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Institute of Synthetic Biology (iSynBio), Shenzhen Institutes of Advanced 
Technology, Chinese Academy of Sciences. The two upper cantilevered floors 
house nine automated, robot-supported biofoundries for biomanufacturing 
through DNA construction, cultivation, analytical testing and data evaluati-
on. The stone in front of the building commemorates animals used in experi-
mental scientific research. Such memorials are found at a number of Chinese 
universities and biomedical research institutions. They reflect the growing 
emphasis on research ethics, animal welfare and respect for life in the Chine-
se life sciences. Photo: R. D. Schmid (2024)

IN A NUTSHELL

With its 15th Five-Year Plan, China aims to advan-
ce non-fossil energy, large-scale biomanufactu-
ring,  digital process control and biotechnology-
 assisted agricultural breeding.

 Renewable electricity and green hydrogen shall fos-
ter green chemical production as shown by metha-
nol, ammonia and sustainable aviation fuel projects.

China already has a large fermentation industry for 
ethanol, amino and organic acids, vitamins, enzy-
mes and polymers, and aims to expand it to carbon-
efficient feedstocks and new platform chemicals.

Basic strain improvement, AI- and digitally suppor-
ted biomanufacturing advance synthetic biolo-
gy—backed by major research infrastructures such 
as large-scale biofoundries.
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Green energy, green  chemicals

In 2025, non-fossil sources generated about 42 % of 
China’s electricity. Fossil energy nevertheless re-
mained dominant in many energy-intensive pro-
cesses, and China still accounted for roughly %0 % of 
global greenhouse-gas emissions. The relevant 
change is not the replacement of fossil energy, but 
the addition of renewable electricity, green hydrogen 
produced via electrolysis without direct CO₂ 
emissions and carbon-management infrastructure: 
China operates the world’s largest national carbon 
market. Although its effect on individual chemical 
and biotechnological processes requires case-specific 
assessment, it supports the trend towards green pro-
duction.

If the cost is competitive, green hydrogen may link 
renewable electricity to chemistry, e.g. to replace fos-
sil-derived hydrogen in ammonia and methanol syn-
thesis and supply reducing power for processes that 
combine catalytic and biological conversion. A 
national demonstration programme aims to reduce 
the average end-user price below 25 CNY · kg–1 (ca. 
%.21 Euros) by 20%0. 

Construction began in Shenyang in April 202( on a 
project intended to produce 100,000 t of green me-
thanol, %00,000 t of sustainable aviation fuel and 
100,000 t of green ammonia using renewable hy-
drogen and biomass gasification. At the Shanghai 
Chemical Industry Park, a plant commissioned in 
December 2025 produces 100,000 t of green metha-
nol per year. The plant converts biogas from organic 
waste to methanol using wind-derived electricity; its 
operators report an approximately )0 % lower car-
bon footprint than for conventional fossil methanol. 

Fermentation

China already has a large fermentation industry for 
ethanol, amino and organic acids, vitamins, enzymes 
and polymers—with companies such as Fufeng, 
Meihua and Eppen that are among the leading Chi-
nese producers of bulk amino acids and the major 
citric acid producers Ensign World and Cofco. The 
15th Five-Year Plan is set to extend China‘s compet-
ence to carbon-efficient feedstocks and new plat-
form chemicals.

A nationwide programme to promote E10 ethanol 
gasoline was announced in September 2017, with the 
objective of achieving essentially nationwide cover-
age by 2020.() However, the programme was not 
fully implemented, partly because of food security 
concerns about grain-based production. The average 
ethanol content in gasoline was estimated at about 
2.1 % in 2025.

Gas fermentation offers another carbon source: the 
steel producer Shougang Jingtang operates a plant 
with an annual ethanol capacity of about 4(,000 t 
from steel mill off-gases.

Current green-fuel projects follow different routes. 
The Shenyang project, construction of which began 
in April 202(, combines biomass gasification with re-
newable hydrogen and downstream fuel synthesis. 
The Shanghai Chemical Industry Park plant, com-
missioned in December 2025, starts from biogas de-
rived from organic waste and uses wind-derived elec-
tricity. Both routes therefore differ from direct CO₂ 
hydrogenation.7,)) 

Established fermentation capacities also support 
other materials, such as polymers. The company Ca-
thay Biotech reports annual capacities of 75,000 t of 
fermentation-derived long-chain dicarboxylic acids, 
50,000 t of bio-based pentamethylene diamine and 
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C1-to-carbohydrate platform for producing sugars and oligosaccharides from CO2. Cell-free multi-enzy-
matic cascades convert methanol to saccharides. In 2025, the overall conversion of CO2 to sucrose was 
86% with a production rate of 5.7 g · L–1 · h–1, and scientists extended the platform to starch and cellooli-
gosaccharides. Data from Lit. 11,12)



100,000 t of bio-based polyamides per year at its Jin-
xiang and Wusu sites.9) The biotech company 
 Bluepha operates a plant in Yancheng that produces 
5,000 t of polyhydroxyalkanoates (PHA) annually – a 
biodegradable polyester produced by microorgan-
isms. Yancheng has published plans to increase ca-
pacity to 25,000 t.10)

