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Advocating Eco-engineering Approach for Ocean Carbon Negative Emission

Abstract

Micro-organisms such as bacteria, archaea, and viruses are an immense invisible driving force behind the
ocean carbon cycle and play a pivotal role in global climate change. Atmospheric CO2 is transformed into
depositing organic components with the help of marine planktonic organisms which act as a biological
pump (BP). The labile organic components are then transformed into recalcitrant organic carbon (RDOC)
through the action of bacteria, archaea, and other organisms and viruses, which are called the microbial
carbon pump (MCP). RDOC can be stored over thousands of years in the water column and the
accompanying particulate organic matter can further settle on the seafloor and be transformed into
carbonate minerals (carbonate carbon pump, CCP) by the action of benthic microorganisms for storage
over a longer time period. Based on a full understanding of marine microbial processes and mechanisms,
this article explains the principles and advantages of carbon sequestration and carbon storage integrated
with BP, MCP, and CCP by using an eco-engineering approach to develop ocean negative emission
strategies. The engineering feasibility plan, facilitated with artificial intelligence measures, provides a
theoretical basis and experimental scenario that can be monitored, reported, and verified for ocean
carbon storage. The implementation of this plan will provide valuable information for achieving the
important goal of carbon neutrality by 2060.
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Figure 1  Biogenic calcium carbonate minerals formed by geological
history records and laboratory simulation
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(a) Microbial dolomite fossils from the Precambrian (~ 500 million
years ago), Doushantuo Formation is well preserved, in which organic
matter, abundant hyphae, and bacteria are shown™”; (b) Under simulated
conditions in laboratory, dumbbell shape dolomite was induced
by sulfate reducing bacteria, and polymerized to form cauliflower
structure™; (c) Dead bacterial cells can be seen™
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Abstract  Micro-organisms such as bacteria, archaea, and viruses are an immense invisible driving force behind the ocean carbon
cycle and play a pivotal role in global climate change. Atmospheric CO, is transformed into depositing organic components with the
help of marine planktonic organisms which act as a biological pump (BP). The labile organic components are then transformed into
recalcitrant organic carbon (RDOC) through the action of bacteria, archaea, and other organisms and viruses, which are called the
microbial carbon pump (MCP). RDOC can be stored over thousands of years in the water column and the accompanying particulate
organic matter can further settle on the seafloor and be transformed into carbonate minerals (carbonate carbon pump, CCP) by the
action of benthic microorganisms for storage over a longer time period. Based on a full understanding of marine microbial processes
and mechanisms, this article explains the principles and advantages of carbon sequestration and carbon storage integrated with BP,
MCP, and CCP by using an eco-engineering approach to develop ocean negative emission strategies. The engineering feasibility plan,
facilitated with artificial intelligence measures, provides a theoretical basis and experimental scenario that can be monitored, reported,
and verified for ocean carbon storage. The implementation of this plan will provide valuable information for achieving the important
goal of carbon neutrality by 2060.

Keywords  biological pump (BP), microbial carbon pump (MCP), carbonate carbon pump (CCP), marine carbon storage, ocean

carbon negative emission geoengineering

FEZER aiMBRXFEFAFLSIRAHEHIZ (SHR) - HEEFHF. AT S
FE2EF TR TEGHMANER IS A . & Géotechniques ASCE JGGE- Engineering

Geology. Geotextiles & Geomembranes #= Science of the Total Environment %3 %) % &% K

# X104 % . E-mail: wangyz@sustech.edu.cn

g WANG Yuze Assistant Professor (Associate Senior) and Doctoral Supervisor at the Department of Marine
/ / Science and Engineering, Southern University of Science and Technology. Her research mainly focuses on
|

than ten academic papers in the journals including Géotechnique, ASCE JGGE, Engineering Geology, Geotextiles & Geomembranes,

the micro-mechanism and engineering application of the mineralization process. She has published more

*Corresponding author

286120214 - 53645 - 53



“SRER TTEEE CO, AHIES TR _

and Science of the Total Environment. E-mail: wangyz@sustech.edu.cn

KIEME @AM BXFEHEFAFEIREAFFRIER, BERFBRIE. AT AME
WMAEFRIER AR WIR B SIFL R AR T T G4E A 324E Frontiers in Microbiology-
Biology of Archaea % % . f& Sciences PNAS. Geology % B IF o3 A} 5 Fu & &AL 2 B F) 4.
& 5 K4 X2004 % . E-mail: zhangcl@sustech.edu.cn.

