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Abstract- Among all environmental pollutions air pollution is severe which causes health and
environmental problems. Air pollution on the other hand caused from different fossil-fueled vehicles and
industries. This paper presents a system which reduces air pollution by capturing CO;and SO; and store
CO;and SO;. This proposed system reduces the CO; and SO; emissions from air of different fossil-fueled
vehicles, power plants and industries and as a consequences reduce global warming and agricultural
losses. This paper also represents membrane separation process with their corresponding advantages and
disadvantages which is most significant for CO; separation. Moreover, wet flue gas desulfurization is one of
the most efficient methods among all the processes for SO; separation and the separated CO; and SO; is
used for different purposes in industry. However, due to rapid industrialization in recent years, this
proposed system is significant to reduce global warming and health diseases by reducing CO: and SO; from

fossil-fueled vehicles, power plants and industry.

Keywords: air pollution, fossil fuel, global warming, membrane separation and desulfurization

1. INTRODUCTION

Different environmental pollutions like air pollution,
water pollution, land pollution, solid wastes and
deforestation occur due to rapid industrialization and
globalization. However, among all this pollution
problems, air pollution is a major concern nowadays and
air pollution’s causes health problem, mortality, soil
damage and so on [1]. Moreover, particulate air pollution
causes asthma, respiratory diseases and cardiovascular
disease problems [2] and reason behind this air pollution
are coal-fired power plants, fossil fueled vehicles, solid
wastes incinerator, a cement plant, steel industry, paper
industry, and oil shale industry which produces a lot of
solid waste residue and this solid waste residue produces
CO; which cause the main reason of air pollution [3]. On
the other hand, combustion of fossil fuel produces a huge
amount of CO, and this is one of the main energy sources
which supplies about 85% of the world’s energy supply
[4]. On the other hand, besides this statistics coal-fired
power plants operate for meeting 57 percent of energy
demand from 2004 to 2030 [5]. As a consequence,
fossil-fueled power plants are great contributors of air
pollution which emit carbon dioxide (CO), sulfur oxides
(SOx), nitrogen oxides (NOx), soot and particulate
matter [6]. However, fossil-fueled power plants emit
about 40 percent total CO, emissions but the main
contributors are coal-fired power plant, vehicles and fuel
operated industry [7]. As CO, emissions have a great

impact on global climate because the global
concentration of CO in the atmosphere is increasing day
by day and thus greenhouse gases and greenhouse effect
is also increasing significantly in this decade [8]. Among
all the greenhouse gases, CO; is the largest contributor
for increasing earth’s temperature which has the effect
more than 60% of global warming as the amount of
emission is too high [9]. Increasing earth’s temperature
causes a lot of natural disasters like floods, hurricanes, an
increase in sea water level, droughts and widespread
melting of ice and snow which are threatened to
ecological systems and human life [10]. As a result, these
make the gas stream acidic and corrosive which reduces
the possibility of gas compression and the transport
within the transportation system [11]. Moreover, human
activity emits CO, which is in the order of 7 Gt/a in the
late 1990s and thus CO, capture and storage (CCS)
technology is required [5]. For this, this paper presents a
solution to capture and reduce the amount of CO, and
SO, from different energy-related sources and industries.
In this regard, CO; transportation to a storage location
and long-term isolation from the atmosphere which is a
promising option that can reduce CO; emissions [12].
There are different types of CO, capture and storage
(CCS) systems like pre-combustion, post-combustion,
oxy-fuel combustion and different industrial separation
techniques [13]. Post-combustion capture is a
significant technology as this process captures the CO>
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from flue gases of different fossil fuel and coal-fired
power plants [14]. Developing the CCS technologies is
important which is a good option for the global demand
of CO; reduction [15]. This paper represents an effective
CO; capture and storage technology with its advantages
and disadvantages for post-combustion capture on the
basis of cost-effectiveness at the typical temperature,
pressure, and composition of flue gases which is an
effective solution to air pollution. Industries also emit
flue gas which contains large amount of sulfur dioxide
(SO,) where agricultural lands damage due to the great
impact of SO, emission. Agricultural losses due to air
pollution are mainly yielded losses caused by increased
levels of SO, (European Commission, 2005) [16]. Thus,
this paper also proposed a system where SO- is separated
from the air and reserved in the cylinder for using in
different industrial purposes.

2. METHODOLOGY

Air of the Industry
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Fig.1: proposed schematic system

At first, fans are set at the top of the power
plants/industry since heated air remains at the upper side
of the room. Then these fans collect the air and release it
to the system and in the system CO, separation tank
captures CO, which is separated from air according to
the following processes of CO; separation. After that, the
remaining air passes to the SO, separation tank, and it is
separated SO, from the air according to the following
process of SO, Separation. Then the remaining gas
passes to the environment and finally CO, and SO; is
collected in the cylinders of system and is used for
different purposes. Mainly different industries emit the
CO; but the fossil fuel power plants emit a great amount
of CO, which is about 33-40 percent of the total amount
of CO; [5]. CO;separation is greatly required for
reducing the global warming of the environment. There
are different ways of CO, separation process for the
post-combustion capture such as an absorption process,
adsorption process, cryogenic distillation process and

membrane separation process [17]. Among all this
process membrane separation process is the most
effective process, and this paper presents only membrane
separation process for CO, separation.

