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Executive summary

Promoting sustainable alternative fuels is a key
strategy for decarbonizing the aviation and

maritime sectors. However, current policies—both
domestic and international—differ in their definitions
and sustainability criteria for these fuels. This

study compares the sustainability requirements,
greenhouse gas (GHG) emission intensities, and
accounting methodologies for sustainable aviation
and maritime fuels across ICAQ, IMO, the EU, the
United States, and China. It also estimates the GHG
emission intensity of typical fuels produced in China,
providing insights to support the development of

a China-specific standards system for sustainable
aviation and maritime fuels.
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HIGHLIGHTS

B This study compares standards for sustainable

alternative fuels in aviation and shipping
across ICAQ, IMO, EU, the US, and China, with a
focus on sustainability criteria, greenhouse gas
emissions (GHG) intensities, and accounting
methods to provide a reference for China-
specific standard development.

The findings indicate that China needs

to strengthen its existing standards for
sustainable aviation fuels (SAF) and
develop dedicated standards for sustainable
maritime fuels.

China has made notable progress by
prohibiting the use of food crops in aviation
biofuel production. However, this restriction
should be extended to shipping biofuels.

In addition, China should enhance its
requirements for agricultural and forestry
residues by prohibiting sourcing from high-
carbon ecosystems and setting scientifically
grounded residue retention thresholds to
protect soil health and carbon stocks.

China should align its biofuel GHG accounting
methodologies with international best
practices. This includes applying rigorous
methods for accounting indirect land-use
change emissions, assessing displacement
effects, and incorporating avoided emissions.

For synthetic fuel accounting, China should
develop requirements for sourcing of

CO,, hydrogen, and electricity that align

with industrial development needs and
decarbonization goals. Given the significant
impact of electricity emissions factors, China
needs to establish monthly or hourly electricity
carbon footprint factors and ensure their
regular updates.

RESEARCH QUESTIONS

Globally, international aviation and maritime shipping
account for 3.5% of energy-related carbon dioxide (CO,)
emissions (Black et al., 2024), and this share continues to
grow rapidly. Promoting sustainable alternative fuels is
widely regarded as a key strategy for achieving emission

reduction targets in both sectors.

Defining sustainable alternative fuels through clear and
robust standards is critical. These standards form the basis
for designing effective policy frameworks and guiding
industry investment. In recent years, the International
Civil Aviation Organization (ICAO), the International
Maritime Organization (IMO), the European Union, the
United States, and China have all introduced policies to
support the development of sustainable alternative fuels in
these sectors. These policies are beginning to have a pro-
found impact on China’s civil aviation, maritime industries,
and related fuel production sectors. However, the defini-
tions and sustainability criteria for alternative fuels vary
considerably across these jurisdictions.

Science-based standards are essential not only to prevent
greenhouse gas (GHG) emissions leakage associated with
the rapid scale-up of alternative fuels, but also to mitigate
potential negative impacts on food security, biodiversity,
and soil carbon accumulation. For example, growing
demand for crop residues, forestry waste, and energy crops
could diminish soil carbon, reduce grain yields, and cause
forest degradation. These impacts may lead to additional
GHG emissions from land-use changes and adversely
affect biodiversity.

Compared to ICAO, IMO, the EU, and the US, China’s
standards for sustainable alternative fuels in aviation and
maritime remain underdeveloped. Further advancement

is needed, both to reflect China’s unique development
context and to incorporate relevant international best
practices. This study draws on global experience to address
two key research questions:

B What are the sustainability criteria for aviation
and maritime alternative fuels among international
organizations, the EU, and the US? How do they
differ from China’s standards? What certification
mechanisms exist globally for ensuring the

sustainability of alternative fuels?

B How do the EU, the US, ICAO, and IMO establish
GHG emission intensity requirements and accounting

methods for aviation and shipping alternative fuels?



Does the lifecycle carbon emission intensity of typical
sustainable alternative fuels produced in China comply

with domestic and international requirements?

RESEARCH METHODOLOGY

To address the above research question, this study employs
a combination of policy and literature review, expert
interviews, and model-based calculations. The comparative

analysis primarily focuses on:

B China, the EU, the US, and the State of California
in the US. These countries and regions either account
for a significant share of global aviation or shipping
carbon emissions or have been at the forefront of
implementing sustainable alternative fuel policies in

aviation and shipping.

B 'The United Nations agencies responsible for
international aviation and shipping—ICAO and
IMO—which play a central role in developing globally
binding standards.

B Global certification bodies, such as the International
Sustainability and Carbon Certification (ISCC)
and the Roundtable on Sustainable Biomaterials
(RSB), which provide internationally recognized
sustainability certification systems. These
organizations have formulated more stringent
sustainability requirements, building upon the
frameworks set by ICAO, IMO, and individual
national policies. Certification from these systems is
essential for sustainable alternative fuels to access the

international aviation and shipping markets.

To address the first set of research questions, this study
examines the definitions and classifications of sustain-

able alternative fuels in aviation and maritime sectors, the
associated sustainability indicator frameworks, the sustain-
ability criteria for feedstock , and whether a sustainability
certification mechanism has been established. In particular,
it evaluates whether these criteria address key dimen-

sions such as food security, soil quality and carbon stock
preservation, and biodiversity protection. The research
methodology is based on a literature review, drawing on
policy documents from China, the EU, the US, California,
ICAOQ, and IMO, as well as documentation on global

certification schemes.

To address the second set of questions, the study investi-
gates lifecycle GHG emissions intensity thresholds and

accounting methods for aviation and maritime alternative

fuels. This includes the treatment of indirect land-use
change (iLUC) emissions, emission allocation methods
for co-products, and other aspects. The analysis is based
on a review of relevant policy documents and academic
literature. In addition, the study applies the GREET
model with localized inputs to estimate the GHG emis-
sions intensity of bio-methanol and e-methanol produced
in China, evaluating their compliance with both domestic
and international emissions intensity thresholds for
sustainable maritime fuels. The input data—such as locally
available feedstocks and production pathways and electric-
ity carbon intensity factors—were sourced from expert
interviews, statistical yearbooks, and literature. Due to
limited availability of localized data and a small sample
size for expert interviews, , some model outputs may have

constraints in terms of representativeness.

RESEARCH FINDINGS AND
RECOMMENDATIONS

Globally, there is still no unified definition or clas-
sification system for sustainable alternative fuels—par-
ticularly in the shipping sector. China has established
standards for sustainable alternative fuels in the aviation
sector; however, comparable standards for the ship-

ping sector have yet to be developed. Our analysis shows
that globally, not only are alternative fuels derived from
renewable sources supported by policy incentives, but some
low-carbon fuels and even fossil fuels also benefit from

policy support. Specifically:

B In the aviation sector, the classification and
standardization of sustainable alternative fuels are
relatively advanced. Most frameworks cover three
primary categories: 1) biofuels, 2) synthetic fuels,
including Renewable Fuels of Non-Biological Origin
(RFNBO) and low-carbon synthetic fuels (see
Table 5 for definitions), and 3) recycled carbon fuels.
Nonetheless, the concrete definitions vary slightly

across jurisdictions.

B In the shipping sector, the definitions by IMO and
the EU could provide useful references for China.
Specifically, IMO and the EU adopt a technology-
neutral approach based on Well-to-Wake (WTW)
GHG emission intensity thresholds. Based on the
requirement, at the transitional phase, certain fossil
fuels may also qualify —for example, before 2035, some
LNG vessels can meet the GHG emission intensity
requirement of FuelEU Maritime.
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At the global level, sustainability frameworks for these
fuels also require further improvement. In the aviation
sector, although China follows the sustainability require-
ments established by ICAQ, it has not yet established a
domestic certification system to support the deployment
of SAF within China. In the shipping sector, China still
lacks both standards and sustainability requirements for

sustainable maritime fuels. Specifically:

B Aviation sector: ICAO has established 14 sustainability
criteria, which include food security indicators.
However, the use of food and feed crops as feedstock
is not explicitly prohibited. In practice, food security
assessments are often based on self-reporting by
operators, leading to limited oversight and raising

potential equity concerns.

B Shipping sector: The sustainability requirements for
shipping fuels remain underdeveloped. The IMO’s
Life Cycle Assessment (LCA) Guidelines outline only
10 sustainability indicators, and discussions are still
ongoing regarding the inclusion of economic and social

dimensions, such as food security.

B Synthetic fuels (RFNBOs and low-carbon synthetic
fuels): Current standards for these fuels mainly focus
on GHG emission intensity and the sustainability
of electricity and CO; sources. Broader social,
economic, and environmental criteria have yet to be

systematically incorporated.

B Short-lived climate pollutants and non-CO, emissions:
Globally, there is a need to strengthen sustainability
indicators addressing short-lived climate pollutants

(e.g., black carbon in shipping) and non-CO, effects

in aviation (e.g., nitrogen oxides, contrails). These
pollutants have significant climate impacts but are
often overlooked in current standards.

China has taken aleading role internationally by
prohibiting the use of food crops as feedstocks for avia-
tion biofuels. However, this restriction has not yet been
extended to shipping biofuels. For biofuels, there is also
room for improvement in regulating feedstocks derived
from agricultural and forestry residues, as well as energy
crops, to ensure sustainability. For synthetic fuels, China
needs to strengthen its sustainability criteria for carbon
sources, hydrogen sources, and electricity to ensure they

meet environmental benchmarks.

Globally, countries, regions, and institutions covered in this
study enforce more rigorous feedstock requirements for

both biofuels and synthetic fuels, offering valuable lessons

for China (ES-Table 1):

B For biofuels, ICAO, IMO, the EU, and the US require
that feedstocks—including energy crops—not originate
from land or aquatic ecosystems converted after
January 1, 2008, particularly if those systems had high
carbon stock. China could draw on these approaches to
improve its domestic standards and facilitate alignment

with global standards.
B For synthetic fuels, the EU and the US impose

stringent requirements on electricity and CO,
sources for sustainable alternative fuels in aviation
and shipping. China should not only learn from

international best practices but also balance industrial

realities and decarbonization goals.




ES-TABLE 1 | Comparison of feedstock sustainability requirements for sustainable alternative fuels in aviation
and shipping

SECTOR | REGION AND | SUSTAINABILITY REQUIREMENTS FOR BIOFUEL FEEDSTOCKS SUSTAINABILITY REQUIREMENTS FOR
INSTITUTION SYNTHETIC FUELS FEEDSTOCKS

FOOD AND | ENERGY CROPS AGRICULTURAL AND C0, SOURCES | HYDROGEN SOURCES
FEED CROPS FORESTRY RESIDUES

Permitted = Must not originate from = Fossil-origin (No requirements)
ICAO ecosystems with high €0, may be
carbon stock converted utilized
after 2008
= Must not originate from

ecosystems with high
carbon stock converted
after 2008

= = Forestry: Sustainable
forest management
requirements

Aviation Permitted = Must not originate from (No = Hydrogen of fossil origin

ecosystems with high requirements) is permitted

Us carbon stock converted  Strict criteria apply to
after 2008 electricity sources for

grid electricity-based
hydrogen production

= May originate from (No (No requirements)
ecosystems with high requirements)
carbon stock

China
Permitted = Must not originate from = Fossil-origin (No requirements)
IMO ecosystems with high €0, may be
carbon stock converted utilized
after 2008
= Must not originate from = Hydrogen of fossil origin
ecosystems with high is permitted
carbon stock converted - Strict criteria apply to
EU after 2008 electricity sources for
= Forestry residues: grid electricity-based
Sustainable forest hydrogen production
Shipping management
requirements
Permitted (No requirements) (No requirements) (No = Hydrogen of fossil origin
requirements) is permitted
us = Strict criteria apply to
electricity sources for
grid electricity-based
hydrogen production
) (No (No requirements) (No requirements) (No (No requirements)
China requirements) requirements)

Notes:

- Dark green indicates the highest level of 'sustainability’ requirements; light green denotes a moderate level of 'sustainability' requirements; orange indicates significant
issues with 'sustainability' requirements; and gray signifies the absence of related requirements.

- Policy documents include: ICAO CORSIA Sustainability Criteria for CORSIA Eligible Fuels (Third Edition);ICAO Long term global aspirational goal for international
aviation ; RefuelEU Aviation ; FuelEU Maritime ; EU Renewable Energy Directive III; EU Supplementing Directive (EU) 2018/2001 of the European Parliament and of
the Council by establishing a Union methodology setting out detailed rules for the production of renewable fuels of non-biological origin; US IRA Section 45Z Clean
Fuel Production Credit ;US IRA Section 45V Credit for Production of Clean Hydrogen ; China GB/T 'Sustainability Assessment Standard for Aviation Fuels' (Draft for
Comments); and IMO 2024 Guidelines on Life Cycle GHG Intensity of Marine Fuels

Source: WRI author based on ICAO 2022b; EU P&C 2018; 2023d; 2023e; 2023f; 2024; U.S. Treasury Department and U.S. IRS 2024; U.S. Congress 2022a; 2022b; U.S. EPA

2023; CARB 2020; 2024; IMO 2024; EU P&C 2023d; ICAO 2022a; EC 2023b; Civil Aviation Administration of China 2024a ; Hydrogen Europe 2024Summary.
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Regarding WTW GHG emission intensity require-
ments and accounting methods: In the aviation sector,
China’s current standards for SAF is less stringent,
exceeding ICAO’s CORSIA-eligible fuel emission
threshold by 12.5%. In the shipping sector, IMO has
established GHG emission intensity requirements

for “zero or near-zero GHG emission technologies,
fuels, and/or energy” (ZNZs), mandating emissions
below 19 gCO,e/M] by the end of 2034 and below 14
gCO,e/M] from 2035 onwards. However, China has
not yet established similar requirements for sustainable

maritime fuels.

