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Why need the Algae?
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What is the progress of biotic sequestration in China?
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Assessment of the technologies of CO, utilization
in China
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Principles of Biotic sequestration
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- ) [ & Fix B9 4% s Biotic sequestration of CO,

parameters

biotic (terrestrial)

abiotic (engineering)

the process

sink capacity

time horizon

cost

risks
NPP and biomass yield reduction
human health
environmental
leakage

monitoring and verification

regulatory measures

natural (photosynthesis, humification)
finite (50-100 Pg)

immediate, for next 25-50 years
negative, none or low

minor or low

minor to low (agricultural chemicals)
positive effect (win-win, no-regret)
none or small (by ploughing, etc.)
simple and routine methods
monetary incentives may be helpful

engineering (capture and injection)
extremely large (thousands of Pg)

10-20 years from now, for long period
High

N.A.

High

high

complex and expensive methods
complex and expensive methods
legislative and policy measures essential
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Why need the Algae?
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What is the progress of technology of Biotic

-

sequestration in China?
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YIE xR Biotic sequestration technologies

¥ H1F Ocean sequestration

#F M Forest sequestration

TR RhF0 L 7F Wetlands and soil sequestration
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Main CO, resources in China
3 AHUECO,BETRM BIORE

Table 3 Amount and concentration of large scale and

high concentration sources

E B HRIE %
{ emission source { Number ) (concentration /%)
AN ( thermal power) 622 15
e (cement ) 584 20
Z. ( hydrogen ) 109 50
£ 1% (ethylene ) 46 12
ML (steel) 146 15
10 (oil refining 92 8
FrE.  Hx {ethylene oxide ) 49 100
& RE ( synthesis ammonia 162 100

[FJ 8 P77 R 4 #05T ey ]
Problems: storage and transport



2R Algae
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CO2 fixation efficiency of different plants

JKF5 Rice 80mx100m

/INZE Wheat 80mx100m

%k Corn 80mx100m
HfhtMeadow 80mx100m

INEREE Algae 80mx100m

19.2
14.4
24.8

0.5
1000

ton /year
ton /year
ton /year

ton /year

ton /year
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Carbon Concentration Mechanisms in algae
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SRR IR =R IR A g E iR a2
Fixed organic and inorganic carbon simultaneously In
| Coccolithophores
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Large scale culture of microalgae

FF it VA
Open pond photoreactor
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MEES.
Microalgae are situa

% [E%E CO,

nle for CO,, sequstration

Ik _E BRI E =, 60% BICO, & HEEEE
Algae are the primary producers on earth, 60% of the CO2 is fixed
by the algae.
WA K ERR, BHERIREESE, T4,
Microalgae grow fast, easy to culture and do not take up the
cultivated land.
R ER, HEHSFERICO, kNS (CCMG) ,
Microalgae have high efficiency for CO, sequstration and
evolved a unigue CO, enrichment mechanism (CCMG).

bix, XEexil

=]

bix o

Coccolith can use both photosynthetic way and inorganic way for
carbon sequestration.
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sequestration in China?



HWEEE E CO, 8% FH{EE (Cost of sequestration

of CO, with algae )
FF G £ RN A
(Open pond) (Bioreactor)
(algae powder) 36000 yuan/ ton 4.8000 yuan/ ton
% 1.8 ton 1.8 ton
(sequestration CO, )
Bt . 200 yuan/ ton 200 yuan/ ton
(carbon price )
EEIL
(Loss) 32.400 yuan/ ton 44.400 yuan/ ton
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%76

REYR (energy)

CO,EMFI A ARE R
(CO, biological
utilization technology )

fix Biotic sequestration of CO,

—| B B CO BN EMIIR B AL 22 i B

(Producing biofuels and chemicals with algae )

additives )

B i AR N ) TR [ & CO AN & A AR R I FIH AR
< (Food and feed

— | (Producing food and feed additives with algae )

| AER

(fertilizer)

TR E %2 CO et N EMRTRI AR

(Producing fertilizer with algae)