21 CO; Capture Based on Membrane
Separation Process

Membrane separation process has been used for CO,
separation in different industries since the last two
decades. In membrane separation process, CO; is
separated based on pressure. Usually in flue gases, the
pressure is too low and so in the membrane process for
separating CO, the driving force is too low. When the
concentration of CO; in the feed mixture increases, then
it can separate more CO, [18, 19]. The particular gas
diffusion through a membrane depends on the nature
of the species and the interaction between membrane and
species, and the membrane’s chemical and physical
properties [20]. Membranes are formed as hollow fibers
arranged in the tube-and-shell configuration, or as flat
sheets, which are typically packaged as spiral-wound
modules [21]. There are a lot of advantages of using
membrane separation processes as the equipment which
is used in this process is simple, compact, relatively easy
to operate and control, a clear process and easy to scale
up [22, 23]. Besides this, the membrane equipment is
compact, allowing for multistage operation, lightweight
and no need for chemicals or regenerations of any
absorbent in this process but require low maintenance
[24]. The main disadvantages of using this process are
too much energy is required for post-combustion CO;
capture, CO; separation from SOx and NOx is low and
for high flow rate applications, this process is not suitable
[25-27]. For post-combustion CO, capture, this
membrane should have some specifications such as high
CO; permeability, high chemical, and thermal stability,
high selectivity for CO, separation from flue gases,
resistant to aging, resistant to plasticization,
cost-effective, the low production cost for different
membrane modules [28, 29]. Porous inorganic
membranes,  palladium  membranes, polymeric
membranes, and zeolites membranes are mainly used for
separating CO, from gases. In conventional CO;
separation processes inorganic or polymeric membrane
separation processes are expected to be more efficient
[30,31].

211 CO; Capture Based on Polymeric
Membrane

Polymeric membrane process is used in a different
industry for separating CO; gas. Gas separation by the
polymeric membrane is usually performed on dense
homogenous membranes. By performing on the dense
homogeneous membrane there is a close relationship
between the permeability with the intrinsic permeability
of the polymer [5]. The selective layer of the polymeric
membrane is a nonporous film. This nonporous film
transports gases across by the solution-diffusion
mechanism [17]. In the polymeric membrane, there are
gaps remaining present between the polymeric
structures. In the polymeric structure, there is the
movement of polymer chains. A channel between gaps
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can be formed because of the movement of the polymer
chains. This channel allows gas molecule to move from
one gap to another gap. Thus, in the membrane structure
gas molecules can effectively be diffused. Polymers
which form channels of a certain size can be used for the
selective transport of gases. Gases will diffuse faster
through a membrane by using large channels. Here the
gas diffusion will be done at the less selectivity [5].
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Fig.2: Examples of polymer molecular structures used
for CO; separation [29]

212 CO; Capture Based on Inorganic
Membrane

In membrane reactors, fuel cells and other
high-temperature separations the demand of an inorganic
membrane is too much. Thus, the development of the
application of an inorganic membrane is growing faster
than other processes [30, 31]. Based on structure the
inorganic membranes are two types namely porous
inorganic membrane and dense inorganic membrane. In
porous inorganic member a porous thin top layer is cast
on porous metal or ceramic support in porous inorganic
membranes which gives mechanical strength but
provides minimum mass transfer resistance. However,
among all the inorganic membranes the zeolite
membrane is the most important one and zeolite
membranes have unique properties like size selectivity,
chemical and thermal stability. For this reason, zeolite
membranes are more expensive compared to other
polymeric membranes [32-34]. There are limitations for
the wide applications of dense inorganic membranes
compared to porous inorganic membranes because in
dense inorganic membranes the permeability is too low.
In porous inorganic membranes, there are four main
transport mechanisms for separating gases. They are

Knudsen diffusion, surface diffusion, capillary
condensation and molecular sieving [20, 35]. The
Knudsen diffusion is best defined as the ratio of the flow
of species A to that of species B as given by the inverse of
square root of their molecular weight ratio [36].This
process occurs in gas phase through pore sizes of
membranes with a diameter d, which is smaller than the
mean free path dimensions of molecules, A, in the gas
mixture and so the Knudsen number (A/d) is much greater
one compared to other [20]. Thus, in the narrow pore
channel the molecules don’t collide with each other but
collide with the surface of the wall [24]. As the molecular
weights of gaseous species are between 10 and 100, the
separation selectivity of this Knudsen diffusion is too
low [36]. Thus, for commercial purposes these
membranes are not attractive for their low selectivity
[37]. For capillary condensation to occur in porous
solids, multilayer diffusion is a prerequisite where
species adsorb in several layers. Initially, the gas vapor
mixture permits through pores of porous inorganic
membranes, and then the vapor species condense in the
pores at a pressure lower than the saturation pressure at a
given temperature. The multilayer diffusional flux is
much larger than the gas phase flux. When the pore is
blocked by condensate, preventing gas transport of other
components of the gas vapor mixture, increased
selectivity does occur. The condensation pressure
depends on the pore size, shape and strength of the
interaction between the fluid and pore walls [20].
Molecular sieving takes place when pore diameters are
very small; allowing the permeation of only the smaller
molecules through the pores of porous inorganic
membranes while larger molecules cannot enter these
pores where a selective separation based upon size
exclusion is achieved [20, 38]. High selectivity and
permeability are exhibited for smaller component of a
gas mixture [39]. Zeolites, porous glass, micro porous
silica, and molecular sieve carbons are typical examples
that exhibit molecular sieving properties [40].
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Fig.3: Transport mechanism through micro porous
membranes [20]

