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ABSTRACT

The climate change problem as a result of the escalation of
carbon dioxide emissions resulting from the combustion of
organic materials is one of the most important problems that
call for searching for an effective way to get rid of these
emissions. CO2 capture, utilization and storage has been
considered as the first option to reduce the climate change
phenomenon caused by the utilization of fossil fuels. There
are many ways and strategies to capture of atmospheric
carbon dioxide such as absorption and adsorption,
membranes and chemical rings, moisture and the use of
enzymes. This study aims to shed light on simulating the
famous techniques used to get rid of carbon dioxide
emissions in the atmosphere using the HYSYS program by
taking an overview of previous research that dealt with
carbon dioxide disposal technologies in order to facilitate
the required modifications of these technologies to reach
them To the highest possible levels of performance.
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CCS CO, Capture Strategy

CCuUs CO, Capture Utilization and Storage
CLC Chemical looping Combustion

CO, Carbon Dioxide

CPU Compression and Purification Unit
DD Down Distillation

DOE Department of Energy

FB Fluidized Bed

H,S Hydrogen Sulphide

IGCC Integrated Gasification Combined Cycle
MEA Mono Ethylene Amine

NG Natural Gas

NOx Nitrogen Oxides

PFD Process flow diagram

SOx Sulpher Oxides

WGS Water Gas Shift

Introduction

Energy and environmental concerns have lately drawn worldwide attention.
Although more energy from non-fossil energy sources is being developed, the
main energy supply will still come from fossil fuels [1]. As a result, there is an
accelerated need for the use of fair and renewable fossil fuels with minimal
environmental consequences [2]. As one of the most important greenhouse
gases, CO2 generated by fossil fuel combustion plays an important role in

climate change. Among the various sources of pollution, coal-fired power
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plants are one of the most powerful sources of CO2 emissions in the world and

produce nearly 2 billion tons of CO2 per year, as shown in Figure.1 [3, 4]
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Fig. 1. Percentage of CO2 emission sources [6].

Global CO2 emissions have increased rapidly in recent decades, as shown in
Figure 2. 2[1].

Fig. 2. CO2 annual emission from fuel combustion [1].

Based on the study of the Intergovernmental Panel on Climate Change, by the
year 2100, the environment rising produce up to 570 ppm of CO2, leading to
an increase of about 1.9 ° C in mean global temperature and an increase of
about 4 m in average sea level [2]. Collecting, using and processing CO2
(CCUY) is a viable strategy to reduce CO2 pollution by collecting it from broad
point sources (e.g. Building materials production factories, coal-fired power
plants etc.), storing it in the porous rocks (under about 700 m underground) and
reusing it for oil extraction, chemical synthesis and fertilizers, etc.[3]. Through
retrofitting CO2 capture and processing systems to a conventional power plant,
CO2 emissions could be lowered through about 80-90 per cent [2]. Various

technologies for catching and extracting CO2 have been extensively researched
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by scientists, and the key issue is the creation of novel materials or frameworks
that will require a minimum energy penalty and an optimum capture efficiency
[4-8]. Although there are many methods for trapping CO2 from broad pollution
sources (i.e. membrane, absorption, adsorption, or cryogenic, etc.), the choice
of an effective capture strategy is dependent on particular discharge
conditions[9]. The primary criteria are the condition of the flue gas, including
its structure, size, flow rate and concentration of CO2 (i.e., the partial pressure
of CO2). In contrast, the requirements for controlled output (e.g. CO2
concentration or transport pressure) and discharged criteria (e.g. H2S, SOx and
NOx, etc.) also has a strong influence on the application of capture technology
[10]. For instance, in order to facilitate transport and processing, CO2 capture
should be condensed to more than 110 bar [11, 12]. This paper will summarize
HYSYS simulation for the common CO2 capture strategies and technologies.

Common CO?2 capture strategies
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The major CO2 recovery techniques from fossil fuel combustion processes are
pre-combustion recovery, oxy-fuel capture and post-combustion capture (as
seen in Fig. 3) [13]. The selection of a CO2 capture technique is based primarily
on its evaluation and on the conditions of CO2 pollution (e.g. CO2

concentration in the flue gas, gas stream pressure), as shown in Tables 1 and
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Fig. 3. CO2 mitigation strategies for fossil fuel combustion.

