Saudi innovators position biochar as a local alternative to peat moss, offering
durability under harsh climates. From a regulatory perspective, the Kingdom aims to divert 80% of waste from
landfills by 2035, with organic waste valorization explicitly recognized as a pathway—biochar being a key route.
Additionally, Vision 2030’s Circular Carbon Economy framework, endorsed by the G20, emphasizes nature-
based carbon removal, positioning biochar as a carbon sink within national climate strategies.

SAUDI ARABIA VISION 2030

Sustainablity & Circular Economy

.-F

SAUDI GREEN INITIATIVE CIRCULAR CARBON
(SGI) ECONOMY

o -

@ 10Billion Trees Planted @ @ 80% Waste Diversion by 2025
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Water conservation
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BIOCHAR:
Soil Rehabiilation &
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Figure 3: Saudi Arabia Vision 2030 highlights sustainability through the Saudi Green Initiative and Circular Carbon Economy, emphasizing
tree planting, land restoration, waste diversion, and carbon removal, positioning biochar as a key tool for soil rehabilitation and carbon
sequestration.

3.2 Institutional framework, key agencies, actors, incentives

The national enabling environment for biochar is reinforced by a coordinated institutional ecosystem. At the
policy level, the Ministry of Environment, Water & Agriculture (MEWA) leads environmental programmes,
including those focused on land degradation, water efficiency, and sustainable farming. It co-launched the
country’s first biochar initiative in 2024 with the National Center for Palms and Dates (NCPD), focused on
converting palm waste into biochar to reduce water use and improve crop yields.

Saudi Arabia’s Public Investment Fund (PIF) plays a pivotal role through its subsidiary, the Saudi Investment
Recycling Company (SIRC). SIRC has a mandate to build national recycling infrastructure and is actively
developing biochar capacity through partnerships, notably with SUEZ in 2024, to support low-carbon, circular
economy goals. In parallel, research institutions such as King Abdullah University of Science and Technology
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(KAUST) are commercialising biochar innovation. Their spin-off, Terraxy, developed “CarboSoil” biochar from
poultry manure and has piloted it with major partners including Aramco and NEOM.

Research and demonstration projects are being supported through government funding and partnerships, with
agencies such as KACST and regional municipalities piloting biochar as part of wider desert rehabilitation and
urban greening initiatives.

3.3 Infrastructure baseline & gaps (collection, sorting, treatment, disposal)

While the biochar landscape is developing rapidly, Saudi Arabia’s waste management infrastructure is still in
transition. Historically, most organic waste — from agriculture, livestock, and landscaping — has been landfilled or
openly burned. Collection systems for organic materials are still fragmented and not fully separated at source.
There are limited formal processing sites dedicated to biomass treatment, though facilities for composting and
pilot pyrolysis units are emerging.

Biochar production at commercial scale is nascent, with only a few operational or planned pyrolysis plants linked
to broader waste-to-energy or soil restoration projects. The lack of decentralised biomass processing hubs limits
the availability of clean, sorted feedstock for biochar production. However, recent national strategies have called
for significant investment in organic waste diversion infrastructure, with SIRC and MEWA aiming to close these
gaps by 2030.

3.4 Waste generation statistics, by type, region, trends

Saudi Arabia generates millions of tonnes of organic waste annually, much of which is underutilised. The
country is one of the world’s largest date producers, home to over 36 million date palm trees — producing large
volumes of fronds, pits, and trimmings [3]. Traditionally discarded or burned, these residues are now being
viewed as a key feedstock for biochar. The 2024 palm waste biochar pilot launched by MEWA and NCPD reflects
this shift in approach.

In parallel, Saudi Arabia’s poultry industry generates approximately 400,000 to 500,000 tonnes of chicken
manure per year, most of which ends up in landfill [4]. Turning this nutrient-rich waste into biochar not only diverts
it from disposal sites but also creates valuable agricultural inputs. KAUST’s “CarboSoil” development
demonstrates how this waste stream can be integrated into both soil improvement and carbon mitigation
strategies.

30,000

25,000

20,000
15,000
10,000
5,000
0

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Quantity of MSW (thousands tons)

Figure 4: Growing volumes of municipal solid waste across Saudi Arabia [5].
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As Saudi Arabia intensifies food production and expands urban green spaces, biomass waste generation is
expected to grow. This reinforces the need for circular strategies like biochar that can upcycle local biomass
while supporting climate, water, and soil goals.

3.5 Soil Compatibility & Conditioning Protocols

Saudi Arabia’s soils are predominantly sandy, alkaline, and saline, requiring biochar products to be
specifically engineered rather than applied in raw form. Unconditioned biochar may exacerbate alkalinity or
nutrient immobilisation if improperly applied.

Recommended conditioning strategies include:
o pH moderation: Post-treatment through oxidation or blending to reduce alkalinity.
o CEC enhancement: Surface activation to improve nutrient retention in low-organic-matter soils.

e Salinity management: Use of biochar blends compatible with gypsum and organic composts in saline
regions.

¢ Regional calibration: Tailoring biochar formulations to agroecological zones (e.g. Al-Qassim vs Western
Region).

These protocols are essential to ensure agronomic safety and performance at scale and should underpin any
national biochar deployment programme.

4 Market & Demand Analysis

4.1 Current size, segmentation & growth forecasts

According to IMARC Group's latest research publication [6], "Saudi Arabia Biochar Market: Industry Trends,
Share, Size, Growth, Opportunity and Forecast 2025-2033”, The Saudi biochar market, while still emerging, is
experiencing rapid growth. As of 2024, its estimated size was USD 19.8 million, primarily driven by early-stage
applications in agriculture and environmental projects. Forecasts suggest a robust expansion, reaching
approximately USD 53.3 million by 2033, supported by a compound annual growth rate (CAGR) of ~10.4%
between 2025 and 2033. While the baseline forecast projects the Saudi biochar market to reach USD 53.3 million
by 2033, inclusion of emerging high-value applications could significantly increase market size.

Accounting for uptake in civil engineering materials (e.g. concrete and asphalt additives), livestock feed
applications, and biochar-based carbon dioxide removal (CDR), an accelerated scenario places the 2033 market
size in the range of USD 65-85 million, subject to regulatory and certification readiness.