{

CO,SABF|FHBIA( CO, fertilizer )
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RN

=R EL Algal biofuel

R'CO,—CH, R,CO,CH;  HOCH:
A, > CHOH  rcoc HO(|3H " I
CeH 50 — R H
6H120¢ ——> R7CO,—CHR, o A I | BIOdlseaI
R’CO,—CH; RaCOCM Hoch,
TAG

Yeast

Sugar —— Starch—— Sugar —— Ethanol
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Main steps for producing algal biofuel

% Y25 B (Breeding microalgae )

K Hi#E 5 35 (Large-scale culture)

135 A Uk 5k 0 F 18 (Harvest and dry of
1 microalgae )

15 41 A RO R B% (Break microalgae cells)

JH RE R 42 HY % B
( Extraction oil) (Fermintation )
il i E Y SR HlZEEEM B2

( Biodiesel) (Ethanol )



H Bk 4ttt Carbon sequestration Statistics

FLEFF G (The runway AR X 28 (Plate

open pool ) (t/hm?2) reactor ) (t/hm?)
S (Algae) 25 80
T EE=f1khx
( Factory sequestration 45 144
carbon dioxide )
GIEE S T =R |
(Energy consumption About 45 About 144
for carbon dioxide )
A #) 4E ;i (Biofuel) 6.25 20
% s = .
& OB HE(Alternative 13 42
to reduce emissions )
4 B HE (Net emissions ) 13 42

B FI 100 hm2p L 575, AR EMBPERICO2E, IR LIk
Bk3& (Nannochloropsis) 745l (Using 100 hm? land to cultivate algae, the
production of algae and amount of CO, emission reduction . Nannochloropsis as
an example.)



% & 515 #1 Analysis the potential
of CO, sequestration

B EA R BRI A
BAfT = EhREE 49 # (analysis on unit emission reductions ) (mid-and-long term
(/M == &) ( t/t production) potential ) (ten

thousand tons /year)

FERERRE T B R

. . A=Wk =
EERBE  (Raw materials (Product SN
'E.%*”FH (Direct instead of substitution to (Com_prehe 2020 20
(Direct use ) : . nsive year year
reduction ) emission reduce emissions )
reduction) emissions )
7.2 0 0 2.1 2.1 2.56 5.12

Wit E120204F, FEFE 101100 hm2E Frlh SR E M, 39100 hm2 AR =X i da = i,
CO, Bk = 453X F2.56 50 ; F20304, FFE 204100 hm2EEFF AU SREE#, 64100 hm2tk
RN RS EE M, CO, kL BATI5. 1275

By 2020, our country Wlﬁ build up ten 100 hm? runway open pond algae base,three 100 hm? algae base

plate reactor, the total CO, emissions will reach 25.600 tons;by 2030, build up twenty 100 hm? runway
open pond algae base, six 100 hm? algae base plate reactor, the total CO, emissions was 51.200 tons .

22
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= R R BEE (Summary of algal
biofuel technology)

IR

- S 4 YREIR{EE: ( Producing biofuel )

o BURHEYHE (Technology is relatively mature)
« Thiz K (Big market)

« TiFE#EREK (High energy consumption)

« GihmEFHIR(Large area)

« FAE (High cost )
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Producing food and feed additives with algae )

R
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Algae rich in unsaturated fatty acids

Chlorococcum
FIR Fi7 /R K i - 248 fif i o 1) 25 22 43 (The important components of cell

membranes in eyes and brain)

R BB AR s ) LEE YRy TR AR N4 (An important component of
fish oil ; food additives in children milk powder )

JUF AT 025 F I DHAFR KR T 8 2% (Almost all the DHA in fish are derived
from algae )

FRARCo ML, oy MO R 22 2 2R 1Y & 9 J L% (Reduce the cardiovascular, high
blood pressure and risk of Alzheimer's disease )

“F-##7omega6(Balancing omegab)

A F| T 25 £ 77 (Reduce environmental pressure )
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Astaxanthin-rich algae

