Climate Change Research Letters S RZEALIF R PR, 2020, 9(3), 182-191 Hans Y
Published Online May 2020 in Hans. http://www.hanspub.org/journal/ccrl

https://doi.org/10.12677/ccrl.2020.93022

Interactive Relationship in CO:
Spirulina-Fixation System and
Energy Consumption Assessment

Xiaoyi Yang?*, Ziyu Liuz, Chaozong Liuz, Shun Tang'

1Energy and Environment International Center, School of Energy and Power Engineering, Beihang University,
Beijing

’Centre for Materials Research, University College London, London UK

Email: "'yangxiaoyi@buaa.edu.cn

Received: Apr. 25th, 2020; accepted: May Sth, 2020; published: May 15th, 2020

Abstract

Carbon sequestration by microalgae performs its unique advantage on available for wide range of
CO; concentration in CCUS technologies. The upstream of CO; fixation system involves CO: capture,
purification and transportation, while the downstream involves CO; supply and algal carbon fixa-
tion. There are several coupling impacts in system and uncertain factors with external environ-
mental conditions. The CCUS-algae model, based on full life cycle theory, was established to quan-
titatively evaluate the effects of coupling factors, including relationship of flue gas with capture
purification and transport distance, relationship of CO; source supply with the type of bioreactor,
relationship of nutrient supply with protein content. The effects of environmental impact factors
of radiation and temperature on growth rate were established according to a practical large-scale
algae cultivation. The flue gas from coal-burning power plant or coal chemical industry is com-
pared with this approach for cultivating algae as edible food and biomass. The energy consump-
tion of the system is optimized by coupling the upstream and downstream key factors from the
perspective of the whole life cycle, and the energy consumption of carbon sequestration is com-
pared with CO; storage technology.
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Figure 1. CCUS computational framework
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Figure 2. Monthly average of irradiation intensity, temperature and spirulina yield (Ordos)
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Figure 3. Energy consumption coupling CO, source and transportation distance
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Figure 4. Energy consumption in distribution coupling CO, source and bioreactor
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Figure 5. Indirect energy consumption of nutrients related with protein con-
centration in algae
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Figure 6. Simulation and actual yield of spirulina
E 6. BRERTN~E85%fR~8

3.2. BIEEERABRUFERGMRL

B XoF R b LR S ) SR P P A T Ao A0 A £ FH GRE [T B (R BRAFE, DL 1] 70 55T 3 £ F e [ sk
JRRSCR AR . BOR RSBk 5@ T2, B854 CO ¥R, HABEm S COKE 15%,
FREAL TS COL K IE 98%, ANl AL I B B B s i BN 25K, I8 B W€ N 10 kmo 08 TG [
e, SRR B AL B bR UHE CO,, HPTDASEILIZE IR B8 e is A R is . N S IE R M
FEE R BT LR, EHE St E N 10 km, —SEABIZ BRI EEN 99%.

T ] e R P 51 e — LA e < 0y X i — S A B A TR I B I i o T I U 2 % 5
(NaHCO5/Na,CO;; Na,HPO,/NasPO ) 4% il (855 72 11 pH B J CO, MR BE,  DAORIEAHEE b T v 8% [ e 5 7= 34
BE, CO, MR 75%~90% . LR 75 JE Hpg FRA R R P RS v TR IR B, AH R T /K PG AR, 28
155 77 SR AN AR TR S i, FEIIN 5% THE R I R S B RS IR Bk o TREETTIE MACR YL, 98
L KAF BMEHEBEIR,  HE— D8 55 T 15T SR A -

DOI: 10.12677/ccrl.2020.93022 188 SR AR


https://doi.org/10.12677/ccrl.2020.93022

1

RGP
iz -

e
JravA
Eﬂ?:ﬁz el w AR

7]

Jid;

Flue gas 15%, 10 Km

Flue gas 98%, 10 Km

0 2 4 6 8 10 12 14 16 18
BEFE, MI/KG CO,

Figure 7. Energy consumption of typical flue gas algal fixation in whole life cycle

