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Introduction to the White Paper

Driven by policies aimed at carbon neutrality, energy transition and environmental
protection in recent years, biodegradable plastic, the optimal alternative to
conventional plastics, has gained tremendous policy traction in its usage and
promotion.

Polyhydroxyalkanoates (PHAS) are a class of biodegradable materials. PHAs are
natural macromolecular polymers synthesized by a series of microorganisms and
are biodegradable in aerobic and anaerobic conditions. As PHA mimics plastics in
physical and mechanical property and processability, the bapredaced

polymer family can take over traditional plastics given scale production capacity.

The superior degradability and physical properties of PHAs and the growing
production technology readiness and emxpanding market size significantly drive
product development, making PHAs the most promising biodegradable polymers. |
is expected that the PHAs marlsitewill reach 62.9 billion RMB in the next three

to five years and major markets for the polymer family are segments such as
disposable packaging materials and cutlery, where recycling is difficult but much
needed.

The White Paper collects input and offers insight on market macro environment,
technical characteristics, industry features, industrial value chain and competitive
landscape of PHA, and provides valuable references for domestic PHA sector to
grasp market opportunities and achieve rapid development. The first chapter of the
White Paper provides an analysis on the macro environment of PHA development
and presents a summary of relevant supportive policies at home and abroad. The
second chapter illustrates PHA technology characteristics, focusing on the short
term, mediurterm and longerm market size and development trends of the
polymer family. The third chapter provides an overview of the status quo of the
PHA sector and explores a series of topics including production cost, types,
applications and production challenges of the polymer. The fourth chapter
elaborates the value of PHA industrial chain and concludes the value rationale of
the sector by analyzing value distribution of similar industrial chains. The fifth
chapter offers a benchmark analysis between the development of PHA and similar
sectors and their market leaders.

Overview of Bluepha

Bluepha is dedicated to design, development, production and sales of nevakbib
molecules and materials, including marine degradable biopolymer PHA, regenerative
medicine materials, new functional ingredients for cosmetics and probiotic products.
Bluepha aims to facilitate business clients across various sectors to differentiate
themselves in competition. These sectors include consumer goods, food, healthcare,
agriculture and industrial goods.

Bluepha owns 10 PHA granted patents and sets pace in the technical field. Meanwhile,
Bluepha is well prepared in capital reserve for PHA commercial effort. By January 2022,
Bluepha had completed an aggregated financing amount of over 1.5 billion RMB. In
addition, Bluephabés phase | PHA plant is about to c
first PHA project with production capacity of 5,000 tons and above in China.
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Macro Environment:

Biodegradable material is the megatrend



At present, global warming becomes increasingly difficult to tackle, As a contracting party to tHearis AgreementChina proposed the

crisis events resulted from climate change have wrought adverse goal of As a contracting party to Paris Agreement, China proposed the

implications and posed tremendous menace to ecological environment9© @1 of fApursuing efforts to pea

and human society. These crises include frequent occurrence of reach carbon neutrality by 20600
report of the National Peopl eds

extreme disasters, destruction of ecosystems and aggravation of
socioeconomic burden. By the end of thé& Z&ntury, the global
temperature will rise by 5 degrees Celsius, grain production will

Political Consultative Conference (CPPCC) stated that China shall
solidly carry out various works on carbon peaking and neutrality,

optimize industrial structure and energy mix and formulate action
0 . . T
reduce by half and 75% of species will face extinction if we do not go plans on carbon peaking before 2030. The report kicked start the

all out to deal with the isst: On December 12th, 2015, 178 implementation of pertinent measures for carbon peaking and
countries adopted tHearis Agreemenat the 2# UN Climate Change neutrality. IN2022Chi naés Strategy and Pat
Conference (COP21). The agreement is committed to adopting actions Peaking and Carbon Neutralityffered specific details on eight

to cope with global climate change from the year 2020 and aims to strategies including nefossil fuel alternatives strategy and carbon

limit the average global temperature increase to below 2 degree sequestration strategy to reach carbon peaking and neutrality. The
Celsius above prmdustrial levels. The agreement will also pursue recent report of the 20th National Congress of Communist Party of
efforts to limit the temperature increase to 1.5 degree Celsius to curb  China reiterated the above concepts and accentuated that China will
the trend of global warming. At COP26 held at Glasgow, United embark on a path to actively and steadily advance carbon peaking and

neutrality agenda. China will actively engage in global governance to
tackle climate change with the following endeavors: implement

carbon peaking actions in an organized and phased manner on the
premise of taking stock of China
endowment and deepen energy revolution to accelerate the planning
and construction of new energy systems.

Kingdom in November 2021, parties assessed and summarized
previous efforts on climate governance, made commitments to
enhance and accelerate efforts towards emission reduction, and
explored topics including carbon trading schemes and adoption of
renewable energy. Up to now, 58 countries, responsible for over half
of the greenhouse gas emissions worldwide, have pledged to achieve

carbon neutrality by 2050. Chinaés carbon emissi o-onydaeivel i n

2021, lifting its global share to 31.186As the largest developing
To cope with grim situati on, Ch icountry,thereis only atime window of30 years for China to fulfill its
Neutrality Strategyo in 2020 andpleedegveatoefd motv itnog nfartoim nfiacla rsbtorna tpee
Therefore, the imperatives of energy and industrial transformation is
more urgent and the path towards {oarbon transition is both
arduous and daunting.
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dependence become

1.2.1The current energy mix and carbon emission in the world

According to the statistics of World Resources Institute, fossil fuel is the primary source of CO2 emission in the world,
taking up 75.6% of total carbon emissihs\et Zero by 205@ Roadmap for the Global Energy Sectaggests

investment in fossil energy must be avoided if we were to achieve net zero carbon goalinTxtd@/orking

Guidance for Carbon Peaking and Carbon Neutrality in Full and Faithful Implementation of the New Development
Philosophyprinted and issued by the Central Committee of CPC and State Council in 2021 pointed out that the share of
nonfossil energy consumption shall reach around 25% by 2030 and be over 80% By 2060

Percentage of global greenhouse gas emissions by sector (%)

Agriculture, Forestry & Land Use

Industry

75.6%0 Energy

Energy ¥ Industry W Agriculture, Forestry & Land Usell Waste

Source: World Resources Institute
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The consumption of oil, an important part of fossil Percentage of global energy
consumption structure (%)

energy, ranked first among the global energy
consumption mix in 2021, reaching 318% Chi na
daily oil consumption had moved from 14.41 million
barrels in 2020 to 15.44 million barrels in 2021,
responsible for 20% of the increase in global oil
consumption. This means curtailing consumption of
fossil fuels like oil is crucial to reduction of greenhouse
gas emissions in China.