Table.1. Evaluation of the common CO?2 capture strategies.

CcOo2

capture

strategies | Advantages Disadvantages Ref.
Pre- . High CO2

combusti | concentration  (~45 | » Severe operating conditions | [14,

on vol%) and pressure (15-20 bar and 190-210 °C) | 15]
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» Commercial applied
in some industrial | « Energy penalty due to
sectors sorbent regeneration
Oxy-fuel
combusti * High efficiency drop and | [16,
on » Lower capital cost energy penalty due to ASU 17]
. High CO2
concentration (80—
98%)
* Low investment of
boiler and  other
equipments
Post- . Refitting a |+ Dilute CO2 concentration | [14-
combusti | straightforward (5-15 vol%) at  near | 16,
on approach atmospheric pressure 18-
* More mature than | * Energy penalty due to |22]
other strategies solvent/sorbent regeneration

Table .2. Flue gas composition of different CO2 capture strategies.

- . Oxy-fuel '

Composition of | Pre-combustion . Post-combustion
Combustion  [9,

flue gas [23, 24] [23, 24]
25]

CcOo2 37.7% 85.0% 10-15%

N2 3.9% 5.8% 70-75%

H20 0.14% 100 ppm 5-10%

H2 55.5% - -

02 - 4.7% 3—4%

CcO 1.7% 50 ppm 20 ppm

e —
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NOx - 100 ppm < 800 ppm
SOx — 50 ppm <500 ppm
H2S 0.4% - -

Pre-combustion CO2 capture

In the pre-combustion capture process, fuel reacts with O2 and H20. During
the reaction, the carbon in the fuel is converted to CO2 and CO, and
simultaneously, H2 is produced. After the water-gas shift (WGS) reaction, CO
is converted into CO2, and the main components in the mixed gas (namely,
syngas) are approximately 60-80% H2 and 20-40% CO2[7] . This capture
strategy is mainly used for coal gasification in an integrated gasification
combined cycle (IGCC). The significant advantage of pre-combustion is that
the produced H2 is an ideal green energy source because its combustion emits
no waste gas and only generates water[26]. Meanwhile, H2 can be used in many
areas, such as in fuel batteries, new energy vehicles, the aerospace industry,
chemical industry, etc.[27].

Oxy-fuel combustion CO2 capture

In the oxy-fuel combustion CO2 capture process, fuel combusts in pure O2,
causing a high CO2 concentration (over 80%) in the flue gas, and thus, in this
process the purification of CO2 is more easy than that in post-combustion
strategies[28, 29]. Moreover, the NOx content in the flue gas is also lower with
oxy-fuel combustion. Due to the combustion taking place in pure O2, the high
temperature flue gas is often recycled to the combustor to recover waste heat.
Currently, oxy-fuel combustion is usually accompanied by pulverized coal
combustion, and fluidized bed (FB) combustors could be a promising
alternative technology. The greatest advantage of a fluidized bed combustor
over pulverized coal oxy-fuel combustion is its ability to reduce the flue gas
flow for a given coal input while maintaining a high furnace temperature [29].
The greatest challenge is that the efficiency of coal-fired power plants would

be reduced by 10-12% if oxy-fuel CCS utilities were retrofitted to it, due to the
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air separation unit (ASU) and compression and purification unit (CPU) [30].
To capture CO2 in an efficient way by oxy-fuel combustion, the energy penalty
caused by the need for an ASU and CPU must be further minimized via

optimization of the process and heat integration

Post-combustion CO2 capture

In the post-combustion CO2 capture process, fuel combusts in the air. In the
conventional combustion process, the concentration of CO2 in the flue gas is
low (typically 4-14%) of the atmospheric pressure [20]. For this reason, there
is a rigorous demand for energy and equipment to enable CO2 separation and
achieve the required CO2 concentration (above 95.5%) for transport and
storage [18]. Compared with pre-combustion and oxy-fuel combustion, post-
combustion CO2 capture units can be directly added to existing coal-fired
power plants with little retrofitting, and this method has been demonstrated at
some pilot-scale sites. As one of the most mature post-combustion CO2
separation technologies, the energy requirements for solvent regeneration in
the (MEA) absorption process vary from 3.0 to4.5 MlJ/kg CO2, which
contributes to approximately 80% of the total energy consumption [19, 20]. In
contrast, a target of 2 MJ/kg CO2(including both the capture and compression
steps) is often mentioned in the European Union recommendations [22, 31].
Principals of CO2 capture technologies

