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Abstract: The aviation industry faces increasing pressure to mitigate its environmental impact while maintaining operational efficiency.
Industrial hemp, a versatile and sustainable crop, offers transformative potential across multiple facets of aviation: sustainable aviation
fuel (SAF), carbon-neutral manufacturing materials, and carbon offset programs. Hemp'’s ability to grow rapidly, its high yield of usable
biomass, and its adaptability to marginal lands make it an excellent candidate for reducing aviation's carbon footprint. This paper explores
the technical specifications, economic feasibility, and environmental implications of incorporating industrial hemp into aviation,

presenting a comprehensive case for its adoption.
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1. Introduction

We help companies achieve sustainability goals. Tao
Climate is an Irish-registered software technology company
that is committed to making a positive impact on the
environment. We believe that technology can play a
significant role in reducing carbon emissions at scale and
fighting climate change effectively. Our mission is to close
the UN Emissions Gap of 23 gigatons of CO2 per year with
technological innovation to unite the world’s industrial hemp
growers and makers, safely capturing and permanently
sequestering CO2 for decades to come.

At Tao Climate, we understand that one of the most effective
ways to combat climate change is to reduce the amount of
CO2 gas in the atmosphere. That’s why we are focused on
developing innovative technology solutions that enable the
global industrial hemp industry to grow and thrive, while also
reducing carbon emissions.

We believe that industrial hemp has the potential to transform
many industries by providing sustainable and eco-friendly
alternatives to fossil fuels and unsustainable materials. By
uniting the world’s industrial hemp growers and makers, we
aim to build a future that is both affordable, circular and
environmentally friendly.

Our team of experts is passionate about creating technology
solutions that make a positive impact on the world, building
the bridge towards a sustainable future.

We are proud to work with Google as a selected member in
Google’s Startups for Sustainable Development program,
providing you with solutions that scale and have a real impact.

Figure 1: Contribution of Hemp Applications to Carbon
Neutral Aviation Goals

1) The Concept for Hemp Based Carbon Credits

TAO Climate is an innovative leader in the carbon
management industry, specializing in the utilization of
industrial hemp to provide scalable, sustainable solutions. By
leveraging advanced technologies and strategic partnerships,
TAO Climate addresses pressing environmental challenges,
particularly in the aviation sector, where emissions reductions
are critical.

Vision and Objectives:

TAO Climate’s mission revolves around leveraging industrial

hemp to deliver:

a) Carbon Neutrality: Providing airlines and aircraft
manufacturers with tools to offset emissions through
high-quality, verifiable carbon credits.

b) Sustainable Growth: Supporting the aviation sector in
meeting its sustainability goals without compromising
operational efficiency.

c) Global Impact: Scaling operations globally to
contribute to climate action, including reducing the
United Nations Emissions Gap of 23 gigatons annually.

Key Innovations:

a) Carbon Removal Credits:

e Generated through hemp’s rapid carbon sequestration
and incorporation into long-term storage solutions like
bioplastics and construction materials.

« Provides airlines with verifiable, high-impact offsets.

« Example: A hectare of hemp can absorb approximately
9-15 tons of CO2 annually.
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b) Operations Credits:
« Sustainable Aviation Fuel (SAF):

o Hemp-derived SAF significantly reduces aviation
emissions, offering a renewable alternative to
traditional jet fuels.

o Benefits:
o High energy density comparable to fossil fuels.
o Locally produced, reducing supply chain emissions.

c) Lightweight Materials for Aviation:

o Hemp composites reduce the weight of aircraft, leading
to lower fuel consumption.

o Example: Hemp bioplastics are 30% lighter than
traditional materials, reducing overall emissions.

d) Technology Integration:

TAO Climate integrates Al, satellite data, and 10T devices to
optimize hemp farming, validate carbon credits, and monitor
impact.

2) Hemp’s Role in Carbon Credits

e Hemp, with its rapid growth cycle, absorbs CO2 more
efficiently than traditional forestry methods.

e  Projects utilizing hemp can generate high-quality carbon
credits by sequestering carbon through bioplastics,
construction materials, and sustainable aviation fuel
(SAF).

