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Abstract

Air pollutants (e.g., NO,, SO,) emitted from coal-fired power plants in China have been effectively controlled by Air Pollution Control Devices (APCDs) since 1996.
However, the gas organic pollutants (typically Volatile Organic Compounds (VOCs) and Polycyclic Aromatic Hydrocarbons (PAHs)) have been overlooked for a long
time. In this study, based on the life cycle assessment method, the effect of APCDs (mainly Selective Catalytic Removal (SCR), Electrostatic Precipitator (ESP),
Wet Flue Gas Desulfurization (WFGD), and Wet Electrostatic Precipitator (WESP)) on gas organic pollutants (without methane) from three typical coal-fired power
plants in China has been evaluated in terms of direct emission removal and indirect emissions. Detecting the gas organic pollutants concentrations at the inlet and
outlet of APCDs in these three cases, it is found that the total direct emission removal efficiency is up to more than 71.97%, with SCR'’s contribution being the highest.
However, the manufacture and equipping of APCDs will lead to indirect emission of gas organic pollutants. The result shows that the SCR system is also the main process
that induces indirect emissions of gas organic pollutants, associated with the utilization of liquid ammonia and catalyst. Compared to the direct emission of gas organic
pollutants, indirect gas organic pollutants emissions can not be ignored. The calculation of net emission removal and the degree of co-effects shows that APCDs can
reduce gas organic pollutants, which results in reducing the photochemical ozone creation potential of 1.81 E—06~5.93E—06kg(Eme"e eq_)/MW-h and human toxicity potential
of 2.51E-03~8.06E-03kg ocseq )/MW~h.
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Introduction

Existing Air Pollution Control Devices (APCDs) which are
deployed in coal-fired power plants are capable of effectively
removing conventional air pollutants (e.g., NO,, SO,) [1].
However, as the awareness of serious regional effects of
air pollution grew, new challenges emerged in reducing
unregulated air pollutants emission, especially gas organic
pollutants (e.g., Volatile Organic Compounds (VOCs), Polycyclic
Aromatic Hydrocarbons (PAHs)). VOCs are organic compounds
with a vapor pressure greater than or equal to 0.01 kPa at room
temperature or a boiling point lower than or equal to 250 °C
(sometimes 260 °C) at atmospheric pressure [2,3]. PAHs are a
series of organic pollutants which mainly consist of two to seven
condensed aromatic rings [4]. These gas organic pollutants are
precursors for the formation of secondary aerosols and ozone,
which are very important to the formation of complex air
pollution such as ozone pollution and haze [5]. In North China
where coal is the main energy source for electricity and heat,
the rate of excellent and good air quality is only about 50% [6].

More significantly, previous studies indicated that because
of the carcinogenic, teratogenic and mutagenic effects of
organic pollutants, complex air pollution mainly caused by
organic pollutants may lead to severe health effects, which
may result in 1.2 million premature deaths each year [7-9].

Gas organic pollutants emissions from coal-fired plants in
China can not be ignored. In China, raw coal production still
accounts for 69.3% of total energy production in 2018, and
coal-fired power generation accounts for about 60% of the
total electricity generation [10]. It is shown that approximately
4.1% of VOC emissions from industrial sources are due to
power generation, and the proportion will keep increasing in
the future [11]. Considering the huge consumption of coal each
year in China, the gas organic pollutants emissions of coal-
fired power plants (CFPPs) should be taken into account in the
light of controlling atmospheric pollutants.

In China, due to more and more strict rules on air pollution
control, most coal-fired power plants have adopted ultra-
clean emission flue gas treatment technologies, which include
Selective Catalytic Removal (SCR), Electrostatic Precipitator
(ESP), Wet Flue Gas Desulfurization (WFGD), and Wet
Electrostatic Precipitator (WESP). It is effective in controlling
conventional gas pollutants through these technologies. And
the removal efficiency of NO,, SO,, and particulate matter can
reach about 90%, 98% and 99% respectively [12-14]. In recent
years, many researchers have begun to explore the impact of
these technologies on reducing the gas organic pollutants led
by VOCs and PAHs. Cheng, et al. found that total hydrocarbon
concentration decreased by 60% once the flue gas passed
through the SCR device [15].