This market trajectory outpaces many traditional soil and agricultural inputs, reflecting growing awareness of
biochar’s ability to improve water retention, soil health, and crop performance. Market segmentation by feedstock
type includes:

e Agricultural residues (e.g. palm fronds, pruning waste)
¢ Animal manure (e.g. poultry litter)
e Woody biomass (e.g. landscape trimmings, green waste)

In addition to widely recognised agricultural residues such as date palm waste, there is increasing relevance of
fruit-tree pruning residues as a strategic feedstock in Saudi Arabia. In particular, pruning biomass from olive and
pomegranate orchards, along with other fruit-bearing trees, represents an underutilised yet steadily growing
resource stream. These residues are generated seasonally but in significant volumes due to expanding
horticultural activities under Vision 2030. Their relatively uniform lignocellulosic composition and low
contamination levels make them well-suited for high-quality biochar production. Incorporating these feedstocks
into the biochar value chain can enhance feedstock diversification, improve supply stability for decentralised
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pyrolysis systems, and support circular agricultural practices by returning carbon-rich material back to orchard
soils.

A growing portion of the market is expected to shift from agriculture to include urban landscaping, forestry, and
environmental remediation as applications diversify and infrastructure matures.

4.2 Expanded Applications

Livestock Feed Additives (Emerging): Biochar has shown potential to improve digestion efficiency, reduce
enteric methane emissions, and enhance meat quality. Given Saudi Arabia’s rapidly growing poultry and
livestock sectors, this represents a high-volume, high-impact application pending regulatory approval.

Civil Engineering & Infrastructure: Biochar integration into concrete, asphalt, and permeable pavements can
enhance durability, reduce embodied carbon, and improve stormwater management. This aligns with sustainable
construction goals under Vision 2030.

Carbon Dioxide Removal (CDR): Biochar offers durable carbon sequestration (>100 years) and is increasingly
recognised as a scalable negative-emissions solution, positioning it well within future Saudi carbon market
mechanisms.

4.3 Drivers and inhibitors

Key drivers are:

e Sustainable Agriculture: Biochar improves crop yield and reduces irrigation needs, making it highly
valuable in arid regions. Trials using palm-derived biochar have demonstrated up to 30% water savings
and enhanced plant growth [7].

o Desert Greening Initiatives: Major national projects like Green Riyadh and NEOM have used biochar
for afforestation and landscaping [8]. In late 2024, a joint venture piloting biochar uses in a Riyadh park
reported better tree survival and soil moisture.

o Circular Economy Strategy: Biochar production is central to Saudi Arabia’s plan to divert over 80% of
waste from landfills by 2035, turning biomass waste into productive inputs [9].

o Import Substitution: Biochar is being positioned as a local alternative to imported peat moss, offering
long-term benefits for soil conditioning in horticulture and urban greenery.

Key Inhibitors:

¢ Limited Infrastructure: The lack of decentralised biomass collection and dedicated pyrolysis facilities
constrains production scalability.

¢ Market Awareness: Many farmers, landscapers, and municipalities remain unfamiliar with biochar or
unconvinced of its long-term value.

e Regulatory Uncertainty: Absence of formal standards for biochar products and their use in agriculture
or landscaping can delay adoption and procurement.

e Cost: Biochar production requires capital-intensive equipment. Without subsidies or carbon credits, the
initial cost may deter new users.

4.4 Competitive landscape & value chain

The Saudi biochar value chain is still forming but is beginning to show vertical integration:

e Feedstock Providers: Date farms, poultry farms, municipal waste handlers.
e Biochar Producers: Firms like Terraxy (a KAUST spin-off) [10] are leading the commercialisation of
engineered biochars such as “CarboSoil”.
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e Technology Providers: Pyrolysis equipment is sourced both locally and through international partnerships
(e.g. with SUEZ).
e End-Users: Farmers, municipal landscaping departments, megaprojects like NEOM and Aramco-
affiliated greening operations.
o Enablers: Agencies like SIRC, MEWA, and NCVC support the biochar market through npilots,
procurement, and circular economy targets.

Strategic partnerships — particularly the 2024 SIRC-SUEZ collaboration — aim to build integrated facilities that
both produce biochar and support downstream use in land restoration or agriculture. This is shifting the market
from demonstration to commercial scale.

4.5 Demand by End Uses/Consumers

Agriculture (Field Farming & Greenhouses)

Farmers in Al-Qassim, Medina, and the Eastern Province are trialling biochar, especially in date palm groves,
where it improves soil structure, moisture retention, and fruit yield [7]. Greenhouse producers are also expected
to adopt biochar in blends for tomato, pepper, and cucumber cultivation, particularly where water costs are high
or fertiliser runoff is a concern.

Forestry & Ecosystem Restoration

Biochar plays a central role in government-led afforestation efforts [11]. The National Center for Vegetation Cover
(NCVC) has piloted its use in restoration plots (e.g. Wadi Qadid National Park), aiming to reduce irrigation
frequency and improve seedling survival. If trials validate cost-effectiveness, this segment could become a
primary volume driver.

Saudi Arabia Biochar Market

Market share by Application Sector, 2024

mFarming m®Livestock Feed = Gardening Soil, Water, and Air Treatment = Other

Figure 5: Distribution of the Saudi Arabia biochar market by application sector in 2024, showing agriculture as the dominant use, followed
by gardening, environmental treatment, livestock-related applications, and other emerging uses.

Urban Landscaping & Gardening

Municipal and private landscape projects — particularly in new economic zones and giga-projects (e.g. Green
Riyadh, Red Sea Project) — are using biochar to build resilient soils in parks, streetscapes, and green corridors.
Biochar's water-holding capacity is especially relevant under irrigation constraints. High-end landscaping (e.g.
golf courses) may also drive future demand.
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Environmental Remediation

Though currently niche, engineered biochars are being tested for heavy metal binding and soil decontamination,
including applications at legacy oil spill sites. Potential use in brine treatment or industrial wastewater filtration
offers long-term promise, especially as environmental standards tighten.

Livestock Feed Additive (Emerging)

Experimental use of biochar as a poultry and livestock feed additive is under review. Early trials show potential
to improve digestion and reduce methane emissions. If approved by Saudi food authorities, the poultry sector —
already seeking sustainability improvements, may adopt high-purity biochar products at scale.

5 Technology & Process Landscape
5.1 Technology Readiness & Scale-Up Roadmap

Current biochar production technologies in Saudi Arabia operate largely at TRL 4-6, with select engineered
biochar products approaching TRL 7—8. A structured scale-up pathway is recommended:

e Pilot phase: Feedstock validation, soil trials, and agronomic performance testing.