Currently, several CO2 separation technologies are in use, such as membrane,
absorption, adsorption, and cryogenic, etc. Each of these systems are focused
on a number of separation standards. For this purpose, the choice of suitable
technology of various sources of industrial pollutants are important for
achieving high efficiencies and performance depends on different parameters

(e.g. flow conditions, flue gas composition, target products and

economics)[32].
Absorption
R
8
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Mono-ethanolamine (MEA) absorption is the most common technique used for
post-combustion CO2 recovery, with two segments of absorption and stripping

/ desorption, as shown in Figure. 4.
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Fig. 4. PFD for chemical CO2 absorption system

It has the ability to achieve a high level of CO2 capture (more than 90%) of
flue gas by rapid kinetics and strong chemical reactions. There are, however,
some residual shortcomings that need to be discussed, including solvent
deterioration, oxidation and solvent regeneration efficiency[33]. Amines are
corrosive and susceptible to trace constituent degradation (in particular SOx)
which severely restricts the application of this technology. According to the
study of Rao and Rubin [34], solvent oxidation leads to about 10% of the total
cost of CO2 capture. There are two main types of deterioration:

Thermal degradation which happens under situations of high temperature and
strong partial CO2 concentration.

Oxidative oxidation, mostly due to the presence of a large amount of O2 in the
flue gas.

Many impurity gasses (e.g. SOx and NOx) can also induce solvent oxidation.

Volatile elements may be released into the air and are potentially harmful. In
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fact, the recovery of chemical solvents involves a significant amount of energy
(approximately 4—6 MJ / kg of CO2) [35].

Adsorption

Figure. 5 indicate the standard configuration of the external adsorption of CO2.

[14]
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Fig. 5. PFD for the CO2 capture by adsorption proccsses

As shown in the graph, a pretreatment phase is required prior to the adsorption
of CO2. Each of the adsorption chambers are filled with a strong adsorbent (i.e.
activated charcoal, zeolites, or natural metal frames, etc.)[36, 37]. There are
normally two or three adsorption chambers throughout the entire process, such
that, during service, one chamber receives the feed for adsorption, the second
chamber desorbs the CO2 collected, and the third chamber is on standby to
receive the feed[38]. The device can therefore run continuously. To date, many
CO2 adsorption systems are thought to be dry methods. Certain drawbacks that
render this system less effective are [39-41]:

Low CO2 selectivity and efficiency in the usable adsorbents.

Poorer processing performance relative to other techniques such as absorption
and cryogenics.

Recycling and reusability of adsorbents.

Membranes

10
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Membranes are a relatively new separation technique and have been
investigated for CO2 capture in recent years. As a viable option, membrane-
based technology has become a competitive process for trapping CO2 due to
its usability, energy efficiency and eco-friendliness [42-44]. Figure. 6 indicates
a two-stage membrane separation technique utilizing most of the permeate as
a sweep, where 70 per cent of the permeate from the first-stage membrane is
fed to the second-stage membrane as a feed, and the remaining 30 per cent of
the permeate is re-circulated as a sweep to the first-stage membrane[45], while
5 per cent of the permeate from the second-stage membrane is re-circulated as
a sweep. This distribution corresponds to approximately 5% of the feed flow

rate at each respective membrane stage[45].

