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Total CO2 emissions = 37 billion tons / year
World needs to remove from the atmosphere by 2050 = 10 billion tons of CO2 annually

Growth in global demand of CO2 Breakdown of CO2 demand (2015)
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Source: IEA 2019 report “Putting CO2 to use”
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Capturing and storage of CO2 is costly

CO; source CO; concentration [%)]
Natural gas processing 96 - 100
Coal to chemicals (gasification) 98 - 100
Ammonia 98 - 100
Bioethanol 98 - 100
Ethylene oxide 98 - 100
Hydrogen (SMR) 30 -100
Iron and steel 21-27
Cement 15- 30

For a power station, CCS technology uses between 10 and 40% of the energy!
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Capture cost [USDACO,]

15-25
15-25
25-35
25-35
25 - 35
15-60

60 - 100
60 - 120

(about 60% from the capture process, 30% from compression and 10% from pumps and fans)
In addition, constructing CCS units is capital intensive: large-scale CCS project costs $500M to $1.1B over lifetime

Source: IEA 2019 report “Putting CO2 to use” 2023 Innovation China Conference Bl#$EigIx 15 « 05 « 2023 | HE, £K | Anging, China



CO2 is a very inert molecule

Direct Incorporation
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CO2 Splitting

Mineralization

Reaction with alkali to
form carbonate
CO2+Ca(OH)2 =
CaCO3+H20

Requires large
amounts of alkali as
raw material;

CO2-to-Polyol

¢ 4t ¢ &t

Normally required
high pressure

Thermochemical
conversion

Heating (with catalyst) to chemicals
CO2+H2 = (CHO)x

Requires large amount of
hydrogen, high cost of
hydrogen source required

Redox method

Reaction with reducing agent to
produce chemicals
CO.+C =2CO

Additional heat required,
conversion rate needs to be
increased

Electrochemical
method

Electrolysis of carbon dioxide and

water to produce syngas
CO2+H20 = CO+Hx+02

High cost of electrolyzer

Photochemical
conversion

Photochemical decomposition of

carbon dioxide
CO2+H20O+solar = (CHO)s,

Low light conversion
efficiency, no large scale
promotion capability
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Polycarbonates @

Sah('yll(' acid . ® Commercialized
Urea . @ Dcmonstration scale
Dimcthyl carbonate ._ | W - _). Development scale
Methane @----->@ ¥ EAD TRL 7-9
Methanol @----->@
Microalgac @------- >
£ Calcium carbonates @------- >
-é’ Ethanol @---------- >®
&  Sodium carbonates  ========--- >
2 Syngas @----===--7--1 >®
é Ethylene glycol @ t=T=1~T~1~T-1"1~% > TRL 4-6
X Formic acid @------===-====--=-2 >
8 Magnesium carbonates @-========t=======3 >0
= Dimethyl ether @---=====-=======--3 >
= Formaldehyde @-r=t=t=t=f=t=s=t=cmdeocecadx .
Acetic acid @-----====t--=-=-cccneccccccnccacnana-- >0
Acrylic acid @-=-=-========c------omcmm oo >0
Carbamates @-~===r===f=cecececadecacacmcndacananen > Thld-
Isocyanates @--=======t======cccqeccccccnadecnaaa-- >®
Lactones @-========s=-=cccccccccccccccaaccccaaa- >
Malate @-+~=+=s=s==s=cmnmnnducamme o cn - —————— >k
Other linear carbonates @-==--==========ce-mmoocm e oo >
0 5 10 15 20 25

Timeframe to deployment (years)
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< Disposal (Mine Reclamation)
Mineral Carbonates
T & . Minerals (i.e.,serpentine, olivine, Value-added Products
wollastonite) (e.g..paper fillers, plastic fillers,
glass products, CO; capture

Industrial sorbent, construction materials)
soild wastes
0 —

PointSource  DOC———)

O
@f‘ / Ex-situ Carbon Engineered
SQ . o© Mineralization Plant MgCO; or CaCO;
% ‘e
o\f I

DAC

— 2 -

Principle of Carbon Mineralization
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SOLIDIA CARBONBUILT o Ees
: Nova Scotia, New Jersey, California, United : : : : :
Location Canada United States States Shanghai, China Shanghai, China Beijing, China
Funding $12 MUSD $105 MUSD $10 MUSD N/A $12M USD Unknown
Year Founded 2007 2008 2020 2018 2013 2021
lisensliegy commercial commercial demonstration demonstration commercial demonstration

readiness (TRL)