« Demonstration phase: Certification, MRV alignment, and regional deployment.

e Commercial phase: Large-scale plants (>10 t/day), integration with waste infrastructure, and local
manufacturing.

5.2 Key technologies (thermal, biochemical, pyrolysis, gasification, etc.)

Biochar production in Saudi Arabia predominantly relies on thermochemical conversion, especially slow
pyrolysis, due to its high char yield and process controllability. In this method, biomass is heated in an oxygen-
limited environment (400-600°C), breaking down into solid char (biochar), volatile gases, and bio-oil.

Other explored technologies include:

e Fast Pyrolysis: Produces more bio-oil and less char. Although not yet mainstream in KSA, it may be
adopted for specific feedstocks if bio-oil is also desired.

¢ Gasification: Partial oxidation of biomass to produce syngas, leaving a carbonaceous byproduct. This
is likely to emerge in waste-to-energy plants, such as those envisioned by SIRC, where biochar can be
recovered as a co-product.

e Hydrothermal Carbonisation (HTC): Suitable for high-moisture feedstocks like sewage sludge. No
major HTC deployment exists yet in Saudi Arabia, but research into its potential is ongoing.

A defining feature of the Saudi approach is tailoring technology to local challenges. With the Kingdom’s soils
already highly alkaline, raw biochar is often unsuitable without modification. Technologies that enable post-
treatment or conditioning of biochar, such as steam oxidation or acid washes, are being integrated into production
chains to ensure agronomic compatibility.

5.3 Technology readiness, maturity, costs, yields, performance

Slow pyrolysis is considered technology-ready at the small-to-medium scale in Saudi Arabia. Local innovation,
led by Terraxy, has resulted in scalable pilot models, including a 1-tonne/day input facility. The system also
recovers syngas for internal energy use, improving process efficiency.

Technology maturity varies by provider:
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e Terraxy’s pilot generated over 150 tonnes of biochar and ~120 tonnes of syngas in one year, diverting
400 tonnes of poultry manure from landfill.
¢ Yield depends on feedstock: poultry manure and palm residues yield ~25-35% biochar by weight under
optimal conditions.
o Engineered biochars, like CarboSoil, are designed for consistent performance, with adjusted pH and
enhanced cation exchange capacity (CEC).

Costs remain variable:

o Capital costs for pyrolysis reactors range from low six figures (USD) for basic models to multi-million USD
for larger, integrated plants.
e Operating costs are sensitive to feedstock preprocessing, energy recovery, and transportation.

Energy-integrated systems (those that recover syngas) reduce operational costs and support off-grid or remote
deployment. These features are likely to be standard in future Saudi commercial plants, especially in rural zones
or areas with limited utility access.

5.4 Feedstock / input quality & preprocessing
Saudi Arabia’s biomass feedstock is abundant but highly variable. Major sources include:

e Date palm residues: Fronds, pits, pruning waste from ~36 million trees.
o Poultry litter: 400,000-500,000 tonnes/year, rich in nutrients but high in moisture.
o Green waste: From municipal parks and landscaping operations.

Feedstock preprocessing is essential to maintain reactor efficiency and biochar quality. Typical steps include:

o Shredding and drying: Reduces particle size and moisture content to ~10-15% for stable pyrolysis.
e Screening for contaminants: Particularly important when processing mixed municipal waste or manures.

Saudi producers are increasingly engineering biochar to suit local soil conditions. For example:

o Raw biochars, especially from woody sources, can be too alkaline (pH 9—11) for calcareous Saudi soils.
Post-treatment (e.g. oxidation, pH neutralisation) is used to create stable, soil-compatible products like
CarboSoil.

e The SEER-Eco Tadweer—Biochar Now consortium developed a proprietary blend (“Saudi Char”) adapted
to regional pH and salinity.

The emphasis on customised biochar properties is a defining feature of the Saudi biochar ecosystem, bridging
chemical engineering with agronomy.

5.5 Case studies / benchmark projects (global, regional, local)

KSA Case Studies:

o Terraxy (KAUST Spin-off):
o Operates a pilot pyrolysis plant near KAUST handling poultry manure.
o Recovered syngas is reused to power the reactor.
o Produced CarboSoil, an engineered biochar tested in Aramco, NEOM, and NCVC environmental
projects.
o Trials demonstrated improved plant survival, reduced water use, and better soil conditioning.
e Green Riyadh Pilot with Eco Tadweer and SEER:
o Demonstrated the viability of biochar-enhanced landscaping.
o Imported biochar (Saudi Char) was applied in city parks with noticeable gains in tree growth and soil
moisture retention.
o Plans for future local production or long-term supply agreements are under review.
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National Initiatives

o SIRC-SUEZ Partnership (2024) [12]:
o Announced plans for integrated waste processing centres incorporating biochar production.
o Focused on diverting organic waste from landfills and creating value-added products for agriculture
and land reclamation.
o Anticipated scale: tens of thousands of tonnes of biomass input per year, once operational.

Research & Academic Innovation

e KAUST Interfacial Lab and Saudi Biochar Research Group (SBRG):
o Leading applied research on biochar characterisation, feedstock optimisation, and soil performance.
o Developing blends with compost, gypsum, and other additives for use in varied Saudi soil types.
o Pilot studies include the use of continuous pyrolysis reactors and alternative applications (e.g., water
treatment, building materials).

These cases illustrate Saudi Arabia’s shift from research-led experimentation to commercial deployment, with a
strong emphasis on customisation, scale, and integration with broader environmental goals.

Priority Biochar Applications for Saudi Arabia’s Arid and Dryland Systems

To contextualise the breadth of biochar applications, the Ithaka Institute identifies over 50 distinct use cases
across agriculture, industry, and environmental systems [13]. In the Saudi context, these applications can be
strategically grouped and prioritised for dryland conditions. The most relevant clusters include: soil amendment,
where biochar enhances water retention, nutrient availability, and soil structure in sandy and alkaline soils;
compost and manure cascades, where biochar is co-composted with organic waste streams (e.g. poultry litter,
green waste) to improve nutrient stability and reduce emissions; and water-saving practices, where biochar-
amended soils reduce irrigation demand and improve moisture retention under arid conditions. Focusing on
these high-impact application pathways enables a targeted deployment strategy aligned with Saudi Arabia’s
priorities in water efficiency, land restoration, and circular bioeconomy development, while still allowing future
expansion into more advanced or niche applications.