Furthermore, China’s accounting methods sustainable
alternative fuels require further improvement. Firstly,
although China has developed an accounting method for
aviation biofuels, it omits several critical indirect emissions,
such as emissions from land use change, displacement
emissions, and avoided emissions compared to the BAU
scenario. Secondly, China has yet to develop accounting
methods for shipping biofuels and synthetic fuels in either

the aviation or maritime sectors.

Several international jurisdictions and organizations
examined in this study have established more advanced
WTW accounting frameworks for both biofuels

and synthetic fuels, providing valuable reference for

China. Specifically:

B Tor biofuels, the EU, the US, ICAO, and IMO have
established comprehensive accounting methodologies
that 1) incorporate emissions from indirect land use
change using qualitative or quantitative approaches; 2)
Account for avoided emissions compared to BAU, with
some offering specific emission reduction credits as

policy incentive.

B For synthetic fuels, the EU has issued detailed
accounting guidelines along with default emission
factors. However, there remains considerable
variation among countries and institutions in how
emissions are allocated among hydrogen and CO,
co-products—underscoring the need for harmonized

international standards.

Further, this study conducts a case analysis using China’s
shipping bio-methanol and synthetic methanol fuels,
applying the GREET model to estimate their WTW
GHG emission intensity for the years 2023 and 2035
under multiple scenarios (see ES-Figures 1 and 2).
Methodologically, the study makes two important assump-
tions: 1) It excludes displacement effects. 2) It does not
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consider indirect land-use change (iLUC) emissions, as the
feedstock in all modeled cases is limited to organic waste,
which typically does not trigger land-use changes.

Because China lacks GHG emission intensity require-
ments for sustainable maritime fuels, adopts international
benchmarks to evaluate China's estimated WTW GHG
emissions for shipping bio-methanol and synthetic metha-

nol fuels. The results indicate:

BIO-METHANOL

Firstly, biofuels derived from different feedstocks exhibit
significant variability in WTW GHG emission intensities.
Notably, even waste-based feedstocks can result in high
emissions depending on the feedstocks and conversion
processes. For example, bio-methanol derived from landfill
gas and wastewater sludge does not meet the EU's RED
IIT GHG emission intensity requirements for biofuels.
When utilizing high electricity-consuming gasification
methods, such as fluidized bed gasification, and relying on
grid electricity during biomass pretreatment and gasifica-
tion synthesis, the resulting bio-methanol does not comply
with EU emission standards. Therefore, China must
develop accounting frameworks that distinguish various
feedstocks and conversion processes. Fuel suppliers should
prioritize feedstocks with low GHG emission intensities,
improve energy efficiency, and reduce reliance on carbon-

intensive grid electricity.

For feedstocks like animal manure and food waste, the
conventional treatment methods (BAU scenarios) play
a pivotal role in determining the net GHG emissions.
Accordingly, it is necessary for China to consider avoided
emissions compared to the BAU scenarios by recognizing

them as emission credits.

SYNTHETIC METHANOL FUELS

Hydrogen sources, electricity sources for the synthesis pro-
cess, and CO, sources significantly affect the WTW GHG
emission intensities of synthetic methanol fuels:

B Hydrogen sources: Only hydrogen produced from
renewable electricity, nuclear power, or as an industrial
by-product under specific co-product allocation
methods can meet—or closely approach—the EU’s
WTW GHG emission intensity thresholds for
RFNBO and low-carbon synthetic fuels. In contrast,
hydrogen generated using grid electricity (based on
China’s national average electricity carbon intensity)
causes synthetic methanol fuels to exceed EU GHG
thresholds. Hydrogen produced from fossil fuels, even



ES-FIGURE1 | WTW GHG emission intensity of bio-methanol in 2023
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Explanation:

- In the figure, the values for the EU are derived from the GHG emission intensity requirements for biofuels specified in the Renewable Energy Directive 1II, particularly for
biofuel production facilities commissioned after January 1, 2021. The values for the US are based on the tax credit thresholds established in the IRA Section 45Z Clean
Fuel Production Tax Credit policy.

- In the figure, avoided emissions are not accounted for relative to Business-As-Usual (BAU) avoided emissions. Electricity consumption in the biomass gasification
pathway includes electricity used during biomass pretreatment and gasification synthesis stages.

Source: Calculations by WRI authors.

when combined with carbon capture and storage
(CCS), is unlikely to meet the EU’s criteria for low-

carbon synthetic fuels.

B Electricity sources for the synthesis process: The carbon
footprint factors of electricity used in the methanol
synthesis process are also a determining factor. For
example, using renewable hydrogen but relying on
grid electricity for synthesis—under ISCC’s carbon
footprint factor for electricity—leads to synthetic
methanol emissions surpassing EU limits. Therefore,
it is essential to regularly update China's electricity
carbon intensity factors and promote their international

mutual recognition.

B CO, sources: The eligibility of CO; sources plays a
critical role in determining GHG performance. If
CO; captured from power plants or industrial facilities
is not recognized as a qualified source under the EU
regulation, then even methanol synthesized from
renewable hydrogen may deliver only marginal GHG
reductions compared to fossil-derived methanol,
potentially falling short of EU WTW GHG
emission thresholds for RENBOs and low-carbon
synthetic fuels.

When by-product hydrogen is used for methanol synthe-
sis, the choice of allocation method significantly impacts
the resulting WI'W GHG emission intensity. When

the system expansion method is applied—particularly in
scenarios where the by-product hydrogen would other-
wise be vented—the WTW GHG emissions of synthetic
methanol are substantially reduced, often reaching the
lowest possible levels. In contrast, under the mass alloca-
tion method, compliance with the EU’s GHG emission
thresholds for low-carbon synthetic fuels is only feasible if
renewable electricity is used during the synthesis stage. In
all other cases, meeting the EU’s criteria remains challeng-

ing due to higher associated emissions.

The substantial distance between the production and
consumption sites of sustainable alternative fuels in
China results in significant transportation-related emis-
sions, which would further increase the WTW GHG

emission intensity of these fuels.

Regarding certification mechanisms, the aviation sector
primarily relies on definition and mechanisms based on
ICAOQ and the EU. In the shipping sector, before the
IMO’s certification system comes into force in 2027,
China’s certification practices have largely followed the
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ES-FIGURE 2 | WTW GHG emission intensity of synthetic methanol in 2023 and 2035
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Source: Calculations by WRI authors.
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EU’s definitions and mechanisms for alternative maritime
fuels. Whether China should develop dedicated sustain-
ability certification systems for aviation and maritime fuels

remains an open question that warrants further research.

Based on the research findings, this study recommends
that relevant government departments consider adopting
the following measures to strengthen the standards for

sustainable alternative fuels in aviation and shipping:

B Aviation sector, 1) refine the Sustainability Assessment
Standard for Aviation Fuels, including clearer definitions
of SAF, more robust feedstock source requirements,
stricter GHG emission intensity thresholds, and
improved accounting methodologies. 2) actively
participate in ICAO’s ongoing efforts to improve
accounting methods, particularly regarding iLUC.

3) research the necessities of developing a domestic
sustainability certification system for SAF and its
by-products. 4) Advance research on non-CO, aviation
emissions and explore appropriate monitoring and

regulatory mechanisms to address these emissions.

B Maritime sector, 1) formulate national standards and
sustainability assessment criteria for maritime fuels,
explicitly defining feedstock sourcing requirements,
WTW GHG emission intensity thresholds, and
accounting methods. 2) actively engage in IMO
negotiations on the definition of ZNZs. 3) research
the necessities of developing a domestic sustainability
certification system for sustainable maritime fuels
and its by-products. 4) advance research on non-CO,
maritime emissions, such as black carbon, and
develop appropriate accounting methodologies and

mitigation strategies.

Regarding biofuels, given China's global leadership
in prohibiting the use of food crops as feedstock, it is
feasible to further align China-specific standards with
international standards. To that end, the following

measures are recommended:

B Feedstock sourcing requirements: 1) Extend the
existing prohibition on food crops in aviation biofuels
to include a ban on their use for shipping biofuels to
reinforce food security objectives. 2) Sustainability
requirements for agricultural and forestry residues
should be refined, such as mandating minimum
proportions of crop straw to be returned to fields and
requiring retention levels for forestry waste, clarifying
that residues must not originate from high carbon

stock ecosystems (e.g., forests, wetlands), and requiring

that their collection follow sustainable agricultural

and forestry management practices. 3) sustainability
requirements for energy crops used in shipping biofuels
should be strengthened, including mitigating iLUC
and preventing exploitation of high carbon stock areas.
4) Conduct a comprehensive biomass availability
assessment to evaluate current feedstock uses and

identify potential displacement risks.

® Biofuel accounting methods: 1) For biofuels
from animal manure and municipal organic waste,
incorporate avoided emissions from conventional
treatment pathways into GHG accounting. 2) Use
remote sensing and satellite imagery to monitor land-
use changes associated with feedstock cultivation and
establish China-specific iLUC emission factors.

B Feedstock traceability and certification systems: 1)
for agricultural and forestry residues and used cooking
oil, strengthen upstream traceability and chain of
custody requirements. 2) For biomethane transported
via pipeline, implement a mass balance system to
strengthen the integrity of the certification process.

Regarding synthetic fuels, the study proposes standards
and accounting methods tailored to China’s national
conditions and industrial development characteristics:

B Feedstock source requirements, establish criteria for
COg, hydrogen, and electricity sources and tailor these
requirements to China’s energy mix and technological
capabilities to ensure that synthetic fuel production

supports emissions reduction in aviation and shipping.

¥ GHG emission intensity and accounting methods,
1) assess the need for distinct WTW GHG emission
intensities for synthetic fuels versus biofuels,
acknowledging differences in production costs and
technological maturity; 2) implement additional
incentives to support synthetic fuels, including
providing financial subsidies, developing China
Certified Emission Reduction (CCER) methodologies,
and introducing market mechanisms, to bridge the
cost gap between synthetic fuels and biofuels. 3)
conduct research to develop accounting methods
for synthetic fuel WTW, enhance international
dialogue on co-product allocation methods, and

achieve harmonization.

B Electricity carbon footprint factor, 1) develop
monthly or hourly electricity carbon footprint factors at
both national and regional levels and regularly update
these factors, to enable precise emissions accounting—
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especially critical for grid-connected hydrogen
production. 2) Strengthen international mutual

recognition of China’s carbon intensity factors.

To reduce the impact of transportation on the GHG
emission intensity of sustainable alternative fuels

in aviation and shipping, China should consider the
following measures: first, promote the use of waterways
(especially sustainable maritime fuel ships), railways,
pipelines, and new energy heavy-duty trucks for transport-
ing sustainable alternative fuels. Secondly, it is necessary

to develop a nationwide book and claim mechanism for
sustainable alternative fuels in aviation and shipping,
which would allow the environmental attributes of sustain-
able alternative fuels to be separated from the physical flow
of fuels. This mechanism would allow airlines and shipping
companies to purchase the environmental benefits (e.g.,
emission reduction certificates) of sustainable fuels, even if
the fuels are consumed elsewhere. It can avoid unnecessary
transportation emissions by removing the need to physi-
cally deliver fuels to every airport or port.