2.2 SO, Separation Process

Fossil fuel power plants usually emit flue gases
[41-43] which contains large amounts of sulfur dioxide
(S0.) and other pollutants [44]. Flue gas desulfurization
is required for reducing sulfur dioxide. Researchers are
actively exploring for the desulfurization process
[44-47]. Wet flue gas desulfurization is one of the most
efficient methods among all the conventional
technologies which is mainly based on limestone [48].
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The highest absorption of SO is 1.63g SHA-Na is 0.946
mmol in the process, which is translated to 0.037g SO,
g—1 SHA-Na. For effective desulfurization, pH of the
absorption solution should be above 3.5 in this process.
The products of this process were characterized by
Fourier transform infrared spectroscopy and X-ray
diffraction. Sludge humic acid sediment is the main
product of the desulfurization, which can be used as
fertilizer components [11]. Sludge sodium humate
(SHA-Na) can be extracted from sludge by using alkaline
treatment method [49]. There is a process for the removal
of SO, from flue gas by using absorption solution from
sludge treatment and produce fertilizer. The process is
shown in Figure 4 which includes following processes
(a) excess sludge is disintegrated by sodium hydroxide in
a stirred reactor at the temperature of 313K. (b) The
disintegrated sludge is centrifuged, and the supernatant is
concentrated through a membrane filter to spray into a
desulfurization tower. (c) SO can be absorbed by
SHA-Na in the desulfurization tower. The
desulfurization liquid, which mainly contains sludge
humic acid (SHA) and H,SO3, flows into the reactor. (d)
In the reactor, SO32— is oxidized to SO42— through
diffused aeration. (e) Afterward, action liquid from the
reactor flows into a sedimentation tank and stands for
12h. Due to the poor solubility of SHA, SHA may be
separated as sediment from an acidic solution. The
separated SHA can be used as a kind of material for
compound fertilizer after drying in a spray dryer. From
the above process, it is believed that the removal of SO,
by the supernatant from alkaline sludge treatment is a
resourceful type of environmental protection technology
for FGD [11].
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Fig.4: Simplified scheme of application of the SHA-Na
for flue gas desulfurization [11].

3. RESULTS AND DISCUSSION

Figure 5 and Figure 6 represents relation between
diameter and separation degree of CO, for process
selectivity’s 25 and 55 respectively with CO; purity
requirements of 80 and 90 mol percent respectively and
the operating conditions are feed CO, molar fraction 14
mol percent, feed flow 100 m3 h—1, permeate vacuum 30
mbar and 55 mbar respectively.
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Fig.5: Separation degree (%) vs area (m?) of single-stage
membrane [13]
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Fig.6: Separation degree (%) vs area (m?) of single-stage
membrane [13]

From Figure 5 and Figure 6 it is seen that, separation
degree increases with the increase of area of membrane
separator. On the other hand, for SO, separation, sludge
sodium humate in the supernatant after alkaline sludge
treatment shows great performance in SO, absorption
which is the main technology for reducing SO
emissions. The desulfurization product contains mainly
sludge humic acid sediment which can be used as
fertilizer components.
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flow,0.12m3/h; absorption solution, 100 mL;02, 5 vol%;
298K) [11].

Figure 7, shows the SO, separation efficiency (%) with
respect to time of 2000 ppm, 2500 ppm and 3000 ppm of
SOy in outlet flue gas.

4. CONCLUSIONS

A system has been proposed in order to reduce CO»,
SO, pollution from fossil-fueled power plants and
industries which is significant for future decades.
Membrane separation processes is the major technology
in industries where budget is limited, and it provides
several advantages over other conventional separation
processes like simplicity, better selectivity, good
separation performance with high thermal and chemical
stability, higher permeability, space-saving, easy to
scale-up technology, and energy saving. On the other
hand, SO, is too harmful which has a great effect on the
health of the workers, agricultural lands and in different
sectors. For SO, separation wet flue gas desulfurization
is one of the most effective methods among all the
technologies and the desulfurization product can be used
as a useful fertilizer. If our proposed system can be used
in different industries and fossil-fueled power plant, then
all these CO; and SO, emissions would be reduced and
thus mitigates global warming, human health, and
agricultural problems.
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