[ oil M Coal M Natural gas

Hydropower [l Nuclear powerlll Renewables

Source: BP Company
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1.22 Emerging manufacturing sectors mushroomed in the wake of carbon neutrality strategy
have equipped us with new toolkit against climate change

1221Reducing industryds oil dependence through the

New energy vehicles (NEVs) industrySince 95% of the energy required by the global transportation sector comes from oil, relevant
polices to reduce the use of fuel vehicles have been vigorously introduced in many countries and regions. For insthhGegtioite

has announced a total ban on the sales of fuel vehicles from 2030, and European Union and California, US will barf foelsales o
vehicles from 2035. Major carmakers also have explicitly stated to discontinue sales of fuel vehicles. Six automakegs/olclodi

Ford and Mercedes have pledged to do just so before 2040. Since 2009, Chinese government has released a series of NEVs subsid
policies to drive the substitution of fuel vehicles with NEVs. Up to now, close to 150 billion RMB worth of cumulativeesiizsid

been provided, and 2.62 million charging facilities and 1,298 batteapping stations have been erected in the country, egabli

large infrastructure network to serve nearly 8 million NEV#At the moment, China has become the largest electric vehicle (EV)

market in the world where also resides the most innovation dynamienfobiity business model.

Lithium -ion battery industry: Battery is the key part of NEVs as it takes up about 40% of the total cost. The accelerated growth of the
NEVs sector has provided momentum for the rapid development of the upstream lithium battery industry. China has bemeste the la
lithium battery consumption market in the world for five consecutive years. In 2021, the global-lthivnarket size reachédt5GWh,

of which, China took up around 59. 4%, reaching the caaeayci ty «
companies (including exports and sales of overseas branches) reached 382GWh, with market share of 70% in the dfbbat tharket
same year, Chinaés total output value in the sector exceeded
ContemporanAmperexTechnology Co., Limited (CATL) to take hold in the mafet

Photovoltaic (PV) sector:As one of the sources of clean electricity, PV power generation is more mature and safer than nuclear energy
technology. It generates less negative impact on local environment than hydroptegeiand has wider application than wind power.
Therefore, PV power generation has become an i mportaattan st art.i
array of supportive policies for PV sector since 2008 and the cumulative PV (distributed and centralized) subsidy hatbssathed

108 billion RMB across the country between 2012 to 2019. Under the strong support of the government, the PV sectoraw€hina g
sophistication. Among the top ten PV module manufacturers in the world, seven come from China, with a share of arouthe 70% of

global production. Furthermore, Chinese solar PV companies continue to set new world records of conversion efficiehey for hig
efficiency cells. Over years of d eindastryechaimapproach, reksithe iopisbohY s ect «

manufacturing capacity and market share, contributing to e
) i in ¥ & *H Ok 11X
B 2021 k CrToxN, i kK H .

©f 2021X ki [




1222Reducing industryods oil demamdfeacteutihngagh

Petrochemical industryds total amount of oil consumpti
The global share distribution of oil consumption by sector in 2021 showed gasoline and diesel as transport fuels
consumes the largest amount of oil, reaching 48%; the second larggap@ig sector is petrochemical industry,
takingup22%°. Li kewi se, Chinaés oil consumption structure s
consumption in petrochemical sector and mitigate oil reserves depletion, the National Development and Reform
Commission (NDRC) brings forward the idea of substituting part of petrochemical materials witlartidacturing

ones, and consequently, reducing petrochemical sectord

Share of global enduse oil consumption in 2021 (10,000 barrels/day, %)

Oil consumption in other
sectors, 1105.0

Oil consumption in
aviationsector,533.6

Gasoline and diesel for
transport4,681.4

Qil consumption in
industrial sectorl,268.7

Oil consumption in
chemical sector 2,081.7

Source: IEA, Industry Research Report

Shar e of @seioihcandunptienird2021 (10,000 barrels/day, %)

Oil consumption in
other sectors, 363

Gasoline and diesel for
transport, 566.9

Oil consumption in
aviationsector, 78.3

Oil consumption in
chemical sector, 346.6]

Oil consumption in
industrial sector189.0

Source: BP Company, Industry Research Report




1.3 Carbon neutrality strategy provides development opportunity

for biodegradable material sector

1.3.1Market Overview of biodegradable materialsthe most promising material in
the bio-based material market

Plastic is a major downstream product of petrochemical sector and oil consumption in plastics production accounts for 8%
of the global oil productiditl. According to the forecast of Natural Resources Defense Council (NRDC), worldwide
plastics production will consume 20% of oil supply in the world by 2050 if the current trend remains unchecked.

According to the statistics of Plastics Europe, plastics production in 2021 grew by 6.9% compared with the level in 2018. It
is expected that the capacity will double by 2035 and triple by!®050Dake China as an example, the country produced
roughly 62 million tons of waste plastics and recycled 31% (19 million tons) of the waste materials in 2021. On one hand,
even though the remaining 69% of the plastics are di sp:«
still recycled 1.74 times more of its waste plastics than the global average, contributing to 70% of the total capacity for
plastics recycling3l. On the other hand, the recycling rate of United States at the same period and EU and Japan in 2020
was 5%, 35% and 24% respectively. Moreover, these countries and regions continue to ship certain plastic waste to other
countries. Overall, plastic waste recycling remains to be a daunting task.

Plastic pollution has gradually morphed into the second largest environmental agenda next only to climate change. Once
leaked to natural environment such as soil and water bodies, plastic barely decomposes and leads to various forms of
environmental disruption including visual pollution, soil pollution and water pollution. If not handled properly, plastic als
poses persistent hazards to the fragile@odgronment by contributing to greenhouse gas emissions. Furthermore, the
presence of microplastics in food chain may also expose human health to severe impairment.

China is pursuing efforts to develop plastic circular economy and establish a governance system for plastic pollution by
delivering progress and innovation in plastic raw materials, as well as preventing and mitigating potential plastic pollution
from the source.

20172021 20172021

Amount of recycled plastic waste in China (unit: 10,000 tons)Value of recycled plastic waste in China (unithundred
million yuan)

2,000 1,400
1,900 1,890 D2kt 1,200 s
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Data source: Subssociation of Recycled Plastics, China National Resources Recycling Association
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12 Plasticsi theFacts2022 PlasticsEurope
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[
[
A X o ki 20212024 1 X ® 1P 4D
[
(19 Tokyo-basedPlasticWasteManagemeninstitute

10



China has rolled out a succession of restrictive policies on plastic use, boosting the development of biodegradable materials

Gener al
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ultra-thin plastic bags nationwide, putting into practice a chliaged system for plastic use. However, booming development in
e-commerce and food delivery sectors founded on universal access to internet contributed to a soar in the demand of
corresponding
bi odegradabl e
Development and Reform Commission (NDRC) released policies encouraging the development, production and application of
biodegradable plastic and its series products. In 2020, NDRC and Ministry of Ecology and Environment (MEE) jointly announce
the Opinion on Further Strengthening the Control of Plastic Pollytmoposing a threstep target achieved by 2020, 2022 and
2025 respectively, placing restrictions on the production, sales, and use of some plastic products, promoting applications of
alternative products, and enhancing the effort on recycling and disposal of waste plastic. In 2021, competent authorities at
provincial and municipal levels and their subordinate departments kept optimizing local plastic restriction policies to meet

r ef FYeecatre dP | iam of tohne

requirements

delivery
materi al s

packages
mad e

and

di sposabl e

i-iear t Reangehdn

cut fukdyr vy,

mat ¢ hieal os @

rledstoburkieveconser vatii

on and

government released a number of policies encouraging the use and promotion of biodegradable plastic, explicitly putting forwa
that the country shall bolster its R&D effort on biomaterials to facilitate the development of green -waddow technologyas
well as plastic substitution with degradable materials in application.

No.