7. BAMRS 24 & BRI ITEE R

XEFPIR R, eI R A R RIS R A R A e, L T ek B L [ R BEAE AT TR
BEr ) R BRRERE. BT CO, 4RSS i AL RERERE I 46U FE FRAR MR B ox AR 3 hn, 10 HL iz S REAEAE AR ] i2
S n BB L PR RERE T, e BEREAEZE R TR IUE R SR S s fa b Beo SAL TR M LR
£ PR 5 A PR 4 A i L AR AR AR 22 2.43 M/kg CO,, THHRIEHL ) (IR R AR i S & A
Tt 4L A FUYIREREAH 22 3.33 MI/kg COpo M DATE M, TR SEND ™ i L BE SR REMESR 1 1 8.8~10.0
MI/kg CO,, 1t B 35 1A L4 M) P 5k 25 AR ALl e [ ok 1 B A

3.3. BIERERS — S WREFRARER ST

CO, B L E A LA B A7 o W 77 R SRl s f B, I e i A ik
2 3000 m FRIEFH, TR R EAT o 5B 472 K58 I FORES COL i 4544 A7 il BOR SR U fih
By BOKZE RS BAFERKT CO, B RIIR IS 71 ah B A A /] Nk ki, /KR T CO,
WL RSN BRI PEAL A4 . BAFAEI T B COL FERUKE i, FLRILRE Sy AL AL N BUK)Z Az
SEBAF S BERNIE 7 Et P IR . LRI AR R B AE, ERIE B IBOR, (HRMFEE
U122 4 5 A I (8] 5 8 5 2 )

FF CCUS FEAY, AP il L BRI ORI [ i S5 e A7 Bl A7 A dn P UIRE AR, LIE] 8.
PR LRI S, 5 B R REAE S A B AF SR LE AT e 3 (B AR B P Rl (1 B AR 2 [
R EL CO, HIRARE LT UL R AL TR RIKEE CO,, HLREFEIL WG . X TR CO, HRMAEE JH
AT AT PSR B, AR S . S BRI TR TR, TR EOR T IE R B
FAFHILIA, FEURIRL CO, HIRSE R R B REFE R -

4. &g

WRKEE RIS AL TR, B e 3 ] T A2 REAE - 5 B AF BRI LL i e 3, (AR & R e
HIBRBEREIL S W o ST i o 1 & BRI N e IR BV A, T 3 BOH e 1 (R Rk 8] 422 e B
Mo HEAWRERET 15%M, &EASESREEREERAEEKRR.

X ARIR BRI TR ASEBLE R S [, eI 5 Al sk LA T RERE.
WL COL 1L HIs F REAE /N TR COL MR 18k, IR CO M & M T 10 km BLPA [
BRI o

DOI: 10.12677/ccrl.2020.93022 189 SR AR


https://doi.org/10.12677/ccrl.2020.93022

WiRZE &%

25 r

w iR S iz miE E
20 |

) II ||||I| .l

Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max

W M AAE e FeREIEaME ERHE MbH amE amE EemE I EemE
1%,500Km 7%,500Km %%,500Km #3,500Km 3%,200m #},200m 7%,500Km{#,500Km 3Z,500Km ##,500Km 3Z,200m #},200m

Jany
9]

REFE, MI/kg CO,
=
o

Flue gas 15%, 500Km Flue gas 98%, 500Km

Figure 8. Energy consumption of total life cycle in algal fixation, terrestrial sequestration, ocean sequestration

E 8. BIEEERSEFHE. MbHFENEESEHEE

S SEERABAL R IR 180 RISATHUEAF 2 TR L . SRR AR R, RS
TIRHEH T B, IREDT 5%,

B
R R 50 e AR S AR S, RS 09 TR ) A B S B P 7 0«
E&ME

K B AR = U 35T H (2016 YFB0601004) .

SE

[1] Aiello, G., Li, Y.C., Boschin, G., Bollati, C., Arnoldi, A. and Lammi, C. (2019) Chemical and Biological Characteriza-
tion of Spirulina Protein Hydrolysates: Focus on ACE and DPP-IV Activities Modulation. Journal of Functional
Foods, 63, Article ID: 103592. https://doi.org/10.1016/].jff.2019.103592

[2] Chen, H.P., Zeng, F., Li, S.M., Liu, Y.L., Gong, S.Y., Lv, X.C., Zhang, J.C. and Liu, B. (2019) Spirulina Active Sub-
stance Mediated Gut Microbes Improve Lipid Metabolism in High-Fat Diet Fed Rats. Journal of Functional Foods, 59,
215-222. https://doi.org/10.1016/].jff.2019.04.049

[3] Khoo, H.H. and Tan, R.B.H. (2006) Life Cycle Investigation of CO, Recovery and Sequestration. Environmental
Science & Technology, 40, 4016-4024. https://doi.org/10.1021/es051882a