Product spec. Cement Cement Cement Cement Cement Cement
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CO2-to-Polyol

PO (EO, BO) Polyols
Catalyst
(@) O
R KOH or DMC > HO \g/ O>/
Catalyst

propylene oxide CO, (30wt%) 0. .0
(PO) “Cay ‘ NZC

Di-isocyanates l
)(i

AN
PU N

Automotive Footwear Furniture Appliances Building &
& apparel & bedding construction
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Companies in CO2-to-Polyol

Location

Funding
Founded year

Carbon source

Technology
readiness

Pressure

COVEStI’O‘

Leverkusen,
German

2015
CO2

commercial

50 bar

aramco Eis

ECRQNIC

Saudi Arabic London, England
$47 MUSD
1933 2011
CO2 CO2
demonstration commercial
20 bar 10 bar
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MATERIAL TECHNOLOGY

Zhejiang, China

~$4 MUSD
2017

CO2
demonstration

15 bar
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Electrochemical splitting of CO2 e Revitalize |

i)
CM Venture Capital

Renewable
energy

Formic acids, syngas, etc.

Membrane Electrode
Assembly (MEA)
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New Jersey, British Columbia

Location lllinois, USA Oslo, Norway United States Canada Beijing, China Anhui, China

Funding <$1MUSD Unknown $33 MUSD N/A $15MUSD $5MUSD

etz 2009 1864 2009 2007 2015 2021

year

Tech.nology lab scale lab scale lab scale lab scale demonstration demonstration

readiness

Product Formic acid, . . Formic acid, . . Formic acid,
Formic acid : : Formic acid Syngas

spec. syngas Oxalic acid syngas

LEmErsier 38% 35% 42% 41% 52% 48%

efficiency
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[ Biofuel generation ] [ Value-added products ]

—>  Lipid fraction =~ ————— PUFAas health

- Bio-ethanol ¢ Fermentation
supplement

Microalgae biorefinery

Biochemical
Process

—_—

Bio-gas €&~ Anaerobic Digestion

Bio- Photo-biological ot —_— m
« — Prote
hydrogen hydrogen generation Frotsinraction sl

Syngas, Bio-oil and m n m | :
b gchar'co:; % Pyrolysis Biogas/CHP
{ '} =~ I

Thermochemical
process

: g —
— —GaSlflcatlon % : fond ] P Carbohydrate fraction ——Health supplement
‘ | Photobio di ek extraction and _)
= purification
1 BiO‘oiI i i reactor mentation ”
& Liquefaction g I S Soathanol
: Cultivation
] Blo__ i & Combustion Microalgae Antbx‘dants, Puments, Pharmaceuﬁcals’
electricity Strain — - :
Vitamins Cosmetics
. Bio-diesel Acid/Alkali /\ Nutrients for cultivation L, e e
catalysis s - ¥ R
ransesterification : as inoculum o
{ Bio-diese| Supercritical -~ 7] Wh°|e Ce" biomass | Health supplements
— 5
fluid
Bio- .
' v =
electricity © 1 M'E‘Zﬁ(ﬁ?g‘“ .

Flow diagram of a microalgae biorefinery in summarized form 2023 Innovation China Conference BlFrEICIx 15 - 05 « 2023 | HE, ¥k | Anging, China



Microalgae carbon capture and utilization companies

LanzaTech C€ | dna

Location [llinois, USA
Funding ~280m USD
Founded year 2005
Carbon co
source

Technology

readiness commercial
(TRL)

Ethanol, protein,

Product spec. bioMAass

Aviation fuels,
Potential daily chemical
applications packaging,

perfumes, etc.

-

San Diego, USA

14.4m USD
2004

CO.

demonstration

DHA oils, protein/
carbohydrates,
biomass
Animal feed.
biofuels
nutritional
omega-3 oil

“MATERIALS & Electrochaea @ Ly Xiaozac Tech

San Francisco

USA
Unknown

2010
CHa4

demonstration

PHA pellets

Polymer, fibers

for textiles

’ Planegg, Germany

~6m USD
2010

CO.