Figure 1. Molecular Layout of Afl-trans Astaxanthin, the Major Molecular Species in Natural Foods and Dietary
Supplements

0]

OH
SN N NP X [ x [
HO
all-trans astaxanthin

0]

Note the polar ionone rings at the ends and the non-polar zone of conjugated carbon-carbon bonds in the middle.

o A B BT, B BT 2 REAE FH (The strongest membrane
antioxidant, have anti-inflammatory effect)

Wom e Diae, fEdENERAE, Fmid1Z 1 (Enhance the immune
function, promote the lipid metabolism, improve memory )

WEuEARRE, WO BIBTE A R 7T I1E F (Release the pressures)



)

ﬁ"

5]
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Microalgal food and feed additives

) FE B AN 7K A B B A BE 57 %6 (screening the algae from IHB

Collection or wild field )

v

AL RDERE, % FBAHUE Establish a mutant library,

genetic modification )

s

=R E R EE R BB S A LA BS B ER (High efficiency

sequestration CO2 , rich in unsaturated fatty acids and so on )

e« k] FIKIES
HEB ) CO,(Sequestration CO, from power
plants, steel mills and cement plant)

%ﬁ?ﬁé&lﬂ@,\EMicroalgae cells)

!

A B AR I3 (Food and feed additives )




H| Bk 451+ Carbon sequestration Statistics
FEFF M (The runway  #R =X R N &= (Plate reactor)

open pool ) (t/hm?) (t/hm2)

=1 (algae) 25 80
I ExE =&k

( Factory sequestration 45 144
carbon dioxide )

BERET & |tk

(Energy consumption for 6 38
carbon dioxide )

4 HE(Net emissions ) 39 106

BELEZSIBEER T HHEFIHL0 hm28g £ ih 55, Shm2igE IR
MEEETEM25M, (Assume that using 10 hm? land to culture algae near
the emission carbon factory, 25 tons algae powder will be produced in runway
open pool per 10 hm2.)



&% & 719 #rAnalysis the potential
of carbon sequestration

iR BA B D
EA T = G B HE = 59 #T (analysis on unit emission reductions ) (mid-and-long term
(mefz/mil = &%) ( t/t production) potential ) (ten

thousand tons /year)

RUBENE —omum  samd

EEFA EEEBE BH(Raw HE(Product  (Compreh

(Direct use (Direct -materlals substitutionto  ensive Al Alel
: instead of . year year
) reduction ) . reduce emissions
emission .
reduction ) emissions ) )

1.8 1.33-1.56 0 0 1.3-1.56 0.2 0.7



IR Hr Benefit Analysis

FEE FF G (The runway AR =X [ W 28 (Plate reactor

open pool ) ) (t/hm2)
E ) (algae) (thm?) 25 80
T &% (Dry algae powder )
(100 milfion yuan/hm?2) 0.125 0.4
=18 (production value)
(100 million yuan/hm?) 0.125 0.4

10 hm?EfHRI L E57%, FRE/EM BRI EST = 2 00057T, B2
BE5HAIERMINTRE S, SWHENNIELIEEETR500TER. S/
%48 LI F 525007t & . (Grow algae on 10 hm? area of land, the price of algae
powder is 2, 000 Yuan per kilogram, in order to compete with the synthetic
astaxanthin, algae powder per ton price must fall to around 500 Yuan per kilogram.
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Ard

S RBEE (Summary

of algal feed and additives technology )

« AJFRF| ( Make profit )
o HURFAYIRLER (Technology is relatively mature )
. Tzt E (Huge market)

« G#tmEFHR(Need large area)

&\ fix 4. = 4 BR (Limited amount of CO, sequestration)
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E CO B NAEVIREREAR

Algal bio-fertilizer

6CO, + 6H,0

T« N&a

» CgH1206 + 60,

P Y

OTAIlIA

N,+8H*+8e-+16ATP

1R A,
Oib Pl

» 2NHs+H,+16ADP+16Pi
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Algal bio-fertilizers

A FE SRR A BB M EESF L (Strains selection )

¥
5E 6] 38 4% 3 (Genetic modification )

l

) Bk MKYE)
HEB ) CO, (Fixation of CO, from power plants,
steel mills and cement plants)

s

WEEEY (EEZ) (The mixture of microalgae )

!