1

Applications

Non-degradable
plastic bags

Disposable plastic
cutlery

By the end of 2020

By the end of 2022

Covering locales such as shopping me¢ Extend to cities at
supermarkets, pharmacies, bookstore: prefecturelevel and
etc., as well as takeout and food delive above

By the end of 2025

Extend to fair trade
markets

services in catering sector and various
exhibition activities in municipalities
directly under the central government,
provincial capitals and municipalities
with independent planning status

Nationwide ban on nedegradable,

Extend to countyevel

Cut tableware consumptio

disposable plastic straws use in cateril urban builtup areas and
sector; covering restaurant dining in

cities at prefecturdevel and above

restaurant dining at
tourist attractions

intensity by 30% in
catering and food delivery
sectors in cities at

Disposable plastic -

ﬁroducts in

ospitality sector

Delivery plastic

packages

Starrated guesthouses
and hotels nationwide

Express mail service

prefecturelevel and above

Extend to all guesthouses
hotels and homestay

Extend to nationwide

outlets in provinces and express mail service outle
cities including Beijing,
Shanghai, Jiangsu,
Zhejlan(?, Fujian and
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According to theDpinion China also will carry out enhanced governance on plastic pollution following the
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biodegradable materials, therefore, has received explicit policy supportitibeitay a key solution to

pl astic

product s

subject

t o

t he
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of

authorities have been proactive in rolling out incentives to encourage use and popularization of
biodegradable plastic. For instance, documents incligiiomdegradable StrawandDegradation Property
and Labeling Requirement for Biodegradable Plastic and Prodantaulated and issued by State
Administration for Market Regulation (SAMR) and Standardization AdministrationGaming Opinions
on Promoting Higkguality Development of Light Industjgintly issued by five ministries including

Ministry of Industry and Information Technology (MIIT) were put in place to explicitly advocate the
development of materials relying on la&rbon technology, such as new materials and fully biodegradable

plastic mulches (BDMs), and the consumption of green products such as degradable ones.



Domestic Policies

General Office of the State Coundiotice from the General
Office of the State Council on Restricting the Production,
Sales, and Use of Plastic Shopping Bagpulated a ban on

the production, sales, and use of plastic shopping bags with a

thickness of less than 0.025 mm starting from Jyh@008,
putting in place a chargeased plastic bags use system.

Ministry of Science and Technology (MOST): Fully
biodegradable material was incorporated inSpecial
Program Plan forScientific and Technologic&inovation in
Materi al

National Reform and Development Commission (NDRC):
Industrial Structure Adjustment Guidance Catalogue (2019
Version)was released to encourage the development,
production and application of biodegradable plastic and its
series products.

National Government Offices Administration and National
Reform and Development Commission (NDREtice on
Printingand Issuance f t he k4t hfefFianed
Energy and Resources Conservation in Public Institutions
was announced to phase out the use ofdegradable,
disposable plastic products in the public institutions.

State Administration for Market Regulation (SAMR),
Standardization Administration and Ministry of Industry and
Information Technology (MIIT)Biodegradable Straws
Degradation Property and Labeling Requirement for
Biodegradable Plastic and Products, and Guiding Opinions
on Promoting Highquality Development of Light Industry
were issued to consolidate R&D efforts on biomaterials and
specifically advocate a green and ‘oarbon oriented
development path towards biomass alternative application.

EU and US | ead the

pace

Sector -Yerade PPl tame 13t h

t

Five

0

Ministry of Industry and Information Technology (MIIT),
National Reform and Development Commission (NDRC),
Ministry of Science and Technology (MOST) and Ministry of
FinanceGuideline on New Material Industry Development

was issued to speed up transformation and upgrade of

advanced basic material industry, to vigorously drive
intelligence and green based modification in the process of
material production and develop biodegradable materials.

Central Comprehensively Deepening Reforms Commission:
Opinions on Further Strengthening of Plastic Pollution
Controlwas issued to place prohibition and restriction on the
production, sales, and use of some plastic products in an
orderly manner, to actively promote alternatives that can be
recycled, products that are recychfigendly and

biodegradable, to strengthen the supply of green products, to
regulate recycling of plastic waste, to establish and improve

management systems at all levels and to take strong, planned

and effective measures to address plastic pollution issues.

National Reform and Development Commission (NDRC) and
Ministry of Ecology and Environment (MEERpinions on
Further Strengthening of Plastic Pollution Contwés issued

to limit the production, sales, and use of some plastic products

with a threestep target, of which milestones are set to be
achieved by 2020, 2022 and 2025 respectively.

National Reform and Development Commission (NDRC):

Theii 14t hYdcarvePl ano for Circul ar

Developmentvas issued to cut the use of plastic products

from the roots, place rigorous restrictions on the production of

ultra-thin plastic mulches and discourage the use of
disposable plastic products by citizens.

rol | out APl astic Limit

In December 2015, the European Union launchedtr@ilar Economy Action Plan (CEAPadvocating to create a
framework for sustainable products. The action plan defined plastic as one of the seven key product sectors,
explicitly proposed to increase value and reduce amount of waste and move away from overdependence on overseas
waste disposableapacity. In January 2018, the European Union adopteghelastics Strategywhich aims to

transform the way plastic products are designed, produced, used and recycled in the EU. In May 2018, the European

Union put forward rules o8ingleUsePlastics (SUP)aiming to reduce plastic waste. In February 2019, aiming to
build a global plastics pact netwotkuropean Plastics Paetas released under the joint effort of Netherlands and
France and over eighty other organisations (governments, companiggwesnmental organisations and business
associations) from across Europe. In August 2020, US laungl®dPlastics PacBy 2021, there had been 10
national and 2 regional pacts joining the global plastics pact network.
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European Union launched trcular
Economy Action Plan (CEAPadvocating to
create a framework for sustainable products.
The action plan defined plastic as one of the
seven key product sectors, explicitly Proposed
to increase value and reduce amount of waste
and move away from overdependence on
overseas waste disposable.

International Polices

European Union put
forward rules on
SingleUsePlastics
(SUP) aiming to
reduce plastic waste.

European Union adopted
Plastics Strategy in Circular

Economywhich aims to

transform the way plastic
products are designed, produced,
used and recycled in the EU.

Aiming to build a global plastics pact network,
theEuropean Plastics Paetas released under
the joint effort of Netherlands and France and
over eighty other organisations (governments,
companies, nogovernmental organisations

US launched).S.
Plastics Pacand
embraced circular
economy for plastics

Therehad been 10

national and 2
regional pacts
joining the global

plastics pact network.

and business associations) from across Europe.

Besides European countries dufl, stakeholders in other countries and regions have also taken initiative to
restrictthe use of singleiseplastics. In 2015, there had been 55 countries and regions adopting restrictive
measures against the use of disposplalstics. By 2022the number has jumped to 123, an increase of #84%

In March 2022, representatives from 175 countries and regions adopfResthieition to End Plastic Pollution
(Draft) at theFifth United Nations Environment Assembly (UNE, with the ambition of completing the
astic

worl dés first
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Cumulative number of countries and regions placing restrictions on singlese
plastics between 2005 and 2022
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There is an evident demand for the substitution of petroleurbased plastic packaging in the world and the
market prospect is promising

Against the global megatrend of plastic restrictions, packaging application presents as the segment with the most
pressing need for alternatives to petrolebmsed plastié’.

A In terms of volume, packaging takes up 40% of the plastic produced.