10 MWe

biome-thanation

plant

Biomethane
generation

power
generation

Energy storage,

Guangdong,
China

Unknown
2016

CO.

commercial

EPA &DHA oils,
biomass

3 oil
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& ) DMT

Y B2

Guangdong, China Beijing, China

~20m USD ~5m USD
2019 2021
CO2 CO-

demonstration demonstration

Fucoxanthin, EPA Astaxanthin, EPA

oil, protein oil, protein
Pharmaceuticals, Cosmetics,
nutritional omega- Cosmetics, animal  animal feed,
feed, nutritional nutritional
omega-3 oll omega-3 oil
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Climate: in 20 years, convert bio-based feedstocks into polymers that can
displace 90% of today’s plastics and other commercial polymers

BoLD GOALS FOR Food and agriculture: By 2030, reduce greenhouse gas emission by 50% in the

US and 30% globall
U.S. BIOTECHNOLOGY an o globally

AND BIOMANUFACTURING Supply chain: In 20 years, > 30% US chemical demand via sustainable and
cost-effective biomanufacturing

HARNESSING RESEARCH AND DEVELOPMENT
TO FURTHER SOCIETAL GOALS

Health: in 20 years, reduce manufacturing cost of cell-based therapies 10 fold

MARCH 2023

Cross-cutting advantages: in 5 years, sequence the genomes of 1 million
microbial species and understand the functions of
> 80% newly discovered genes
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Synbio has attracted increasing VC investments

$8.,000
$6,000
$4.000
=
&
$2,000
S0
B2 NRILLIIIEggIRITI2IIIIIITINIZY
o Yo Yo Yo Yo e ¥

B total VC ($M)

Overall investment in synthetic biology

(LY
WY ‘

e Revitalize |

Discover the science behind LOHAS
X“ﬂi‘ﬁﬂ}ﬁ!

#is)
CM Venture Capital

W 2Q 30 W 4Q

Agriculture

L__IB

Automation and hardware '
Chemicals |
Consumer goods .
DNA data storage
DNA synthesis l
Energy & environment
Food and nutrition -

Gene editing

industry

Genome engineering
Health and medicine -

Materials

Multi-sector applications

Organism engineering

Protein engineering

$2,000 $4,000 $6,000 $8,000

M

Synthetic biology investments in different sectors in 2021
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Synthetic Biology has come of age due to advance in informatics &'\f Rev.!.taw!l ze|
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> Bioinformatics

Molecular biology Computer science
“0 ‘ @ /\
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Synthetic biology .5'4.
Microbiology Physics
Agriculture Engineering science

W ik o%
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Modeling Standardization

Promoter

Construct design Biosensor | l Donor H “Metabolite ] o oERr >
structure prediction AR

Promoter

Donor Metabolite Acceptor
i binding domain | | fluorescent protein

Promoter

e { s >

Promoter

Reporter
gene

Reporter gene

Plant specialized
metabolite sensor

Biosensor standard curves

Optimized variant identification ) S
In vivo validation in plants

Data analysis Automation

The biological system can be seen as consisting of two parts: “hardware” and “software”
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Synbio has many startups in the West

Food and Agriculture

Health and Wellness
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Bio-based products (cosmetics/daily necessities)
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Traditional fermentation process

Pathway discovery
and design

Design of
biocatalysts using
proprietary algorithms

High-throughput
enzyme screening

Proof-of-concept level
testing of design using
biochemical assays

Model-guided Bio-process
metabolic engineering optimization
Engineering Fermentation process
biocatalysts using state- development and
of-the-art synthetic biology scale-up
tools and techniques
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Renewable
chemicals

Purification and
and quality assurance
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. ® Co-factors & . @ @ Cofactors, pathway
pathway substrates S ) substrates & energy mix
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V
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O QGD(D
PO ::

n
Biopolymer Trenseription Biopolymer
& transiation U
machinery DNA templatels)
i) Recombinant enzymes ii) PURE cell-free protein synthesis
Fo) Co-factors & ® © cCo-factors, pathway
tal n.:lr-w.w substrates . substrates & energy max
C é C OH O l:ﬁ_’] é U OH ©
Biotransformation -
| ) | A, e || | A,
n transcription & | Template{s) n
Biopolymer translation Biopolymer

machinery

iii) Wildtype and/or engineered cell extracts iv) Cell extract cell-free protein synthesis
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2. Incubate & run cell-free reactions 3. Cell-free & biomaterial metrology
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Chinese startups landscape
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