ZHANG Chuanlun  Chair Professor and National Distinguished Professor of Department of Ocean

Science and Engineering, Southern University of Science and Technology. His research directions include

the role of microorganisms in the environment and energy, geological historical evolution and global
change. He is currently the Editor-in-Chief of Frontiers in Microbiology-Biology of Archaea. He has published more than 200 academic

papers in international earth science and life science journals including Science, PNAS, and Geology. E-mail: zhangcl@sustech.edu.cn.

W% X—%

® FEA L% 57| 287



I == seraamne AR E S

2EHE (WiEhR)

1 IPCC. Intergovernmental Panel on Climate Change. Global
Warming of 1.5°C Cambridge: Cambridge University Press,
2018.

2 Tortell P D. Earth 2020: An Insider’s Guide to a Rapidly
Changing Planet. Cambridge: Open Book Publishers, 2020.

3 Royal Society and Royal Academy of Engineering, Greenhouse
Gas Removal. London: Royal Society, 2018.

4 Duarte C M, Losada I J, Hendriks I E, et al. The role of
coastal plant communities for climate change mitigation and
adaptation. Nature Climate Change, 2013, 3(11): 961-968.

5 Taillardat P, Friess D A, Lupascu M. Mangrove blue carbon
strategies for climate change mitigation are most effective at
the national scale. Biology Letters, 2018, 14(10): 20180251.

6 Ilyina T, Wolf-Gladrow D, Munhoven G, et al. Assessing
the potential of calcium-based artificial ocean alkalinization
to mitigate rising atmospheric CO, and ocean acidification.
Geophysical Research Letters, 2013, 40(22): 5909-5914.

T ORAE, FEWN, B, P BIERBRAIKA MR 2

RIS T 4 AR, 2019, 44(5): 127-129.
Zhang J, LiJ R, Yang L, et al. Current situation, problems and
management countermeasures of coastal wetlands in China.
Environment and Sustainable Development, 2019, 44(5): 127-
129. (in Chinese)

8 AKX, Ak AMERAETBRY. A5 544, 2014,
4(2): 19-26.

Qin D H, Zhou B T. Climate change and environmental
protection. Science and Society, 2014, 4(2): 19-26. (in
Chinese)

9 &, ERIt. BiREFAYBICATIE. FEAKSH
&, 2011, 18(3): 695-702.

Liu H, Tang Q S. Review on worldwide study of ocean

biological carbon sink. Journal of Fishery Sciences of China,

287-112021 4 - 536 % - B 3 1A

2011, 18(3): 695-702. (in Chinese)

10 Lal R. Carbon sequestration. Philosophical Transactions of the
Royal Society B: Biological Sciences, 2008, 363(1492): 815-
830.

11 Azam F, Smith D C, Steward G F, et al. Bacteria-organic
matter coupling and its significance for oceanic carbon cycling.
Microbial Ecology, 1994, 28(2): 167-179.

12 B&E, KRB, 48, 5. BFERE & Mo Fbh s &
AARB L. F B A, 2013, 43(1): 1-18.

Jiao N Z, Zhang C L, Li C, et al. Carbon storage mechanism
and climate effect of marine micro biological carbon pump.
Scientia Sinica (Terrae), 2013, 43(1): 1-18. (in Chinese)

13 3RAE4E, INE, X @A, 5. MR A YR R KR
HREP FEASE WA, 2019, 49(12): 1933-1944.
Zhang C L, Sun J, Liu J H, et al. Advances in Microbial
Carbon Pump and prospects for its future research. Scientia
Sinica (Terrae), 2019, 49(12): 1933-1944. (in Chinese)

14 Jiao N Z, Herndl G J, Hansell D A, et al. Microbial production
of recalcitrant dissolved organic matter: Long-term carbon
storage in the global ocean. Nature Reviews Microbiology,
2010, 8(8): 593-599.

15 A&, #iF B %Lk

M LY L P TR
R, P EAF: HaRAF, 2012, 42(10): 1473-1486.

Jiao N Z. Ocean carbon sequestration and storage—Also on
the important role of micro organisms in it. Scientia Sinica
(Terrae), 2012, 42(10): 1473-1486. (in Chinese)

16 Zhang C L, Dang H Y, Azam F, et al. Evolving paradigms
in biological carbon cycling in the ocean. National Science
Review, 2018, 5(4): 481-499.