A In terms of recycling, th&lobal Plastics Outlookrepared by OECD identifies that the volume of global
plastic waste reached 353 million tons in 2019, of which only 9% were recycled, 19% were incinerated and
close to 50% were sent to sanitary landfill sites. The remaining 22% were either dumped in wasteyards,
burned in the open or leaked to the environf&@nt

A In terms of economic losses, according to the statistics from MacArthur Foundation, over 95% of the value
of plastic is lost after being used briefly and an annual loss of 80 to 120 billion dollars can be attributed to
packaging use. Moreover, the cost of negative externalities after plastic use combined with the loss due to
greenhouse gas emission in plastic production process is up to 40 billion dollars, going beyond the gross
profit of plastic packaging segment.

Circulation of plastic package material in 2019

Share of stepecycling: 8% Share of processing loss: 1%

Share of recycled: 9%

e

Plastic raw materials Plastic waste
460 million tons 353 million tons
Source OECD
naf X T® 811 WWF

(18 Global PlasticsOutlook EconomidDrivers, EnvironmentalmpactsandPolicy Options OECD
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Plastic pollution and recyclable packaging are identifiess major fast moving consumer goods companies
(FMCG) as one of the mosignificant ESG issues to address, important for both internal and external stakeholders,
and relevant for longerm business succ&$s In recent years, top corporate users of plastic packaging have
started rethinking their value proposition and evolving their business models to secure competitive advantage in
line with the principles of a circular economy. Led by the Ellen MacArthur Foundation, in collaboration with the
UN Environment Programme, tl@&obal Commitmenhas united more than 500 companies and organizations,
representing 20% of all plastic packaging produced globally, behind the common vision of a circular economy for
plasticsa commitment to realising the 2025 targets of addressing the root issues of plastic pollution and making
sure all packaging materials are designed to be reusable, recyclable or compostable. Major plastic packaging
companies, packaging suppliers and raw material suppliers sharing this vision serve as predominant sources of
clients for biodegradable plastic producers.

Part of the companies behind theslobal Commitment

Diageo Danone

J&) Starbucks
Mars ASOS Apple
Wal-Mart Nestb’

L'OREAL Paris ... CocaCola «nge

Plastic is the number one ESG issue major FMCG companies are attempting to address

Plastic &
Water management packaging

Landuse & responsible agriculture

High

Protecting biodiversity

Reducing environmental footprint
A ESG integration

Importance for internal and external stakeholders

Waste management. A
H
N N
] By _©H
A Innovation & research
A
=
3
Low Relevance for longterm business success High
Source WWF Environment [ Social A Governance

191 The Business Case for a UN Treaty on Plastic PolludnF
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1.3.3Application advantages: biodegradable materials are the best alternatives
to conventional plastics

At present, alternatives to traditional plastics include the production of BDO is energy intensive as 95% of
conventional nopetrochemicaberived materials (such BDO production facilities in China adopt Reppe method,
as glass, ceramics, metals and papers) and a method that consumes a large amount of electricity.
biodegradable materials. The latter can be divided into  On the contrary, bitvased degradable materials use
petroleurmbased and bibased ones, with bibased renewable biomass as their feedstock (such as sugars
degradable materials being more superior: and vegetable oils), and lowgrm upstream feedstock
_ _ ) supply can be secured since a large amount cfemoh
A Biodegradable materials are more versatile biomass is produced globally each year.
in terms of application when compared with
traditional non -petrochemicatderived ones Production of bio-based degradable materials
induces less safety concerrThere lies multiple safety
Traditional alternatives are hindered by numerous risks behind the production process of petrochemical
limitations: Glass and ceramics are relatively thick, materials as many chemical catalytic reactions require
heavy and delicate, adding difficulties to shipment; high-temperature and highressure conditions,
Metals are relatively more energytensive in the resulting in high level of accident risks. Take PBAT as
process of manufacturing and are prone to corrosion. an example, the three esterification processes for its

Besides, metals are limited in terms of application scope; pr oducti on require a temper af
Papers are relatively poor in durability and are prone to  more so is the polycondensation reaction following

be damaged by water. Moreover, paper making is a esterification, demanding a temperature range of

process that generates more waste and consumes alargeb et we e R2 5254 0. On t he contrary,
volume of water resources; Wood products are costly fermentation usually takes place under room

and poses a concern for excessive deforestation. In temperature and atmospheric pressure, enabling a
comparison, biodegradable materials face less relatively low risk level for accidents.
restrictions as alternatives to plastics due to their plastic
like properties. Bio-based degradable materials share the merits of
) _ traditional plastics due to their resemblance to plastics
A Different from oil -based degradable in physical and mechanical properties. At the same time,
materials, bio-based ones are more being degradable and bimsed derived, the materials
competitive in upstream feedstock supply offer solutions to two of the most criticized problems
and production process caused by traditional plastics, namely, plastic pollution
) ) due to degradatieresistance and aggravation of
Feedstock of biebased degradable materials are greenhouse gas emission. Biased degradable
more sustainable:The upstream feedstock of diased materials are more versatile application when compared
degradable materials are nemewable petrochemical with other plastic alternatives; the upstream feedstock
resources. Take PBAT as an example, the petreleum  supply of biebased plastics is more sustainable and
based degradable materials are derived mainly from production process safer when compared with that of
Purified Terephthalic Acid (PTA), Butanediol (BDO) the petroleunbased degradable materials. In conclusion,

and Adipic Acid (AA), all of which are petrochemicals.  bjo-based degradable materials are undoubtedly the
Blodegradable Materials Research Institute identifies most critical alternatives to conventional p|astics_

that 1 ton of PBAT production consumes 0.4 ton of PTA,
0.43 ton of BDO and 0.35 tons of A&&. Among them,




PHAs
Themost promising biodegradable materials

PHAs are superior in both degradability and application versatility when compared with other degradable materials: In tern
of degradability, PHA is biodegradable in various environments covering freshwater, marine environment, soil, compost ar
even organic sludge. PHAs and other materials can also be compounded to enhance degradability of final products; In ter
of physical property, since PHAs are a series of polymers, different monomers can be combined to form a variety of
copolymers, and the polymers can compound with other degradable materials to improve physical and mechanical proper
of polymer composites.

Meanwhile, PHAs promise enormous market potential and boast adequate supply capacity. Market size of the polymer
family is expected to reach 1.2 trillion RMB, completely replacing PP and PE in the packaging segment as its production c
continues to decrease.
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'2.1 Degradability: PHAS possess superior degradability’as a class
of degradable plastics

Four major biodegradable polymers can be distinguisked:
Polymers produced from biomass, such as starch, cellulose,
lipids and proteinsk Polymers produced by microorganisms,
such as PHA familyt Polymers obtained through chemical
synthesis of biaerived monomers, such as PGA and PLA,

A Polymers obtained through chemical synthesis of
petroleumderived monomers, such as PBSA and PBAT.

Degradation mechanisms of PHA and other
degradable materials

PHA biodegradation process includes the following steps:
First, PHA depolymerase secreted by microorganisms will
turn hydrophobic PHAs into hydrophilic form through
hydrolysis, the soluble PHAs are then absorbed and utilized
by microorganisms again to produce carbon dioxide and
water. Therefore, PHA degradation takes place in
environments with relatively high microbial activity, such as
soil, lake, marine environment and even sewage and sludge.