Companies—particularly fuel producers—should
proactively seize development opportunities by aligning
with evolving domestic and international sustainability
standards and mitigating associated risks. To position
themselves competitively in a rapidly transforming global
fuel landscape, it is recommended to closely monitor
regional policy and standard differences, prioritize the
usage of sustainable feedstocks and low-carbon production
pathways, enhance production efficiency through innova-
tion and process optimization, and maximize the use of

renewable energy.
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Y55 X=T 4 HE,
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AP EERMEEMZRESEHR, ERRAEAM
L (International Civil Aviation Organization, il
B UICAO” ) MEFRESEHLR (International Maritime
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PRI TS A EFRAR, 7 5I7E2022F F2023F R EM =
SRz s R K ERHEB R, BEMSHREERT2050F 5%
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®, ICAOB 20214 #&2 5 i B br A 55 Bk 41 08 AR HE T %
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EF20274E 4358, 202842525, M EFI20304E M2035%F,
B-MAEETRESERRBESHR2008FHEK
8% ~21%F130% ~ 43% , FAMIR/ME B WIRHEFHRE
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#2 | ICAOMIMOAKHR S ir B EHEE iR

ExRMIXEm®, BRET2023FHE S50 (B i RR)
EFY (ReFuelEU Aviation) #UE, M2 RBHME & B R [m1RK
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IFRA S RMEE AR HEEM SRR RENI0%,
LB S A 2 A B B X — I E R AT A IE R AL AL BN
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(Furopean Economic Area, EEA)
PALLAIHERL ; 2026F42, Aus
AT fft Bu AR, A d
T BLE G 52

AT E AR 2553, T
BR B GRAF TR 42 kA 3
20304, FIE Ao RIBALE AL
PR 48 ) 2 15%89SAF, sLiE
FFIE 2%

Bk B A T 20255 =
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#3 | ICAO.IMO.
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RVAERIASEL PRRATES0%HI5E  FR
Ak B B AR o, HREZRY
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P, EERRBIAXZUHEEERTR, RRHME
S ARHRESGHIICREEERRZEAEAEX
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PREHAYR = S HERGE EER?

AARABRRRIEL

E1| XFRATXRE

TR RR
(EFEE)

MRS RR SRR R
(IRERS)

B B PR ENEA R L ERA LA E,
R AR L

SIBREARI B AT A . IS AL BOELAEAS | 31






U W N

A AR

AXERNWNEERTTHXER. XS5 EFFRAR
EMMTE=5MErFEaE AN E X E5X)
DA ERSINENG], U e EamERR
ERERHREENREBERSZE R A L,
HFXGREETR AN AMAULIE, AR TH
EEFMZEFREEYRE SRESMMEN

BESEHBGRE, AOMEHZ S HEERNIMN
TR ORIV HEGR E BB EK,

SIBREARI B RIS AT A . IR AL BOLLAEAR | 33



ABZELRFRER, AXERARON R TR
AT

B ROERSHX. FE. RE. EE(REEMM) .
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SRR, ITEARN S EGBHNRESEHR.
BEEEEME, GREETHREFERX. Bk, BH
RIg, GREETRE S REEWRBIAE it
FIATHER, SBEVRBAWTWIE = SEHE
HORE ISR (Berry® 2024) . ATAH AT ER
REEFRBABNEFYOER—— TP EREF
B4 T F AR UHR A REL, Frid, GREETHERY
HEREN AR REROTZWERER,

B HiEK/E. GREETHRABINSHEETXENSE
FREREEN, STENERAGFE—ENER. B
b, AR IFGREETHR B RIS BINEHTTT
BH, RUEXBHRERMAFITBHAER. &
BESHEXAEE. REnsS, FEAMEERKE
S5HBEEESRERETRIGY, HEF (FaH
EE Nk EXEAF)  MRADZHIEE. Tk
ARERBGTELS SR (ERMR2) o AT, B
FME. MZUHEERRBETINEY, PE
AT EHRS BB EER K (2034 FERAY HI B
MERE), T, AXEXLERFEHRIOELT, R
A TGREET#EEMBINMEEA RS X—MET
RESBAXNARERSTELIRNEE SEH
MIERFE—ENHEA. XK, FERRIREEE
XEBAETAER, UEARMZEMS. BT
HSERRMOEESEHINGRE, ASUFMANIZE
TR S EIR IR W B 715 5 %2,

BHE= BRIFK, FEEEF R,

HTHENAEYREESKEXBEREER, FEEAR
RAEMG IR, T, AXAERFSHNIERZOEM L,
KRAEEMHIBROTIENMMET KA T TIH R XEER
TEREME. METHEERREHERIRETE. TR
ESMBEFFQE, REFEN—LIRER . AXHA
KR ETBERETUTHNTE: —2FEME. MisTH
SBERBRBNERSOREENE (IR EFRiaE L
FMATHHR); —RAEEANERFER. F&EEESH
BAE, MZEER~ENRE ST HEEARENER
EREHBCRE . HEFIGRNEREIFER, ACBIL
BEMERBENTR, MBHERNEREATEMRE. R
i, FRTERFROFLALE, AXBAETRIHRERT
BRAEREMTETE—ERR.
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DNEER, FERIEES B BREZE, N
ﬁﬁ\ iz e FFE B RAMEHIT DL AR LI,
ERAR I NIER. X SEFRHLSAF, XTI
TEMIEAFEAEANMEE BEREERET
=RKE EMIREL. A (REFNBOS RIS
A AR SRR AL (RCF) o BIAY, S0 B SRTE
SFEIB T MEATFER AR,
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EHREEHRZNME. METRHFEERRB NG —
EXFD K ZRENME. flis THFEERREHTEX
50 %£NTRENRHNARREIEEERUNBRIERE,
PRI, A AR X B ERIETE(E A R B B BRI 51
R, E METFEBERRATIE REZ, AX
AEENEUHEERRBELE DX, BRFHEHET K
REIER o

HTRENTHFEERRRFHENTE. WS X,
HENTFRBBER M, I, AXBTIE BN KTTE,
HAERCRAAEN SR BRI KR, BaT, KA
RIBTHEERRNNTEERE (BDRRTHEME), B
THREBRAED T B A KRS EIRRERE (IRS) o
H, TBEXRBEEFE (THEERRESID ZXNED
ARIFNIEE YRR ] B AR KL (Renewable Fuels of Non-
Biological Origin, RFNBO) ; R BIEEEES. KR

=5 | FREAISEREAUAR 5! K 2=

EEURRIFIE R 8 (Recycled Carbon Fuels, RCF) o

W 4 AR MR 4G 2 5

T = SAF

EEABRH  (TEARRIEAI) HEYRRRGRERE, 1 EWRAACETE AR RAHISAF
(biofuel) Bk RTHEMER, bk P
B9 B B 0 A A BB 2. My KR ALK F B2
. EPEABH (THEARRIEAI)  HED R IR69 R%H, . .
fyf (blogas) do kI IR A AR A, TER TER
FEEM KR CTHARPISATY HEAEDRIMITEENE THARBOREK W A2 fE R W g 7K
T A2 R B R ST, e R EAAEBERNERT  REAREENEAT
(RFNBO) VT A2 AR R L R KR £ k= BB AR k= BB AR
#F BF #9SAF
MK 84 (EMRIE4D W B VT A2 SRR R R R A
A4, LiaFARHE0RE . .
1&F28.2 gCO,e/MJ, Hmish ZHE I I
AR EE R TS A
ARBE A RIK (EATHITERE AL WER B (AT 4 T2
&% # (synthetic  HEZC LM Fedi e 6931 Wik E A5 —adbas LT LEFRS5HEEMN
&%  low-carbon S %)) PR SR BRI, L = AP R i e
fuel) BEAARHEACR KT 282 A RA T ER
gCO,e/MJ
BN A CTHARRIEAN) HIETHE BRI E T
(RCP) Wy ) A AR T SRR,
BB ER (B AE4A R AR R T B P8 ) A% A9 SAF

2008/98/EC) HATEDIL, 3
TR 8 5,69 AL

B a B AR R LAY SAF R IE A% A, A2 Bk BLAGLCAFAL I EAL B AR A9 8R B A R A ATIE
iR A ARIEEU P&C (2018 2023, 2024) . EC (2024i) . EC Directorate-General for Energy (2023) 48 5% SCik % 2,
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BERIENE, UFSEBEARRROKRETHFERR, &
AXHRMOER. X SERARS, B ERBEKIR (B0
FUFBEEIARER) BT HE B RN E BUR R A9 X
Fo AXETHMZE. M HEBERRBNDITERNT,

EMT SRR ME, AXHRTRHIER.
WXSEFRAFNEXITECSHERH, TERSEWR
B SEE (RENBO SRR SR . RCFFXH,
BAGEXNEE-EER.

EWMBMX, BRTHE (THERREREI XKML
WRR ERFNBOS, F 0 R IRIME B R AR BB
NBR B BUR AR SERE . BT E, K SAF S A=
X HETHEMHEROEYRE. RFNBO. RCF (L%
6) o ZESAFEA b, MB#—FE XTI ZEHAE (Low
Carbon Aviation Fuels, LCAF), BIHIE{LAEE (non-
fossil) KBRS A P MIM S KRB FH B XFHARI ZHEWTW
BEARHBCREER (BB EERSSAFHER) , Bkt
HIS AR BBl B T 7 (EU P&C 2023e) o

ERBEFHEERT, SAFRMHFEERNLCAFREZER
BUK X5, B0, SAFFFFAZERMLCAF, HTATF (M B
PR RBLEN) A B, BRI BB R AM
FATRH20008 M REH, ATHENMMIZERBRREE
G IR A 2, SAF (BRRCF4M) SLCAFHE BIRIKE
ZECH (EC 2023¢) 6

EFEMEE, SAFRRREEXLERBERZ, 84
(LBE)BRRAERKRE . PEEXHNSAFREIEHF AT
SMHERINE “ASTM D1655f =R AR RIR A"
5 “ASTM D7566 & &R &HIM =R IRE AR A& MSE”
MR REN SRR (FERAS 2018; U.S. Congress
2022b) . HRIBULE X, LCAFtHETSAF, TStk T HFEK
FESAFH# T Bir. ATMITIZLCAFX LM BRI RE
T—8FELAERBRE (MTUWE~E) MM E R
Bl Frld, PESAFH BRREES R BHA R (9%
5RFNBO) . RCF5&ER&RMRAR (FR6) o

ICAOMMEBER BN EXRATNR, BEEEFHEES
FHEBGR ERANE S AREME, ICAONSAFthF =18 E
X, BARESRSRLEE K (ICAO 2023) , #Af1, ICAONLCAF
BE TR EMN: SMWTWIE = SEHEGR B L E KRR
B ER10%89E S Eh B FLCAF—EBI{E A CORSIAS
HIREL, 865 5CORSIABBRHENLH ( ZamanZE 2024) .

ERELNE, ICAOSHATERB AR “HIEK”
AREFHMZTHEBERRBENSAF (R FR6) o #

BARSEREYRMAAEMENEKLLE, 5AH
EREEMT™%, ICAORTAEBAMBEHREME
(Hydrotreated Esters and Fatty Acids, HEFA) "B& 1%
FERLETR, EREEVROBALLE ——REREY
A& FISAFERT A R EIR AL A#BiZ10% (ICAO
BEIARE) . AXKBIHBATRESHAMTTRHEER
PARHE 4 AR — T

EMEAHEE ARSI, IMO. REBEMERER
IEARPIEN, UABWTWERESEHHRBEERA
14, Ha S EUR A B AR, I RA, IMOFIRR 28 th 50 ¥F
BEaEH.

IMO. B BEMEEIFIR N T S IHE 58 RELHE
Mg, EEENR. AXSERTREERMAR (R
R7) o Heh, IMOMMK B ZE T HEMK/ATE RS RE M
R B AR BEE = SRR B AR . IMO SRR BARLL, ZEHLH L
KL BEMTHHUNG EENRETREMEESE
SREEIME, EARAE SO VIREBKIKE . PEBR]
EMEUREERARNESBSRERTENEEA.

