
Received: 3 October 2022 - Accepted: 23 November 2022 - Engineering BiologyDOI: 10.1049/enb2.12026

REV I EW

The roadmap of bioeconomy in China

Xu Zhang1 | Cuihuan Zhao2 | Ming‐Wei Shao2 | Yi‐Ling Chen2 | Puyuan Liu3 |
Guo‐Qiang Chen1,2

1Key Laboratory of Industrial Biocatalysis, Ministry of Education, Department of Chemical Engineering, Center of Synthetic and Systems Biology, Tsinghua‐Peking Center of Life Sciences,
Tsinghua University, Beijing, China
2Center of Synthetic and Systems Biology, School of Life Sciences, Tsinghua University, Beijing, China
3Faculty of Science, University of Waterloo, Waterloo, Ontario, Canada

Correspondence

Guo‐Qiang Chen, Key Laboratory of Industrial
Biocatalysis, Ministry of Education, Department of
Chemical Engineering, Center of Synthetic and
Systems Biology, Tsinghua‐Peking Center of Life
Sciences, Tsinghua University, Beijing 100084,
China.
Email: chengq@mail.tsinghua.edu.cn

Funding information

National Natural Science Foundation of China,
Grant/Award Numbers: 21761132013, 31870859,
92068117, 31961133017, 31961133018,
31961133019; Ministry of Science and Technology of
China, Grant/Award Number: 2018YFA0900200;
Tsinghua University‐INDITEX Sustainable
Development Fund, Grant/Award Number:
TISD201907; Center of Life Sciences of Tsinghua‐
Peking University; European Union's Horizon 2020
research and innovation programme, Grant/Award
Number: 870294; Postdoctoral Science Foundation
of China, Grant/Award Number: 2022M721810

Abstract
The bioeconomy drives the development of life science and biotechnology as a blueprint
for the future development of human society, and offers a cross‐cutting perspective on
the societal transformation towards long‐term sustainability and the transition away from
the non‐renewable economy. Moreover, the sustainable bioeconomy strategies are
consistent with the United Nation's (UN) Sustainable Development Goals (SDG) and are
becoming the centre of the achievement for SDG. The Chinese ‘14th Five‐Year Plan for
Bioeconomy Development’ (2021–2025), including the development goals of China's
bioeconomy containing biomedicine, agriculture, bio‐manufacturing and bio‐security as a
strategic priority, is discussed. The plan offers three pathways to improve bioeconomy,
including technological innovation, industrialisation and policy supports. Finally, it con-
cludes China's first bioeconomy development plan as a success, suggesting the key role of
industrial biotechnology in bioeconomy.
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1 | INTRODUCTION

How to reduce the consumption of non‐renewable resources
while sustainably improving the living quality of human with
economic development has become the top priority of the
21st century in all societies. Encouragingly, over 50 nations,
including the European Union (EU), the United States (US),
China, India, South Africa, etc., have reached a consensus to
launch sustainable strategies based on bioeconomy driven by
innovative life sciences and biotechnology‐related research
and development (R&D) [1]. According to the estimates of
current studies, around US$1–2 trillion of annual global in-
vestments for agriculture, green chemicals, biofuels, bio-
energy, and biotechnological services are required in the next
three decades, equal to 1.3%–2.6% of global gross domestic

product (GDP) [2]. The sustainable bioeconomy strategies are
consistent with the United Nations' (UN) Sustainable
Development Goals (SDG) and are becoming the centre of
the SDG achievement [3]. While the bioeconomy has opened
new opportunities for innovation, job creation, and economic
growth, it has brought challenges.