6 Economics, Finance & Business Models

6.1 Cost structures, capital expenditures (CAPEX), operating expenditures (OPEX)

Biochar production in Saudi Arabia benefits from feedstock availability and energy integration but still faces
capital intensity and scale-up challenges.

Feedstock costs are generally low or even revenue-generating. Organic residues such as poultry litter and
agricultural waste are often a disposal burden; producers may receive them at no cost or be paid tipping fees.
For example, Terraxy’s pilot diverted 400 tonnes of manure that would otherwise be landfilled.

CAPEX includes:

Pyrolysis reactors

Preprocessing (dryers, shredders)

Post-treatment units (for pH adjustment, surface conditioning)
Gas capture and cleaning systems

Small pilot plants (1 tonne/day) are relatively affordable but scaling to 50+ tonnes/day requires significant
investment. Co-location with waste or agricultural operations can reduce land costs.

OPEX is mitigated by using syngas to self-power operations. Labour, maintenance, and transportation of
biomass remain cost drivers. Local reactor fabrication could lower future capital costs.

13| Page



UK-Saudi Waste-to-Energy

6.2 Revenue streams (energy, by-products, carbon credits, tipping fees)

Saudi biochar ventures can tap into multiple revenue sources:

Biochar Sales: The primary income stream. High-grade engineered biochar (e.g. Terraxy’s CarboSoil)
competes with premium soil amendments like imported peat. Sales are primarily B2B/B2G (e.g. NEOM,
municipal landscaping).
Energy Recovery: Syngas generated during pyrolysis is used internally to fuel the process. In larger
systems, surplus could power adjacent operations (e.g. greenhouses) or be fed into microgrids. This self-
sufficiency reduces OPEX and improves system resilience.
Carbon Credits: Biochar is eligible for carbon offset credits due to its long-term carbon storage. Saudi
Arabia’s voluntary carbon market (RVCMC) is nascent but growing. Estimates suggest 2—-3 tonnes CO,
sequestered per tonne of biochar, with recent credit prices around SAR 23.5 (~USD 6). While modest
today, this could improve with international market integration.
By-products:

o Bio-oil: A potential fuel or chemical feedstock.

o Wood vinegar: Usable as an organic pesticide or fertiliser (minor stream).

o Heat/Steam: Recovered heat may be usable in agro-industrial applications.
Tipping Fees: In waste management models, municipalities or farms may pay for waste collection or
treatment services. This revenue model aligns well with SIRC-style projects.

6.3 Sensitivity analysis, payback, IRR under scenarios

Profitability depends on multiple interlinked factors:

Feedstock Source: Free or paid? Proximity reduces logistics costs. Tipping fees improve margins.
Production Scale: Economies of scale reduce unit cost. Transitioning from pilot to commercial scale lowers
per-tonne CAPEX and OPEX.

Product Pricing: Engineered biochars can sell at high prices (~2—4x compost or bulk charcoal), but volumes
are currently limited.

Carbon Credit Price: If carbon offset markets mature, credits could add USD 10-30/tonne to value streams.
At current levels (~USD 6/tonne CO,), this contributes modestly.

Indicative Payback Periods (based on pilot projects and expert interviews):

Pilot (1 tonne/day): 3-5 years with guaranteed buyers.
Commercial (10+ tonnes/day): Payback within 5—7 years, improving with energy or carbon monetisation.

Internal Rates of Return (IRR) vary widely, from 8-15% under conservative assumptions. Higher if integrated
into waste treatment contracts or if subsidy/carbon incentives apply.

6.4 Risk & mitigation, funding options, public-private partnership models

Key Risks:

Market Risk: Early-stage market. Limited awareness, low commercial uptake beyond pilots.
Regulatory Risk: Absence of formal standards for biochar quality and application protocols.
Feedstock Risk: Supply inconsistency or logistical barriers for distributed waste streams.
Technology Risk: Equipment failure or low yields due to suboptimal feedstock handling.
Financial Risk: High upfront costs; uncertainty in carbon credit monetisation.

Mitigation Strategies:

Secure long-term feedstock agreements (with farms, cities).
Partner with government agencies for early offtake or procurement (e.g. SGI projects).
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Phase expansion from pilots to commercial operations based on real demand.
Build flexibility into operations (capable of switching between feedstocks or adjusting process
parameters).

Funding Options:

Grants & Soft Loans: From the Saudi Industrial Development Fund, Environmental Fund, or R&D
agencies.

Equity: VC and strategic investors (e.g. Aramco Ventures, KAUST Innovation Fund).

PIF-Backed Programs: Via SIRC and national circular economy initiatives.

Carbon Finance: As credit generation mechanisms mature, carbon revenue can support blended finance
models.

Public-Private Partnerships (PPPs):

Regional governments can offer land, feedstock or co-funding.

Private operators manage technology, production, and sales.

Example: A PPP in Al-Qassim could process date palm waste, producing biochar for local farmers or
green infrastructure.

SEER-Eco Tadweer and SIRC-SUEZ are active models, combining international expertise with local
execution and public capital support.

7 Regulatory, Policy & Market Instruments

7.1

Incentives, subsidies, feed-in tariffs, carbon / emissions policies

While there are currently no direct subsidies specific to biochar, Saudi Arabia has several aligned incentives and
funding mechanisms that support the sector indirectly:

Financial Support: The Saudi Industrial Development Fund (SIDF) and Agricultural Development Fund
(ADF) offer low-interest loans for projects that promote industrial diversification or sustainable agriculture.
Biochar producers linked to agricultural or environmental outcomes may qualify.

Climate Instruments: Saudi Arabia’s updated Nationally Determined Contributions (NDCs) and Saudi
Green Initiative (SGI) emphasise nature-based solutions. Biochar is increasingly recognised within this
framework as a tool for carbon sequestration and land restoration.

Voluntary Carbon Market: The Regional Voluntary Carbon Market Company (RVCMC), founded by PIF
and Tadawul, is a key instrument. Although most credits to date have come from renewables, future
auctions may include biochar-based carbon removal credits. One pilot (SEER/Eco Tadweer) is already
developing blockchain-tracked MRV systems to certify credits.

Carbon Credit Economics: Each tonne of biochar applied may sequester 2-3 tonnes of CO,, potentially
earning ~USD 6 per tonne (based on the 2023 auction). While modest today, these earnings could
improve with rising global carbon prices or domestic policy support.

Green Financing Tools: SGI's multi-billion-dollar fund also supports green bonds, innovation grants, and
public-private co-investment models. Biochar startups have already benefitted through KAUST
Innovation programs.