IMO. R EAMEEIZERREIE BUER R AR ZE
APPSR, RAFIEMEERABORE LT (FK
REEZ ), REZEMEABERERBWTWEESE
HRg EERMERTHEMER, NTRANEH. Fi2
IMOMEBR B, irHith A F 5 B REL BiEA:

B AR, REFEERMNEYHRE. RENBO. RCF
SREBARIZ 5, o hamel (flmzh X
R E2035F 2 R M A B R (BB Rz R
BUEAD) FOAT A& AR BSERE 2 W 1ZE MK
BEMOREWTWEERSEHRGEE#THH
BEANSEMERE, ME/MEL VTR RIE
FIHEAMER, MBREHNER. ZHEMEK
AME, BEMmE, B2030F 8, MHEETEY
BREWTWIR = SEHRGR EHIKT85.7gC0O,e/
MJ(E2020F /2 6%), H2035F &£, BIEXT
77.9gCO,e/M]J (%2020 /2 14.5%) , a2
AMER, XERE, 7£2035%F 0], 2B KA
(FplR RRR %2/ AA, MRITEERIA
BUEERAAL ) BB & (BB RREN) ME
K (EU P&C 2023¢) o

(K R B im RELE L) XA TT EAR AR AR 1
WTWIRZE SEHRGR ZR, XoHRFEERREHR
HTEZEFUNBRERR, HELUFEATE(THE
BERIE I HAFIEL) BRBRAK, Biz
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AR EWTWIRE SAHHOR E X FR T 4
MER, WETXA (ZINEER) EFREE AR
BEE——REHTRERKBOWTWEEZTSE
R, Rz, ERFELRER, £ NFZ
BN RESXARBONHRE T T EREEES
R E——RE B AR WTWEES
FHER E

B IMOWEEARSKEBXM, BXMEAEE
ESAHNREERRRBE™K, BREDR
B, RENBO. RCF5R#R &M MBS, LNGH#E
2029—2033FE Z AT o] MEA S MEL, IMOth 2
RIFBBEMARBWTWEE SEHHRENE IR
BEXETENEE. MR/MELCVITRIZH.
FHBREREAMN. @IMOMI MM BN ERFHEE
FREHS; MRBZNZSEHEZETHRBIMOE
FRESHER. A, IMORHBHNTEMIMEE
WTWEESGHREEER (EAXEGHBEREE
Z5MBIR) LB BB SR E 4%, 20304F, IMOA)
BEAEHBEFR485.8¢CO,e/M], 5RBEL; HiE
EHBHRA73.78gC0O,e/M], LLER BE14%, 2035
FIMOMEARSEEAMBIRD51465.3gCO,e/
M]J. 53.2gCO,e/M]J, tLBR B4 511K16%F132%, &
RLNGHEEHNITEATERRATHEANE
5k, BARIBIMOER, H2029F L LNGK LKA
HHEEBEANER, 2033FE LA BHEREREN
BR, tERX A A B,
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B XEMNEEAREAR, BREESGKEREES
Kb EbBR BB B i —— RE M O BB R
FTHEZZIHUME, MABERRIN L EXZ 2 kM0
B, Bk, EEM (45275 55 RB 4 = m B E
%) DU IS B BIW T WIE = SR HERGR B A4k
B, ABBE S VIR EBRIRRE, A£2025—2027
£, EEAT £ FImERE, HWTWEREEZESHE
Ho2 E REMET47.4gCOe/MJISIIHE1E, 7 B
ERHBMERE, XRETHAWTWEEZS4E
HREESREMHERBEEEARL A ~HNE
kAL RENBO. RCFEERARMARR B1LA
RRITE R R X —BUR M E K, AR BR
W B, R, BERFAERNBRBIXBNDEFZ
B ER L AN MFESHA,

ZER, BAEDREEX LHEZR, BFHRS
RAER, X S5EMRARNFMZSMEA LSRR
BT BER, TEEREEMMRE. SE%E (RFNBO
SR A KR SRCF. AT, KM=, iz oI HEE
RAE DR ST FF LM RN ED AR SRR R
RCF=%, X—D R ERBMDKFENN KR : KXHED
ARLRE T R BIEYRESSEREL, e EH. £9R
2. £MRARE; AXMEBRELRER ENRFNBO (H
HETHEER) MRS HAR (ERERN | LaM
MR ) U REBRES. ERIEENR, £ TRCFFERRIR
il (EC Directorate-General for Energy 2023 ) BEEHE
thiFEE (T&E 2022), FrI, EREMNITIEPHARBEE



#6 | BXER XS ERALRNNE AIFEERREIE X 52833 EL

B EYs B EYRE R Bl RFNBO B EEREAE (RCF) fERBR A RO
B FEARRBESIMBIEIR S Ak KA BAHETER L SRR

P e B

bt

{CORSIA&A&1% (B BATE AT IRA (45ZF 7 CTHAERA AR B (RAME ’ATES

#HO9CORSIAT#  AHL) KA 5 IR, HRAE) b d AR o = S ALBRHEA L
BE  SEHARES= HLBR) REFAZE E YT
B R grik) Fo (LAt
TR SRR HLE)
(AERZBAZ)
’;if; T3 3 S Ak R AL BACHI  THXHIH THILNE EERBRAE
ICAOR R E AL AEEAAAMLAAR  FEAER FEBER EEAWMZEE AR AR B
#E A NS FAE REAYG  EMHE HASERE BAESEX & KIBER
b BAETAM, A8 £ ] 27 #HeH
AT MR AR R T
A 3]
= ﬂ#"fﬁ SAFA=LCAF SAFA=LCAF SAF SAF SAF SAF
%R
SAFE %) & s e
» HEE HENE EERE. B ] mEN
LCAF£ 5]
Y H
WIWRE AARHE  AVRAWTWEET 1K T4749C0,e/  ED%A WIWEE AR WIWIR T AARHERE
BOREESE G AARHACREESE M) (HEFATZ)  HERGREMRT  EBAFZAUE (100
B (89gC0,e/M)  ZeALIE (94gC0,e/ WTWiZE 54k 8799C0,e/MJ,  gCO,e/M))
SAFILCAF 5 i 10%, Bp M) 220 38050% HAREAAE BEFTH 2000000 g
HIWTWER 50400,/ ~65%, BP32.9 ~ 47 G (912 Coom
FAMRH g CO,e/M 9C0,e/M) ?
AR E R - o 50%, Bp
1h RFNBO -5 RCF WTW: 256000 el
FARARHEA R B OgLe
EEE DRI T0%,
Rp28.2 gCO,e/M)
WA -
B A= FACAR,
- A (do CO, CHa N0 COn CHa N,O €O, CH,o NO €O, CH,. N,O O, CHea N,O

Sy
00,0 CHy N,0

LAZE

a. B AR A BURCP R EAR G MR AT 2 2, AR SARIEEUROT 09 8 UG R A 8 b a9 o 2 2L, o B (RAALE AT &3 = RAC AR S R, 4R Ao A & 4 5 4T 0
) RERHBHEERGEB MR, RSAT MR, AR R ZEAF M, AL T TH LA,

b, £ E (THAMAATA) AT R AWK A 62K,

c ARYEEE o M RBORAAFE) BK, “BRAVERH" R385 i RIS bR AT F R T 5 LB ARIKAL, T 54 Gt = AR AR A, TR LA 3 e
LA G A 48 R B, FTA, AR SAL AL B Bk

d 2 FEE CTHRARAATAR) Fok B i GRBIRAATE) | AUE B Ao Rt LR E TARHEAGR L BA, "TRAFRN S, A2 AL AT B T 38 4] &AM E E

e MABE . CTHARBRIEAI) , *FF20154-10 A58 ZATHENEE 69354, EWIRHAWIWER T AARHEA R E 2 R AT 48 = Bt ss B4 & 2+ F20154-10H6
H—20204F12 A 318 ZNEE 69384, EWRAWTIWIER F TARHEZR B & R AKT 7650 = A4 st 2 A0 A; *F T2021 01 AN B HRNEE 09 &, EHBRAWTWE
FARHEA R B R AT 90 = AR S HIE,

f. ICAQ#9LCAFA5 4 A~CORSIATT 4 &5 M A7 2 6910 B WA R TR 09 AL = M, BR BLA9LCAFSICAO R ), 45 JEAL B Ak 3% Sh) s B9 1K 2% & s kA,

Ve AR HEICAO (2022b. 20248, 2024¢) . EUP&C (20230) . U.S.Congress (2022b) . U.S.EPA (2023) . CARB (2020) . ¥ E KA &1 (2018, 2024) . EC (2024g) 48 % Sk % 25,
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#7 | XER X SERARIHIS ATHFEEAMREE X 558953t

B = W R0 W BURERAR (RCP) B R
(B FRBrIEAE A0 & PR F % iaE WRoRHE L) IRA {45775 7% kA =
B S Ze24) (MARPOL) M IRALBR) | IRA €45V 7
W VIS B 095 R AR R VEREE NI Wb 5
kY
BAMER BB AL 2 R 3% H) 1 A BN %
BRE
* 50004k A L8R AT HECNSHARG000%  £EALIEAER
A, BAEREIM0 (B vl a9 AE ARG, B4 £ A SR
FRAGAR 24 5 15 Fu R 5IM0 (B ERABALZ
e B | AT B ALY AR & 3E Falyak i5 %
Ek—%, T BAM  EAN) GRY Ik
Fx 3] A5 4] %, 2EAHMAEN L
ﬁﬂ-,—‘—'-/\;j
HE T INISHI B E AR BRITHEAERIE  HRTHLEAIERA
HEF 3R AL 20345 R AT BARES, B TR ﬂﬁwx F4-1RA (457
JEARTF19 gC0,e/MJ, 2035 ARG A K49 /FJ TEIRAT A R
AL KT 14 gC0,e/ & Wy R e B AR MR ) AR R 2
- M), ZNZsH 3¢ 4m & SUA% VT VA BRI HEA % ROGFE A, R 7
< — S AT AIRA (45ViE 5 SA A c
JERALBER) HEA R
FE 2 R G E SR
09 BRI, 7T RAFHE
&N S
~ FYEYY 3 T 1 EEE £
20344 J& AT AR T 19 2B (T A AR 1KF-474 gC0 /M) 3
gC0,e/MJ, 20354F#2 FAK, 4T Fo (AARFES) WTGHEA 7% AL T4
WIW BESAK  T149C0,/M) 2R, WA EIKT kgCO,e/kg &) A% A9 & 7
HeAk 3R B RE 329~47 gC0 /NI, A3 BURH -
AR A2 RENBO 5 4k
F28.29C0,e/M)
BERAER €0,. CH,» N,0 €0,. CH,» N,0 €0,. CH,» N,0 %

BLHA: a, B AALNG, LPGAB XS T 45 SeAs A A i A IR AR R, /8 (R B E A A HL) P g

b — AT B L ARG AR A 8] A WTWIR &

43R B 8 8] (2021) B9HLE, TTH LB RO R Q3610 B OH, B &P 69 220 2 R K 68 INGF 1L B 1A
b. EE A (RBIRAARA) Ao B (T A ERFAFAE) AW ZFAAGGRAHANE P, B, A PRI EARA,

cARVEEL B (T F A ARG 4 TD) , A T2015F10 A5 B ZATHN BT 69384, £ W IRAIWTWIR 2 SR HEAR B & R AMT AL = RACEE 5 F 4B 2 F20154-10A6

B—20204F12 A310 NGB E 69384, A WIRAHWTIWE £ AR HEA R E 2 RAMT 6L =AM s B Z k& T2 A8 /S BNEE 09384, EDBRAWTWIER

FAARHEA R BB R AKT 3298 = RAL a8 B4k,
KR AR ARAEABS (2024) | EUP&C (2023d) . U.S.Congress (2022b) . EC (2024b. 2024c. 2024d) A48 % S #k % 45,
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4.1 fn%=. MEERARIRIE]
FHESENA R

BRARIMWTWIR = SUEHEGR Z 5N, XM=, iz
BRABNTEE X/, FEBETME. 2FNHE
THEMER, BAT, EANTHEEEREE U TS
AR WTWIR = SUEHE R BK . £ 58RKR
TR, T EmMENTIRBRER. AMEIHUER HSTH
M (MRRRE) 5L FUHEN (WABEFER) BX
F REBRELRARIMUHEMERNME. zRE, 7
BEMOIME AT H B RREL, RETIHENTBR X,

ANEEEBEXER. X SEPRARXSME. s
BREABNTHEMERERNTEN, ERFREIE
FRER IR ENXTLL (RSMFEI) . ATFERIEIRE L
G- M ERER, AXSREEKRIZF 0 (Smart
Freight Centre 2022 ) O/ FF4L IR AR, WHEXER. #HX
S5EFRARNTFEMIERTEE#ITH L, A, BXR
PUHEXEXR. HX5EMRARRTIRETFEEEIRER
ERATEMFIEE&KIE, MEUHEBSEIIAMNAIAT S
PEIAGEAN B (E R HI B 4R 38; B oA RE EHERAIMEVLEIT,
TSR TR A R TE L PR B EPE I,

B, £KEEN, A, MEE MBI TFS
HEREFRNEH—PRE, WhEMS AL HMLI., £/
FiE, ICAO. A, XESHEHEHAR EEFIEMS
SRR, HEXERERRETRE. 8257 45
EANGENTREEMEK, B, ICAOX CORSIAE & %
BHER MU B SERAR S RBESERHE. RIPKRSK
BB RERERS. MR KL FAXEF140 778 (ICAO
2022¢) o

AT, FEAIEIE, BATUIMORB B1R T Az AL
TSN ER, MPESEENRZAERXER, s, BIE
HFERHERNKBESIMO, HAFEMEIERERBLR
ARE. IMOZ (LCA S) PR H T4 11515, B
FEMEFRFTHLEN, ARBRELFNHE (NRREE)
FERGE, IMOXTEEARRRREFUHEMERMAN
THEERNIRDAERTH. ETERRRTEENNET
S cfetrEMeB RS RNEREM, Fit,
NIMER R — ST EMEE BB R TR,

EREHNE, Bt RREHFKAREXERN™
BIZE, H10, EARICAOMEEEM S £ MBI AT 552
MIERTFREBELRS, EEHRZIIBREHEYR
BHER. BAENTRERESAEMANE, TEXRELE
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FEBTHENAR, MY RBRENFERELREHAE
FrREBA T8, XSBEENERANES. MEARYHE
BHEM A YRR R, TRsIARRRERE, Hift—
HSBAF MR, R REMERM Y. SN, 0
RIERAFEHEZFNERTRMRI (GadhokF 2020; Tim
Searchinger® 2023) , £ F Uk, HAXRBELRELHEEKERD
BiFH—FINE,

B, RENBOMERR AR MHE N T IFEMERNE
R, FEEX—MENEXERDEFTE. BT, =
Az MRFNBOMRIR G AR T S Bk F ERE TREA
(RFNBO4 =4HN|Y (REFNBOMRCFRHEZE T35 )
(SIS MEEIRA 45 VIS TES A HBMBE) . X
LT 5k B T AR R R AR = S HERGE R B 1/88R
5ZShBEKIE, BRSREMMS. RFERBEETH
S IEAR. ZREAMAEH T RFENBOS KB A RUAR] (10
BT HARBRERKHS) TS IHKTRRP. £9
ZREEMRPFI L F AL (RSB 2024a) , Fib, ERSNE
PEH— L TEME. FIERFNBO SRR A AR T
SIS ER.