Cmpl:%m
&

! e Flue

wll

Cooker-1 Fan Gas
5 ( 4
7 10 il TEE-2
TEEA Ceoker-2
G 7 8 e
CIRQIBSSOL 14
= HhemhTae=> Regenerative
Membrane-1 6 Miser 8%

:@w’{nydc
Pump-1

- "
ETyCE

Pump-2

Fig. 6. PFD for the CO2 capture by membranes

Nevertheless, there are also some negative effects which hinder the final use of
membranes [46-48]. First of all, membranes have specific temperature criteria.
Their systems will be demolished easily as the temperature of the flue gas

reaches 100 © C [48]. In the meantime, membranes are prone to corrosive gases
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(e.g. SOx, NOx and H2S); thus, pre-treatment prior to membrane separation is
important. Membrane performance over long-term service is difficult to
maintain. Most membranes do not have longevity in the practical conditions of
the industry and fail quickly, which is one of the greatest challenges for their
potential application in industrial practice[49]. In addition, when the
concentration of CO2 in the feed stream is diluted (below 20%), several steps
and/or reuse of one of the feed streams are also needed

Chemical looping cycle

Chemical-looping combustion (CLC), suggested by Richter and Knoche [50],
splits combustion into intermediate oxidation and reduction reactions, which
are conducted simultaneously by a solid oxygen carrier flowing between the
separate sections. Small metal oxide fragments, such as Fe203, NiO, CuO and
Mn203[ 55,56], are ideal oxygen carriers. The simple CLC process with two

reactors, one for air and gas, is shown in Figure. 7.
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Fig. 7. PFD for the CO2 capture from by CLC process.
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The oxygen carrier is circulating between the reactors. The carrier is oxidized
by hydrogen in the water reactor. The metal oxide in the fuel reactor is reduced
by the fuel that is oxidized to CO2 and H20. The key benefits of CLC can be
summed up as[13, 51]:

The exhaust gas from the air reactor is primarily N2 and is therefore innocuous.
The fuel reactor exhaust gas stream is composed of CO2 and H20O; thus, the
CO2 can be easily separated by a condenser that avoids the energy penalty of
the traditional absorption technology and reduces the capital cost.

Currently, the majority of CLC processes have been tested only on a laboratory
scale, and there are few large-scale demonstrations of this technology. In the
meantime, some significant problems persist throughout existing processes
(e.g. loss of stabilization of the oxygen carrier and poor redox kinetics)[52]. In
fact, desulfurization of the fuel is also necessary in order to stop the carrier
from sulfating

Microalgae

At present, CO2 bio-fixation through microalgae has gained tremendous
traction due to its high photosynthetic efficiency, which makes it possible to
bio-fix CO2 more efficiently than in terrestrial plants[53, 54]. A description
method for the fixation of CO2 microalgae and the processing of biodiesel is
presented in Figure. 8. The microalgae capture system has the following
benefits[55-57]:

It is an environmentally sustainable method;

This makes direct use of solar energy.

It co-produces high-value substances from biomass, such as human food and
animal feed.

Due to a lack of awareness of the microalgae CO2 fixation cycle, many
problems are usually ignored (such as the need for an inorganic nutrient supply
and the intense resources used in the production, processing and drying of
microalgae biomass)[58-60]. The implications of these limitations will

contribute to a negative CO2 and energy balance for the life-cycle of the
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biodiesel output from microalgae. Apart from that, the poor CO2 solubility in

water is another issue that needs more study.

CONCLUSION

There are many ways and strategies to get rid of atmospheric carbon dioxide
such as absorption and adsorption, membranes and chemical rings, moisture
and the use of enzymes. This paper aims to shed light on simulating the famous
techniques used for CO2 Capturing from atmosphere using the HYSYS
program by taking an overview of previous research that dealt with carbon
dioxide disposal technologies in order to facilitate the required modifications
of these technologies to reach them To the highest possible levels of
performance.

ACKNOWLEDGMENTS

I feel always indebted to Allah, the most merciful and most compassionate and
I ask him to make this paper useful for all who read it. I would like to express
my extreme gratitude to all those who contributed practically and morally to
the achievement of this paper. No words can adequately express my sincere
appreciation to Prof. Dr. Mostafa Nasr, Dr. Wageeh Elaskary Dr.Hasnaa
Elarwash and for their patience, motivation, and immense knowledge. I would
also like to thank all the professors and staff members of I would also like to
thank all the professors and staff members of andria Higer Inestetute for

Engineering and technology (AIET), and everyone who cooperated with me in

this work.
REFERENCES
1. (IEA), I.LE.A. CO2 emissions from fuel combustion highlights. 2019;

Available from:
http://www.iea.org/publications/freepublications/publication/.