THEERG H 4 M BEkL( Biological fertilizer for rice)




=¥ (algae) N
T BEEZ=f1bix

( Factory sequestration
carbon dioxide )
HEHEE =& 1bhx (Rice
paddies fixed carbon
dioxide )

& 3£ B4k (Direct reduction
)

REfEr=4 — S 1bhix
(Energy consumption for
carbon dioxide )

72 i HE (Net emissions )

8118 FF 1t (The runway
open pool ) (t/hm?)

25

45

1350

1395

1389

H| Bk 451t Carbon sequestration Statistics

Fr =C [ i/ 8% (Plate reactor )
(t/hm?2)

80

144

4320

4464

38

4426



&% & 719 #rAnalysis the potential
of carbon sequestration

K HR R EE S
(mid-and-long
term potential )
(ten thousand
tons /year)

BRI G B HEE 4 #T (analysis on unit emission reductions )
(W /mt = &%) ( t/t production)

RREA SR Ty TR g

[CREZ: (Direct || materials #E(Product  (Compreh a0 | 96ea
(Direct use ) : substitution  ensive
reduction instead of . year year
) . to reduce  emissions
) SMISSION o missions ) )
reduction )
558 553556 O 0 -3 98 1164

55.6



SEREYRNBEBERBEE (Summary of algal

biofuel technology)

« ZR[E%x ( Secondary carbon sequestration in rice field )
« Hi%i& 1K (Large market potential )

« HETMEE K ( Need pilot experiment)

« FAEE (High cost)
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Projects of CO, sequestration with algae in China

40511120413 |D02 PR i A 5 T e 2R AR K S RIS DT B 32 1 Bl 78 RIEEAR 154K
30571418 C190101 | 5jigise AR EHLEIFI R IR wE S REE 0 = AR A
31070441 C030802 | P sty [H e — A B AN FR 23 Hg A LEEAE 72T 5L WAdE Tk K&
51178019 E080405 | FIH W4 st A= 85 A A FH ] s SRR < b — S A B I L BEATE 9] 25 e g B | et AN
31101918 C190504  |falyse % 72 [ e i R Ak Bk s 11 24 5T T HEE o R AR S AR R YR S R 5T B
31272680 C190504 | r=yh . [Ear. Bimi . BRhE — s Xt 5 N R 27 B AU ) [l
31200093 C010502 | VA sEAE A B IR 5 25 -V W b BEUIRE S.CO2 HR 1) i 2 AT B 77 UL FoEE TV AV AR BT
41376156 D0609 TV A v v I A T B AR 1 [RI AL O 9 HE ] R
251 EEX ] T[] 748 FEAST
863|CO2—HE - Y AR AME 2009-2011 FREH . BRXEE
9731 RE R AR 1b Hil F5 RO Rl 2 B 2011-2015 1ETRIB T K%
i=ES ABEA 5 h = K8 A=K R F B BT
£ WoEE A YRR T s - RS — A% =8 =
Uig =2 A&

2 R: #EEREYERCEIE

Bl FEEH

8 n: FBRKEREIESEEE / _PHRER

R RERRGE RGO R RN
EREEITR

# 5 IFIBCO. N2/ / F

it m: AEOIARSSH

53 R: BE=REWERER

= H: T 2013 2 ERRIs™

m R: &2

CO: SiR: E5IP8E / _PREEES



2 ESEALEY T {E Further work

B R

Pilot scale test

FREEMBAS 2L TEREE

Need to combine other CO, Sequestration technology

EEHEEYE
Increase the productivity of biomass

AR T i TIERIRERE

Reduce the energy consumption of downstream steps
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