F=, FRER. XU KREEPFRAEN G EE KR
HOEHSEEEREFEFETEES.

BRETE, A TRZARLAIAMENS], B R%mE
AT RFEM A FIE. M2 RRE AR, fFERREBTE
ICAORII4 I EIFF L M ER, B R B AT 8IAMENS, B
DO FF MR AR RICAOZ R B (LEES. 1L RR) o

EEEHNE, BRIMENG NI HEEERBELL
HXER. MXE5ERAROERE AT, FIMEMES
EoR, Blan, SR BTN EYBREHIAMEN H ——RSB
EU RED, B (T HBARRELSUL) (ER £, TiRE
FERRE. KBRBRRPEITHEUHEREDNENDERNR

(RSB 2024b) . b5k, $t3fe k5. £ FICAO CORSIA
i 2= £ W IARRAIEN l——RSB CORSIA, HIMEE RIS
FICAO CORSIAGHEMRRIIRA, XHERBRHERAESK
BARAEEFT (RSB 2023c) . FE “HiE” M=, MEER
AR B 238 X e E FryLM A TAIE, PRt E G E a0 35 4L
MITHEESR,

RfE, 2XEER, BESHFHBEEERNTEN
RS,

B HMESGSERSRY, RHERNETE:

ERIGR A (global warming potential, GWP)
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FRREFELIEETEM, £k, PEBEETE—H
BIEE, HRBERNMNE BN, 3 (4£9) RARSKH
EIEHITIE R (REDcert 2023) , iz BRETL &E04+
MARARSHTER. XEFHTHEREEMRRARN
INEAE, B E AV EiFth EEERT .

Database for

BERMENZSMmRFH#ITTARMRE, MPEMXE
EX—FEERELERER (L F12).

Hep, BRBEMF-EUHARBEEREA™E BRT
EETSHRN_SKHR. EMRE-SEHR. wEHEH
BARKRN SR Z I, BXEE 5 7 3k B BR B i HF K 32
BERATNBASTIHEN_RWUER, B% B2 RKME
ERNSTUBRBHERERAN THEN LK ER D,
BREHE, M2036F i, B FEARBREHRN AN
B M20416FE, ZREE AT WHEMM — |kik. tboh, B
BRIUAT REMNRARZZERABEAT S, ERKIAE
ERBAFMZHERFHRA-EMKASRHKIR (EC
2024g) , XthiRE 7 EH O B SRR EIA T



BEZT, ICAOMIMOX T ZE. fis ol #F 5 2 R Ak
MZEABKREREZ, LSEERRE T EESUHR
M| R MR R AR, S RBIMTVHEN "R
ko

B/RERRIFER

HXEXR. X SERARNE H/EBFERENER, T
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FRE="177mE (FR13)

B SS50: BB AR SR MEILCAF
FREAMRMESBmIEHNER, 053.1HHR,
HLCAFERMES MM A “FhA” KR, AIix
BRI ESMEFEERIMBHIS.

B SREERESFHMEE: RESEXEWSHMR
HHNESEESHHHREERTHRER, ki
(B iEERELEM ) , RENBO SR8k & AL
B E AN ESWTWIR = S48 E SR
£ F3.4 kgCO,e/kgH,, EEMRIBIRAL45VE
EEREFEBBER), SEARBAERES
B “BEZEIAT (well-to-gate, FHWTG)”
BESEHERE ERT4kgCO,e/kght, BREIE
FEUREREE R, HERRKRBRKTER,

B HEBHSHBIFRE: BREMXEN MBS B
TR BEERBER, BT ARISEERN, RHIAM
BHEATEESS (BMETEREMRFNBO) 5%
BEER, HAFBEST. A, MEHERTE
HEMIEK, BFEMIME. B8 LA, HhIBLES
BVE/ T BARNNKFIER (LEE2) . HRz
T, FENTBAESSHEEESNERERER,
ICAOMIMO AR HBFERK,

BERIEHMNE, IEA (2024¢) A4, BR8E (REE) L&
R ZaURNESKENERISFTE, T2 SEE
558 ME LR M EBNRELZR, 610, 24BN
ST Wik —ahmeEaBRERRER (I
%#6.2.27 ), BAREIBRLFNILEAR. Ao, KEBEME
E XM F S AFIME . B8] IR At IR O EC AR, TTRES
LRSI ERIEE, HESESENBEMRAFH AR
o A5 ATFHESHMEREEESR /T BEBRNRIRIER

(40PPAWNLE]) T EGFERAZER (BREFEMITH 2023), 0
ZHPEX B AHREF (KB N ETEF) MRIEE BR
SN R RIRT (RN, Xth AR E S WSS AR
B E, EL L, FERMREZESEREA (RXE) XS
SHMZEHRENER, MENEGE STV ERRERINK
HEHEERBALEN, AibFFHIREENER,

#12 | EXERMXSEFRALRXE. A ERARI — S R ERI L

AR, #R5

B FR 48 47

ICAQ? x (ERRARE S RKI A K IL IR AFTAT IR
IMO FriE {2024 LCA F-1])

HEBIT %) (AR 4L)

4 (B BT AR ALY (BRI 35 %
B ) (TELREREAI) (RNBOFRCFAL

—FAuE KR

RAENR, B (FatEie, Mk, KT L E
B =R fesr) RABEE MK

B Z PR TR — BALER KR
AF2FRFNBO: BX B R HEAX X B R A 090 & kiR, A=

S, S5 AREDE R MG E M MBS = 2 45 5-REDE
SR A9RFNBO 2% RCF A9 KKK = 24, A AR

£E° AE IRA (4577 7 MR+ = AL B )
AL IRA 48V 7% £LAk 2 = AL B
s RERATTH SR M L) ERE 5
P Ee o RAB)
ALiE % 5

BLRA: a, ZEICAQ A MR AT 89 7 SUF AR 4 oAk = BAL AR 69 FLAKR £ 5], ARABICAOE FRALE 9 KA AR A A 47 (LTAG) At £, — R RRESRTIH =k,
b, A1 3 Bk BLARAHEA S AR R 6940 B R R = RAC AR, BR BB K, 20364F T AL N A W A6 3R A9 = BAL AR, 204145 AT "T4E R H A Tk HEA A = RAL AR,

. £EM9IRA (SAFRALBUL) B AT R &AW T2, TAERIKATIEIR, PTARMN LK, 555k, 4F3TIRA (4677 73 AT A = M ALEUR) 5IRA (45VR 75 Ak & 7 BAL
B, AR IS KA IH, EWTWIR 2 AR HEAL 3% MK, ALIIE B3k A,
d (REMAHTH SN AE) GERZILAR) TRAFILARLE @46 mMAT,
Y5 X=RAAER,
&R A ARFEICAO (2022a) + IMO (2024) . EUP&C (2023f, 2023d. 2023e. 2024) . EC (2023b) . U.S.Congress (2022b, 2022a) . B &AL Ay (2024a) 48 5% bk & %,
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=13 | EXER X SERALRANMNEIEEHRABNE S FKRERIEE

BE. K L THEARR | - s | AT B A
LEFRAR WARA | g | PRMA | EREA | T A
ICAO ALE T3t T AA KR Fa AR A 2R x
IMO FLiE INZs8g BLARE U AF A A, TAT AL AR A A KA FoBEROR B 2R x
RFNBO (&~ v
THEE v (B RER X X X
) —%K)
(BR BLAR
E RFNBO LM%, = Mk
, v BeBMA A
o (2 ¢ ) I RS e HEHE 89 4,
RS XL B ey v o XA (wtw)
AT 2 AR <34
kgCO,e/kgH,
RFNBO X, (R B &
LB ARBRA AR v v v v v 1B R
WA #L)
p EEAH v pmias TV
§)10% RN > ah AR - ” /fz Z\
%5 prgey ﬁk;‘:;;rﬁk v (i A2 v v v \SL\W;G‘) He e
—2%) AR JE <4 %)
kgCO,e/kg
vE T R IR DA KA o BT B £

W X=FAFLEAER, v AAERAG LA,
Skl AF AR AEHydrogen Europe (2024) 48 XAF 70457,
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Ziz2 | R EESTEH XM EH S B IRRERIXTLL

SIMWEHS, RBSEXERTRNER, BRIEE
B0/ O] AR A RISRIFIE A, BRSO A [E) DL AT 0 3 38
MLECFPONESK (TR o

Hep, BB ER &A%, REHZIUTENEEHH
TIHARE S, AR AT LT B4R N, B AR
TIROWE, FENESETRFNBO, EAE4HETE:

B U HLENRKIFILER, MFEEEEFRT,
HECWVESTHEERLBMNEZNBE
L (PPA) 6

B OESME, SEEAEANEH (i) WTBE
RER . HTIE O] B A BERE VR NIBTTHIRY [B] &2
FEFHERBRNEZEITHI3E,

B EfELE, IS BARERBESHENRE
AR —A R (WE. B R A9 8] 0T AL =/ By
REIBSEECIT IR ) o

B OHIRIED, IS HARRKESHIESEELT
[EI—EE,IX—X“ZﬁiWO

B ERIERS, MBEEMETEMTERT, WEH
SEMEANHRAIME. FE A IR A A9 EK, HF
BAESEEH I HRFNBO, 4. ISR G T E—F
T HAERREABES L TIYBITI0%AYE X, el H
SRR NREANLEIREER (AFXNFX) G
B (EC2023c),

BEZT, REERRRND, ARBTHEHE N
B FEAFEER KRR (BFZB. LARRIAS
+CCS) HIMMESENFEES, EXEEIRAF R R
BUR. BMELL, EE 45ViEESE BB BUR) th
R, BER N/ T BARNEHRIIME. FRETE. i
FRIUEE S5RIRIF RS E K

&E, PTEXNWNEHESERERN, UHFREES
J/ I B AR RRIUE IR — I, NS REIMNE. B E R
WIBILEER, B, MEPEZFIENERATE, B
BAHPENMNEFISRKESERATEEEM, MERE
BB IEHREIALR (RE100) B L& HIATThEZIE (
REHFEMN 2025)

TR | KRR KE ST EFEMEG S B IRIRHEKRIILL

Bk 2 (RFNBOZ /= @] )

B

O A A AR R A S B AN IEAT AT A B
TP F TR ST R ERNBATH 36
AR GFT2028 41 1B ATNEE 69 7T

£ [EIRA {45ViE 7% S.AL 2 Z A

i

FE (KL hE ST
4 BRI )

BOR)

) A A BARONIEAT A

TFTFEE AL E BBNIEAT
A3 (WA R ARG B A RA,

(Additionality) £ 5.2k 3 B S IR R) I LN T T EN &
1 I AT36/ANH P A 4 452 00S
ZED, B SIMEER)
o ) B20304F1 A1 A4 T I B, 2L AT  A203045F1 A8 A4 AT It Ee, /& %
T e I A W2 AT e I AL L
LTRARBE B OMAMET R — %A AR eht B b T
K (B —s—AER) ; X F— b, K 3
. 2 ETAELAEFREGEA BT THH
MIEILBR o e aesd S A, T4 FA AR &z
FARRATBARRE B 3
3, TAARRE Bl T Cof ERE)
A AT, 5T H AR L 0M & AR B PR (EAC) FPIE#TIEE  TEGERHIEHIAR

FEBAIT Wwthil (PPA) , PPAS ZARRA A T4 =
FARBFRE RINBOTHAL AL E
JRIERAD

ERAEFEBERNBE N
B, LR, R R

BT &M EALIE, S
ATALIATT 4G T A L AL TR 2 S
B, do T HERREE
AR

BLOA: a B EE, ARIEIRA (45VF & SRk & S AL ) | do RALIERA & & 09K 8 ) ) SR A6 2 1A AR 45 AT KSR 4 1%, T A RS,
b £ E, ARJEIRA (45VF 7 Sak £ BALBAR) , T RGP L0 FF B AR KM L, Rk, Kb, sbihit £, PpifaR a9z s, AR H Ak
EBNALAATI6/ANA N A X LR AR CCSR A AL B AR AT,
SRR AEHARAEEC (2023¢) . P E AAREE L (2020) . USRS & Treasury (2025a) 48 % SC#K & 45,

BRI RIS R AT . 2GR L HEERIAS | 61



mm

U
UL

il
AL ||||n||1|| m IIII

(Immm
[ IIIIIIIIII
Wl .