7.2 Carbon Markets & MRV Framework

For biochar to contribute meaningfully to Saudi Arabia’s carbon markets, robust MRV frameworks are

required. Internationally recognised methodologies include Puro.earth, Verra, and 1ISO 14064-2.

Key considerations include:

Carbon permanence and leakage assessment
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e Feedstock eligibility and waste prioritisation

e Alignment with RVCMC readiness and national MRV capacity
o Credit price scenarios (conservative to high-growth)

Development of a national MRV framework would significantly enhance investor confidence and unlock blended
finance.

7.3 Standards, permitting, environmental regulations

The regulatory environment for biochar remains formative, but the groundwork for standards and permitting is
being laid:

e Future Standards: The Saudi Standards, Metrology and Quality Organization (SASO) is expected to
develop specifications for biochar classification, contaminant limits (e.g. heavy metals), and agronomic
safety. These may be modelled on existing frameworks like the European Biochar Certificate.

o Certification Needs: Companies like Terraxy already implement internal controls to validate product
quality and longevity (e.g. 73% stability after 100 years for CarboSoil). But broader certification schemes
will be critical as the sector grows to build trust and unlock carbon credit eligibility.

¢ Intellectual Property Protections: Saudi IP laws already protect innovations such as Terraxy’s engineered
biochar process. KAUST and others have patents covering proprietary production methods (e.g. for pH-
neutral biochar), reinforcing domestic innovation and encouraging technology localisation.

o Permitting Pathways: Though specific permitting frameworks for biochar plants are not fully codified,
facilities fall under general waste processing and resource recovery categories regulated by MEWA and
municipal authorities. This includes environmental impact assessments for mid- to large-scale pyrolysis
systems.

7.4 Policy Harmonisation Needs
Priority areas for policy alignment include:

e Development of SASO-led biochar product standards

e National procurement guidelines for SGl-linked projects

e Incentives for engineered soil products in landscaping tenders

e Integration of biochar into waste diversion and water efficiency KPIs

7.5 Waste quotas, landfill diversion targets, recycling mandates

Saudi Arabia has introduced clear national goals to redirect organic waste away from landfills:

o Waste Management Law (2021): A comprehensive framework that prohibits open dumping and burning.
It promotes waste valorisation through composting, recycling, and pyrolysis.

o National Diversion Targets: By 2035, the aim is to divert 82—94% of all waste streams (with some variation
by type and region). This creates regulatory pressure on farms, municipalities, and processors to explore
alternatives like biochar.

¢ Organic Waste Policies: The shift includes mandates for better organic waste separation and valorisation.
SIRC’s partnership with SUEZ is a direct response, targeting integrated waste parks where biochar
production complements composting and energy recovery.

o Agricultural Water Efficiency Regulations: Policies promoting water-saving practices are also relevant,
with MEWA publicly highlighting biochar’s 30% irrigation reduction in pilot trials. Such recognition may
evolve into formal guidance or eligibility for sustainability-linked subsidies.
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7.6 Trade, import/export constraints, local content requirements

Saudi Arabia is using trade and localisation policy tools to shape its emerging biochar market:

¢ Import Substitution Goals: Biochar is being positioned as a domestic alternative to imported peat moss
and coconut coir, which are widely used in horticulture and landscaping. Reducing dependence on
imported soil amendments aligns with Vision 2030 localisation targets.

e Customs and Duty Relief: Although not yet formally applied to biochar equipment, Saudi Arabia has
precedent for exempting green-tech imports from customs fees when aligned with strategic goals. This
may be extended to pyrolysis systems if classified as circular economy infrastructure.

e Local Content Policy: Projects that localise production or source Saudi feedstocks may gain preference
in public procurement. For instance, contracts for Green Riyadh and other government-funded
landscaping initiatives increasingly favour suppliers who meet sustainability and local content
benchmarks.

e Technology Partnerships: International firms (e.g. SEER, Biochar Now) are entering via joint ventures or
licensing agreements, rather than direct exports. This reflects both IP protections and a policy preference
for local capability development. Localisation requirements may expand to reactor manufacturing, biochar
post-treatment, and packaging as the sector grows.

8 SWOT, Competitive Strategy & Entry Options

8.1 Risk Tiers & Mitigation Levers

Risks can be categorised into technical, market, regulatory, operational, and financial tiers, each requiring
tailored mitigation strategies such as long-term feedstock contracts, phased scaling, and government-backed
offtake agreements.

8.2 Strengths, Weaknesses, Opportunities, Threats (for UK-KSA partnership)

To evaluate Saudi Arabia’s biochar sector and guide strategic entry, we present a SWOT analysis (Strengths,
Weaknesses, Opportunities, Threats) followed by competitive strategy considerations and entry
recommendations.

o Strengths: Saudi Arabia’s biochar market benefits from strong government support and vision alignment.
Biochar addresses key national priorities (waste reduction, water conservation, soil restoration) and has
high-level endorsement as seen through SGI and ministerial initiatives. The Kingdom also has an
abundance of feedstock (date palm residues, animal manure, municipal green waste) available year-
round, which can support large-scale biochar production. Indigenous R&D capability is another strength
— institutions like KAUST and KACST are driving innovation to adapt biochar to local conditions, giving
Saudi a technological edge in engineered biochar suited for arid soils. Acting as Saudi Arabia’s National
Laboratory, KACST focuses on applied research, technology localization, and commercialization in line
with national priorities set by the Research, Development, and Innovation Authority (RDIA). KACST is a
leader in the Sustainable Environment priority area, driving research into high-value carbon-negative
solutions. This includes advancing biochar technology—specifically, converting local biomass (such as
date palm and agricultural waste) into stable carbon sinks and soil enhancers through surface
modification. Additionally, successful pilot projects (Terraxy’s trials with Aramco/NEOM, NCPD’s farm
initiative) have created proof of concept in multiple applications, building confidence and a knowledge
base within the country. Financially, the presence of large funding bodies (PIF, venture funds) willing to
invest in green projects means capital is accessible for scaling up promising biochar ventures — a
significant strength compared to many other markets.