2. Stewart, C., M.-A.J.E.C. Hessami, and management, A study of
methods of carbon dioxide capture and sequestration—the sustainability
of a photosynthetic bioreactor approach. 2005. 46(3): p. 403-420.

14

Al)l Researc h lourna | Mahmoud S
ISSN 2766-83673 \/ 1 -=Issue 1 Nov. 2020

httne*//recearchnetwork 11 httne//doi ors/10 BA773/cnivyh?lF



https://researchnetwork.us/
https://doi.org/10.66773/cpjyxh35
http://www.iea.org/publications/freepublications/publication/

ANAIVYTICAI S<TIIDY FORCOMMON CO?2 CAPTIIRFTFCHNOI OGIF]

3. Li, L., et al., Areview of research progress on CO2 capture, storage,
and utilization in Chinese Academy of Sciences. 2013. 108: p. 112-130.

4. Amrollahi, Z., et al., Optimized process configurations of post-
combustion CO2 capture for natural-gas-fired power plant-Power plant
efficiency analysis. 2012. 8: p. 1-11.

5. Zhou, K., et al., Alternative materials in technologies for Biogas
upgrading via CO2 capture. 2017. 79: p. 1414-1441.

6. Alonso, A., et al., Critical review of existing nanomaterial
adsorbents to capture carbon dioxide and methane. 2017. 595: p. 51-62.

7. XuJ, W.Z., Zhang C, et al., Parametric analysis and potential
prediction of membrane processes for hydrogen production and pre-
combustion CO2 capture. Chem Eng Sci ;135:202-16, 2015.

8. Liu, Y., et al., Energy-saving pathway exploration of CCS integrated
with solar energy: A review of innovative concepts. 2017. 77: p. 652-669.

9. Martynov, S., et al., Impact of stream impurities on compressor
power requirements for CO2 pipeline transportation. 2016. 54: p. 652-
661.

10. Song, C., et al., Reducing the energy consumption of membrane-
cryogenic hybrid CO2 capture by process optimization. 2017. 124: p. 29-
39.

11. Skaugen, G., et al., Techno-economic evaluation of the effects of
impurities on conditioning and transport of CO2 by pipeline. 2016. 54: p.
627-639.

12. Ali, U., et al., Comparative potential of natural gas, coal and
biomass fired power plant with post-combustion CO2 capture and
compression. 2017. 63: p. 184-193.

13. Olajire, A.A.J.E., CO2 capture and separation technologies for end-
of-pipe applications—a review. 2010. 35(6): p. 2610-2628.

14. Dai, Z., et al., Recent advances in multi-layer composite polymeric
membranes for CO2 separation: A review. 2016. 1(2): p. 102-128.

15

Alll Receare h louirna | Mahmoud S

ISSN 2766-8872 \/ 1 lecqria 1 Nov 2020

httne*//recearchnetwork 11 httne//doi org/10 BAE773/cnivx



https://researchnetwork.us/
https://doi.org/10.66773/cpjyxh35

ANAIVYTICAI S<TIIDY FORCOMMON CO?2 CAPTIIRFTFCHNOI OGIF]

15. Nandi, S., et al., A single-ligand ultra-microporous MOF for
precombustion CO2 capture and hydrogen purification. 2015. 1(11): p.
e1500421.

16. Hedin, N., et al., Adsorbents for the post-combustion capture of
CO2 using rapid temperature swing or vacuum swing adsorption. 2013.
104: p. 418-433.

17. Tonziello, J. and M.J.E.P. Vellini, Oxygen production technologies
for IGCC power plants with CO2 capture. 2011. 4: p. 637-644.

18. Leung, D.Y., et al., An overview of current status of carbon dioxide
capture and storage technologies. 2014. 39: p. 426-443.