3) Significance in the Aviation Sector

The aviation industry contributes approximately 2.5% of

global carbon emissions, a figure projected to rise due to

increased air travel demand. By integrating carbon credits,

airlines can:

o Offset emissions generated from fuel use and operations.

e Contribute to verified sustainable projects such as
reforestation, renewable energy, and industrial hemp
cultivation.
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Figure 2: A bar graph showcasing hemp’s CO2 absorption
rates versus traditional forestry

2. Market Structure and Components

The carbon credit market operates as a multi-layered
ecosystem involving various stakeholders, frameworks, and
mechanisms that enable the trade of emissions allowances or
offsets. Industrial hemp fits into this ecosystem as a key driver
for innovative, sustainable solutions, particularly in the
aviation sector.

a) Regulators and Policymakers: Set emission caps and
define the rules of the market, such as allowances for
compliance and project eligibility.

o Example: EU Emission Trading System (ETS) enforces
caps for airlines operating within Europe.

b) Project Developers: Entities that create carbon
reduction or removal projects, such as hemp cultivation
for SAF and bioplastics.

« Example: TAO Climate develops hemp-based initiatives
for carbo sequestration and aviation fuel.

c) Carbon Offset Buyers: Organizations and individuals
purchasing credits to offset emissions.

« Auviation Buyers: Airlines offset operational emissions
via carbon credits. Passengers voluntarily purchase
offsets during booking.

d) Validation and Certification Bodies: Ensure the
credibility of projects by verifying emission reductions.
Standards include:

« Gold Standard: High-quality carbon credits with social
and environmental co-benefits.

o Verified Carbon Standard (VCS): Broad project
eligibility, including hemp-based SAF.

e) Trading Platforms: Facilitate the buying and selling of
credits between stakeholders.

o Examples: Air Carbon Exchange (ACX) and voluntary
market platforms like Verra.

4) Core Components of Hemp’s Role in the Carbon Credit
Market

Other Applications

M0%

SAF

Figure 3: Contribution of Hemp Applications to Carbon
Neutral Aviation Goals

a) Carbon Credit Supply from Hemp Projects: Hemp
projects supply credits in several ways:

o Carbon Sequestration: Hemp absorbs CO2 during its
growth and stores it in the form of biomass.

e Long-term Storage: Hemp-derived bioplastics and
construction materials lock away carbon for decades.

« Emission Reduction: SAF reduces emissions from aviation
operations.

b) Demand for Hemp-Based Carbon Credits:
« Compliance Markets: Airlines operating under emission
caps must purchase high-quality credits.
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« Example: EU-ETS mandates airlines to offset emissions
above set thresholds.
o Voluntary Markets:
o Airlines promote passenger engagement in offset
programs. Hemp-based credits offer
o high-impact  solutions that resonate  with
environmentally conscious consumers.

Table 1: Technical Specifications for Hemp-Based Credits

Component Hemp’s Role Outcome
Carbon Removal| Sequestration via Hemp | Offset Emission
Projects Cultivation from Others Sectors
Bioplastic Stores Absorbed Carbon | Locks Carbon for
Production in Durable Materials Decades
SAF Provides a Low Emission| Reduces Aviation
Production Fuel Alternative Sector Emissions

3. Types of Carbon Credit Markets

The carbon credit ecosystem is split into compliance markets
and voluntary markets, with each serving distinct roles in
addressing global emissions. Industrial hemp is uniquely
positioned to contribute meaningfully to both markets,
particularly in the aviation sector.

1) Compliance Markets

Compliance markets, also known as cap-and-trade systems,
are legally mandated by governments or international
agreements. Entities operating in these markets must adhere
to emission caps or purchase credits to account for excess
emissions.

2) Relevance to Aviation

a) Airlines are major participants in compliance markets,
especially under frameworks like:

e EU-ETS: Covers aviation emissions in European
airspace.

o California Cap-and-Trade
domestic flights within the state.

Program: Includes

b) Hemp-based SAF and sequestration projects can
generate credits eligible for compliance use.

Table 2: Compliance Market Pricing

. Price Per
Region | Market Name Key Features Ton (2023)
Covers Airlines, Strict
Europe EU-ETS Verification $89
.. .| California Cap| Includes Aviation and
California and Trade Industrial Emissions $30

c) Hemp’s Role in Compliance Markets: High-Quality
Credits: Hemp’s rapid carbon absorption and ability to
produce durable carbon-storing materials meet
compliance standards.

d) Cost-Effective Offsets: Compared to other bio
sequestration methods, hemp offers a scalable and
affordable offset option.