The concept of bioeconomy was first proposed as ‘bio‐
based economy’ in the policy of ‘Developing and Promoting
Biobased Products and Bioenergy’ issued by the United States
[4]. Subsequently, bioeconomy becomes popular after the
Organization for Economic Co‐operation and Development
launched its 2004 report on Biotechnology for Sustainable
Growth and Development [5], defining the bioeconomy as ‘an
economy that uses renewable biological resources, efficient
biological processes and ecological industrial clusters to
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produce sustainable bio‐based products, thus creating jobs and
incomes’ [5]. Subsequently, the EU issued a report defining
bioeconomy as a knowledge‐based bioeconomy, which trans-
forms life science knowledge into new, sustainable, ecologically
efficient and competitive products that can allow future soci-
eties to no longer rely solely on fossil fuels for energy and
industrial feedstocks [6]. Moreover, the US government con-
isders bioeconomy in a report entitled ‘the National Bio-
economy Blueprint’ as an economic form based on the
application of bioscience research and innovation to create
economic activities and public welfare benefits [7]. Recently,
the Chinese government announced a policy entitled ‘14th
Five‐Year Plan for Bioeconomy Development’ and defined the
bioeconomy as ‘based on the protection, development and
utilization of bioresources, to drive the development of life
science and biotechnology for promoting a blueprint for the
sustainable development of human society’ [8].

As a country with rich bioresources and large biological
product consumption market, China has a strong domestic
market with a full industrial system. Therefore, its bioeconomy
development plan has attracted worldwide attention due to its
large market. Statistically, the biotechnology industry has
contributed RMB2 trillion to China's bioeconomy by 2011 [9],
and it was reported that China's bioeconomy maintained an
annual 20% growth from 2013 to 2015 [9]. Meanwhile, the
Chinese government has been investing US$3.8 billion over the
period of 2008–2020 in biotechnology R&D [10]. The bio-
economy has become one of the pillar industries of China over
the decade.

This paper focuses on the Chinese ‘14th Five‐Year Plan
for Bioeconomy Development’ (2021–2025), outlining the
development goals of China's bioeconomy in four major fields,

including biomedicine, bio‐agriculture, bio‐manufacturing and
bio‐security as a strategic priority (Figure 1). Three path-
ways are offered to improve the development of bio-
economy, including innovation, industrial development and
government policy supporting. Finally, it concludes that the
China's first bioeconomy development plan was a success
and proposes industrial biotechnology as a key for bio-
economy development.

2 | DEVELOPMENT GOALS OF
CHINESE BIOECONOMY

To advance the Chinese bioeconomy during the 14th Five‐Year
Plan period (2021–2025), the National Development and Re-
form Commission of China interprets the key areas in the plan:
strengthening the innovation foundation of bioeconomy,
cultivating the bioeconomy industry, especially the bio-
manufacturing industry, and achieving the high‐quality devel-
opment of bioeconomy. According to the plan, China will take
steps to accelerate the developments of healthcare, agriculture,
bioenergy, bio‐environmental protection and bioinformatics.
The two‐stage goals can be summarised as follows:

Stage I: (2021–2025)

By 2025, Chinese bioeconomy should be increased in its
scale with enhanced comprehensive strength in science and
technology combined with industrial integration and enhanced
bio‐security. The bioeconomy will protect and use biological
resources, deeply integrating medicine, healthcare, agriculture,
forestry, energy, environmental protection, materials, and other

F I GURE 1 Graphic scheme of China 14th Five‐Year Plan for Bioeconomy Development (2021–2025).
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sectors so as to allow bioeconomy to become a key driving
force for high‐quality developments.

Stage II: (2026–2035)

By 2035, China is set to be at the forefront in the world in
terms of the comprehensive strength of its bioeconomy. In
details, China will basically establish a new stage of develop-
ment featuring advanced technology, strong bioindustries,
extensive integration and applications, strong resource support,
controllable bio‐risks, and complete institutional R&D
systems.

3 | FOUR MAJOR FIELDS POWERING
THE BIOECONOMY

3.1 | Biomedicine

To meet the new challenges of switching ‘treatment‐centered
medicine’ to ‘health‐centered medicine’, the ‘14th Five‐Year
Plan for Bioeconomy Development’ has set a high expecta-
tion for biomedicine (Figure 2), especially the uses of principles
of biology, biochemistry and genetic engineering to develop
new drugs and medical equipments.

It reports that the Chinese biomedical market, as one of
the most promising ones in the global pharmaceutical areas, is
expected to exceed RMB 800 billion in 2025 with an annual
growth rate of more than 20% [11]. In 2020, the sales of the
biological drug market accounted for approximately 18.6% of
the entire medical market [11]. According to the ‘2021 Drug
Evaluation Report’ released by National Medical Product
Administration in June 2022, 47 innovative drugs were
reviewed and approved in 2021, setting a new high record [12].
In July 2022, a total of 57,398 new biomedical companies were
established. The top 10 provinces, including Guangdong,
Shandong, Henan, Jiangsu, Beijing, Zhejiang, Anhui, Shanghai,
Hubei, and Jiangxi, account for 62.94% of the country's new
biomedical enterprises [13].