PLA is a polymer produced through chemical synthesis of
biologicalderived lactic acid monomers. Essentially, it is not
a natural polymer. Before PLA degradation takes place, low
molecular weight polymers are produced by hydrolyzing the
esterbond backbone of the polymer through water absorption.
Then the low molecular weight polymers are decomposed
into carbon dioxide and water by microorganisms. PLA
degradation conditions are rather demanding as polymer
hydrolysis requires higkemperature and highumidity in

the compost, making it difficult for the reaction to take place

in natural environment.

PBAT stands for polybutylene adipate terephthalate. In the
process of degradation, the polyester will first undergo
hydrolysis to become morwmethyl terephthalate and
terephthalic acid, and then further decompose into carbon
dioxide and water. Since PBAT are mainly decomposed by
thermophilic actinomycetes, a class of microorganisms
usually found in soils and not so much in water bodies,
therefore, it is difficult for PBAT to degrade in freshwater
and marine environmerid.

PHA is degradable in various environments

According to established standards & certification schemes,
Nova Institute outlined an illustration of Biodegradable
Polymers in Various Environments:

K PLA is only biodegradable in industrial composting and
anaerobic digestion environments;

k PBAT is only degradable in certain soils, home
composting and industrial composting environments;

I PHA (includes PHB and its polymers) is degradable in
various environments, including soil, fresh water, marine
environment, home composting, industrial composting
and anaerobic digestion.

Biodegradable Polymers in Various Environments
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PHA and other materials can be mixed to offer
better degradability

Due to desirable degradability of PHA in various natural and
artificial environments, producers of various other degradable
materials are actively experimenting on blending materials -
with PHA to improve product degradability. For this end, \ “sevws=e=sS
Bluepha partnered with PJCHEM to experiment degradability =
of PHA blended with PBAT and PLA respectively in marine
environment. The two sides obtained the following outcomes
after 87 days of experiment:

CeEEEEOE SO0 O

K Degradability of PHA virgin materials exceeds 86% in
marine environment, while degradability of PBAT and
PLA virgin materials is only 4.3% and 5.6% respectively;

kK When mixing PLA with PHA, maximum degradability of
the blend polymer is over 75%;

' When mixing PBAT with PHA, degradability of the
blend polymer exceed 65%.

Degradation rate of PHA blended with PBAT and PLA in marine environment

| Cellulose ref., 98.949
100%

90% PHA-BP35Q 86.16%]
80% e
()
& 70%
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S 60% |— ;4
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o
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[@)]
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Days of Marine Degradation Experiment (Day)

e Cellulose ref. e=——PHA-BP330 ==PHA-BP350 PBAT  e==PLA

Note: polymer grades used in the experiments are Bluepha PHA BP350, Total Corbion PLA LUMINY® L175, BluEuRItgfeBAT TH801T
Source: Bluepha, PJCHEM
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Degradation rate of PHA blended with PLA in marine environment

| Cellulose ref., 98.94%

PHA-BP350, 86.16%

BP350/PLA=9/1,
75.79%

BP350/PLA=7/3,
57.13%

Marine Degradation Rate
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PLA, 5.62%
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Source: Bluepha, PJCHEM

Degradation rate of PHA blended with PBAT in marine environment
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Besides natural macromolecules such as cellulose containing less than 5% of lignin and starch, PHA is the only
polymer that is biodegradable in various environments. Plastics leakage to natural environments like soil and
water bodies tends to happen in our daily lives, therefore, PHA offers an excellent solution to the problem with
its degradability in various natural environments.

‘With national infrastructure foundation for composting being weak, the adoption of PHA is poised to
relief the burden on plastic disposal

To be biodegradable, other degradable materials such as PLA require industrial composting and anaerobic
digestion treatment to become low molecular weight polymers first through hydrolysis. However, infrastructure
foundation for composting and anaerobic digestion is weak in China. Take domestic waste disposable as an
example, currently, landfill remains the predominant way of waste treatment and capacity for composting and
anaerobic digestion is relatively limited. According to #mual Statistic Report on Environment in Chittee

total amount of domestic waste was 270 million tons in 2020, among them 220 million tons were sent to landfill
sites, only 890,000 tons were composted, 3.569 million tons were treated through anaerobic digestion, and
949,000 tons were biodegraded. For food waste, the first option to consider is composting and anaerobic
digestion, %/et food waste takes up 37% to 62% of the entire municipal waste in China, overburdening the
capacity of existing facilities for composting and anaerobic treattHent

The journey to build more facilities for composting and anaerobic digestion is long and arduous. For starters, the
cost of the two options is higher than that of the others. Therefore, more capital investment needs to be in place
before lifting the proportion of waste treated with these two options. Secondly, composting and anaerobic
digestion require extensive, rigorous implementation of waste sorting system. If harmful chemical substances
such as heavy metals are found in compostable waste, it will only aggravate the impact on environment. Thirdly,
there is still N0 complete standards and management system for composting in China and the absence of such
standards makes it challenging to scale up treatment facilities.

Being a polymer without the need for special treatment of composting and anaerobic digestion against such a
backdrop, PHA offers a readily degradable solution that will undoubtedly be a substantial relief from the burden
on plastic disposal efforts.
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overall performance andapplication versatility

PHA family spans a wide indicator interval of
physical properties

2Application: PHAs are a series of polymers with desirable

] A Molecular weights ranging between 300,000
PHA is a class of natural polyesters produced by and 1,000,00@Da;
microorganisms. At the moment, over 150 different .
structural units or monomers have been discovered for Polymer melt temperatures for crystalline
the polymer family. Among these product families are products ranging between 60 and £70;
PHB, PHBV and PHBHHXx (also known as PHBH and . .
hereafter referred as PHBH) and others, each of them A "\r/leg];ne modulus ranging between 10 and 1,000
span a different range of properties. According to '
GO!PHA, the largest industry organization for PHAin A Tensile yields ranging between 1 and 45 MPa;
the world, PHA product family spans a wide indicator _ .
range of physical propertiés: Elongations ranging between 1% and 1,000%.
_|
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= R -To based and bibased thermoplastic
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1221 polyhydroxyalkanoates (PHA) An emerging and versatile polymer platfizimRavenstijniGO!PHA
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The wide range of properties is a clear demonstration that one cannot simply talk about PHA as a single product.
Sound overall performance of PHA

Compared with degradable materials such as modified starch, PBAT and BLA, PHA offers better comprehensive

property.
Resource Utilization Bio-based Petroleurrbased Bio-based Bio-based
Ways of Production Chemicalmodification Chemicalsynthesis Chemicalsynthesis Bio-synthesis
Strength Medium Relativelyhigh High Relativelyhigh
Toughness Poor Good Poor Relativelygood
Main properties . .
. Barrierproperty Poor Poor Medium Good
of materials
Others Not resistance to Flexible and Good transparency, Biocompatible
hydrolysis uniform relatively high and modifiable
brittleness
Processibility Poor Relativelygood Relativelygood Relativelygood
Storage performance Poor Medium Poor Relativelygood
Composting a a a a
Degradability Soil a a ' a
Waterbodies ' 1 ' a

PHA product families offers application versatility

PHA product families span a different range of properties, therefore, the polymers possess great versatility in
application. For instance, singlise products, flexible packaging and plastiated paper. In addition, products

with better physical and mechanical properties can be obtained by adjusting PHA product composition either
through blending different PHA structural units (corresponding to different physical and mechanical properties) or
combining PHAs with other degradable materials. For example, PHA blended with PLA offers improved product
toughness, and PHA blended with PBAT provides products with better strength profile.
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2.3PHA boasts enormous market potential

This section provides a forecast on PHA market size at different stages, the estimation is shown in the following chart. It i
clear that the PHA market size can reach around 62.9 billion yuan, 355.3 billion yuan and 1.2 trillion yuan respectively in
shortterm, medium term and lortgrm.