Projected Cost Reduction of Hemp SAF Over Time
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Figure 4: This graph shows projected cost reduction of
hemp SAF over time

3) Future Directions in Carbon Markets for Hemp

« Integration Across Geographies: Harmonized regulations
will enable hemp projects to qualify for both compliance
and voluntary credits globally.

o Technological Enhancements: Blockchain and Al will
streamline MRV processes, improving transparency and
scalability for hemp-based initiatives.

o Increased Adoption in Aviation: Hemp-based SAF will
gain prominence as regulatory frameworks incentivize
low-carbon fuel adoption.

Table 3: Hemp’s Contribution to Market Attributes

Market s .
Attribute Hemp’s Contribution Example
Project  [Supports SAF, Bioplastics, BHenl]p Bas?d
Flexibility Sequestration ioplastics for
Aviation
Market Easy Entry for New SAF Offsets for
Accessibility Technologies Regional Flights
Cost . . Lower Costs Compared
Effectiveness High Yield Per Hectare to Afforestation

Industrial Hemp Market

Trends, by Region, 2024 - 2030

® Largest Market

Figure 5: Global Demand of Hemp Market Share

4) Relevance to Aviation

Credit Markets are driven by corporate responsibility,

allowing organizations and individuals to purchase carbon

offsets beyond mandatory requirements. These markets

enable innovative solutions like hemp-based SAF projects to

thrive.

« Corporate Buyers: Airlines aiming for carbon neutrality
voluntarily offset emissions.

« Passenger Engagement: Airlines offer passengers the
option to purchase carbon credits linked to hemp
cultivation and SAF usage.
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5) Hemp’s Role in Voluntary Markets
« Sustainable Branding: Airlines using hemp credits
strengthen their sustainability narratives.
o Scalable Offsets:
o Large-scale hemp farms can supply credits to meet
aviation’s growing demand.
o Hemp-based solutions resonate with eco-conscious
consumers seeking impactful offsets.

4. Voluntary Credit Markets

Voluntary carbon markets allow companies and individuals to
offset emissions beyond regulatory requirements. In the
aviation sector, these markets offer airlines flexible, credible
solutions to achieve carbon neutrality and engage passengers.

1) Technical Specifications for Hemp-Based Credits

a) Additionality: Hemp projects provide carbon
sequestration and SAF production that would not occur
under “business as usual.

b) Permanence: Carbon is stored long-term in bioplastics,
hempcrete, and SAF production.

¢) Measurability:
o Tools: Satellite imagery, 10T sensors, Al models.
« Efficiency: Hemp absorbs 9-15 tons of CO: per

hectare annually, far faster than forestry.

d) Validation: Independent third-party audits (Gold

Standard, VCS) ensure transparency.

2) Hemp’s Role in Aviation Offsets

a) Sequestration Credits: Offsets operational emissions
by capturing CO: during hemp cultivation.

b) SAF-Based Credits: Reduces lifecycle emissions by up
to 80% compared to fossil jet fuel.

Table 4: Key Advantages of Hemp as a Sustainable
Agricultural Material

Matric Hemp Advantage
CO2 Absorption 9-15 Ton/Year per hectare
Growth Time 4-5 Months per cycle
SAF Lifecycle Reduction | Up to 80% fewer emissions

3) Airline Adoption and Passenger Engagement
a) Airlines: Purchase hemp credits to achieve net-zero
goals.
b) Passengers: Offset emissions by buying verified hemp
credits during flight booking.
« Example: A 3-hour flight (300 kg COx) is offset with
hemp credits from a fraction of one hectare.

4) Market Growth: The voluntary carbon credit market is
projected to reach $25 billion by 2030, with hemp-based
solutions contributing 18% due to scalability and rapid
carbon absorption.

5. Compliance Markets

As the aviation industry intensifies its efforts to align with
international climate regulations, hemp-based products and
technologies are uniquely positioned to meet the demands of
the growing compliance market. This market is shaped by
stringent requirements for carbon neutrality, sustainable
operations, and adherence to international frameworks such
as CORSIA (Carbon Offsetting and Reduction Scheme for
International Aviation) and the European Union Emissions
Trading System (EU ETS).