o Weaknesses: Despite progress, the industry is still nascent and fragmented. Current production capacity
is limited (only small pilots or semi-commercial facilities), which means the supply volume is low and unit
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costs remain relatively high. This can make biochar products expensive for average farmers without
subsidies. There is also a knowledge gap among end-users — many farmers and land managers in KSA
are not yet familiar with biochar, its application methods, or its long-term benefits. This calls for extensive
education and demonstration efforts. Another weakness lies in the soil specificity issue: Saudi soils are
alkaline and sandy, which required re-engineering biochar to avoid initial toxicity. This adds extra
processing steps and costs that producers in neutral soil regions might not face. Logistically, collecting
and transporting bulky biomass in a vast country can be challenging; for example, gathering date palm
waste from thousands of small farms to a central pyrolysis plant may incur high transport costs unless
efficiently organized. Lastly, there is currently no formal market structure or commodity exchange for
biochar — sales are done via contracts or direct marketing, which can limit market liquidity and scale.

o Opportunities: The opportunities in this space are broad and promising. Scaling up production to
industrial levels presents an opportunity to achieve economies of scale and meet anticipated demand
from mega-projects (NEOM’s green spaces, Red Sea tourism projects, new giga-cities). There is also an
opportunity to develop specialized biochar products for different niches: e.g., a high-CEC biochar for
horticulture, a nutrient-infused biochar for rangelands, or blended soil products combining biochar with
local amendments (like mixing biochar with sand and compost to create a standard “Saudi green soil”
mix for landscaping). Integration with carbon markets is a significant opportunity — being an early mover
in generating carbon credits from biochar could attract international climate finance and make Saudi
Arabia a leader in carbon removal initiatives in the region. On the export front, as neighboring countries
(GCC region) start their own greening efforts, Saudi could become a biochar export hub, supplying
expertise and maybe product to places like the UAE or Kuwait which have similar climates but perhaps
less biomass. Additionally, there’s an opportunity for job creation and new industries: manufacturing
pyrolysis reactors locally, training technicians for operating biochar facilities, and developing consulting
services for soil management could create a whole new green sector. The alignment of biochar with
multiple facets of Vision 2030 means that opportunities for synergy (such as combining solar energy with
biochar production to further reduce carbon footprint, or using biochar in innovative ways like desalination
byproduct management) are on the horizon as well.

UK—KSA BIOCHAR PARTNERSHIP: SWOT ANALYSIS
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Figure 6: SWOT analysis of the UK—KSA biochar partnership, highlighting key strengths, weaknesses, opportunities, and threats shaping
the development and scaling of the biochar sector.
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e Threats: One threat is the competition from alternative solutions. For soil improvement, biochar must
prove superior or complementary to other amendments like compost, manure, or synthetic soil
conditioners. If biochar remains costly, farmers might opt for cheaper compost (assuming sufficient
organic waste can be composted) or simply continue high water use with traditional practices. Another
threat is the possibility of inconsistent results or misapplication — if early adopters use biochar incorrectly
(wrong quantities or in unsuitable contexts) and get poor results, it could create negative perceptions.
Ensuring quality control and proper guidance is critical to mitigate this. Market dependency on
government projects is also a double-edged sword: while government support is a strength, it means a
shift in political priorities or budget allocations (for instance, if economic pressures delay SGI projects)
could slow demand. On the regulatory side, any stringent regulations on biochar (for example, if a certain
heavy metal content is found and not managed, leading to restrictions) could pose a compliance
challenge. Finally, macro-economic factors like fuel costs or supply chain disruptions could affect the cost
structure — e.qg., if the cost of transporting biomass or equipment spikes, it threatens the profitability of
biochar operations, especially in remote areas.

8.3 Strategic positioning, differentiation levers

Success in Saudi Arabia’s biochar market will depend heavily on how firms position themselves across a
spectrum of strategic levers. Innovation remains the most powerful differentiator. Firms like Terraxy have shown
that the development of engineered biochar products tailored specifically for local soil conditions can create
defensible intellectual property and strong brand identity. Their ability to offer a high-performance soil amendment
that addresses the unique constraints of Saudi soils has given them a competitive edge and the attention of high-
value clients like NEOM and Aramco.

For new entrants, a focus on specialisation can be equally potent. Rather than attempt to serve the entire market,
companies may find greater traction by becoming specialists—targeting specific feedstocks such as palm waste
or poultry litter, or focusing on niche applications such as park landscaping or afforestation. Product credibility
will be pivotal. Companies that invest in field trials, publish agronomic data, and demonstrate clear performance
gains in terms of water savings, crop yield, or soil resilience will build trust among procurement officials and
private clients alike. In a market driven by public procurement and large institutional buyers, such as giga-projects
or government ministries, having documented results is likely to be more influential than marketing.

Differentiation will also hinge on delivery models. Some companies may choose a cost-leadership path—offering
large volumes of bulk biochar derived from municipal waste at low cost. Others may position themselves as
premium suppliers, offering engineered biochar products along with full-service solutions including soil testing,
application guidance, and carbon credit verification. Both models can thrive if tailored to different customer
segments, with cost-efficient producers serving regional municipalities and high-value producers targeting
flagship urban projects or high-end horticulture.

UK companies in particular can capitalise on their expertise in climate science, carbon markets, and circular
economy innovation. Offering technological capabilities, MRV protocols, or advisory services on certification and
standards could position UK firms as value-adding partners. By integrating technical depth with commercial
agility, and aligning with Vision 2030 objectives, UK firms have a clear opportunity to become embedded long-
term actors in the Saudi sustainability ecosystem.

8.4 Pathways for market entry, partnerships, licensing, joint ventures

There are multiple viable pathways for entering Saudi Arabia’s biochar market, each with varying levels of risk,
capital intensity, and strategic control. One of the most effective entry points is through joint ventures or strategic
partnerships. Foreign companies can align with Saudi entities such as SIRC, Eco Tadweer, or even academic
institutions like KAUST to co-develop production facilities or deploy proven technologies. These partnerships
provide immediate access to local regulatory insight, land, and feedstock agreements, and can help secure
demand through government-linked projects.

19| Page



UK-Saudi Waste-to-Energy
Another approach is to establish a greenfield facility in one of Saudi Arabia’s special economic zones or emerging
mega-cities. These locations often offer tax incentives, infrastructure readiness, and proximity to large-scale
landscaping or agricultural projects. If paired with an anchor client—such as a NEOM greening programme, this
approach enables rapid scalability with lower go-to-market friction. Alternatively, companies with patented
technology may choose a licensing model, providing reactor blueprints or engineered biochar formulations to
Saudi partners in exchange for royalties. This model aligns well with Saudi Arabia’s local content strategy and
allows foreign firms to maintain capital-light operations while supporting domestic capability-building.