17 Seifan M, Berenjian A. Microbially induced calcium carbonate
precipitation: A widespread phenomenon in the biological
world. Applied Microbiology and Biotechnology, 2019,
103(12): 4693-4708.

18 Zhu T T, Dittrich M. Carbonate precipitation through microbial



“SRER TEEE CO, AHES T _

activities in natural environment, and their potential in
biotechnology: A review. Frontiers in Bioengineering and
Biotechnology, 2016, 4: 4.

19 Wang Y Z, Soga K, DelJong J T, et al. Microscale visualization
of microbial-induced calcium carbonate precipitation
processes. Journal of Geotechnical and Geoenvironmental
Engineering, 2019, 145(9): 04019045.

20 Whiffin V S. Microbial CaCO; Precipitation for the Production
of Biocement. Peth: Murdoch University, 2004.

21 Wang Y Z. Microbial-Induced Calcium Carbonate
Precipitation: From Micro to Macro Scale. Cambridge:
University of Cambridge, 2018.

22 Grotzinger J P, Rothman D H. An abiotic model for
stromatolite morphogenesis. Nature, 1996, 383(6599): 423-
425.

23 Hinrichs K U, Hayes J M, Sylva S P, et al. Methane-consuming
archaebacteria in marine sediments. Nature, 1999, 398(6730):
802-805.

24 Boetius A, Ravenschlag K, Schubert C J, et al. A marine
microbial consortium apparently mediating anaerobic oxidation
of methane. Nature, 2000, 407(6804): 623-626.

25 Vasconcelos C, McKenzie J A, Bernasconi S, et al. Microbial
mediation as a possible mechanism for natural dolomite
formation at low temperatures. Nature, 1995, 377(6546): 220-
222.

26 Warthmann R, van Lith Y, Vasconcelos C, et al. Bacterially
induced dolomite precipitation in anoxic culture experiments.
Geology, 2000, 28(12): 1091-1094.

27 Chang B, Li C, Liu D, et al. Massive formation of early
diagenetic dolomite in the Ediacaran ocean: Constraints on the
“dolomite problem”. PNAS, 2020, 117(25): 14005-14014.

28 Bontognali T R R, McKenzie J A, Warthmann R J, et al.

Microbially influenced formation of Mg-calcite and Ca-

dolomite in the presence of exopolymeric substances produced
by sulphate-reducing bacteria. Terra Nova, 2014, 26(1): 72-77.

29 Ho S H, Chen CY, Lee D J, et al. Perspectives on microalgal
CO,-emission mitigation systems—A review. Biotechnology
Advances, 2011, 29(2): 189-198.

30 Farrelly D J, Everard C D, Fagan C C, et al. Carbon
sequestration and the role of biological carbon mitigation: A
review. Renewable and Sustainable Energy Reviews, 2013, 21:
712-727.

3

—

Riveros G A, Sadrekarimi A. Liquefaction resistance of Fraser
River sand improved by a microbially-induced cementation.
Soil Dynamics and Earthquake Engineering, 2020, 131:
106034.

32 Montserrat F, Renforth P, Hartmann J, et al. Olivine dissolution
in seawater: Implications for CO, sequestration through
enhanced weathering in coastal environments. Environmental
Science & Technology, 2017, 51(7): 3960-3972.

33 Mondal S, Ghosh A. Review on microbial induced calcite
precipitation mechanisms leading to bacterial selection for
microbial concrete. Construction and Building Materials, 2019,
225: 67-75.

34 Rajasekar A, Moy C K S, Wilkinson S. MICP and advances
towards eco-friendly and economical applications. IOP
Conference Series: Earth and Environmental Science, 2017,
78: 012016.

35 Rickard D, Luther G W III. Kinetics of pyrite formation by the
H,S oxidation of iron (II) monosulfide in aqueous solutions
between 25 and 125°C: The mechanism. Geochimica et
Cosmochimica Acta, 1997, 61(1): 135-147.

36 Olson S L, Ostrander C M, Gregory D D, et al. Volcanically

modulated pyrite burial and ocean-atmosphere oxidation. Earth

and Planetary Science Letters, 2019, 506: 417-427.

® F @A pe7|287-ii



	Advocating Eco-engineering Approach for Ocean Carbon Negative Emission
	Recommended Citation

	Advocating Eco-engineering Approach for Ocean Carbon Negative Emission
	Abstract
	Keywords
	Authors
	Corresponding Author(s)

	tmp.1662361082.pdf.dNKDT