1) Regulatory Drivers for Hemp in Aviation

a) CORSIA

e Launched by the International Civil Aviation
Organization (ICAO), CORSIA mandates airlines to
offset their CO2 emissions by purchasing carbon credits
or adopting SAF. Hemp's ability to rapidly sequester
CO2 and provide scalable SAF solutions positions it as
an ideal feedstock for compliance with these regulations.

o Hemp-derived carbon removal credits can be verified
and traded, fulfilling the scheme's requirements for
transparency and measurability.

b) EUETS

e Under the European Union's carbon trading mechanism,
airlines are required to purchase allowances for
emissions above a set cap. Hemp-based SAF qualifies as
a low-carbon alternative fuel, reducing emissions and
limiting reliance on allowances.

« Airlines using hemp SAF can reduce costs associated
with purchasing carbon credits while meeting emission
caps.

c) EUETS

e Under the European Union's carbon trading mechanism,
airlines are required to purchase allowances for
emissions above a set cap. Hemp-based SAF qualifies as
a low-carbon alternative fuel, reducing emissions and
limiting reliance on allowances.
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o Airlines using hemp SAF can reduce costs associated
with purchasing carbon credits while meeting emission
caps.

2) Role of Hemp-Based Products in Compliance

a) Sustainable Aviation Fuel (SAF): Hemp-derived SAF
complies with regulatory standards for renewable fuels,
including those outlined by the Renewable Energy

Directive (RED II) in the EU. These standards emphasize

lifecycle GHG emissions reductions of at least 50%,

which hemp-based fuels can exceed by up to 70%.

b) Carbon Credits

« Hemp plantations can absorb up to 10 metric tons of
CO2 per hectare annually, generating carbon credits
that are quantifiable and marketable.

o Unlike forest-based credits, hemp credits have a
shorter turnaround time (4-5 months for a crop cycle),
providing immediate offsets for aviation emissions.

c¢) Hemp Composites: Aircraft manufacturers can adopt
hemp composites for compliance with EU Circular

Economy Action Plan guidelines, which emphasize

reducing resource consumption and increasing material

recyclability.

Table 5: Challenges and Opportunities in the Adoption of
Hemp-Based Sustainable Aviation Fuel (SAF)
Aspect Challenges Opportunities
Need for standardize | Development of global
Certification |certifications for hemp| standards through ICAO
SAF and carbon credits and EU bodies
Slow Adoption of SAF|Incentives under programs
due to cost differentials| like the U.S. inflation
with fossil fuels reduction act
Limited biorefineries Potential for regional
Infrastructure| for processing hemp | refineries near airports to
into SAF reduce costs

Market
Adoption

3) Economic Impacts of Hemp Compliance in Aviation

o Cost Savings: Airlines using hemp-based SAF reduce
EU ETS penalties, saving up to €200 per ton of avoided
emissions.

« Revenue Opportunities: Airlines can offer passengers
add-on carbon offsets via hemp credit purchases during
ticket booking.

o Rural Development: Hemp cultivation incentivizes
farming on marginal lands, creating jobs and boosting
local economies.

6. Hemp Based carbon products for aviation

The carbon removal process in the Tao Climate process flow
diagram involves three key phases where carbon (CO2) is
captured or removed from the atmosphere. These processes
are highlighted by green CO: symbols that represent "Carbon
gain™ or carbon sequestration.

a) CO: Removal During Photosynthesis: In the Hemp
Growing and Harvesting stage (Process 1), hemp plants
remove CO: from the atmosphere through photosynthesis.
Hemp absorbs carbon dioxide (CO2) during its growth,
which helps reduce atmospheric carbon. This natural
process converts CO: into plant biomass, making hemp a
carbon-positive crop.

b) Soil Sequestration: During Soil Sequestration (Process
2), additional CO: is removed and stored in the soil.
Hemp’s deep roots contribute to soil health and carbon
sequestration by fixing carbon into the soil, where it
remains stored long-term.

c) Carbonation in Hempcrete:

o In the Housing Construction (Process 6) and
Carbonation (Process 7) stages, hempcrete continues
to remove COx:

e Hempcrete Production: Hempcrete, made from hemp
stalks (hemp DSF), lime, and water, absorbs carbon
during its curing process.

« Housing Construction: Houses built with hempcrete
permanently sequester carbon within their structure.

o Carbonation: Over time, hempcrete continues to
absorb CO: from the atmosphere through a natural
process called carbonation, where lime (calcium
hydroxide) reacts with CO- to form calcium carbonate.

o This process ensures ongoing carbon removal even
after the building is completed, providing long-term
carbon sequestration benefits.
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Figure 6: Carbon removal process flow diagram.