PHA sector stages Market size Related note on estimation
Short-term PHA 62.86billion yuan The data is based on estimation rationale for the metbeshort term PHA
market (2025) market and partial hypothetic calculation of the shentn market, part of

the data source is the same as the data from the m¢eliommarket

44 billion yuan The data is based on the statistics of demand estimation for compostable

materials by MacArthur Foundation
Medium-term 355.33billion yuan The data is based on estimation rationale for the metheshort term PHA
PHA market market and partial hypothetic calculation of the medterm market, part
(2030) of the data is sourced from Statista, Grandviewresearch, Plasway,

ScienceNet.cnrSumibuy.comIPO prospectus of Zhejiartgjsun
Biomaterials Co., Ltd., and industry research reports

Long-term final 1,250.74 billion yuan The data is based on estimation rationale | for the-terg PHA final
PHA market market, part of the data is sourced from Statista, National Graphic, Plastics
(2040) the Fact 2019

1,242.2 billion yuan The data is based on estimation rationale Il for the-teng PHA final
market, part of the data is sourced fr@randviewresearctStatista,
Research and Markets, Plasway

A In the short-term, the product cost of PHA will still be higher than that of the PLA, and the predominant market
need lies in scenarios where materials recycling is not convenient and environmental leakage tends to happen. The
market size will be about 62.9 billion yuan.

A By 2025, a demand of 1.25 million tons of PHA can be reached just from member companies of MacArthur
Foundation, and correspondingly, the entire market size of PHA will reach 44 billion yuan.

2.3.1.1Short-term PHA market size: 62.9 billion yuan

In the coming three to five years, the predominant sieomt PHA market are segments such as plastic bags, plastic mulch
and disposable cutlery, where recycling effort is painstaking but much needed. During this period, market penetration of
PHAs in degradable plastics category will remain to be relatively low.

In this section, estimation rationale for meditenm PHA market will continued to be adopted for the calculation of the
shortterm market size, and various data hypotheses adjusted according to tterahanarket are shown in the following:

K Within the next three to five years, PHA production will cost around 30% more than PLA production, and price will be
around 1.5 times to that of the PLA,

k Compared with mediusterm market, degradable plastics penetration in segments including plastic bags, plastic muich,
disposable cutlery and other plastic packaging film materials in thetshortmarket is relatively lower, assuming to be
30%, 20%, 30% and 10% respectively;

I Compared with the mediuterm market, market penetration of PHA polymers, as a category of degradable plastics, in
segments including plastic bags, plastic mulch, disposable cutlery and other plastic packaging film materials in the short
term market is relatively lower, assuming to be 2%, 5%, 15% and 1% respectively.

In the shorterm market, unit selling price of PHA is 35,000 yuan/ton. It is predicted that within the next three to fiye years
market demand of PHA will be around 1.8 million tons, equivalent to a market size of 62.9 billion yuan.
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2.3.1.2Market demand driven by the 2025 commitment made by
international brand signatories: 44 billion yuan

To corroborate the market size estimation, this section provides demand estimation of
signatories of MacArthur Foundation for compostable materials by 2025 in accordance
with signatoriesé commitment to the 2025 \
be reusable, recyclable or compost&BleThe specific rationale of estimation is shown

in the following:

Demand for compostable materials = (current plastic consumption valosodute
committed reduction of plastic volume)[100% percentage of target recyclable plastics
in 2025 (%)percentage of reusable plastics (%)]

According to this deduction, it can be estimated that the demand volume of compostable
materials disclosed by MacArthur Foundation signatories by 2025 will reach 12.57

million tons. PHA falls into the category of compostable materials. If PHA penetration

can reach 10% in its target segment, then the demand volume can reach up to 1.25 million
tons, equivalent to a market size of 44 billion yuan.

2.3.2Medium-term PHA market (2030)

In medium-term, PHA will cost about 150,000 yuan/ton, and the predominant
product segments by then will be plastic bags, plastic mulch and disposable cutlery.
In total, the market size will stand at approximately 355.3 billion yuan.

2.3.2.1Medium-term PHA market size: 355.3 billion yuan

Factoring in overall technical progress and diversified supply of feedstock, PHA cost is
expected to reach 150,000 yuan/ton approximately in the medium which is still

higher than the cost of traditional plastics such as PP and PE. Therefore, product sales
will be concentrated in product segments with strong demand for degradable plastics,
such as plastic bags, plastic mulch and disposable cutlery, as well as part of the plastic
packaging film segment excluding plastic bags. Among these segments, plastic bags are
mainly produced from traditional plastics like LDPE and LLDPE, plastic mulch are
mostly made of LLDPE, and disposable cutlery are primarily produced from PP.

In this section, plastic material demand in each of these product segments will be
calculated based on the primary product segments mentioned above for PHA and then
mediumterm market size of the polymer family can be estimated. Various data
estimations and hypothesis are shown in the below:

K The estimation is derived from the market size and consumption volume of plastic
materials in each of these segments in 2020; among them the market size of global
plastic bags is 22 billion yuan and market unit price is 10,000 yuan/ton; the
consumption volume of gl obal plastic mul
consumption data of the product as China takes up 3/4 of its global consumption;

k  Suppose the penetration of degradable plastics in product segments of plastic bags,
plastic mulch, disposable cutlery and other plastic packaging film materials is 60%,
50%, 60% and 30% respectively;

I Itis expected that the added PHA ratio will be higher in plastic bag segment as PHAs
are preferred flexible materials; while increased PHA addition in plastic mulch will
drive up product price and the product is rather psigmsitive. Added PHA ratio in
plastic bags, plastic mulch, disposable cutlery and other plastic packaging film
materials is assumed to be 40%, 10%, 45% and 15% respectively;

A In the mediurterm market, PHA unit selling price will be 25,000 yuan/ton.

It is estimated that the market demand of PHA in the metium is 14.213 million tons,
equivalent to a market size of 355.33 billion yuan.

[ZSIELLEN MACARTHUR FOUNDATION
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2.3.3Long-term PHA final market (2040)

It is estimated that the final price of PHA can fall to around 10,000 yuan per ton in the future. By then, PHA
is poised to replace PP and PE as packaging materials. This final market size could go beyond 1.2 trillion
yuan.

2.3.3.1Cost decline: final cost at around 10,000 yuan/ton

PHA feedstock supply falls into the category of manufacturing sector and the share of feedstock cost to production
cost is rather large, reaching up to 50%. Starting from perspective of feedstock selection and utilization, the future
space for cost reduction primarily lies in the following aspé€t<ut unit cost of carbon source, for instance,

adoption of crude palm oil or the more affordable, homogenously treated gutter oil (recyclied @jpfimize

production process, for instance, through fixation of CO2 to reduce fermentation heat, improvement of
fermentation conversion rate and extraction yield, decline of unit energy consumption or storage conditions
optimization by increasing the volume of loaded liquid in each fermentation tank.