Because of the COVID‐19 pandemic, vaccine research and
production in China have significantly improved in recent
years. The National Institutes for Food and Drug Adminis-
tration reported the production a total of 810 million doses of
vaccines in 2020, a year‐on‐year increase of 23% [14]. Main
biomedical companies in China, including Beijing Institute of
Biological Products, Sinovac Life Sciences, CanSino Biologics,
and Wuhan Institute of Biological Products, can now produce
over 5.5 billion doses of COVID‐19 vaccines each year [14].

Increasing ageing population in China will drive the
increasing demand for cancer treatment drugs, as the popula-
tion aged 65 and above in China has reached 200.56 million, an
increase of 3.34 million over 2020, accounting for 14.2% of the
total population in 2021 [15].

Chimeric antigen receptor T cell (CAR‐T) immunotherapy
is a new type of cell therapy that has developed rapidly in
recent years and has achieved successes in the treatment of
various haematological tumours. Different from traditional

cancer treatment drugs, CAR‐T cell therapy mainly uses T cells
to activate the body's natural host defence mechanism, thus
specifically recognising and killing tumour cells [16]. According
to the Frost & Sullivan report, the market size of Chinese
cellular immunotherapy products is expected to increase from
RMB 1.3 billion to 10.2 billion from 2021 to 2023 with an
annual growth rate of 181.5%. In 2021, the first and second
CAR‐T drugs produced by Fosun Kite and JW Therapeutics
were approved by National Medical Products Administration
for clinical usages.

New biomedicines are important to implement the Healthy
China strategy, is of great significance for addressing the
challenges of population ageing and protecting people's lives
and health.

3.2 | Bio‐agriculture

In response to the new trends of ‘solving subsistence’ to
‘nutrition diversification’, the development of agriculture to
modernising agricultures and the meeting of people's new
expectations for higher levels of food consumptions are the
priority (Figure 2). The ‘14th Five‐Year Plan’ for the devel-
opment of bioeconomy puts forward the goal of focussing on
the modernising bio‐agriculture, which is the agricultural in-
dustrial system based on biological principles relying on
various biological processes to maintain soil fertility for crop
nutrition, and establishment of an effective biological system to
prevent weeds and pests. At present, bio‐agriculture mainly
includes five main areas, including genetically engineering
crops, animal vaccine, bio‐feeds, non‐chemical pest control
and bio‐pesticides [17]. Among them, genetically engineering
crops have become one of the fastest growing, most widely
used and most promising area. Genetically modified (GM)
breeding approaches use one or more foreign genes integrated
into the genome of plant species via modern molecular biology
techniques to improve plant characteristics [17]. Transgenic
plant breeding is the fastest growing area of agricultural
biotechnology applications during the period of late 20th and
early 21st centuries. Since the first GM crop became available
in 1996, the cumulative areas cultivated with GM‐bred crops
worldwide reached 2.15 billion hectares by 2017, including
1.04 billion hectares of GM soybeans, 640 million hectares of
GM maize, 340 million hectares of GM cotton, and 130 million
hectares of GM oilseed rape [18].

These GM crops have provided foods, feeds, fibres, and
fuels to 7.6 billion people worldwide with benefits of sub-
stantial agricultures, environments, economy, health, and social
stability to farmers [18]. Transgenic animal breeding technol-
ogy has also shown promises in improving livestock produc-
tion traits, disease resistance, and the production of
unconventional livestock products. In 1997, the birth of Dolly,
the cloned sheep, was of great significance for the application
of cloning technology to reproduce livestock species [19].
Transgenic cows are dairy breeds in which scientists have GM
cow embryos using transgenic technology to achieve the
desired effects. The existing reported transgenic dairy breeds
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include transgenic cows that produce breast milk‐like product
with antibacterial and antiviral effects, cows with protection
against bovine tuberculosis, ‘low lactose cows’, and cloned

cows with trans‐human defensin genes [20]. In 2009, recom-
binant human antithrombin III (ATryn) was approved to enter
the U.S. market, and transgenic animal pharmaceuticals are