[4] Liu, Z.Y., Liu, C.Z., Han, S.J. and Yang, X.Y. (2020) Optimization Upstream CO, Deliverable with Downstream Al-
gae Deliverable in Quantity and Quality and Its Impact on Energy Consumption. Science of the Total Environment, 709,
Article ID: 136197. https://doi.org/10.1016/j.scitotenv.2019.136197

[5] Mehar, J., Shekh, A., Nethravathy, M.U., Sarada, R., Chauhan, V.S. and Mudliar, S. (2019) Automation of Pilot-Scale
Open Raceway Pond: A Case Study of CO,-Fed pH Control on Spirulina Biomass, Protein and Phycocyanin Produc-
tion. Journal of CO, Utilization, 33, 384-393. https://doi.org/10.1016/j.jcou.2019.07.006

[6] Packer, M. (2009) Algal Capture of Carbon Dioxide; Biomass Generation as a Tool for Greenhouse Gas Mitigation
with Reference to New Zealand Energy Strategy and Policy. Energy Policy, 37, 3428-3437.
https://doi.org/10.1016/j.enpol.2008.12.025

[71 Rajak, U., Nashine, P. and Verma, T.N. (2019) Assessment of Diesel Engine Performance Using Spirulina Microalgae

DOI: 10.12677/ccrl.2020.93022 190 SR AR


https://doi.org/10.12677/ccrl.2020.93022
https://doi.org/10.1016/j.jff.2019.103592
https://doi.org/10.1016/j.jff.2019.04.049
https://doi.org/10.1021/es051882a
https://doi.org/10.1016/j.scitotenv.2019.136197
https://doi.org/10.1016/j.jcou.2019.07.006
https://doi.org/10.1016/j.enpol.2008.12.025

1

Biodiesel. Energy, 166, 1025-1036. https://doi.org/10.1016/j.energy.2018.10.098

[8] Sengupta, S., Koley, H., Dutta, S. and Bhowal, J. (2018) Hypocholesterolemic Effect of Spirulina Platensis (SP) Forti-
fied Functional Soy Yogurts on Diet-Induced Hypercholesterolemia. Journal of Functional Foods, 48, 54-64.
https://doi.org/10.1016/}.jff.2018.07.007

[9] Singh, H.M., Kothari, R., Gupta, R. and Tyagi, V.V. (2019) Bio-Fixation of Flue Gas from Thermal Power Plants with
Algal Biomass: Overview and Research Perspectives. Journal of Environmental Management, 245, 519-539.
https://doi.org/10.1016/j.jenvman.2019.01.043

[10] Zhao, B.T. and Su, Y.X. (2014) Process Effect of Microalgal-Carbon Dioxide Fixation and Biomass Production: A
Review. Renewable and Sustainable Energy Reviews, 31, 121-132. https://doi.org/10.1016/j.rser.2013.11.054

[11] ®STh, 2908, ZRAR4S, BRIHTE. MBEiEdniuss o 5oeme R A MR R[], MY RESIREAR, 2001(3): 7-10.

DOI: 10.12677/ccrl.2020.93022 191 SR AR


https://doi.org/10.12677/ccrl.2020.93022
https://doi.org/10.1016/j.energy.2018.10.098
https://doi.org/10.1016/j.jff.2018.07.007
https://doi.org/10.1016/j.jenvman.2019.01.043
https://doi.org/10.1016/j.rser.2013.11.054

	Interactive Relationship in CO2 Spirulina-Fixation System and Energy Consumption Assessment
	Abstract
	Keywords
	螺旋藻烟气固碳系统能耗及耦合因子交互关系
	摘  要
	关键词
	1. 引言
	2. 研究方法
	3. 结果与讨论
	3.1. 螺旋藻固碳耦合因子交互关系
	3.1.1. 烟气CO2源与捕获净化耦合关系
	3.1.2. CO2源与运输距离耦合关系
	3.1.3. CO2供给与培养反应器耦合关系
	3.1.4. 营养盐投入与微藻蛋白含量耦合关系
	3.1.5. 辐射、温度与生长率耦合关系

	3.2. 螺旋藻固碳规模化养殖系统优化
	3.3. 螺旋藻固碳与二氧化碳封存技术能耗分析

	4. 结论
	致  谢
	基金项目
	参考文献