Take PHA produced from palm oil as an example, palm oil consumption for each ton of PHA production can be
controlled at 1.2 ton by modifying strains to improve fermentation conversion rate and extraction yield. Cost per
ton of palm oil can be decreased to around 4,000 yuan /ton by building local oil refineries near the palm plantation.
Through synergizing with effective optimization of manufacturing cost and unit labor cost in the context of
production scakeip, PHA production cost per ton can fall to around 10,000 yuan, putting its cost level in the

middle rank compared with the cost of other degradable materials.

Production cost (yuan/ton) PBAT PHA PLA
Direct feedstock (auxiliary 7,030 4,234 8,750
ingredients included)

Manufacturing cost 1,272 4,552 1,987
Direct labor cost 200 1,787 756
In total 8,502 10,573 11,493

SourcelPO prospectus of ZhejiartgisunBiomaterials Co., Ltd, Bluepha and industry research reports, etc.
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2.3.3.2Final market size: exceeding 1.2 trillion yuan

In comparison, PHAs possess similar properties as the ones found in PP and PE plastics. Even though PHA cost
is relatively high in the shoterm, still it is hopeful that the cost can fall to around 10,000 yuan in thetdomg

making its price 20% higher than that of the traditional PP and PE plastics. Still, PHA is expected to fully
substitute PP and PE as the primary option for packaging purpose in a reasonably predicted final market
considering its contribution to environment protection.

In this section, specific estimations will be provided for the final market size of PHA. To ensure reliable results,
estimations will be reasoned in two ways.

PHA will substitute PP and PE for packaging purpose in the final market. Global plastic consumption estimation
for packaging use can be derived from the share of PP and PE in plastic for packaging use. The derived
consumption volume of PP and PE for packaging purpose equates the market demand of PHA. Lastly, market
size can be concluded based on PHA unit price in the final market.

K Considering that PP and PE plastic segments are relatively established, leaving small room for future growth.
Therefore, market growth factors are ruled out in this section when estimating the final market size of PHA
based on PP and PE segment size. The estimation is derived using global plastic output data in 2020;

k National Geographiddentifies that packaging accounts the primary share of global plastic consumption,
taking up 40% approximately;

t  As the predominant materials for plastic packaging, PP and PE adoption in the packaging segment is around
71%;

A PHAs fully substitute PP and PE in packaging segment of the final market, namely, PHA market demand
equals to the demand of PP and PE for packaging;

W Unit price of PHA in the final market is 12,000 yuan/ton.

It can be estimated that the global plastic output for PP and PE packaging is about 104.228 million tons, and the
final market size of PHA will reach 1.25074 billion yuan.

In the final market, PHA will replace PP and PE for packaging purpose. PE is divided into three types: LDPE,
LLDPE and HDPE. The usage of PP and PE for packaging purpose can be further broken down into the

following segmenbased usage: PP packaging, LDPE packaging, LLDPE packaging and HDPE packaging. The
respective packaging consumption is equal to the product of material output and the proportion of corresponding
materials used for packaging purpose, and the corresponding PP and PE consumption for packaging purpose can
be derived by summing up the consumption in each segment, which equates the PHA market demand. Market
size can then be obtained based on unit price of PHA in the final market.

K Same as the rationale I, estimation is based on the global market size of PP and PE subdivided materials in
2020;

k  According to Plastic The Fact, among all PP materials, the proportion of packaging materials is 44%; among
all HDPE, LDPE and LLDPE materials, the proportion of packaging materials is 60%, 70%, and 70%
respectively;

t  The market unit price of PP is 10,000 yuan/ton; the market unit price of HDPE, LDPE and LLDPE is 10,000
yuan/ton, 12,500 yuan/ton and 9,400 yuan/ton respectively;

A In the final market, PHA completely substitutes PP and PE for packaging purpose, that is, the market
demand of PHA is equal to the demand for PP and PE for packaging purpose;

W The unit price of PHA in the final market is 12,000 yuan/ton.

It is estimated that the global PP and PE demand for packaging segment is 103.517 million tons, and the PHA
final market is 1.2422 billion yuan.

In conclusion, according to the two estimation rationales, the global demand for PHA exceeds 100 million tons,
and the final market size is over 1.2 trillion yuan.
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2.3.3.3Abundant supply of biomass

Inthelong-t er m, the earthés biomass supply can meet the fina
be consistently sourced not only from vegetable oils, but also from secegéneration carbon sources (straw, waste
cooking oil) and third-generation carbon sources (methane, carbon dioxide).

Take palm oil as an example, in the long run, the feedstock consumption for per ton of PHA production in the future can be
reduced to 1.2 ton, thanks to the technological progress and feedstock loss reduction. At the moment, the global oil palm
growing area is about 19 million hectares, and the corresponding output for palm oil is 81 million tons approximately. As a
consequence, the maximum converted output of PHA can reach 67.5 million tons, which can already generate a large
supplyin the marketIn addition, corns can also be used as a source of feedstock vigluoysePHA pathway. At

present, the global corn production is 1.05 billion tons. Excluding corns for food use (11%), feed use (53%), biofuel and
other uses (14%), 22% remains available for a corresponding maximum production of 42 million tons of PHA.

Straw recycling is the megatrend for sustainable agricu
to be utilized. Straw is primarily composed of cellulose and hemicellulose, which can be turned into glucose through
hydrolysis, then the glucose can be used as feedstock to produce PHA. To produce 100 million tons of PHA, about 650
million tons of straws are needed, accounting for less than 20% of global straw output capacity. In this regard, the final
market demand for PHA can be fully met.

In addition to biomass feedstocks, PHA can also be produced through fixation of inorganic carbon sourcesethenas

and carbon dioxide. Feedstock diversification in the future will reinforce supply reliability of PHA products. Different

types of carbon sources and their characteristics are listed below, and the definition of carbon source by generation applies
to all biomanufacturing processes.

Classification and characteristics of different carbon sources

Carbon source by Types Representative carbon sources Characteristics

generation

First-generation Traditional Corn starch, soybean oil, rapeseec Accessible, reliable supply, partially
carbon sources biomass oil resulting in reduced food reserve
Secondgeneration Non-food Straw, waste cooking oil, organic  Large supply potential, existing
carbon sources biomass effluent and coffee grounds technical choke points and

difficulties in recycling, without the
concern for food reserve reduction

Third -generation  Gaseous carbon Methane, carbon dioxide and Enormous supply potential, existing

carbon sources sources industrial exhaust technical choke points, better solutic
to carbon emission, additional ener¢
supply may be required




PHA industry overview

Since the first commercial exploration in 1992, PHA industry has walked through a journey of three decades. In this
chapter, a historical review of PHA industry will be provided and introduction of major PHA suppliers such as Kaneka,
Danimer, CaBio and Bluepha will be given. In addition, production, sales, types and applications of PHA as well as
production difficulties will be explored here:

A The journey towards PHA industrialization is not without twists and turns, however, propelled by global polices
momentum and its huge market prospect, quite a few PHA producers find it compelling to move production
expansion up their corporate agendas.