For firms seeking a more cautious market entry, beginning with a pilot-scale deployment may be most
appropriate. Small, mobile pyrolysis units deployed for demonstration purposes—such as on farms or near
landscaping projects—can test market demand, build government confidence, and generate valuable data for
larger funding rounds. Such pilots are often welcomed under the banner of Vision 2030 innovation and can be
supported through grants or co-investment mechanisms.

Another low-capital pathway is through consultancy and knowledge services. Companies with expertise in MRV,
carbon credit accounting, or soil science could provide advisory services to emerging projects, training local
technicians or helping shape policy frameworks. Acting as a knowledge partner in the short term opens the door
to future roles in project execution, technology provision, or even strategic joint ventures. Across all these
pathways, success will depend on having strong local sponsors, navigating Saudi business norms, and clearly
articulating how the venture contributes to national goals in sustainability, food security, and emissions reduction.

8.5 Scenario planning & roadmap to scale

A clear roadmap to scale begins with consolidating early-stage success and expanding into commercial viability.
In the short term—over the next one to two years—stakeholders should focus on replicating and expanding pilot
projects, publishing performance data, and forming durable partnerships with government entities and giga-
projects. Demonstrated success in multiple regions and use-cases will help solidify biochar’s role in mainstream
environmental and agricultural planning. Simultaneously, companies should begin working with regulatory bodies
and certification institutions to develop MRV protocols for carbon credits, building the infrastructure for future
monetisation of climate benefits.

In the medium term—three to five years—the sector should transition to full-scale industrial production. This will
involve commissioning pyrolysis plants capable of processing ten to fifty tonnes of biomass per day,
standardising product quality, and developing differentiated product lines. With a functioning certification
ecosystem and registered carbon credits, biochar producers could unlock international and domestic climate
finance. Strategic focus should also shift toward localising parts of the supply chain—such as equipment
manufacturing or post-treatment processing—which will support Saudi industrial diversification goals.

Long-term, over five to ten years, Saudi Arabia could emerge as a regional hub for engineered biochar, exporting
not only product but also technology and expertise to neighbouring GCC countries. Biochar would become a
recognised input across public procurement frameworks, from afforestation and water conservation to urban
landscaping and sustainable agriculture. Integration with other systems—such as using biochar in desalination
waste treatment or in construction materials—would reflect a mature, diversified biochar economy. With the right
policies, funding mechanisms, and private sector leadership, the sector could transition from a boutique
innovation into a nationally strategic industry, embedded across multiple development sectors.
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10 Appendices

Appendix A — Key Organizations and Initiatives in Saudi Arabia’s Biochar Landscape

Entity/Initiative

Description and Role

Ministry of Environment,
Water & Agriculture (MEWA)
and National Center for Palms
& Dates (NCPD)

Saudi Investment Recycling
Company (SIRC) (PIF-owned)

King Abdullah University of
Science & Technology
(KAUST)

Terraxy (Startup by KAUST
alumni)

Launched the Kingdom’s first biochar initiative in 2024, converting date
palm waste into biochar to improve farm soil and reduce water use by 30%.
This government-led project showcases official commitment to circular
agriculture. MEWA provides policy support and extension services, while
NCPD focuses on implementation in date farming communities.

Lead agency for waste management transformation aligned with Vision
2030. SIRC’s goals include diverting 82% of waste from landfills by 2035.
It is exploring biochar as part of waste-to-value solutions, evidenced by its
2024 partnership with SUEZ to develop waste-to-energy and biochar
production infrastructure. SIRC will likely build large-scale pyrolysis
facilities integrated into waste treatment plants.

A driving force in biochar R&D and innovation. KAUST researchers
developed CarboSoil engineered biochar and demonstrated its
effectiveness in Saudi soils. KAUST supported the spin-off of Terraxy
(startup) and conducts interdisciplinary research (soil science, chemical
engineering) on biochar optimization and related nature-based solutions.
It also facilitates field trials in collaboration with industry and government.

The first Saudi biochar startup, co-founded by Dr. Himanshu Mishra and
Adair Gallo in 2022. Terraxy produces CarboSoil biochar from poultry
manure and other wastes, using a patented pyrolysis and treatment
process to create a soil amendment suited for desert conditions. Piloted a
1-ton/day plant yielding 150+ tons of biochar in 2023-24, now scaling up
near Riyadh. Terraxy has partnered with Aramco (environmental dept.),
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Description and Role

National Center for Vegetation
Cover & Combatting
Desertification (NCVC)

Eco Tadweer and SEER (Joint
Venture)

Saudi Green Initiative (SGI)

King Abdulaziz City for
Science & Technology
(KACST)

Saudi Press Agency (SPA) and
Media

NEOM (nature conservation), and NCVC (Vegetation Cover Center) to
supply biochar for greening trials. It also developed “SandX” mulching
tech, positioning itself as a comprehensive land restoration solutions
provider.

Government center under MEWA tasked with afforestation and erosion
control. NCVC collaborates on applying biochar in large-scale planting
projects. For example, it worked with KAUST/Terraxy on a 1.3 ha pilot at
Wadi Qadid National Park to test biochar’s impact on native tree growth
under the Saudi Green Initiative. NCVC’s involvement ensures biochar is
evaluated in real-world restoration sites and results feed into national
greening guidelines.

Eco Tadweer (Modern Environmental Solutions) is a Saudi environmental
company; SEER is a US-based firm. They formed a JV in 2024 to
introduce biochar technology to Saudi urban greening projects. Using
Biochar Now’s tailored “Saudi Char,” they treated soils in a Riyadh park,
achieving notable improvements in tree growth and water retention. The
JV plans to secure long-term contracts (e.g., under Green Riyadh) and
expand to giga-projects, acting as a technology provider and project
implementer. They also emphasize carbon credit generation from these
applications.

A national umbrella initiative (launched 2021) for climate action and
greening, with 77 projects and ~$186 billion funding allocated. SGI
supports afforestation (10 billion trees target), protected areas expansion,
and emissions reduction. While not a single entity, SGI sets the objectives
that drive demand for solutions like biochar. It provides a platform (annual
forums, etc.) where progress on projects (e.g., biochar trials, carbon
removal efforts) is showcased and new commitments can be made. SGI’s
backing lends political and financial weight to biochar-related programs
across ministries.

National science agency that funds and conducts research. KACST has
engaged in biochar research, such as studies on improving biochar
properties (surface oxidation to increase cation exchange capacity) using
local biomass . It likely provides grants for applied research and could
be involved in developing standards or pilot projects with industry.
KACST’s programs help bridge lab research with practical deployment,
ensuring scientific rigor in the nascent biochar field.