F I GURE 2 The roadmap of China bioeconomy: examples falling under the bioeconomy definition from the ‘14th Five‐Year Plan for Bioeconomy
Development’ Report.
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gradually becoming commercialised. Currently, more than 40
valuable pharmaceutical proteins, such as human serum albu-
min, long‐acting tissue fibrinogen activation (TFA), and human
haemoglobin, can be produced from the mammary glands of
transgenic animals. It brings revolutionary changes to human
medicine and health, biomaterials, and other biofields [21].
Transgenic animal breeding technology will also become one
of the revolutionary ways to breed new animal species [20].

The animal vaccine industry has been strongly supported
by the national industrial policy and is a key direction
encouraged by the State Administration. Animal vaccine de-
velopments include research, application, quality inspection,
and the latest progress of vaccines for Class A diseases, vac-
cines for multiple animal co‐morbidities, vaccines for cattle
diseases, vaccines for sheep diseases, vaccines for horse dis-
eases, vaccines for swine diseases, vaccines for poultry diseases,
and vaccines for other animal diseases et al. [21]. Biofeeds refer
to the feed products developed through bio‐engineering
technologies, such as fermentation processes, enzyme engi-
neering, protein engineering and genetic engineering, using
feed ingredients and additives allowed by the relevant national
regulations [22]. L‐threonine and L‐lysine can effectively pro-
mote the growth of livestock and poultry, improve meat
quality, and increase nutritional values [23]. Therefore, the
addition of feed‐grade amino acids is of greater significance to
the development of pastoral farming and the improvement of
people's living standards [24].

In addition, biopesticide refers to the use of living organ-
isms including fungi, bacteria, insect viruses, GM organisms,
natural predators, etc., or their metabolites of pheromones,
growth factors, sodium naphthalene acetate, etc. against agri-
cultural pests [25]. China has more than 260 biopesticide
manufacturers, accounting for about 10% of the country's
pesticide manufacturers, with an annual output of nearly
130,000 tons of biopesticide formulations, the annual output
values approximately RMB 3 billion, accounting for about 9%
of the total output values of pesticides [26]. Presently, the types
of biological pesticides in China have been commonly used
including microbial pesticides, agricultural antibiotics, plant‐
derived pesticides, biochemical pesticides and natural enemy
insect pesticides, plant growth regulator‐type pesticides and
other six major types, and several other biological pesticides
[25]. Therefore, the development of bio‐agriculture helps grow
the bioeconomy especially the agricultural ones.

3.3 | Bio‐manufacturing

In line with the new trend of ‘the pursuit of production ca-
pacity and efficiency’ to ‘adhere to the ecological priority’, the
alternative development on green and low‐carbon biomasses is
required to meet the new sustainable mode of production
(Figure 2). Biomass energy is an important renewable energy
source with basic characteristics of green, low‐carbon, and
recycling demands. As an important way to build a low‐carbon
ecological system in rural areas, the biomass power industry is
of great significance in promoting the transformation of

agricultural green development, increasing employment of
rural labours, recycling bioresources, solving rural environ-
mental pollution, and exploring potential negative greenhouse
gas emission technologies [27]. Under the goal of ‘double
carbon reduction strategy’, a high proportion of renewable
energy has become one of the basic directions of energy
transformation. As the most important renewable energy
source, biomass is commonly used in many areas, such as
agriculture fertilisers, feeds or power generation for heat and
natural gas supplies, as well as synthetic biomaterials for
constructions.