In some studies, NH3-SCR catalysts (VZOS—WO3/TiOZ) were
successfully used to remove some gas-phase coal-burning
organic pollutants effectively, such as benzene, toluene,
chlorobenzene, polychlorinated biphenyl, chlorophenol, and
dioxins [16-19]. Lee, et al. showed that during the SCR process,
C,H, and NO were removed simultaneously [20]. Based on the

flue gas test of the coal-fired power plant, Wang, et al. found
there was an apparent improvement in Polycyclic Aromatic
Hydrocarbons (PAHs) removal by WFGD, especially low-
volatility 5-ring and 6-ring PAHs [21]. In addition, Li, et al.
found that the removal effect of particulate-phase PAHs by
WEFGD was better than gas-phase PAHs. Meanwhile, they found
that the WESP could remove some gas-phase PAHs, but after
the WESP, the 5-ring and 8-ring components concentration in
the particles has increased [8]. The previous study found that
the low-low-temperature electrostatic precipitators had a good
removal effect on PAHs, but the general ESP removal effect on
PAHs is not ideal and selective [22,23].The total non-methane
VOC concentration can increase by 17.3% after passing through
the ESP system. This increase may be related to the secondary
reaction between unburned carbon and VOCs [15,24]). To sum
up, in previous studies, the impact of APCDs on gas organic
pollutant emissions during coal-fired power generation were
mainly concentrated on direct emission removal, while the
indirect gas organic pollutant emissions were overlooked. It
is essential to comprehensively evaluate the impact of APCDs
of coal-fired power plants on the emission of gas organic
pollutants from a systematic perspective.

For life cycle assessment, there are a few studies on the
life cycle assessment of gas pollutants control technologies
that are used in coal-fired power plants. Liang, et al. studied
the environmental impact of the SCR technology, and found
the effect of acidification of the SCR technology is the highest
amongst all environmental impact [25]. Feng, et al. used the
EDIP method to evaluate the environmental impact of two
desulfurization technologies (circulating fluidized bed flue gas
desulfurization (CFB-FGD) and WEFGD), and found that WFGD
was relatively environmentally benign when compared with
CFB- FGD [26]. Pan, et al. studied the environmental impact of
ESP by exergy life cycle assessment, finding the environmental
impact potential was reduced by 99.84% through the ESP [27].
Cui, et al. studied the environmental and economic effect of the
total ultra-clean flue gas treatment process in coal-fired power
plant, and found that desulfurization power consumption was
an important factor in decreasing environmental effect and flue
gas treatment costs [28]. These studies underpin a foundation
for the life cycle assessment of APCDs in coal-fired power
plants. However, they did not focus on gas organic pollutants.

Thus the key process of APCDs in controlling gas organic
pollutants has not been revealed. Moreover, the gas organic
emissions are affected by the capacity of the generator [29,30],
but those previous study failed to evaluate this influence. To
sum up, there is still a gap in comprehensive knowledge on the
life cycle gas organic pollutants emissions of APCDs and the
associated environmental impacts.

This study is conducted to comprehensively evaluate the
life cycle of gas organic pollutant emissions inventory and the
associated environmental impact from APCDs in coal-fired
power plants. Taking three typical coal-fired power plant
generators in China as a case study, we explored the impact of
APCDs of different load generators on gas organic pollutants
emission removal and indirect gas organic emissions, based
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on life cycle inventory. By subtracting indirect emission from
direct emission removal, the net emission removal of gas
organic is calculated. Then, the life cycle impact assessment
based on net emission removal is assessed by the CML2001
method, mainly including human toxicity potential (HTP) and
photochemical ozone creation potential (POCP). Gas organic
pollutants emissions are focused on while methane emission
is excluded because it is more inert than other gas organic
pollutants in most photochemical reactions and the toxicity of
it can be ignored [31].

Methods
Goal and scope

The crucial goal of the present work is to evaluate the
impact of APCDs on gas organic pollutants removal and indirect
emissions in coal-fired power plants and the corresponding
environmental impacts.

In this study, 1 MW-h of electricity generated from the
coal power generation technologies is used as the functional
unit. To compare the generators of different capacity (300MW,
600MW, and 1000MW) and flue gas treatment technologies
(SCR, ESP, WFGD, WESP), three cases are selected and analyzed
in this study, as shown in Table 1.

