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Executive Summary

Since 2019, the Shanghai Academy of Environmental Sciences (SAES), together
with local partners, has tested a practical approach to collect rice straw and convert
it into biogas for electricity and organic fertilizer. In parallel, the collaboration has
tracked results through field measurements, life-cycle analysis, and cost-benefit
analysis. In 2020 alone, the pilot processed 2,125 metric tons of rice straw and 142
metric tons of manure. Altogether, those ingredients produced 442,015 m*® of
biogas, 662,475 kWh of electricity, and 1,095 metric tons of organic fertilizer. This
resulted in a greenhouse gas mitigation potential of roughly 2750 tonnes of carbon
dioxide equivalent (CO,e) per year—equivalent to taking about 600 cars off the
road every year. Going forward, the project aims to improve its monitoring methods
and to strengthen links with carbon-market incentives to enable financing for wider
replication.

Project Overview

e Location: Shanghai, China

e Timeframe: 2019-Present

e Project Partners: Shanghai Academy of Environmental Sciences, Qingpu
Modern Agricultural Park, Shanghai Environment Protection Co., Ltd.

e Sector: Agriculture

e Contact: Dr. Yuanzhi Ni (niyz@saes.sh.cn)
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Introduction and Background

Agriculture is a main source of methane, a key global warming pollutant, with rice
paddies in particular yielding significant methane emissions. Globally, flooded rice
cultivation produced about 32 Tg of methane per year from 2010 to 2019,
accounting for about 9% of total anthropogenic methane (1). Rice straw, a
byproduct of rice cultivation, poses additional challenges: returning rice straw to
flooded fields harms both agricultural production and water quality, while burning
straw worsens air quality (2-5).

As the world's major rice grower and largest straw producer, China must address
this multi-layered challenge if it is to achieve its climate ambitions. Fortunately, its
massive footprint in this sector affords valuable opportunities to innovate and
capture synergies. Rice straw is a particular priority: China has banned open-field
straw burning due to air pollution impacts, and alternative methods for treating and
utilizing rice straw are sorely needed.

In response, the Shanghai Academy of Environmental Sciences (SAES) has piloted
an innovative project to turn excess rice straw into useful products, instead of
burning it or plowing it back into fields. Located at Shanghai's Qingpu Modern
Agricultural Park, the project collects rice straw and processes it in a sealed facility
where it naturally breaks down without oxygen, producing a methane-rich biogas
that can be used to generate electricity; the remaining material is then processed
into organic fertilizer that can be returned to farmland. Notably, the project tracks
results by measuring greenhouse gas emissions in the fields and evaluating the
overall climate benefits and costs of this straw-to-energy approach, including how
the economics could change under different carbon pricing or carbon-credit
scenarios.
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Project Objectives and Actions Taken

e Reduce agricultural greenhouse gas emissions by avoiding practices that
can increase methane under flooded rice conditions and by testing lower-
emission straw management options.

e Provide a practical alternative to open burning and in-field straw retention
by converting rice straw into biogas, electricity, and organic fertilizer.

e Produce policy-relevant research on the effectiveness of straw
management measures using methane field measurement, life-cycle
analysis, and cost-benefit analysis.

e Operated a straw-to-energy-and-fertilizer pilot plant. In 2020, the plant
processed 2,125 metric tons of rice straw and 142 metric tons of fresh
manure.

e Improved the straw-to-biogas process through targeted research on dry
anaerobic digestion, including testing pretreatment options and how adding
a small amount of manure can enhance performance.

e Measured methane and nitrous oxide in the field using online monitoring
tools and multiple field "treatments” to compare emissions under different
management options.

e Estimated the project’s full climate impacts using life-cycle assessment
(LCA) so policymakers can see net emissions across the whole chain, from
straw collection and transport through digestion, electricity generation, and
fertilizer production.

e Tested "what-if” economic scenarios under different carbon-price
assumptions relevant to China to understand when this approach becomes
financially attractive and developed related policy recommendations.

e Participated in international technical and policy dialogues with
governments and research institutes in California, U.S. to exchange
experience, and visited California to facilitate collaboration.
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Current and Future Project Outputs

The Qingpu pilot has already produced concrete results. In 2020, the facility
processed 2,125 metric tons of rice straw and 142 metric tons of fresh swine
manure, generating 442,015 m® of biogas, 662,475 kWh of electricity, and 1,095
metric tons of standard organic fertilizer. Electricity generated from biogas was
used to provide power for rice processing plants, and organic fertilizer was used to
promote crop growth and increase soil organic carbon.

In terms of climate benefits, analysis shows that electricity from the Qingpu
project’s straw-to-biogas pathway has a carbon footprint of 0.21to 0.28 kg CO,e
per kWh, about 40 to 55% lower than Shanghai’s power grid. Estimates suggest the
project’'s small-scale, rice straw-based anaerobic digestion system can mitigate
greenhouse gas emissions by 2.43 to 3.03 kilotons CO.e per year. Importantly, the
project generated practical insights for making straw digestion work better from a
technical standpoint—for example, that mild alkaline or biogas-slurry pretreatment
can both improve gas production and speed up digestion, and that stable operation
depends on keeping the feed mix and conditions within appropriate ranges.
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Looking ahead, the project will improve its monitoring and verification approaches
and strengthen links with carbon market incentives to support wider replication.
SAES also plans to continue the California-Shanghai collaboration, including
ongoing work with the California-China Climate Institute and other California
institutes, to advance rice methane solutions and share lessons for scaling beyond
Qingpu.

Lessons Learned

1.

Treating rice straw as a resource can work at a small scale. The Qingpu
pilot showed that collecting straw and processing it in a sealed facility can
convert large volumes of agricultural residues into useful outputs, such as
biogas, electricity, and organic fertilizer. This could provide a practical
alternative to open burning or routine in-field return.

Future projects should pair implementation with measurement and full-
value accounting. It is important to combine field greenhouse-gas
monitoring with life-cycle and cost analysis to quantify climate benefits,
measure economic feasibility, and translate results into decision-relevant
information.

Pretreatment and feed mix improve technical reliability. The project's
technical work indicates that simple preparation steps (e.g., mild
pretreatment such as dilute alkali or using biogas slurry) can increase gas
output and speed up digestion, and adding a small amount of manure can
help the process run more smoothly.
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