Biomass resources come from a wide range of sources,
including agricultural wastes, such as wood and forest wastes,
urban organic wastes, algae biomass and energy crops, as well
as corn stalk, etc. [27] with the annual output of approximately
3.5 billion tons. Among them, 694 million tons of straws,
1.868 billion tons of livestock and poultry manures, and
350 million tons of forestry residues can be collected. By the
end of 2020, China has invested in building 30 million kilowatts
of installed capacity of biomass power generation, providing
more than 110 billion kilowatt hours of clean electricity
annually. The clean heating area of biomass exceeds
300 million m2. More than 7700 large‐scale biogas projects
have been completed, with an annual gas production capacity
of 1.37 billion cubic metres, supplying more than 478,000
households with natural gas [28]. Based on the Renewable
Energy Law, China has established a system to support the
development of biomass energy industry [29]. Various types of
biomass energy industry development policies have been
introduced, allowing the industry to achieve rapid de-
velopments. Among them, biomass power, together with hy-
dropower, wind power, and solar power are listed as the four
major renewable power generation industries in China [30]. In
addition to power generation, productions of heats, liquid
fuels, and solid pellet fuels have also been explored. The uti-
lisation of biomass energy is an important element to promote
the revolution of energy production and consumption and an
important task to improve environmental quality and circular
economy [27].

3.4 | Bio‐security

Considering the new trend of changing from ‘passive defence’
to ‘active protection’, it is necessary to strengthen the con-
struction of the national biosafety for risk prevention and
governance system, meeting people's new expectations for
better bio‐security (Figure 2). Bio‐safety refers to a country's
effective prevention and response to the threat of dangerous
biological factors and related factors, healthy development of
biotechnology, people, and ecosystems being in a state rela-
tively free from dangers and threats and the biological factors
that have the ability to maintain national security and sus-
tainable developments [31]. At present, bio‐security includes
seven specific aspects: prevention and control of major new
infectious diseases, animal and plant epidemics; research,
development, and application of biotechnology; bio‐security
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management of pathogenic microorganism laboratories; the
safety management of human genetic resources and biological
resources; prevention of alien species invasion and protection
of biodiversity; overcoming microbial drug resistance; pre-
venting threats of biological terrorists and biological weapons.
Bio‐security is of great importance both for individuals or
countries, especially under the background of the occurrence
of biological threat in the ‘global village’ with the rapid
development of biotechnology [32]. Data from the 2019 China
Ecological Environment Status Bulletin shows over 660 alien
invasive species in China, such as Mikania micrantha, Alter-
nanthera philoxeroides, Solidago canadensis, American white
moth, etc [33]. Water hyacinth is a serious alien invasive species
in Dianchi Lake, Kunming. Data shows that the direct eco-
nomic loss caused by water hyacinth in China is nearly
10 billion RMB every year, and it costs 500 million to 1 billion
yuan to treat the invasive species [33].

Bio‐security is not only an important part of national
security, but also related to the common security of people all
over the world. For example, the outbreak of the Ebola
epidemic caused an impact on socioeconomics loss of
$53 billion across West Africa from 2013 to 2016, plum-
meting Sierra Leone's GDP in 2015 by 20% and that of
Liberia by 8% between 2013 and 2014 [34]. The Omicron
variant of COVID‐19 has caused economic damages to the
world due to the mandatory national lockdown and border
closures [35]. According to the 2022 Global Risk Report,
‘infectious diseases’ rank the sixth among the top 10 global
risks in the next decade and are also considered as one of the
most important global short‐term risks [36]. To maintain bio‐
safety, it is required to adhere to the principles of people‐
oriented, risk prevention, classified management, and coor-
dination with the guidance of the overall national security
concept [31]. As the world's second largest economy and a
responsible country, China is willing to contribute its strength
and wisdom to establish the human security community on
the basis of pursuing collaboration and common interests.
Every coin has two sides, with the development of bio-
technologies, bioeconomy has developed rapidly. However,
the associated problems have gradually surfaced, especially a
large number of direct or indirect operations involving genetic
materials, such as DNA and RNA, which have caused serious
public concerns [37]. Bioeconomy must balance biosafety and
development.

4 | THREE PATHWAYS FOR
IMPROVING THE DEVELOPMENT OF
BIOECONOMY

4.1 | Biotechnological innovation

Adhering to the purpose of ‘innovating biotechnology and
serving the people’ with cutting‐edge science and technology,
China has gradually established a complete set of platforms
based on molecular biology, with many Research and Devel-
opment Centres for life science, which helps strengthen

innovation and promote applications in life science and
medical healths (Figure 2). At present, high‐throughput DNA
and protein sequencing and gene editing have well developed
in China [38]. Among DNA sequencing technologies, high‐
throughput sequencing technology (NGS) has become the
mainstream sequencing method in the current commercial
market because of its high throughput, fast detection speed,
convenience, and sensitivity that can sequence hundreds of
thousands to millions of nucleic acid molecules at a short
period of time [39]. It digests the genome into short frag-
ments with more than 100 bases, sequencing the short frag-
ments, then splicing the sequences, and finally obtaining
sequence information. However, the accuracy of this tech-
nology is low, and the sequencing results should be corrected
to improve the accuracy of sequencing [39]. The next‐
generation sequencing for diagnosis and treatment technol-
ogy allows precise high‐throughput sequencing be applied to
precision medicine [40].