19. Oh, S.-Y., et al., Energy minimization of MEA-based CO2 capture
process. 2016. 169: p. 353-362.

20. Abu-Zahra, M.R,, et al., CO2 capture from power plants: Part|. A
parametric study of the technical performance based on
monoethanolamine. 2007. 1(1): p. 37-46.

21. Belaissaoui, B., D. Willson, and E.J.C.E.J. Favre, Membrane gas
separations and post-combustion carbon dioxide capture: Parametric
sensitivity and process integration strategies. 2012. 211: p. 122-132.

22. Song, C., et al., Natural gas purification by heat pump assisted
MEA absorption process. 2017. 204: p. 353-361.

23. D'Alessandro, D.M., B. Smit, and J.R.J.A.C.1.E. Long, Carbon dioxide
capture: prospects for new materials. 2010. 49(35): p. 6058-6082.

24. Ramdin, M, et al., State-of-the-art of CO2 capture with ionic
liguids. 2012. 51(24): p. 8149-8177.

25. Kather, A. and S.J.I1.J.0.G.G.C. Kownatzki, Assessment of the
different parameters affecting the CO2 purity from coal fired oxyfuel
process. 2011. 5: p. S204-S209.

26. Ma, Y., et al., Molybdenum carbide as alternative catalyst for
hydrogen production-A review. 2017. 75: p. 1101-1129.

27. Deng, X., et al., Hydrogen flow chart in China. 2010. 35(13): p.
6475-6481.

e
16

Alll Receare h louirna | Mahmoud S

ISSN 2766-8872 \/ 1 lecqria 1 Nov 2020

httne*//recearchnetwork 11 httne//doi org/10 BAE773/cnivx



https://researchnetwork.us/
https://doi.org/10.66773/cpjyxh35

ANAIVYTICAI S<TIIDY FORCOMMON CO?2 CAPTIIRFTFCHNOI OGIF]

28. Stanger, R., et al., Oxyfuel combustion for CO2 capture in power
plants. 2015. 40: p. 55-125.

29. Mathekga, H., B. Oboirien, and B.J.l.J.0.E.R. North, A review of oxy-
fuel combustion in fluidized bed reactors. 2016. 40(7): p. 878-902.

30. Escudero, A.l., et al., Minimization of CO2 capture energy penalty
in second generation oxy-fuel power plants. 2016. 103: p. 274-281.

31. Belaissaoui, B., et al., Hybrid membrane cryogenic process for
post-combustion CO2 capture. 2012. 415: p. 424-434.

32. Miller GQ, S.J., Selection of a hydrogen separation process. In:
Proceedings of the NPRA annual meeting. San Francisco, CA, USA, 1989.

33. White CM, S.B., Granite EJ, Hoffman JS. J Air Waste Manag Assoc
2003;53:645-715, Separation and capture of CO2 from large stationary
sources and sequestration in geologic formations-coal beds and deep
saline aquifers.

34. Rao, A.B., E.S.J.E.s. Rubin, and technology, A technical, economic,
and environmental assessment of amine-based CO2 capture technology
for power plant greenhouse gas control. 2002. 36(20): p. 4467-4475.

35. Brunetti, A., et al., Membrane technologies for CO2 separation.
2010. 359(1-2): p. 115-125.

36. Gao, W., et al., Molten salts-modified MgO-based adsorbents for
intermediate-temperature CO2 capture: A review. 2017. 26(5): p. 830-838.

37. Samanta, A., et al., Post-combustion CO2 capture using solid
sorbents: a review. 2012. 51(4): p. 1438-1463.

38. Thiruvenkatachari, R., et al., Post combustion CO2 capture by
carbon fibre monolithic adsorbents. 2009. 35(5): p. 438-455.

39. Yancheshmeh, M.S., H.R. Radfarnia, and M.C.J.C.E.J. lliuta, High
temperature CO2 sorbents and their application for hydrogen production
by sorption enhanced steam reforming process. 2016. 283: p. 420-444.

40. Ebner AD, G.M., Chisholm NG, Black QT, Mumford DD, Nicholson
MA, et al., Suitability of a solid amine sorbent for CO2 capture by pressure
swing adsorption. . Ind Eng Chem Res;50:5634-41, 2011.