e, BT AE
IR = SR HER
BEBRSILET

Z!SEE;*‘EY?H: I THEXEZR. X5 ERHELRTR
=, fnizhiele o AR ESEHHGR ERVEN,
#MEE%LMM%D/\Eﬁzkmﬂﬂﬁ/\éﬁfg, XYEE T AR E

s X HAEPRAREZF 75 ERRE,
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BT WERERRSORMETTFEMERZ S, i MEER
B E X B AR RS TR = B HBGR R E K,
AERFIRE SEHBCR REREM L, MAER. HXFE
FARBREHME. MsAREEwEAREE UFHRGR
E0RETTE, MERBAE =AM B R ITER
RIARIENRE SEHRGE K. RE LRELRR # 2 R
SMBERIEEEHRGE EERM, 7 EKFIMENLE
INE, HRGHEN TS ENRESAR R BRI

6.1 fn=. MzAIFHEEA
FIHYEESHIGREZEK
HXEXFROER, X SERERIEX RS A
WP, ERB

AWTWEREESEHBGRERRTE, FEEXR. #HX
SEFARZEFE-—EEZR (NFR14) . EMEMMEB A
i, REMAFEEARHNWTIWEESGHHIKEER

=14 | M= UEHRHSEERRBEE UEHIREREER

K, WARAMTEN. UM ETHERR A6, B (R
AR E IRBEEAFL) 0 (T B A R TRIE S 1I0) oK, 3 F20214F1
BIHEBRANEEMNEYBRBIE=EE, HREFNFETH
SR EYRBISAFY WTWEESEHMEE, BaT
DAUETF32.9gCOe/M], X—HIELLICAO CORSIAEHE
IRRHERK59%; MRFNBO SAFRYE = SAH MR E N
1% T28.29C0ze/MJ, LEICAO CORSIAEHE AR I E R
K65%, BRZT, PEXNSAF WTWEZE SEHRER
EREATH, NFETI0gCOe/M] (FEREMB 2018.
2024a) o X—ERTEH EICAOMCORSIAB K AR E
K, EHEESAHRCREEREESH12.5%, XTTRESH
ERNM=EAWTWHIRERSEX, URKNEREHEE
ER%R, A, EXRPEFTLESERFRERER, ALERS
MEBRBRBAWTWRESEHRGE EBEER.

FEMBIERE T, AERER S TEMRE SRFNBO
BWTWEREESEFHKREEER, HtEX. #tXHE
PREAARKRBE D, £, ERBEHWRFNBORHFERM
WTWRESEHGEEER——28.2gC02e/M], tLEY)

HE., X - &y KR RFNBO IR BR AR A
(CORSIAGH& k449 CORSIA T4 4 .
ICAO P AR 2 ) 80 80 80
(B B = MAHERL)
3 2k ;‘ . A
/8] (T2 fi e A1) 32.9~47° 282 282

. (RFNBOA=RCFSLAHE & 4% A 7 %)
g (4K 4)

IRA (4577 7 MR 2 7= IR Bt B

474 WTGHEA 5% AR T4 kgCO,e/kghd A

KB nn s A A SR ALECE) i HIIRE BRI H
(AL AT 5 S AR LS8
e CELIES .
IMO%F & A 3k = 5T # S MR- HEA AR BI4A
(AR Ay o RS R ‘
IMO B VIS .2 6924 T 48 22 KT AL RAF R AIINZs, Fo AR T 2028203448419,
2035 B A& A4
Bk B35 WAL A
. . (TAAFRIZAT) N
(B4
@ IRA {4577 7 WA A = AL BUR) 74 4743 B WTGHEAU IR LK T4 kgCO,e/kg 9 &AL
IRA {45V i & SRR A 75 AL R ' B AG SRRk A
I x x

FLEA: 8. ICAOE (LA 1L B MR AFA9LCAF, W AL B AR A R S8 385, Prkkob R 5158,

b ARVEBR B (T A AR RAG AL, A T20155-10 A58 L ATHNZZ 693804, EWRAWTWIER E RARHEAR L2 R AT 479C0/M); *-F2015410 A 6 B —20204-12 A 318 3%
NIBE WA, ERATWTWIE AR HEAR 2 K AT 376 52.9C0.e/M); 2 T20214F1 1B B N IEE 69354, £ RATWTIWIE E AR HEAGR E 2 R AT 3298 =

Afesr B E A,

Sl AEHARAEICAO (2022¢) .+ EUP&C (2023e. 2018, 2024, 2023c) . EC (2023b) . F E KALE (2024a) . U.S. Congress (2022b, 2022a) #8 % ik & 2,
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MEWTWIE = SEHERGR E1K14% (12 ZRETx42021
FIRIBEBRAZENEMBRENES) . EEFLHAWTW
BESKHRREEREME, (REAMSKREENY 5
(RRBEEMRELEN) LR BRFNBOME T M F B R
MEITRRERE, MEFRAERFNBOS £ MM A AR
KRZ, BERFNBORH . flan, (BREAMSMELEN) B
K, RENBOZEM MR FHI S EE M 2030 1.2% % S F+
Z2050%35%, BEITTEMMRREELIRBEESG
SRERT, RENBORZB2ERHUTHE . R EIRFNBOT L
WIWEESENZHIR, FRTTREMT, &k, PEHE
WEHEERX YRR SRFNBOMWTWIE = SAHEM R
EEXR, FHEERUHNERMER,

6.2 fiZS, MUBATISEEM
BIBRE SRR E S
BRABIBOWTWIR = A HERR 2RI, —E£ER.

WX SERFRARBSEERRNWTWEZ SEZETE, #

BRELE R SIMETEITERRRB N LR AEESE

AFRGR . AR EZNEMRBMNERRBNRETEZRE

HIT DT

6.2.1 EVARNETARS5FE
ABTERBSHLAXER. HKSEFEARXR

= MEEAMRBNZED R SRETTE BROFTEXE
RIBXESERAREARERETEZIN, ATHEEX

B2 | = sEMREWTWEE SEHRZEBL R

EEREDRERETENER, BIERBEZTEHIUR
XK HE B BE T R R E#E o

EMRRNRELR (LE2) 5TTALLHARHEER
B REEYMMBEREFENEKHREBRE K SFHZ
S, MHUE YRR FE R Bem = A 59 — |ALaR, K
A EHNETHN, EXFE EEMRBHETEH RS
M REERZEN: AREDFTE, EMRRWTIWEREES
FHERRER SR8 & LR AHR (F 32 SR ARE
ARHEY . RERIEYR ), MR EVREL™ R R FiIDFTING
BRAMS B RHNE; ERETETE, hFRIEE T
HMADETTE. BERXEHFBITAZE, fi=. R4
RE R EETESS THARBHR. KZENED
SEYRBWTWEE AR EZRTERZY WAHIK
BREZET L, SfFEET A AT BREES
AHER. BERAER S B, R L RNDETTE,

iR E SUAHK

EYMBEEGARSFEFNTIZENEBEREES
FHEW, BiFRE T AT MRS BEREBEESEHEN
(CarvalhoZ 2023) .

jE$E - HF B4k (indirect land use change, iLUC) HE
HMEERTEYRRIR RGN, RBEBTEYRR LR,
MR EER W A & DUB B R BF K, R
MEM, #Hif5lk T HFAEUHRAERE. ILUCHME
B EVMRBWTWEEZESGHHRP S LBRR—1F32
MEERMEFY), RYSERMENE S5 A REMIILUCH K

W EEHR B BRHK B

B HER

B wrum -

| e
N s

R =0k

HEBIBAUEE T2 B HERK TEENHENR

SRR AR ARYEIEA (2024a) | ICCT (2023) A48 % Sk 2 41,
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(ICAO 2024c) o WMER-ZEEFIMEEMRRIAHF], EXA
FERIASILUCHER oI B TE AL & £ IR BRI W T WIR = SR HER
EP.Ettitn% 75% (BerryZF 2024) o iLUCHER#ELUNE,
BEEMAZFEAHFAITNE (IEA 2024b; CarvalhoZ
2023; Weng% 2019) , i B ER BT EHAS K
A#FTITE (Berry, SearchingerfYang 2024a) o

BRROREREHME B R (displacement effects)
EIRFERNINE BREBE £ YRR & Bk a9z H
o BN, HEESAFXN AT RIGK, E’H?Fﬂﬁ%zﬁﬁ
KM, THMEIRT, SBEMOAFAR (FHRTEN
BRSMIAE, WAEVE) AEARE, i’?ﬂﬁxﬁﬁ@ﬂfamé
[EHR R EESNRERRMEAB R (SkyNRG BHEIARFE;
Pavlenko#1Searle 2021; MMMCZCS 2024) . X5 Leih [X
MEREIIE, BRENHRETRERTR, flm, £XE,
BREEHBEBTIEARTLY, ENREEEE EYMRELE

B, 2SsEsTLEAsRFREAER, mRITAZE
RHEN, HELZEEFEBRWTWEREESEHREEN—
£ F (Pavlenko#Searle 2020) ., (B R E X F0 /R R
&, BEINEEMANZE T .

HREER B RHIR

HREAES (BAU) B R HR 2B ERERIN
A%, URBERATESEYRE, EBAERRNEH
BRI E A S HR = SAHER (IEA 2024b) . B30, FEE
GEEEEHTAATERRLABEER (REIHK 2020),
XA AR HERE MR . B R F A ESI iz
EYRAS, RBELEFHVENRER (RBEVAEIEAE =
?), BEXENFEHR. B, 8FEGREETHREENK
R ER fhE R R AR E A

R+ EENEHEL

TEAFT-ENEREN FRREHETRNZXHR
W+ B ERREE SRR BN, EREAEKRR
B RPHHE M BEMMEE REGENETNYR
‘~Eﬂtt1§J£?‘*ﬁ'fE BEIBMLEBIRK, BEREVDRENE

o B EE = SAHER (B IT 2023) o AR¥ELessmannE
(2022) MR, IRXAUHERVEERER, £RIE
RE B YRS E JREEAN1Z ~ 201208,

A, ERERENE, SRR XM, BN Ei=5
T IEE RN AT RIZE A, AR ELRERET &
HEERAREESATEM, TTHRE0R A T IR E B
N T 8B =1 (Searchinger® 2018) o
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a3 A Y2 35 4 0b s i

FEOFEBERBA A, FREFFELE— 0,
TS THSEERMEMHEFASIBERZ T, 2R =47
SRR EEYER, XRFERESRNRE. EEM
THMERERR, BFEESEHEMO RIS EWRRL L,
RIBISO 14044 CRIREER A GEAIIFNERSIERE) (1SO
2006, 2020) , FLAE = REERO EBE X AN TN TA.

— 2B E, BN ENETIRA—S o HE

%&E%E’H’—ﬁ%& FITE XL F i R A HERL
RREYTEZX (8BRXK). dﬂlﬂﬁ&ﬁ:_%;ﬁ;ﬁuu

73 \,quﬂﬁﬁ**ftxif%ﬁﬁaﬂm UT RIS 86, 5
SNEFRRE (T AERMEH) BRI BB Elﬁa‘,
MR HTERERERWEBOEHTHREAN, BATL
BFENEESATIRETERTENSEGBARER
SEHGRE (ARG 2022) .

SEBMEXENE, RERE S SNEELRESY
B R M AT HE A B

MEZEEFNMEN K. XMITEZE T FRETHTH
ZFNE, RRBENELLE PR ESEHR.

Iiﬁﬂﬁiﬁﬁ.% iﬂl[ %.BTQH—/\EP ﬂ)l
BHZE IR NI RS, EXFEET .

. A R

SHEE, AIZEMRHNZESEANTE, M
MZEMBEZERENKES, PEEEMRHEZ
HAEZFEGFEERARO, #MESE, vE. KHE. %
ES5ICAOMWEHATHNMNZE AAERE. flan, £3KE
H, ICAOHAH ( CORSIASEfr4 w3 BEAHEMUEITTE 77 3%
FERRRY M (CORSIAGHE R 094 dn BEAHERBOINME S
NER) BEBX M EYRE R ESEHICREZE,

REHTERZE LA AT CHROFENZE —LHIT
(Malins 2019) . EEEFREMNE, REFEEHFNE T (ME
BB @ B EIR BRI R ARMSE F1E04: BAY (FE3K

B, BiZ RN KR E AR WTWIE =S4
ﬁﬁ?if‘*ﬁ’ﬁi% N HERL, anielE R AR HER. &
RN F,

HEEZ T, EMEHE, SREENERAHEGTEE
BHMROMEENRRZET %, RIBB(THERFERES
D) (BB mMELEM ) R E X, TRUTEMIZ 4
MMBEESEHR. E2RER, REIMOBK%RH
{2024 LCASN) AFit &Mz £ WRRLE = S IEH,
BXBHMNIUTEFTASARLHE, BRFETHF AT L



H. RUVEEXET RN L BERINORETTES &
B, AT HREERRRRERE, PETNXENEFEIM
EEMRBHOWTWEESHIZETT .

BAKME, £EH. ICAOSIMOBE—ERE LIt
ATiEELFHERHR, BEHESZNEFEES
N PEERETRFEAXRAZ = EREZ LA

TH=EHR. B TiILUCHRERYSARED A
RIENEYBRBWTIWEZE SEHRF SR K (ICAO
2024c), IMO. ICAO. KBASXEY—ERE L ZEKT
iz, Mz EYRBHLUCH K, BEZEFhEIR—FRTI
ik, —RILUCHBAE S EAHEN, RAHRERR
BRBEMX TR (Prussi® 2021) . Z2MHXER. #X
S5ERERARBNZET AR E———BREEET X,
thEEMTE. BRI, EEAZGFERAEN, A RIEH
ICAOMEEFAMNER N AT EMRMGTED AR N L H
FIAZHER (Malins 2019; Berry, Searchinger'ﬂlYang
2024a) ; EMAEERISHAKRILUCRRNBEE—E
PP (MEZ=) .