7. Measurement, Reporting and Validation
(MRV) for Hemp

Measurement, Reporting, and Validation (MRV) systems
form the backbone of the carbon credit ecosystem, ensuring
transparency, credibility, and accuracy in emissions
reductions and carbon sequestration claims. In the case of
hemp, MRV processes are uniquely positioned to leverage
advanced technologies like satellite monitoring, Al, and
blockchain to validate its carbon impact effectively.

1) Measurement
MRV begins with accurately quantifying the carbon dioxide
captured or avoided through hemp cultivation and product
lifecycle analysis.

Technologies Used in Measurement:

a) Satellite Imagery:

e Tracks hemp cultivation areas and monitors growth
patterns.

o Estimates biomass yield and correlates with carbon
absorption rates.

o Example: NASA’s remote sensing tools quantify carbon
flux in large-scale hemp fields.
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b) loT Sensors:

« Devices placed in hemp fields measure growth metrics,
soil health, and CO2 absorption in real-time.

» Captures precise data to improve farming techniques.

c) Al Models:

o Predicts carbon sequestration efficiency based on
environmental variables like climate and soil type.

o Optimizes land use by selecting high-performing
cultivation areas.

Table 6: Comparative Metrics Highlighting Hemp's
Environmental and Agricultural Advantages
Matric Value Hemp’s Advantage
Carbon 9-15 Tons CO2 Per | Fast Growth, Multiple
Absorption Rate | Hectare Annually Cycles Per Year
Enriches Soil with
Nutrients and
Reduces Erosion

Dual Carbon and
Agricultural Benefits

Soil Regeneration
Impact

2) Reporting

Transparent and detailed reporting ensures that all
stakeholders, from regulators to buyers, trust the credibility of
hemp-based carbon credits.

Reporting Processes:

a) Blockchain Integration:

o Immutable ledgers store data on hemp’s carbon capture,
production outputs, and credit issuance.

« Ensures traceability from cultivation to credit purchase.

b) Standardized Reporting Formats:

« Aligns with international standards such as the Gold
Standard and Verified Carbon Standard (VCS).

o Includes metrics like lifecycle emissions reduction and
product-specific sequestration.

c) Dashboard Tools:

« Real-time reporting tools provide stakeholders (airlines,
governments, certifiers) access to detailed project data.

3) Validation

Validation ensures that the reported reductions align with
real-world outcomes and meet regulatory or market-specific
requirements.

Validation Processes:

a) Third-Party Audits:

« Independent bodies verify data accuracy, including
carbon absorption, fuel emissions, and storage metrics.

o Regular field inspections complement technology-
driven measurements.

b) Satellite and Drone Verification: High-resolution
imagery confirms field data, ensuring that reported crop
growth and sequestration match actual outputs.

c) Al Validation: Machine learning algorithms cross-check
reported metrics with historical and environmental data.

8. Hemp-Based Carbon Products for Aviation

The Greenhouse Gas (GHG) Protocol is a global standard for
categorizing and measuring greenhouse gas emissions. It
organizes emissions into three scopes to enable organizations
to identify, manage, and mitigate their carbon footprint
effectively:

e Scope 1: Direct emissions from sources owned or
controlled by the organization, such as facilities and
vehicles.

e Scope 2: Indirect emissions resulting from purchased
energy, including electricity, heating, cooling, and steam.

e Scope 3: All other indirect emissions across the value
chain, including upstream activities (e.g., raw materials
and transportation) and downstream activities (e.g.,
product distribution, usage, and disposal).

This framework can be applied to three key products or
processes: Cx, Ops, and SAF. Each product's emissions can
be mapped under these scopes to identify areas for reduction
and improvement.

The GHG Protocol

Figure 7: Application of the framework to key products and
processes

a) Cx (Carbon Exchange)

e High-Quality Credits: Credits sourced from hemp
projects are certified and meet compliance and voluntary
standards.

o Customizable Solutions: Airlines can offset specific
operations, such as manufacturing, ground operations, or
flights.

o Analytics Tools: Provides dashboards for tracking
carbon offset usage and environmental impact.

b) Ops (Operational Optimization)

In distributed systems, scalability and fault tolerance are

critical for ensuring uninterrupted operation as data volumes

and user demands increase [1].

o Fleet Optimization: Recommends aircraft upgrades and
fuel-efficient routing.

o Ground Operations: Electric ground support equipment
(GSE) reduces emissions during taxiing and idle times.

e Real-Time Monitoring: Tracks emissions across all
phases of operation using 10T devices.

c) SAF (Sustainable Aviation Fuel)

« High Energy Density: Matches or exceeds traditional jet
fuel energy levels, ensuring compatibility with current
aircraft engines.

e Lower Emissions: Reduces lifecycle greenhouse gas
emissions by up to 80%.