Gene editing is a new and relatively accurate genetic en-
gineering technology that can modify specific target genes in
the genome of organisms. Gene editing tools include homol-
ogous recombination, uses of deoxyribonuclease, zinc finger
nucleus, transcriptional activator‐like effector nucleus, and the
CRISPR/Cas system most commonly used for precise gene
editing [41]. It is based on short RNA sequences as specific
recognition units and then activated to break double‐stranded
DNA at the target location. CRISPR/Cas9, in particular, only
needs to synthesise a new RNA to achieve gene editing [42]. Its
simple design and easy procedure are the greatest advantages
for regulating and observing genomic functional changes,
allowing genetic research, gene therapy, and functional genetic
improvements [43].

High‐throughput screening technology refers to a system
based on experimental methods at the molecular and cellular
levels using microplates as the carrier of experimental tools to
implement the selection process with an automated detection
system; it collects experimental results with sensitive and fast
detection sensors to analyse and process experimental data
using computers to screen thousands to millions of samples in
a short period of time [44]. The advantage of high‐throughput
drug screening permits the search of a wide range of natural
and/or synthesis compounds for their biomedical activity as
drugs, especially for screening Chinese traditional medicines
that can be extracted and purified from plants [45].

4.2 | Industrial development

To cultivate and expand the pillar industries of the bio‐
economy, the Chinese government will promote the develop-
ment of the medical and health industry, bio‐agricultural in-
dustry, bio‐energy, bio‐environmental protection industry, and
bio‐informatics ones during the ‘14th Five‐Year Plan’ period.
The biopharmaceutical industry accounts for more than 70%
of the total bioindustry in China. It is expected that during the
‘14th Five‐Year Plan’ period, the average annual growth rate of
biomedicine and related industries in China will reach
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approximately 10% to become the core of bioeconomic
development [46].

During the ‘14th Five‐Year Plan’ period, the applied omics
of agricultural biology, the new generation of biological
breeding technology, the prevention and treatment technology
of major animal and plant diseases, and the technology of new
agricultural biological products will be further developed. In
the bio‐energy and bio‐environmental protection areas, envi-
ronmental protection and pollution prevention will be
strengthened based on new biotechnology. More biomass en-
ergy will be used to replace traditional fossil energy [8].

As problems such as environmental pollution and global
warming are becoming increasingly serious, it is of great sig-
nificance to develop an environmentally friendly and sustainable
bio‐manufacturing industry. For example, biodegradable plastics
can be used instead of traditional chemically synthesised ones
to reduce microplastic pollution [47]. Polyhydroxyalkanoates
(PHA) with biodegradability, biocompatibility, their structure
and property diversity will be used as bulk plastics and/or
medical materials [48] as they will be produced conveniently
using the next‐generation industrial biotechnology based on
extremophilic microorganisms. Synthetic and systems biology,
metabolic engineering, and new processing technology will be
used for low‐cost production of chemicals, materials, fuels,
proteins, and medicines [49].

4.3 | Government policies supports

Based on the pattern of biotechnology development, the
government will publish policies to deepen the reform of
technological innovation, industry supervision, market appli-
cations to increase the capital investments, technological
innovations, talents education, international collaborations,
and acceleration of the formation of a policy environment
conducive to the innovative development of the bioeconomy
(Table 1). Firstly, the government should improve market
accessibility and increase market demand, especially in fields
related to drugs, medical devices, new food raw materials, and
additives. In 2000, the ‘1035 Plan’ was implemented by the
Ministry of Science and Technology, aiming in promoting the
R&D of new medicinal entities. The ‘Medical Science and
Technology Policy (2002010)’, ‘Bio‐Industry Development
Eleventh Five‐Year Plan’, and ‘Made in China 2025’ are all
geared towards supporting and expanding the capability of the
biopharmaceutical landscapes [50]. With all these policies,
innovative drugs are advancing by leaps and bounds, and the
bioindustrial groups are gradually growing. Chinese biophar-
maceutical market is growing year by year from 2010 to 2017
[51]. Secondly, the government should strengthen intellectual
property protection, improve the management system of ac-
cess to biological genetic resources and information sharing,

