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Options for CO2 Bio-utilization

» Background
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CO:2 and Climate Change

Temperature Anomaly (°C)
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CO, concentration has rapidly
Increased and led to the climate change.
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Since 1979, more than
% 20% of the Polar Ice Cap
has melted away.
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CO, capture, utilization and storage (CCUS)
might solve CO, problem

l Three key technologies: CO, Capture
CO, Utilization
CO, Storage
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The related policies and programs from China government
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Technology Assessment of CO, utilization-2013
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Urbanization-induced Environment Pollution
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CO:2 Bio-utilization

CO, Biological Utilization:

A Two-fold means for Carbon reduction

and Environment management
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CO:2 Bio-utilization: Features

CO, Bio-utilization
Carbon Reduction, Energy Solution, Environment Protection

Capacity: 90 million t/a of CO, can be used assume bio-fertilizer is
applied on 50% of the farmland in China

Economic Benefits: Value-added products can be obtained

Environmental Benefits: Can be used for waste water treatment,
soil refinery, etc.

Energy Security: Potential option for oil production
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CO:2 Bio-utilization at SARI

1. CO, fixation by microalgae

Alfalfa Microalgae Fertilizer

Planting/ Soil > Sell products all over China
improvement

Organic Foods

> Supply foods & vegetables
1.Farming and breeding
\ industry
and Efficient 2 Bio-fertilizer
Farm 3.0rganic Feed > technology applied all over China
4.0Organic foods

Soil Improvement Tech

Urbanization Farm

» Construct leisure farm

v'Enhanced Land value Environment Improvement

v'Comprehensive Benefits > Social value
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CO:2 Bio-utilization at SARI

2. Biomass Conversion
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CO, Solution: Algea & Biomass Conversion




Focus - Microalgae & related Biochemical Engineering

Sunlight \
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Microalgae for Biofertilizer

Microalgal Biofertilizer

v'1 ton of microalgae absorbs 2
tons of CO2

v Improve soil quality via
organic planting

Chemical Fertilizer

v'1 ton of chemical fertilizer
release 2.72 tons of CO2

v'Degrade soil quality via soil
erosion
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Sustainable Agriculture based on Microalgae

—

CO,+N
resources

Microalgae

N fixation

N
Compounds

Plants&
Animals

| Treatmer_‘|t

Organic
fertilizer
(rich in
N,P, K)

N

Replace Chemical Fertilizer

"%
Yus?

—» Improve soil
Microalgae
: Increase grain
Bio- > output
fertilizer
Redupe ' CO,
emission

Merits of Microalgae Fertilizer

v’ Improve fertility of soil

v’ Improve organic matter content
of soil constantly

v'Increase product quality

v'Protect environment
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Microalgae for Green Agriculture--Algae Species

\.

Native species Screening and high stress resistance _ _
High Growth rate Screening and PBR design ‘ PBR f0|-f High density
N-fixation microalgae Screening and genetic modification cultivation
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Field Test— Lettuce Green Romaine

Control

Chemical
Fertilizer

Organic
Fertilizer

Cyanobacteria

Organic
Fertilizer +
Cyanobacteria

Day 0 Day 7 Day 14 Day 20

Lettuce Green Romaine was cultivated with different fertilizers, algae with organic
fertilizer showed the best result with 17% increase in average individual weight.
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Microalgae for Chemicals

Hydrothermal Liquefaction of Microalgae to Glycol
Hydrothermal Liquefaction of Microalgae for Bio-oil

Hydrothermal Liquefaction of Microalgae for Hydro-
char

Green Chemistry
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lydrothermal Liquefaction of Microalgae to Glycol
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Hydrothermal Liquefaction of Microalgae for Bio-oil

JE— n—

Microalgae

Hydrothermal processing

No. Conversion Rate/% Yield/% HHV(KJ/g)
Raw |- - 16.11
1 85.36 40.45 24.21
2 77.50 26.36 24.45
3 76.31 23.00 35.81
4 77.45 30.74 27.66
5 82.58 30.62 32.34
6 88.88 25.65 36.78
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Microalgae for Wastewater Treatment

Wastewater Nutrients
N &P for Algae
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Distributed Biomass to Oil & Power System---Biomass &
Agriculture Wastes
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»Resource utilization of straw— converted to bio-oil, bio-gas and bio-carbon and
used to supply oil, chemicals and power

»Bio-carbon used to improve soil - supplement carbon for soil and improve soil
fertilization

»Low-carbon energy supply and improving rural labor to fing(:
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Hydrothermal Liquefaction of Microalgae for Hydro-char

Hydrothermal
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@ Distributed oil & power system
based on biomass

Regions that is rich in biomass and
straw; eastern regions with high
energy demand

@ Three-dimensional Agriculture
based on Microalgae and Soil
Improvement System
northeast/northern regions; saline-
alkali field in east coast regions; sandy
field in northwest regions

@ Fuel &chemicals production system
based on microalgae

West regions that is rich in coal; east
regions with high energy demand
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“%= Distributed oil & power system based on biomass

" Fuel &chemicals production system based on microalgae ‘\ 4’ [@ ,4)} r__.f 3‘2 AL
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Biomass

~ Three-dimensional Agriculture based on Microalgae and Soil Improvement System
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