« Local Sourcing: Cultivation and processing occur near
demand centers, minimizing transportation emissions.
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9. Pricing Strategy

Table 8: Emission details per seat class for aircraft like
Boeing 767-300ER

The pricing strategy below represents the market strategy for Airlines | Airlines | Airlines | Airlines
Tao Climate targeting United airlines and London Heathrow Aircraft Model Boeing | Boeing B;)7e|7r]g Boeing
Airport. : 767-300ER|777-200 300ER 787-9
o . Miles (One-Way) 3,465 3465 3455 3465
Ta£|e 7 P;"?'”% \?tlrat$9y |f\(/|)r iat;bon Cregg; - Business Seats 46 50 | 60 | 48
verage Price (Voluntary Marke . CO, Emission b
Base Price (Permanent Carbon Removal) | $0.19 Busir21ess Class (k)g/;) 92000 | 100000 | 120000 | 96000
Premium Pricing (Certification) $0.22 Emission Per Business
Class Seat (kg) 92000 2000 | 2000 | 2000
Premium Economy Seats| 2000 24 24 21
€0 Emission by 22| 24000 | 24000 | 21000
Premium Economy (kg)
Emission Per Premium
Economy Seat (kg) 22000 1000 | 1000 1000
Economy Seats 1000 202 266 188
€0 Emission by 66330 | 135340 | 178220 | 125960
Economy Class (kg)
Emission
Per Economy Seat (kg) 670 670 670 670
Table 9: Carbon Credit Pricing by Seat Class and Aircraft Model
Business Seats Premium Economy Econom
Aircraft Model Avg Base Premium | Avg Base Premium | Avg Base Premium
Price Price Price Price Price Price Price Price Price
Boeing 767-300ER | $13.94 | $380.00 | $440.00 | $6.97 | $190.00 | $220.00 | $4.67 | $127.30 | $147.40
Boeing 777-200 | $13.94 | $380.00 | $440.00 | $6.97 | $190.00 | $220.00 | $4.67 | $127.30 | $147.40
Boeing 777-300ER | $13.94 | $380.00 | $440.00 | $6.97 | $190.00 | $220.00 | $4.67 | $127.30 | $147.40
Boeing 787-9 $13.94 | $380.00 | $440.00 | $6.97 | $190.00 | $220.00 | $4.67 | $127.30 | $147.40

b) Tao OPS Pricing Strategy

Tao OPS Pricing Strategy for carbon credits for United
Airlines and London Heathrow Airport. It outlines the carbon
credit volumes (mtCO2), breakeven selling prices (~$200 per
mtCO2), and a 100% premium markup. The suggested selling
price is around $401 per mtCO2, with revenues split as:

o Tao's share (33%)

« Grower/Farmer share (66%)
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Figure 8: Includes carbon credit volumes, breakeven prices,
and revenue distribution.

United Airlines has a total carbon credit volume of 49.1
million mtCO2, generating $19.7 billion, while London
Heathrow has 18.7 million mtCO2, generating $7.5 billion.

c) Tao SAF Pricing Strategy

This chart compares the cost and emissions impact of using
100% Jet Fuel versus a 30% SAF (Sustainable Aviation Fuel)
blend:

« Emissions Reduction: 8.78 million mtCO2

e Cost Increase: $10.3 billion

o Cost per mtCO2 Reduced: $1,176

B vy sTERN

Example: Jet Fuel with 30% SAF Blend

inputa
=
= ﬂ

1 gailon jot husl ity
547 Erreazon Rechaction

réssions Reduction
s g EAF b0z}

sies Ditlevential { Jet

kg 03
Rangs & betwsan 50

facser 1Y
S of Jes Fued per gl I:II}:I
a0l SAF SO0 pe gl

St Pusl w) SAP Blend

J§ s |8

BT TIL3H

Bascline {10O% ot Fusl)

SAF Blend (2] il AT Bl Coat | $90,359 552 3088)
Gabons of SAT al- 200/ LMD AGEEIE bt aossine Joi Fudl]