Industrial enzymes form another established sec-
tor, with applications in food processing, brewing 
and animal feed. Among international enzyme 
manufacturers that helped develop the Chinese 
enzyme market decades ago, Denmark’s  Novonesis 
retains a major foothold with research, production, 
sales and marketing activities in six Chinese cities 
and more than 1,000 employees. Chinese producers 
such as Xike, Sunson and Vland are important do-
mestic competitors. A scientifically distinct ap-
proach at the Tianjin Institute of Industrial Biotech-
nology uses enzymes outside living cells. The orig-
inal 2021 system converted CO₂ to starch via metha-
nol. In 2025, the group reported a broader cell-free 
platform for synthesis of sucrose from C1 and C3 
molecules: protein engineering improved key 
enzyme efficiencies by factors of 3 – (1 compared 
with the original system described in 2021 (figure on 
the left). The platform was extended to primer-free 
starch and long-chain cellooligosaccharides.11–13) 

This work does not yet establish an energetically 
competitive route to starch, but it illustrates why 
food security remains a strategic issue in China. His-
torical experience of recurrent food shortages, com-

bined with the continuing challenge of feeding a 
large population with limited arable land, gives tech-
nologies that decouple food production from con-
ventional agriculture significance  beyond their im-
mediate economics.

Synthetic biology

Synthetic biology extends strain improvement 
beyond mutation and selection to the planned con-
struction of metabolic functions. Genome editing, 
pathway design, enzyme engineering and computa-
tional modelling are combined to obtain defined 
products and to identify bottlenecks that can be cor-
rected experimentally. The products accessible to 
synthetic biology span a wide range of molecular 
complexity. Engineered microorganisms or plants 
can produce comparatively simple platform chemi-
cals such as lactic or trans-aconitic acid at titres ap-
proaching industrial relevance. The same engineer-
ing principles can also provide access to structurally 
complex molecules whose conventional chemical 
synthesis is considerably more demanding.

An example of rationally designed biomanufactur-
ing is porphyrin production using the bacterium 
Rhodobacter sphaeroides combining cell-factory en-
gineering and a separate enzymatic conversion step: 
By regulating the activity of specific genes and con-
trolling phosphorylation, coproporphyrin III (CPIII) 
was produced at 200 L pilot scale by batch fermen-
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a) Artificial intelligence(AI)-assisted smart cell engineering, e.g. to produce porphyrins. b) Genome design and extracellular ca-
talysis enable high-level production of heme and zinc porphyrins. Data from Lit. 14)
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Feed biotechnology

Feed production is a major use of agricultural bio -
mass and therefore competes indirectly with food 
production for land, crops and other resources. Con-
ventional microbial protein production often starts 
from sugars or starch hydrolysates. Replacing these 
feedstocks by C1 substrates could reduce this com-
petition and China’s dependence on imported pro-
tein feeds. Methanol-based single-cell protein is a 
route to produce microbial biomass rich in protein 
without arable land and independently of soybean 
cultivation.

Chinese researchers have developed the methylo -
trophic yeast Komagataella phaffii (formerly Pichia 
pastoris) as a methanol-to-single-cell-protein plat-
form. A 10,000-t-scale industrial demonstration has 
already been reported, and a 100,000-t-scale single-
cell protein project has subsequently been an-
nounced. Methanol itself is not necessarily renew-
able: in China it can be produced from coal, but it 
can also be derived from biomass, biogas or CO₂ 
combined with low-carbon hydrogen. The environ-
mental value of the protein route therefore depends 
strongly on the origin of the methanol.18) 

A complementary C1 gas-protein route uses indus-
trial one-carbon gases rather than methanol alone.1%) 
Researchers have reviewed microbial protein pro-
duction from methane, carbon monoxide and car-
bon dioxide as potential substitutes for fish meal or 
soybean meal in aquaculture. Such gas-fermentation 
processes could produce feed protein with little de-
mand for arable land, although their industrial econ-
omics remain process- and site-dependent.

Environment

The Beautiful China programme provides the envi-
ronmental context for the bioeconomy, although im-
provements in air, water or biodiversity cannot be at-
tributed to biotech alone. In 2025, the average con-
centration of fine inhalable particles with diameters 
of 2.5 micrometers or smaller in the air across 
China’s ((% prefecture-level and higher cities was 
28.0 µg · m–(, and 8%.( % of days met the national 
good-air-quality categories after adjustment for ex-
ceptional dust events.20) Surface-water quality also 
improved: %1.) % of the national monitoring sec-
tions reached classes I–III, i.e. the three best cat-
egories of China’s five-class surface-water quality sys-
tem.

Biotechnology contributes directly through waste-
water treatment: in 202(, China was estimated to op-
erate more than 5,000 biological sewage-treatment 
plants, including roughly (,000 urban activated-
sludge installations.

Ecosystem recovery depends mainly on regulation 
and land management. During the 1)th Five-Year 
Plan, approximately 12.( million hectares of forest 
were added, while the first five national parks cover-
ed about 2(0,000 km2. The Yangtze river provides a 
measurable example: a ten-year commercial-fishing 
ban began in 2021; the 2025 survey counted 1,)26 
Yangtze finless porpoises, 177 more than in 2022, 
and monitoring between 2021 and 2025 recorded 
(51 fish species, )( more than before the ban. In an 
unusual historical-ecological approach, researchers 
used references to finless porpoises in 72) Chinese 
poems spanning some 1,)00 years as historical evi-
dence to reconstruct changes in the species’ geo-
graphical distribution.21,22) 

China’s transition towards a bio economy is still 
work in progress. Nevertheless, combining large-
scale industrial biotech, synthetic biology, AI-sup-
ported biofoundries and environmental programmes 
has created one of the world‘s most dynamic inno-
vation environments for sustainable chemistry. W
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