TABLE 1 China's legislation and regulations of biotechnology: 2012–2022

Year Title Fields Main contents

2016 Guiding Opinions on Promoting the Healthy
Development of the Pharmaceutical Industry

Biomedicine � Guided by clinical drug demand, focus on the development of therapeutic
drugs with targeted, high selectivity and new mechanism of action

� Focus on imitation of foreign patented drugs with great market potential
and urgent clinical needs

� Accelerate the R&D and industrialisation of novel antibody, protein, and
peptide biopharmaceuticals

2016 Pharmaceutical Industry Development Planning
Guide

� Improve the research and development and preparation level of biomedical
drugs, such as antibody drugs and tumour immunotherapy drugs

� Accelerate the localisation of biological drugs and vaccines urgently needed
in clinical practice

2017 Guidelines for Research and Evaluation of Cell
Therapy Products

� Standardise and guide the development
� Registration and evaluation of cell therapy products

2018 Guidelines for the clinical application of new
antitumour drugs

� According to drug suitability, drug availability, and tumour treatment value,
antitumour drugs are divided into general‐use and restricted‐use categories

2018 Opinions on Reforming and Improving the Vaccine
Management System

� Adopt strong measures to enhance market access for vaccines and
strengthen market supervision

2019 Vaccine Administration Law of the People's
Republic of China

� Define the requirements for vaccine marketing andclarify the safety, effec-
tiveness, and quality responsibility system of vaccines

� Incorporate the research and development, production, and storage of
vaccines for major diseases into the national strategy

2019 Drug Administration Law of the People's Republic
of China

� Cancel Good Manufacturing Practice (GMP) / Good Supply Practice (GSP)
certification, fully implement the marketing authorisation holder system

� Establish a pharmacovigilance system
� Formulate a drug post‐marketing risk management plan

2020 Pharmacopoeia of the People's Republic of China � General technical requirements for the production and quality control of
biomedical products

(Continues)
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TAB LE 1 (Continued)

Year Title Fields Main contents

2020 Technical guidelines for the research and
development of vaccines for the prevention of
novel coronavirus

� Proposes the guiding principles for the research and development of the
novel coronavirus vaccine based on the characteristics of the novel
coronavirus

2021 The 14th Five‐Year Plan for the Development of
the Biopharmaceutical Industry

� Promote the integration of biotechnology and informatics technology
� Set up a group of national laboratories focussing on major fields of

biomedicine

2022 The 14th Five‐Year Plan for the Development of
the Pharmaceutical Industry

� Develop technologies such as new viral vector vaccines, DNA vaccines,
mRNA vaccines, new vaccine adjuvants and new delivery systems

2016 Seed Law of the People's Republic of China Bio‐agriculture � Protect and rationally utilise germplasm resources
� Regulate variety selection, seed production, operation, and management
� Protect new plant variety rights
� Safeguard the legitimate rights and interests of seed producers, operators,

and users
� Improve seed quality

2019 Issues production safety certificates to genetically
modified maize and soybean

� Issues production safety certificates to maize for the application in north
spring‐maize zone and soybean

2021 Issues production safety certificates to genetically
modified maize and soybean

� Issues production safety certificates to maize

2022 National standard for the approval of genetically
modified soybean varieties

� Trait requirements of genetically modified soybean varieties applying for
approval

2022 National standard for the approval of genetically
modified maize varieties

� Trait requirements of genetically modified maize varieties applying for
approval

2013 Provisions on Application and Acceptance of New
Food Raw Materials

Bio‐manufacturing � General requirements for application materials
� Requirements for the preparation of application materials
� Requirements for review and acceptance departments

2015 Opinions of the State Council on Reforming the
Examination and Approval System of
Pharmaceutical and Medical Devices