17

Alll Receare h louirna | Mahmoud S

ISSN 2766-8872 \/ 1 lecqria 1 Nov 2020

httne*//recearchnetwork 11 httne//doi org/10 BAE773/cnivx



https://researchnetwork.us/
https://doi.org/10.66773/cpjyxh35

ANAIVYTICAI S<TIIDY FORCOMMON CO?2 CAPTIIRFTFCHNOI OGIF]

41. Bamdad, H., et al., A review on common adsorbents for acid gases
removal: focus on biochar. 2018. 81: p. 1705-1720.

42. Vinoba, M., et al., Recent progress of fillers in mixed matrix
membranes for CO2 separation: A review. 2017. 188: p. 431-450.

43. Sreedhar, |, et al., Process and engineering trends in membrane
based carbon capture. 2017. 68: p. 659-684.

44, Evangelos PF, F.K., Sergios KP, Andreas AS, Athanasios CM.;, A
review of the latest development of polyimide based membranes for CO2
separations. React Funct Polym. 2017.

45, Hussain A, H.M.A.J.M.S., feasibility study of CO2 capture from flue
gas by a facilitated transport membrane. 2010.

46. Ho MT, A.G., Wiley DE. Reducing the cost of CO2 capture from flue
gases and u.m.t.l.E.C.R. 2008;47:1562-8.

47. Dai, Z., et al., Precombustion CO2 capture in polymeric hollow
fiber membrane contactors using ionic liquids: porous membrane versus
nonporous composite membrane. 2016. 55(20): p. 5983-5992.

48. Wang, M., et al., Recent advances on mixed matrix membranes for
CO2 separation. 2017. 25(11): p. 1581-1597.

49, Zhang, Y., et al., Current status and development of membranes
for CO2/CH4 separation: Areview. 2013. 12: p. 84-107.

50. Richter HJ, K.K.R.0.c.p.A.S.S. and 1983;235:71-85.

51. Adanez, J., et al., Progress in chemical-looping combustion and
reforming technologies. 2012. 38(2): p. 215-282.

52. Solunke RD, V.G.l.d.w.C.-c.i.c. and c.F. 2011;90:608-17.

53. Lam, M.K., KT. Lee, and A.R.J.I.J.o.G.G.C. Mohamed, Current
status and challenges on microalgae-based carbon capture. 2012. 10: p.
456-469.

54, Razzak, S.A., et al., Biological CO2 fixation with production of
microalgae in wastewater—a review. 2017. 76: p. 379-390.

18

Alll Receare h louirna | Mahmoud S

ISSN 2766-8872 \/ 1 lecqria 1 Nov 2020

httne*//recearchnetwork 11 httne//doi org/10 BAE773/cnivx



https://researchnetwork.us/
https://doi.org/10.66773/cpjyxh35

ANAIVYTICAI STLIDY FORCOMMON CO?2 CAPTIIRETFCHNOI OGIFS

55. Pires JCM, A.-F.M., Martins FG, Simbes M. Carbon dioxide capture,
f.f.g.u.m.e.a.a.b. concept., and R.S.E.R. 2012;16:3043-53.

56. Zhou, W.,, et al., Bio-mitigation of carbon dioxide using microalgal
systems: advances and perspectives. 2017. 76: p. 1163-1175.

57. Zeng, X., et al., Microalgae bioengineering: from CO2 fixation to
biofuel production. 2011. 15(6): p. 3252-3260.

58. Cheah, WLY., et al., Biorefineries of carbon dioxide: from carbon
capture and storage (CCS) to bioenergies production. 2016. 215: p. 346-
356.

59. Goli, A., et al., An overview of biological processes and their
potential for CO2 capture. 2016. 183: p. 41-58.

60. Kroumov, A.D., et al., A systems approach for CO2 fixation from
flue gas by microalgae—Theory review. 2016. 51(11): p. 1817-1832.

19

Al)l Researc h lourna | Mahmoud S
ISSN 2766-83673 \/ 1 lagile 1 Nov 2020

httne*//recearchnetwork 11 httne//doi ors/10 BA773/cnivyh?lF



https://researchnetwork.us/
https://doi.org/10.66773/cpjyxh35