A From the perspective of PHA production, mass conversion rate is higher feaigéd feedstock than the glucose
based one. Taking palm oil and glucose as examples, currently, PHA produced from palm oil is more affordable.
From the viewpoint of sales, PHA products price level is high due to prominent supply and demand capacity
imbalance, but the price is expected to drop in the future along with commercial progress.

A In terms of PHA types, there are various products such as PHB, PHBV, PHBH and P34HB, each with its unique
application scenario. Having said that, PHBH and P34HB show better overall properties among the polymer family.

A From the perspective of production difficulties, PHA mass production is encountered with challenges such as the
presence of odor and color resulted from low product purity, and the primary difficulty lies in the separation of PHA
from intracellular and extracellular impurities. Overcoming this difficulty will be one of the major development
paths for PHA production technology.
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The PHA industrialization journey is one punctuated with twists and turns. The beginning of commercialization effort
was in 1992 when AstraZeneca hoped to build the first factory to mass produce PHA products. However, the factory
project was forced to be discontinued since the production cost of PHA was as high as up to 8 to 10 dollars/kg (about
17 to 21 dollars/kg at current level, the equivalent of 118 to 146 yuan/kg), an order of magnitude higher than the cost of
traditional plastics. But producers have never gave up their pursuits on PHA commercial experiments since PHA
polymers possess excellent properties thanks to thelsdsied, plastimimicking and degradable nature.

Over the past three decades, many companies from UK, US, Japan and China have made many attempts to mass
produce PHA. Accompanied by progress in synthetic biotechnology, PHA producing strains with higher productivity
have been devel oped, which greatly boosted PHA output
Mor eover, propelled by global policy moment um, PHAOG s
quite a few PHA producers to move up the agenda of production expansion.
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Development journeys for part of the PHA manufacturers

Jenmer [Tianjin Green Bio| |[Ningbo Tianan| | Bluepha

Scientific

Beginning of 1990
PHA R&D
deployment I

1999 PHBYV pilot scale completion

Company was founded and becamsg
2000 one of the largest PHBV producers

2002 PHBV production line went into official operatio
with production capacity of 2,000 tons/year

2003 Company foundation
2006 PHA pilot-scale success

2007 Received 20 million dollars of investment from prominent
firms including KPCB, DSM and Northern Light and official
launched PHA factory project with 10,000 tons of production

capacity. The project occupies an area of 66,000 m2 and bo

2708 production capacity of 10,000 tons/year
2009 Official operation of PHA
I started at the end of the year
Beginning of experimental scale production of
PHBH, with annual production of 1,000 tons 2011

Green Bio renamed into Jiangsul
Lvsu (green plastics)

Kaneka invested 2.5 billion Japanese yen to li _

PHBH production capacity of its Takasago

factory from 1,000 tons/year to 5,000 tons/yeal Green Bio went into complete production hal

Official announcement on planned capacit

expansion of 10,000 tons per year
Construction startetbr Pasuruan
PHA plant, Indonesia

Rolled out PHACT™
marinedegradable plastic
Pasuruan PHA plant went

into operation, Indonesia

Site: Kaneka Takasago Production Base
Investment : approx. 15 billion yen
Capacity: 15,000 tons/year
Start of Qperation: January 2024

CJ plans to expand PHA productio —
capacity to 65,000 tons by 2025 ang
300,000 tons by 2030

Continue to expand production capacitt
to the level of 10,000 to



3.20verview of major PHA producers

To better understand PHA industry dynamics, we organized profiles of producers with production capacity of
over 5,000 tonnes per annum:

A Kaneka
Kaneka ( _ _ )is a Japanese chemical manufacturing company founded by separating from the Kanegafuchi
Spinning Company, Ltd. in 1949. The companyds primary

foam resin, food, medical products, medical devices, electronic materials, solar cells, synthetic fibers, etc. PHA

is a new material category for Kaneka, and the company began PHA R&D effort since 1990s and pulled off a

pil ot capacity scale of 1,000 tons per year for PHA p
factory with capacity of 5,000 tons/year started operation.

A Danimer

Danimer Scientific was established in 2004, starting its business with PLA modification. In 2007, Danimer

purchased PHA technology from Procter & Gamble, adding to its bioplastic platform. At present, the first and
second phase of Dani mer Kentucky plants have started
(products are modified materials, containing other compositions except PHA) capacity to 38,500 tons/year in

total, and making it one of the largest PHA manufacturers in the world. In 2021, Danimer acquired Novomer in

a bid to produce more diversified portfolio of PH¥ased polymers.

A cJ-Bio

CJBio is a division of CJ Group in South Korea, which comprises numerous businesses in four major industries,
namely, food and service, biotechnology, logistics and new distribution, entertainment and media. CJ acquired

PHA business from Metabolix in 2016 and launcheeBi@Jbusiness division in 2019, starting its PHA

devel opment based on Met abeliioxXd&6s fti achn dPlHAg yw.l alnnt Mays 2
into operation in Pasuruan, Indonesia. The plant was designed to run at a capacity of 5,000 tonnes per annum.

A RwDC
RWNDC Industries is a PHA producer founded by Roland Wee and Daniel Carraway in Singapore. Its founder

Daniel Carraway is a former shareholder of Danimer. The company owns at&@@duction module in
Athens, Georgia, US and the construction of its 25@@0module is currently under way.

A Bluepha

Founded in October 2016, Beijing Bluepha Microbiology Technology Co., Ltd is a synthetic biotech company
dedicated to molecular and materi al resear cdidgeand deve
academic institutes such as Tsinghua University, Peking University, and Chinese Academy of Sciences, as well

as from Fortune Global 500 corporations. Bluephads pr

5,000 tonnes per annum facility is about to complete construction and is expected to be put into operation at the
end of 2022. Bluepha also plans to expand its production capacity of PHA to 75,000 tons per year by 2026.

Time of
establishing 1992 2007 2016 2015 2016
PHA business
Country Japan us South Korea US/Singapore China
PHA products PHBH PHBH P34HB,P4HB PHBH composite ~ PHBH
Trade name Green Planet Nodax Phact Solon Bluepha
Feedstock Vegetable oil Vegetable oil sugar Vegetable oil Vegetable oil &
sugar
Capacity (tly) 5,000 19,700 5,000 5,000 5,000
Certification FDA and EFSA Food FDA and EFSA TUV OK industrial FDA and EFSA TUV OK
Contact Certification, Food Contact_.. compost, OK home Food Contact .. biobased, EFSA
Japan BiomassPla Certification, TUV ~ compost, OK ~ Certification, TUV ~ Food Contact
Certification, TUV OK OK biodegradable biodegradable Soil, OK biobased, OK  Certification
biobased, OK industrial Soil, OK OK biodegradable  industrial compost,
compost,OK home  biodegradable Freshwater, OK OK home compost,
compost, Japan Industrial Fresh Water, OK  biobased, OWS OK OK biodegradable
Compost Certification, blod_egrad_abie biodegradable Soil, OK
BPI Compostable in_ .. Marine, TUV OK ~ marine biodegradable
Industrial Facilities, TUV  industrial compost, Marine and OK
OK biodegradable Marine, OK home compost biodegradable
OK biodegradable and OK biobased Fresh Water

Freshwater, ISO 9001
RSPO (Raw Materials)
Supply Chain Certification

*Production capacity refers to that of the virgin materials
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