EFER#ks, FEBRI S REZETEFRERILUC
Hm, hAREFILUCHITEMRS . Ho, EHREAMLT
BPEERILUCHRALERHEESN . ETAMRNET
RS, ATFHPENETZERNEESREIXEEFR
BE (BAMSF 2019) ML “JERML” M58,
EEEDHNMETRNFE T A ATUSRERENT
mER. A, BEERREVRENERZSIN5E, REHD
MR B SRR EY A E R B E R BITTRE X £ BRA9ILUC
HMmENEETm, B, PETUEEFAEEHRE,
SR E MRRE], MIEBEAR L& U R ENEOERRIE
iLUCHERUZE FT 7%,

BFEUENK, KRB, XEH. ICAOSGIMOEER
MEFHNBEARN, TEBIBRRTEAREER
HMEMER; PEREESEREERBIER, LI
BRARR: 5%, FT2MEARNTEESBERNE, RiE
PavlenkoMSearle (2021) 895347, B E M0 hAEE
ERUREEESHNERNE, flan, BERTEE2. 4 TH
fzmiarlER, ok, B—FEREREMX AR
RN NERELTERAR, FELEESMWXIRERERE. 5
m, R\ERHE, FBHITRETEERSNBERIE,
Al RN ERIER.

BRARERUHSAERENEPEARITABERZE, B
SXRBIERERERANE, flw, REBT (T HELE
RIESI) W BF R M. 1 K52KWmEE AR E
VIR EhR B ERE (EXBREUERP S RBIE1.7%)

(EU P&C 2023d), Frll, FER R SZHRIBAYREE
ERNUNERE, RIBAXNKESHER, FEERER
BE A LR,

ExBE. EEMICAOEE EEHBRBAUR G AYHERK,
MAPENERERAXZERE: EZEHEZBAUERH
HEmhs, BREE . EEMICAOE EX B LR AW T EHLE
EEY. hEER, BXNERNERE (BFEENIRE
BEREYEFELIE) BEBNEE SEHER. HA, A
A ET %, MB(TBERBEHESID E, Hahms
BEARERN, TUAERBWTIWEESEHIRETEE
BFE45gC0O,e/MJo

ERXDTHER. XSERARS, BEFEERF
#—FEEME. MEEVRBZETTE, BT ENEF
B4, s E 8 R A H P,

BAKRSE., EEMICAOZEEZE I EZENHE®,
BEZEBIEEFEERASIN, FHit, FENUPEEZHFIM
BIEEMANZEGR: B, EE. ICAOMIMOEET
TEENBREN, LHIUHSEA VERT RO T IEERY
Ro Blzn, EE (SAFRBEBIK ) IR, MRXAEERLI
SREBER VK SMEFRENTHERVEEAR (R
), TERBWTWERESGHHRTBEFEHRE. &4&
mE, YEKAERE, £MRBWTWEESEHERED
HZ%E10gCO,e/MJ,

R, BRI EAENBNZETESFURK. AR
RY, THEAVEEARNRLSBEE I EFNK
(Searchingers 2018) . EFIit, B RIEH, £E (SAF
RBBUR Y PO FFE R WL T4 TR HEBUTE E Y
REEEEANEEN, BT IUBUE (Clean Air Task Force
2024) . £ T L EANMEMEEF LEEBR RSN, HiE
RNFISZEFEZEFH—PTE, AXERABHEPATF
EZEAENEN.

HXER. MHXS5EMRARD, HE=RHEKRN S E
FEERFK: TESKE. ICAO. IMOMDE T E—H,
HRXRBETFHENSE X, MEEUNEWEEH L.
Bl =i o
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AR X BAU#E . 89 HEAL

i;{gﬁg ;%#;ﬁ?%ﬁ\maw
MO deiE (BHHER R
B BN SR
i E
BRRENBIE 1L
e o s Ty s N AL
B gﬁ; *‘ﬁf’k R AR
ik, ALEAK
Bl
AR HL, 5
oL 5, B
dm, HEFARS- 25 7 &
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£Ee ﬁ; GREETAEAY Yput, Hfe e B
' AT E & MBEET, 2R
LEREG 8 > ) B 4G
PR AGY R X
2 BLHEAR
R4 AR I, B
CA-GREET FHER TS, G
£ B M= 4087 ARGk, Here
AT ok, BT
GL 5Bk
T A= % X - X B E N Lk

BLAA: o, G ER KA &, AR A AT Tk,
a RPAROSER CTRAERIRE), BA CTHRERMATR) FHEITA P IREZMA £ 07 2 BARE = 3842 09 WA £ 4 B B HEAE
b, ICAQA= 3 ) 45 J7) 89 5 2 3746 77 37T Ak /= E4KAF TILUC A9 HEA
o R CTA ARG AL P, 3h4h 212 40 238 5o 09 HE A )2 A 7T 4 4 R k4 72§ 589 L3R A uak Tk,
d. 75 6 F B R A3 AAEA A R kX, &3t %) (USDA CSA Pilot Program) =T 3K 48R 9h 69 KA WTWIR E AARHEAR L Y 89 3 B (AR 2B HLN A —F 4] 52) .
e W F T R LA AR LA AR T AR R N, AR D B, T, AR SR AU AT SO AT AT SR 49 S B,
i AEEARAEICAO (2024d. 2024c) . IMO (2024) . EU P&C (2018, 2023d. 2023c) . CARB (2020) . KAt & (2024b) . Carvalho%F (2023) . US.IRS & Treasury (2025b) . U.S.DOE (2025b)
8K k&2,
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T3 | EXERMXSEFARERRNEE A BEURES AR

HXER. X S5ERARKBRNZE T EE RS
——BREEUTE LEEER K (RETER2) . H
#, ICAO. EES5XEMMRXANREET X, IETE
DUESZZ AR (4NGTAPFIGLOBIOM ) SNEREHX . RE
BERIILUCHER ., T EBFIMOZ BHIN 2 E M T3, Bl
IR SILUCKEE R ERL, FHRR®IZ ER89E A=, B,
BRERE K, FI2030FREEE IEEWRREASILUCK
B B RL o IMO ) 7K 1 B B BR F HE 5

HXER. X S5EFARRBHEEZLFHEE (M
GTAP) FEMEILUCHT, & (R {h1a1E T F A Ao HE
T, T HEAREEYREASILUCHERT (BerryZE 2024) , 48EL
ZT, XA “BASHA” FTETREBHESENER,
B0, Searchinger®: (2018) MEMERBR, TXKFIZE

(FI=ERBAUR R TR —) BILUCHIRE FEik
200gCO,/MJ, AT, SEENIM CIRBRARIARAE ) 15 FAGTAP
R E AiILUCHE R F X A SearchingerZ (2018) U
HZERIN0% 72 f; MGREETREFBEIMILUCHEME FEE
F1X, AHSearchingerZ (2018) B L5 REY4% ~7%.,, XL
L EAMRATILUCHE R FRNF EREE =M (BerrvE

TiER 2 | [EERIMF AR ANRE S ANREST

2024) . —RIERBRIERBNE LA SROREER, B
FRIERA, XA R M T REM S 1h, MMSEXFHLUCHE
BES R —2REREREMIE LA S RERRRBUY
AN, IRE IR —RAERS L ES, BREIFMK
B AREA, FRIE KRR LY kSR IAILUCHER
HF. HRZT, RABREWHN “BISHA" 7755, AR
B E 1 BRINRET, BEEENERENEY
AR EGILUCHER 2 (SearchingerZ 2018) .

FAEMITHENTTE, BERBRTEFRETE
BAHBEN, Bftr—ERE LB RERNSILUCK
&, BFER B S KBS ILUCE R A th F EHk ik . TR SR
2019/807 S HER (EC 2019) HAIBILUCK B R EHTE
HiRfE, BaT, RERIRF BB TS KRR,
MEMRETHEMDFEARSMNILUCKE, BRHEIIA
SILUCKEE BEHL . FH5h, B ER 33 XBEILUCRBIAIIR B
Tt &SR, Fl, WIONENERHIT 5B XT
EYRRIRZ S HH BRI, BB R AEIEH T A
FRARMEmAK NE X REA R, MERM iLuC
KBS A R BRALF SH F2 th 72 ZEBR BB (WTO 2025) -

BR. R R ERLLR

iLUCHEAZ A 77 %

AR R AL A

23 4-GTAPA=GLOBIOM# A £ 341 J7) ZALAE

ICAO o, FAELUCTKIALE? R4 LER
Bk, T SGILUCKUE A B M Ae i AR 4,
IMO HRAH A RIR R E Y K I3 452 5 a4k %

THESAR

Tk, & LHILUCKR ISR H AR A A - R

BOLE R FY KSR SHM THES

] -Ho o e %
ARG B TRA SILUCKUIE R A 6948 ),
3203040 & A @ b
£5 Z %, FAHLUCTR LA 457CF-GREETHE A
£ E M FF, BAHLUCERIA(Ee GTAPAE R
+E b %

BLBA: a. IAMAE ALUC, &4 DLUCHILUC.

K AR ARFEICAO (2024¢) . IMO (2024) | EU P&C (2018) . CARB (2020) . F H KA A (2024a) . EC (2019) .  U.S.IRS&Treasury (2025b) . U.S.DOE (2025b) #8 3 Sk

B4k

& FEo
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6.2.2 SRR E

APEFEREESWHAEXER. X 5ERHRIR
= MEERRENZEN R SRERE (&R, 5*A
MEIARE, SRR ERERGILR (LWES) B SRA A
H (IEA 2024a) : —2E XN ER_EMIKE, E_EMikK
B4 M REERCCS (21T RRERRiHEIR i) ek
BB —RERRERME, FHACCS (AR5 HE
SRS AP HER. B, BREAEAE, R REHD
BRE|EZEURLLE = RHRAN BT AEF R, Fr
B, REIMCOKBEERSHB A E A EEZET, M=, fiz
AR EIAWTWHEB R B RER AR LIURERHE. &
XMESTN SRR WTWE ESHHHREEEERM
MHEBUR R AR E 75K, B

BRZEEHRARRTERFE /6L, EERCcesmiE faHI

BB PR EE ACCST# R HER 218, &k
EAER BB A RRRIA, B F il Sk BEEHEE
B FTRE Bt S ROHE . R ETTE D REME AR~ EmN
HERC (RDR LR o B 7= A A BRHE AT ) 8L R A A =B BR B Bk
R A RRHERT, BN Lok RN B BE & EAE X N A B HE
(A1) .

E-E +FE

1 ex-use u

(A=-1)

Hep, EABBESZE. HENBRBFEEE~E0%
L, B ARBE R RS R R H, EAR
i RN ER EA LA B (ki ) =4 A9 HEI

EfIRNE, —ESUBRRERREEZHHEKES
R, EARABEATHAE _ENHRKR, 4= FEERE
SPEE S AOHER (BIE,,.,..) ; B0, BB AHERUE R E

BAl, X FAER_SHRRENEFUESTEREPTE
B Tk ik e — |4k Bk a0, BRER BRTARINE A
ERRAMZ S ERAM SR A SR BME S X
BESRHNZHERFHERN_E (K, KB (RFNBO
MRCEBHFEZE /A WK, FH2036—2041FBH 15
T AT RHEER N, TR | ik, B, TWimk
WK _ B A~BET AR (EC 2023b) . 21K
BEN, TV HKRA SRR ESHRIEZN, 5
g RREIEL, R AXE - SARERNRE R HE
HABE ENE, FATHELESRE “FEHE" 5RHEH
REARAE, HWTWERESEHRE EX AR RHE
17% (Hinicio 2024) .

HR, SR -EURBNEBETS RN AR EL
BT &M S LERE. T, RAEERVFE. &
BERSHESRTEENER, FRATBEER54MRT
SR A RN REREAWTWE =S AHEREE E A TS
=, At AR R HERGR E K 100%,

PREHE AR ER , Bl E A CCSTEd Se BIHER

BMEME RN, BFEACCSmE R 2T, iRl
MRIRERHE Ak, MXBMMBREERSE. EZET
& A RRLE FRBNY ER = A B HETURL 2 B ik e 55 T 5 AV HE AL
(RAF-2) .