The official news outlet SPA, along with media like Arab News, have given
coverage to biochar initiatives. While not involved in production, their role
in public communication is pivotal. By highlighting government projects
and success stories, they raise awareness among the public and potential
investors. The media essentially helps in market education, which is
important for adoption and acceptance of biochar (especially among
farmers who trust official news).
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Entity/Initiative Description and Role

Appendix B — Selected Data and Statistics

Biomass Feedstock Availability: Saudi Arabia has an estimated 28-36 million date palm trees,
producing significant pruning and processing waste. The National Center for Palms & Dates reports large
volumes of fronds and palm residues that can be tapped for biochar. The poultry sector generates 400-
500 thousand tons of litter/manure annually; one pilot plant processing this waste at 1 ton/day
prevented 400 tons from landfill in a year. Additionally, municipal solid waste in Saudi is 40-50% organic
(food and green waste), amounting to several million tons per year — a portion of which is targeted for
composting or conversion to biochar as recycling programs expand.

Water Savings and Productivity Gains: Field results from local trials indicate that biochar-amended
soils retain more moisture. In one controlled study, sandy soil with 5% biochar saw an ~11% increase
in water retention and >50% increase in nutrient retention, significantly boosting plant health. At farm
scale, the MEWA/NCPD initiative expects participating farmers to reduce irrigation water by 30% while
maintaining or improving yields. Survival rates of tree seedlings in arid plantation trials improved when
biochar was applied, contributing to higher success in SGI afforestation efforts (exact figures in Wadi
Qadid trial to be published, but qualitative reports indicate noticeable improvement).

Market Growth Figures: (Reiterating for reference) The Saudi biochar market size was USD 19.8
million in 2024, projected to reach USD 53.3 million by 2033, reflecting a 10.4% CAGR. This outpaces
the global biochar market growth rate, underscoring strong domestic momentum. The fastest growing
segments in Saudi are agricultural waste-based biochar and applications in farming and soil remediation.

Carbon Sequestration Potential: Preliminary estimates suggest that widespread biochar use in KSA
could mitigate a significant amount of CO,. For instance, if 1 million tons of biochar were applied over the
next decade (a hypothetical scenario), and assuming 70-80% stable carbon content, this could lock away
~2-2.5 million tons of CO,-equivalent. Saudi Arabia’s carbon market developments (like the sale of 2.2
million tons of credits in a single auction in 2023) indicate the scale of finance available if such removal
can be verified and tapped.

Economic Impact: By localizing biochar production, Saudi Arabia can reduce imports of soil
amendments (peat, etc.) — currently, peat moss imports for horticulture are estimated to cost several
million USD annually. Each ton of local biochar used in place of imported peat not only saves foreign
exchange but also yields long-term soil benefits (CarboSoil remains ~73% intact after 100 years, versus
peat which decomposes fully within a few years). Job creation from new biochar facilities, operation, and
supply chain is projected to be in the order of dozens of direct jobs per facility and further indirect jobs (in
feedstock collection, distribution, etc.), contributing to green employment targets under Vision 2030.

Appendix C — Saudi Biochar Ecosystem Map

Entity/Initiative Description and Role

Ministry of Environment, Policy owner for sustainable agriculture, soil health, water efficiency, and
Water & Agriculture (MEWA) environmental programmes relevant to biochar deployment.

Saudi Investment Recycling Public Investment Fund subsidiary responsible for scaling waste-to-value
Company (SIRC) infrastructure, including organic waste diversion and biochar integration.
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Entity/Initiative

National Center for
Vegetation Cover and
Combating Desertification
(NCVC)

National Center for Palms
and Dates (NCPD)

Saudi Standards, Metrology
and Quality Organization
(SASO)

King Abdullah University of
Science and Technology
(KAUST)

King Abdulaziz City for
Science and Technology
(KACST)

The National Research and
Development Center for
Sustainable Agriculture
(Estidamah)

Domestic biochar producers
and start-ups

Waste management and
environmental service
companies

International
providers

technology

UK-Saudi Waste-to-Energy
Description and Role

Implementing agency for afforestation and land restoration under the Saudi
Green Initiative, representing a major demand-side user of biochar.

Sector-specific agency supporting date palm waste valorisation and early
biochar pilot initiatives in agricultural settings.

Prospective authority for national biochar product specifications, testing
protocols, and quality standards.

Leading research institution supporting biochar characterisation, process
optimisation, and commercial spin-offs.

Acting as Saudi Arabia’s National Laboratory, KACST focuses on applied
research, technology localization, and commercialization in line with national
priorities set by the Research, Development, and Innovation Authority
(RDIA). KACST is a leader in the Sustainable Environment priority area,
driving research into high-value carbon-negative solutions. This includes
advancing biochar technology—specifically, converting local biomass (such
as date palm and agricultural waste) into stable carbon sinks and soil
enhancers through surface modification.

National centre advancing agronomic validation, soil trials, product testing,
and certification support for biochar applications in Saudi agroecological
conditions.

Entities producing engineered or application-specific biochar products using
local feedstocks.

Firms integrating biochar production within broader waste processing,
recycling, or land restoration projects.

Suppliers of pyrolysis and thermochemical conversion systems, typically
engaged through joint ventures, licensing, or PPP arrangements.
Large-scale developments requiring resilient soil systems, including urban
greening, afforestation, and ecosystem restoration projects.
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Entity/Initiative Description and Role

End-users applying biochar for soil improvement, water efficiency, and yield
Giga-projects and national  stabilisation.
programmes

Users in landscaping, remediation, and infrastructure-adjacent applications.

Agricultural producers and
cooperatives

Municipal and industrial
land managers

Appendix D - National KPIs for Biochar Scale-Up

Core KPIs Description and Role

Tonnes of biomass Quantity of agricultural, livestock, and organic waste redirected from landfill or
diverted open disposal into biochar production pathways.

Tonnes of biochar Annual national biochar output, disaggregated by feedstock type and
produced production facility where required.

Water savings achieved Estimated irrigation or water-use reductions attributable to biochar application
(m3/year) in agriculture, landscaping, and restoration projects.

CO,-equivalent Verified long-term carbon removal achieved through biochar deployment,
sequestered (tCO.e) consistent with recognised MRV methodologies.

Hectares of land restored Area of agricultural land, rangeland, or urban green space treated using
or improved biochar-enhanced soil systems.
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