System boundary

Because for each individual case, the removal of gas
organic pollutants will not be affected by the power generation
system. Therefore, the power generation system is excluded,
while APCDs are focused on the system diagram. The system
boundaries of each case included life cycle stages of the
construction of APCDs, raw material transportation, and the
operation of APCDs, which is shown in Figure 1. Case 1, Case
2, and Case 3 all contain SCR, ESP, WFGD, and WESP systems.

Due to the unavailability of the data acquisition process,

Table 1: General information on the three coal power generator cases.

Case 1 Case 2 Case 3
Location Zhejiang Energy Jiaxin Power Plant
Rated- load 300MW 600MW 1000MW
Operation-load 120MW 280MW 420MW
Boiler thermal efficiency 93.40% 93.67% 93.46%
APCDs SCR+ESP+WFGD+WESP
Flue gas
D Amiom |||
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Steel
Rubber
Cast iron gl 4 Esp Indirect emission
2 ;
Plastic 3 — A —

_ 3 g : pollutants !'Environmenlal
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Figure 1: Life cycle assessment diagram of APCDs in coal-fired power plants.

the following assumptions and exclusions are made: (1) ignore
the recycling water utilization, waste residue treatment,
and wastewater treatment process; (2) assume that the
transportation of raw materials (e.g., steel, aluminum, liquid
ammonia) is road transportation using trucks with a capacity
of 12 t, and the distance of transportation is 30 km [32]; (3) not
consider the decommissioning phases of APCDs.

Data sources

The material data of APCDs during the operation stage are
obtained from Zhejiang Energy Corporation, such as energy
consumption, water consumption, limestone, liquid ammonia,
etc. Data for the construction stage of APCDs is mainly from
engineering reports and literature [32,33)]. Direct gas organic
pollutant emissions data are obtained by onsite testing
and inspecting, which is conducted by Zhejiang University,
Research Center for Eco-Environmental Sciences, Chinese
Academy of Sciences, and NCS Testing Technology Co., LTD.
Gas chromatography-photo ionization detector (GC-PID)
and flame ionization detector (FID) are used to quantitatively
detect the concentration of gas organic pollutants at the inlet
and outlet of WFGD and WESP. The concentration of gas
organic pollutants at the inlet and outlet of SCR and ESP is
calculated by the removal efficiency of gas organic pollutants
by corresponding equipment [15,34].The gas organic pollutants
emission data of energy consumption during the construction
and operation of APCDs come from the Gabi database and
literature 35]. And all organic pollutants emission data of
industrial products (steel, aluminum, liquid ammonia, etc.) are
directly obtained from the Gabi life cycle database.

Methodology models

The life cycle gas organic pollutants emissions inventory
is evaluated from indirect emissions and direct emission
removal. Indirect emissions of gas organic pollutants during
the construction and operation stage of APCDs are calculated by
Gabi. Combined with the emission factor (EF) of the construction
input and the operation consumption (input) based on 1MW-h,
which is directly obtained from Gabi databases, the indirect gas

organic pollutants emission intensity of APCDs (I, ..) can be
calculated, which is shown in the following equation:
Lindirect = 2input; * EF; (1

The direct emission removal of gas organic pollutants per
1IMW-h by APCDs (I, emova) €an be calculated by equation 2,
where I . means the mass of gas organic pollutants at the
outlet of APCDs per iIMW-h; I, . means the mass of gas organic
pollutants. And net emission removal of gas organic pollutants
per IMW-h by APCDs (intensity of net emission removal: I ,

emovar) €A1 be calculated by the equation 3.

1

Idirect removal ~ Iinlet ~“outlet (2)

]net removal ~ ]direct removal ~ ]indirect (3)

And life cycle impact assessment is assessed by the CML2001
method. Based on CML2001 method, the environmental
impact of net emission removal by APCDs is calculated from
six environmental indicators: Abiotic Depletion Potential of
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fossil fuels (ADP fossil); Global Warming Potential (GWP);
Acidification Potential (AP); Eutrophication Potential (EP);
Photochemical Ozone Creation Potential (POCP); Human
Toxicity Potential (HTP).