% Cokt ot SAT [T [T 515| [Ceatparmecos

o of ot st g il

3 Com of A P
[Tatal 5 cost of Fusd
Ermbsions from 587 (miCoF] £.00 L4307
[Emissions from Jel Fasl 53047230 FR——

Gy ime -]
Torol Ervdusans [Pcol] 3554047200 7 el TEH T

Figure 9: Cost comparison between jet fuel and a 30% SAF
blend
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Using a 30% SAF blend significantly reduces emissions but
at a higher fuel cost, highlighting the trade-off between
sustainability and expense for airlines.
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10. Carbon Credits and Its Significance

1) Significance of TAO Climate’s Approach

a) Direct Impact on Aviation: Enables airlines to achieve
measurable emission reductions and align with
international climate agreements.

b) Economic Benefits: Hemp-based solutions are cost-
effective, with lower production and processing costs
than traditional alternatives like afforestation.

c) Global Scalability: TAO Climate’s focus on marginal
lands ensures that its projects do not compete with food
production, making them replicable across diverse
geographies.
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m™co2 .
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Figure 10: Achieving measurable emission reductions in
aviation while aligning with global climate goals

2) The Carbon Credit Process in Aviation

The carbon credit process tailored for aviation integrates
hemp cultivation, processing, and carbon accounting to
ensure accurate, verifiable offsets that meet regulatory and
voluntary market standards. This process ensures the aviation
sector can effectively manage its carbon footprint while
promoting innovation.

Key Stages of the Carbon Credit Process
a) Hemp Cultivation: Industrial hemp, cultivated on
marginal lands, absorbs CO2 during its growth cycle.
With a growth period of 4-5 months, hemp can be
cultivated multiple times annually, increasing
sequestration efficiency.
b) Biomass Processing: Hemp biomass is converted into
various products:
e SAF: Hemp seeds and stalks undergo hydro
processing to produce jet fuel.
« Bioplastics: Hemp fibers are processed into carbon-
storing materials for aircraft interiors and structures.
« Construction Materials: Locks carbon in durable
products like hempcrete.
c) Validation and Certification:
o Credits are validated using Al models and third-
party audits to ensure compliance with standards like
Gold Standard or VCS.
e TAO Climate employs blockchain to ensure
transparency and traceability.
d) Carbon Credit Issuance:
e Certified credits are issued based on verified CO2
absorption and emission reduction metrics.
o Airlines purchase these credits to offset their
operational emissions.
e) Trading and Application:
e Credits are sold via compliance or voluntary
markets.

« Airlines can integrate these credits into their carbon-
neutral strategies or offer them to passengers as
offset options during booking.

Table 10: emp's Efficiency in Carbon Dioxide Sequestration
Compared to Forestry.

Matric Hemp’s Efficiency
CO2 Absorbed Per Hectare 9-15 Tons Annually
Growth Cycle 120-150 Days

4 Times More effective in

Comparison to Forestry CO2 Sequestration

11. Future Trends and Potential Impacts

As the global aviation sector transitions to sustainable
practices, industrial hemp presents an innovative and scalable
solution for addressing carbon emissions. Several key trends
and their impacts are shaping the future of the aviation
industry, with hemp poised to play a transformative role.

1) Integration of Hemp into Global Carbon Markets

The inclusion of hemp-based carbon credits in both

compliance and voluntary markets is expected to accelerate

due to:

a) Regulatory Support:

« The International Civil Aviation Organization (ICAO)
encourages sustainable fuel adoption under its Carbon
Offsetting and Reduction Scheme for International
Aviation (CORSIA).

o Governments increasingly recognize hemp as a viable
feedstock for carbon reduction projects.

b) Market Expansion: Emerging economies in Asia and
Africa are exploring hemp cultivation for dual purposes:
economic growth and environmental benefits.

2) Advancements in Technology

The adoption of cutting-edge technologies is revolutionizing

hemp’s role in aviation sustainability:

a) Al and Data Science:

o Predict crop yields and optimize land use to maximize
carbon sequestration.

o Forecast carbon credit generation based on real-time
environmental data.

b) Blockchain:
«  Ensures transparency in carbon credit transactions.
e Provides immutable records of emissions reductions.

c) Biochemical Innovations: Enhanced methods for
converting hemp biomass into SAF, reducing costs and
increasing yield.

3) Potential Impacts

« Broader access to carbon credits will provide airlines
with more cost-effective and impactful options for
offsetting emissions.

e« Hemp cultivation will drive local employment and
regional economic development in marginal or degraded
lands.

o Greater efficiency in hemp cultivation and SAF
production will lower costs for airlines.