� Promote the quality consistency evaluation of generic drugs
� Accelerate the review and approval of innovative drugs and improve the

approval of drug clinical trials
� Reform the approval method of medical devices and fully disclose the re-

view and approval information of drugs and medical devices

2021 Notice of Jiangsu Provincial Government on
Printing and Distributing Several Policies and
Measures to Promote the High Quality
Development of the Provincial Biomedical
Industry

� Improve the original innovation and key technology tackling ability
� Optimise the review and approval service of drugs and medical devices and

accelerate the application and promotion of innovative pharmaceutical
products

� Build a highland of innovative talents in biomedicine

2022 Opinions of the National Energy Administration on
Improving the System, Mechanism and Policy
Measures for Green and Low Carbon Energy
Transformation

� Improve the system and policy system for guiding green energy
consumption

� Establish a new mechanism for green and low‐carbon energy development
and utilisation and innovate the mechanism for rural renewable energy
development and utilisation

� Establish a scientific and technological innovation system to support the
green and low‐carbon transformation of energy

2020 Bio‐security Law of the People's Republic of China Bio‐security � Risk prevention and control system of bio‐security
� Prevention and control measures to deal with different types of biological

threats
� The building of bio‐security capacity

2021 Notice on Printing and Issuing the Work Plan for
Further Strengthening the Prevention and
Control of Alien Species Invasion

� Carry out census, monitoring, and early warning of alien invasive species
� Improve policies, regulations, and prevention and control management

system
� Strengthen the management of exotic species introduction
� Strengthen the management of invasive species in different regions

2022 Issues Guide for Bio‐security Measurement of Gene
Edited Crops

� Procedures and requirement for applying safety certificates for production
of genetically edited crops

� Standardise the safety evaluation of agricultural gene editing plants
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and most importantly, promote the transformation of intel-
lectual property in daily applications.

In June 2008, the State Council issued the National Intel-
lectual Property Strategy Outline (2021–2035). Under the
guidance of this Strategy Outline, China has improved the legal
system on intellectual property protection by vigorously
strengthening relevant law enforcements, protecting intellectual
property rights, and combating the infringement of intellectual
property rights [52]. Thirdly, the government should further
increase financial supports for bio‐innovations, making full use
of relevant financial funds at all levels to support the bio-
economy. For example, in September 2021, Jiangsu Province
published policies to promote the high‐quality development of
biomedical industry, offering financial supports to researches
on innovative drugs and medical devices [53]. Considering local
characteristics, in December 2020, Kunming government
provides financial subsidies for traditional Chinese medicine
planting, processing, and many other relevant works [54].

Lastly, as a responsible country, China has actively partic-
ipated in global public health governance and will do so in the
future. China will work with the international community to
address the increasingly bio‐security challenges and strengthen
bilateral and multilateral cooperations and exchanges in bio‐
security policy formulation, risk assessment, emergency re-
sponses, information sharing, capacity building, etc.

In 1963, China sent the first medical team to Algeria,
opening the door to international health assistances [55]. In
2015, China put forward the idea of the ‘Healthy Silk Road’, an
important practice of building a community of human health
[56]. The Chinese government will further provide financial
support services, cultivate more biotechnology talents, and
develop new policies in specific areas. All these done by
China's government will benefit the formation of a friendly
policy environment to the innovative development of
bioeconomy.

5 | SUMMARY AND CONCLUSIONS

Under the ‘14th Five‐Year Plan’, China will take steps to
promote innovative bioeconomy, accelerating the development
of healthcare, bio‐agriculture, bioenergy, environmental pro-
tection, and bioinformatics, improving the bio‐risk control,
prevention, and governance system, creating a better envi-
ronment for the innovative bioeconomy. This article discusses
the two‐stage goals of China's bioeconomy, with four major
fields powering the development of bioeconomy, including
biomedicine, bio‐agriculture, bio‐manufacturing, and bio‐
security as the strategic priority. Finally, three pathways for
biotechnological innovation, industrial development, and
government policy supports will help improve the develop-
ment of bioeconomy in the following 5 years. In conclusion,
the new plan will further boost innovation and foster high‐
quality development to build a modern innovative ecosystem
deeply integrated into the industrial and supply chains, pro-
moting intelligent and green development of the bioeconomy
industry.
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