E+E-E, (~x-2)

He, EARBESEH. HENMBRUFEEE T E 0
T, E, A BRRHE BT ER R R (S0ki% ) P A HER, Eoesh
TE AR F Y R R B e 5 1 B 5 O HERL

B3 | = EEmAEWTWEE SEHIRIZEN R FIAR

B ERHN

RFE =05

E ccsimmig e aYHERR

R AEHARAEIEA (2024a) | ICCT (2023) 48X LAk 25 #l,
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S8 (&) HEFRARNPESZ

SR (MTEhR) LA =RERNPEA X, &M
BEAWTWERESEHRGRELERAZ N, XEN/HE
TRSEMBRBNT AR SMARER, LA EER, E0E
6.2. 175 A,

AXHRMNER. X SERARME. flis EHMARE
BEITTENDTIRL6, HISLET L.

S55MBEARR, SRR ERMER. HXFNEMRAE
A, ZEHRMRENZESE (SR8 NESFOEBRRE
B, BTERXMESZESZ. B, NMBHETE
BEAZE. AIERFNBOMZE 775 ——RIE 8 (RFNBO
MRCFRHEZE L), BERERHE R AMMEN
%EF5% (EC 2024¢) o

AEKEE, IMORREHSMEEMABNZETT
E——(2024 LCASN) , Bk Z BARIETTE, RN
HEERAE IR DE 2R HER . MICAORF S EYRA
SAFRIE T, M N ERMREISAFIZETTA,

Lo, FEMEENXBFES . RBEMTHESNX
H775% (U.S. DOE 2025a. 2025b; HESHEEE 2 2020),
MARRZEHIME . Mz ERRENZET . BEREEN
=, FERALAT (S B4 A Rk E TN AR
SE I BN (KRB, BiZxEAEUEDR
BZE AT, RZ GBI ENLENE (WEBHRIE.
BERA IR TR R AHER) , R, ASCREHITAS AR
MR E T %

FEMXESSHEEHLRHE2EGAR, &%
MERBEWTWEREZSGHHRNEZE: Bal, AEE
FMBXERGE—ERBRREE[LENDLTR ., KEX
RFNBOFIRCFRAWTWHEESEHEMZENR, T
(ENMPESNESRKEWTGEESEHR, R
MAEARTOHER MR ZAADHNEARDERS
BESEH, MKEEERSE AT E kTR AR R
BAREHEE, PEMEZENZELREFIRSKES
SWTWHIR ESEHEN. ZEIES2E MRS AT
DHBERRE, BMERBELEZERT BRESNZELR
Ee4EGEY, HEEARABARHWTWEZSEHKRMN
mE %

ERMRENEEF EEFET SN - RLHERIE,
HERBEFFSEBREEMmERAHK: Bar, KEM
IMOZEA AR L E R, & B FEA A 7= 3855 B b i 5 A gt
REIHER, (B 5/ B ARE, IMOM 2024 LCASNY i K AF
FER AT RIE FEMEENER S &M REIEXIRE
5%ER%x%F BENPEmS, REFRHNE. MEs
B ZEECRR, FEAMRRIZE A PITATE BER A4 =
TR A Bl 538 T RO HEAR

SN_ShmEELE~RHIKRSERE, IMO,
E. REAMXEBFFEETEEER, RILVARS—InE: B
#HkE, IMOMERAREZLNE, EXARREHEFNE
HE; BRENEAEKIBEDNIERRXRDE, EXNEEZES
e . REMERBEREYT RERGEHLE = RIHER S B
(B &R, T E R R R IT R M4 5E (subdivision) , HK A
MIBRREMEZFTMERE, KN "ERFAE~RIE =R
HHEREF . Rifn, WHENS, Ry RANEATE>
UE, NEATE~R, THETVEIFSANE (LE
6 2ITXNARGY RANERE) .

FRPEAEASEGREREEES, B, FEHEX
ER. X5ERARGE— DB X, BFFISO 14044
14067. BSI PAS 2050. GHG ProtocolZE N B E Frr A,
ML RS RAEENNREINFAIRAEDE REY
BECMEXRE. KFMEDEE (ISO 2020, 2018; BSI
2011; WRIFIWBCSD 2011) o

A =R HERN D B ENERE, MHhE SR BRE
WITWEESERELAEE, XERITULE=E4EF
EirfiSS My ENTEEEEMN. o, REERARE
BEZR2022FHEMN(ERT LAY BHREKHAMK (2021—
2035 ) ), F2025F, FEK ‘WL EIU T VEI =S
TH4ARBENEREFANENERENER (BERLXE
BEZESE 2022); Hit220304F, TV RIFEETES KM
BB AL IE1K22% ~23% (PE AL ERAZF R AT RE
2023; FEISEEECSE 2019) . Alt, FEN X EARBHEA
ARTVEIFERESEZENT, #REEKRERR
RO (401SO 14044 F1 14067 ) FEES LA RO ET X
R ER, HBHREY BE, LRRZENERMESER
Sh—Ft,
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ICAQ B AT W9 AZ SE 77 i A4 3t AL oRE, B AT s o AT A e O 69 3 S ik, IMOFTJE A Ko @8R AH A 7 31 30 1 25 SR 28 S 09 B HEA, A2 i AF ) R itk — 7 89 7 ik de 3, xF
PE (KA. FHEALTEAELNRELIEN) , AIEH AR %D R PRI A F IR H @ACCS, 12K AL OB E, Bi, AT A0,
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APTHREEFNZEME. METHEBERRRE
A AERHICR R B RHEE NN T HEE MR
A FEMEEEARREER, AFRRXRAGREET
BB PEAFHEYRE. ERABNNWTWEEZSE
HERGR BT NE . H.

EMRBEEERREVRRS. £PFREH#HTNE, X
ERATMBRBEZETER LT HEERRBNER
®EFE (MMMCZCS 2022) . Heh, AXEEREYFENH
FHIEER R, DALY RRSHFESEYRSIMUHF
BB, AHREREHEEHRITRENER, AXFEEESF
MEZDAERNIER, BRFNFEES. SIWEE. EK
TR BRYNBERER, ASERRY. ARHEY S RIEEY
BB, BESIENE, BHNITREFEERRN.

BRAREESRES. FESMMARANE, EFX
AHRBNERE . —RESNPEARARIRTEY
FEBERMRBNERLE (MMMCZCS 2022) ; —21H
BRABNERRY, SSNEEGHICEEAERARE
ELRETERBRBEEEHREE. H.

B WERhE, AMRFTEER=ZFMESKE: kA
BRGIE (EHESEE5RA[EEFS) +CCS. Tk
RS RBBKEIS, X=MRIFEZ2035F /R E
THHNESH&ERE (FEAENEAZLFRATRR
Bt 2023), BR2IMO. MEBES5XE AWM ENR
RRE SRR St T VA8, AXEERER
FEESFEPELEANREXTVR~S—%&
PESEIFE5EHRE~S (C. Wang® 2024) .

B WHREBEeaRARTE, AXRERE S MAK
kBEFUR DA R R LK,

1.1 ZERANSZERE

BHEEER

KT EYREL, AXTEZE2023FH W X2HAT
REREMARBEGRHBFTELRAERNEFRE, 57
EEBELHIATAHTION. EFEE, KXRIEY
IARLHEREE AT IO o

X TFEREREAMMRE, RESEHLGEE 28 ik
EREFHEMRKA, ZERARBNREBEFERIET
B, AT, AFFSME IR (20234 ) 5K (20356 ) B9IR
ESEH EF2035F2RAENTBEREEFELS
ZEMPNhEEEERS, BRIEWood Mackenzie (2024) il
MW, 2035 F AR B IR RE &R BN,
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XFEYBEL, BT EATTZ AL 5B/ E R A%
HRASHINEEZLE, AXKRITEMZEDBREILUC
Ho . BRHER, MR T BEENRANEN . XTESBAX
MEREYRBIWTWHERE B AFEM., FiL, Bl
EREEAHESEIAM, IEEBCRER (MIREER
B ERERZER) . A, AXBERERAERBAUE R
BMHE. BTHRZHEABTEYROAE ST, I, K
RFEATGREETHAFHBAU,

(ETESEFBERRB, AXNBLRARSKE
{RFNBOMRCFRHEZE XY — 5, BIAWTW,

BHAGLERSERISE

XTEMBREL, AXERTARER (LE4), 2R
RAYRER. SIRERUEBAUAST, MEEYRA
EYRBEWTWHERE UEHR. £ R SH MR
BhOE, AR 5SRFR, AXETEXZEREINEFDA
FERHER, SEBTIREES. WEE. RK5RES
RYWEHREPYRAR, WRBIEFFREDRE, R
RREBEATRNERSYK, PECABEHREZEBG FE
MER R, B FGREETREFSHIZRAE, T, &
XREEo

A5, RBEAFRNERIFRER, £ RLHFE
MEESEHRER U ROFEREFRREMNTM,
ARBEENE, BRI ENERESHIZ (BIARRRK
B) M. AXERBERANURKRSFEBER/ MR
R (SBEER) X3 TFK. o, B A EERE T ZEMEY
FERESAHRRENXBRE. Bk, AXYWME N
FOROHBMEWAT TNE: —RPEEME S, BIRETF
E M A9 FIYB R EEE T —2100%T FEIRE T,

XTFEREREGHRAR, ZEIHESESKES T,
MZo] BARERGIS . o] B AR B T A&~ hmE AR
AEFARBBE, T, AXBEHARE SR, FRBLEST
MEERKSHITTHEIKE. BHKRBEUREMZ W
HRERE (NEESERNAPRAX REXESNETE
F.CCSHEXZE)T, ER5FBAHARWIWHEER
SEHRGR E (WFR17) .

ARIBEFRAR/E (1SO 2020, 2018, 2023) , AMF5# F4E
Bk REX @FNMEEASRGT BESSMALE R
M FE, SESHBHATHE. R, FARSY RE
i, ZEZIRELES (ANARSE) SHBNEERER A
g, AXEETETVEFSESNAENHRERELES.
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B, tEh@ RS =mE DB HR .

BESRBTL S, SVBERAERER, T,
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4 | AXPRBEBEMRBWTWEESFHIRREENERIRE
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JRAE R R HRRE B &/
1. BEHRI S 0%, 93%. 98%
giﬁéﬂ%l CCSHE % 2 RARATHHLA 0%, 60%. (IEA 2023¢)
93%
o o BB SARTOHAT, — M A
o LRIFHREAE A, ZEREES BRREEZHE, Hik, B
I S 01 B R BT
faiieg ) RBE A, ZEEAEIER., A, MAMEF AN
ZH A BLG A RS Rk &P BAR ST, B, HRER
T &4 e, ZiF-NES B Tk
: o 1R S FA SR T A4
£ RAUR. A RREA B ARSI B4
e 2 RELHEALEAFHT, GWP1004116 (Sand%F 2023)
£ S E NP Yo
1.100% T A4 € 7 AEAE20234F (K B Lk 466%) Fe
2 100%45 & 20354 (Kb b rk 425%) P E A
W7 kR IR } WLEM), VAR KB A B Z
3. wMY ) (PEF¥ 8 )5 LiE B, A A HEBKT, 2B
W, fif KA & A¥) JL T2
1 4% S % (60%) A Shi :
) F e i’:?j, % Shiva Kumar% (2022) #9
2. & A E (80%) (328
144 K ) S+0CS
AR 2 LA, AR
RN S ENCAT R NE 2 N
BAEYT)
AR5
AR %A AR —= % .
&R B gg;:é\ﬁk %;}sﬂfﬁ& = B it
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1.2 EYRRIZEER

ETERAX, AMRVENFTEEMRASSEYH
BEAEARRIE S T2023FEWTWR = S REE F nE S
E6frm. BTHFEEALAMETHEERRREES
HERGE EESK, A, AR (T B A8 REL I
SEMMBIRESEHAGRENEKR (15323202141
BIBEBRANEENEYBRE A= REENEXR), MEEE
IRA {45Z7FE E MBI F=BFLBUR ) P aE R B RUUIR 2 8917
W, EARTES PEITEE R T AT, ERIT.

B, FRERNEMREWTWEZESEHIKREE
BRAER. BMEEARNEFY ARSI EIRE ST,
B EE (SHENERE) BHWTWERESEHRRE AR
o Fikl, PEIEWERESEN, FESFEHKE (5§
MERR) ; RAFEEFEMREN, FEEERRESEHE
BOERERAIREE ., IRAFIEEEH AT BELER.

MNEYRASME:

B PIREEBES MY EEARRE, FEE TN
EMRAREWTWEE SEHEMEEIL-118.0
~27.7¢CO,e/M], RE U H BB BB ( T B A RRIRTE
ST MR EETRA (45275 E R B4 7 5 B K
) R EYRBLR B A HRE E R EK (32.9
~47.40C0O,e/M]J) o
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