Technological integration will boost trust in the carbon
credit market, encouraging greater participation.

Volume 14 Issue 1, January 2025
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal
WWW.ijsr.net

Paper ID: MS241230091225

DOI: https://dx.doi.org/10.21275/M S241230091225 23


http://www.ijsr.net/

International Journal of Science and Research (1JSR)
ISSN: 2319-7064
Impact Factor 2024: 2.102

4) Increasing Demand for Sustainable Aviation Fuel
(SAF)

a) Trend: The aviation sector's reliance on SAF is set to
grow exponentially as fossil fuels are phased out. Hemp
SAF, with its localized production capabilities, aligns
perfectly with this demand.

Table 11: Future Trends in SAF Demand and Hemp-Based
Market Share.

Year Globa'l S_AF I_Demand Hemp SAF Potential
(Million Liters) Market Share

2025 10,000 10%

2030 25,000 20%

b) Potential Impacts:

o Widespread adoption of hemp SAF will reduce lifecycle
emissions by up to 80%, contributing significantly to
global aviation sustainability goals.

o Airlines adopting hemp SAF will gain a competitive edge
due to reduced carbon liabilities and operational savings.

5) Increasing Focus on Circular Economy Models

a) Trend: Circular economy principles are gaining traction,
emphasizing waste minimization and resource
efficiency. Hemp fits seamlessly into this model, with its
ability to:

e Absorb CO2 during cultivation.

o Be processed into SAF, bioplastics, and construction
materials.

o  Generate zero waste due to its whole-plant utility.

b) Potential Impacts:

o Airlines can integrate circular practices into their
operations, reducing both emissions and material waste.

e  Carbon-neutral aircraft manufacturing using hemp
composites will emerge as a game-changer for the
industry.

6) Growth of Voluntary Carbon Credit Markets

a) Trend: Voluntary markets are forecasted to grow
fivefold by 2030 as companies prioritize net-zero goals.
Hemp-based projects will play a significant role due to
their rapid scalability and tangible benefits

b) Potential Impacts:

« Airlines can offer passengers high-quality, hemp-backed
offset options, enhancing brand loyalty and sustainability
credentials.

o Increased funding for hemp projects will create a
feedback loop, further reducing the aviation sector’s

overall carbon footprint.
a - b

Figure 11: This graph shows Voluntary Carbon Credit
Markets Overall Carbon Footprint

12. Conclusion

The aviation industry stands at the forefront of a critical
transformation. With its substantial carbon footprint, the
sector requires innovative, scalable, and economically viable
solutions to achieve sustainability goals. Industrial hemp,
championed by TAO Climate, has emerged as a pivotal
enabler of this change.

1) Key Takeaways

a) Hemp’s Unique Contribution:

« As a fast-growing, carbon-sequestering crop, hemp offers
unparalleled advantages over traditional  offset
mechanisms like forestry.

o lIts versatility allows it to produce SAF, lightweight
composites, and durable bioplastics, directly addressing
aviation’s dual challenges of emissions and material
sustainability.

b) TAO Climate’s Visionary Role

e By combining advanced technologies with hemp’s natural
capabilities, TAO Climate provides airlines with
measurable, verified, and high-impact solutions for
reducing emissions.

¢) Future Prospects:

« The adoption of hemp-based products and credits will
accelerate as regulatory frameworks become more
supportive and market demand grows.

« With advancements in technology and increasing
awareness of hemp’s benefits, the aviation sector is poised
for significant progress toward carbon neutrality.

2) Implications for Aviation Stakeholders

a) Airlines: Integrating hemp SAF and carbon credits can
lower operational emissions and enhance sustainability
branding.

b) Policy Makers: Supporting hemp-based solutions can
create jobs, drive economic growth, and ensure
compliance with global climate goals.

c) Passengers: Access to transparent, high-quality offsets
allows individuals to contribute to sustainable travel
solutions.

Northern Amenica

Latin America and
the Caribbean

10mt

Figure 12: Map of Marginal Land Suitability for Hemp
Cultivation

“The intersection of aviation and industrial hemp represents a
remarkable opportunity to redefine sustainability. As hemp’s
role in carbon management and SAF production grows, it will
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pave the way for a cleaner, greener future for global air travel.
TAO Climate’s leadership ensures that this transformation is
both impactful and enduring”
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