Quantification of gas organic pollutants’ co-effects

In order to evaluate the synergistic effects of common air
pollutants and gas organic pollutants by APCDs, the degree of
co-effects (DCE) is defined as the degree of reduction of gas
organic pollutants by APCDs, which is calculated by equation
4, where a means gas organic pollutants, b means one kind of
common air pollutants (e.g., NO_, SO,, and PM), AEa equals the
gas organic pollutants emission reduction and AEb equals the
common air pollutants emission reduction (e.g., NO_, SO,, and
PM). If DCE >0, the emission reduction measure has positive
co-effects. If DCE<0, the emission reduction measure has
negative co-effects. And the higher the DCE is, the stronger
the co-effect is.

N>
DCE(alb) = —14 (4)

AE

Result
Indirect gas organic pollutants emission of APCDs

The life cycle assessment method is used to calculate
indirect gas organic pollutants emissions of APCDs in the three
cases. The results are shown in Table Si1. In the three cases, the
range of indirect gas organic pollutants emissions of APCDs
are estimated to be 2.46E-04 to 3.18E-04 kg/MW-h, which is
shown in Figure 2. And the total indirect gas organic pollutants
emissions of APCDs in a year have reached respectively
4.58E+02, 7.34E+02, and 1.44E+03kg. By comparing the three
cases, the total indirect gas organic pollutants emissions of
APCDs are increasing as the capacity of the generator increases.
This reason may be the scale of APCDs is bigger in the generator
of higher capacity. During the construction and operation
stage, APCDs consume more materials and energy, which has
led to increased emissions of pollutants. But for indirect gas
organic pollutants emissions for 1IMW-h, the higher-capacity
generator is lower, which means the environmental benefits of
the high-capacity generator is better.

As is shown in Figure 2, the largest share of gas organic
pollutants comes from the SCR operation stage, which is up
to more than 47% in all cases. In addition, the distribution
of gas organic pollutants emissions of WESP operation also
reach more than 27%. The distribution of ESP and WEGD are
respectively about 2% and more than 9%.

Figure 3 shows the distribution of the emissions of gas
organic pollutants from various materials during construction
and operation in detail. Among them, on the whole, the
emissions of liquid ammonia are the highest, which is up to
26%-~32%. In addition, the emissions of electricity, catalyst,
and NaOH are also relatively high, which account for more than
11%, 20%, and 19% of total indirect emissions, respectively.

Therefore, in order to reduce the emissions of organic
pollutants during the construction and operation of APCDs,
there is a need for further optimization of the production
process of liquid ammonia, catalyst and NaOH. And there is
also an increasing demand for energy use.

Analysis of the impact of APCDs on direct gas orga-
nic pollutants emissions

The result of the field test is shown in Table 2, which shows
the concentration of gas organic pollutants at the inlet and
outlet of WFGD and WESP in three cases.

From Table 3, the average removal efficiency of the gas
organic pollutants of WFGD in three cases are respectively
32.51%, 27.91% and 23.15%, respectively. And the average
removal efficiency of WESP in three cases are respectively
26.80%, 26.00%, and 22.28%. Compared to previous literature,
Li, et al. found the overall removal efficiency of WFGD for PAHs
belonging to gas organic pollutants was 27% [8].

The research of Cheng, et al. showed that the overall
removal efficiency of WFGD and WESP for VOCs reached 36.8%
[15]. Li, et al. also found the overall removal efficiency of WESP
for the organic components of condensable particulate matter
was 27.1% [8]. And WESP was selective for the removal of
PAHs, while the overall removal efficiency was about 52% [8].
Therefore, the result of the field test is relatively accurate. It’s
beneficial for the direct removal of gas organic pollutants by
WEGD and WESP.

Due to the limitation of test conditions, the concentration
of gas organic pollutants at the inlet and outlet of SCR was not
detected in this field test. This study has collected data from
the literature. Cheng, et al. found that the overall removal
efficiency of SCR for VOCs was about 60.7% in an ultra-low
emission power plant [15]. And Lu, et al. found the destruction
of benzene by SCR was up to more than 67% [20].

For ESP, the research of Cheng, et al. showed it had a
negative impact on the removal of organic pollutants, and
the concentration of VOCs increased by 17.3% after passing
through ESP [15]. Therefore, in this study, the overall removal
efficiency of SCR for gas organic pollutants is selected as 60%,
and the impact of ESP on gas organic pollutants is selected
to increase by 17.3%. In summary, the concentration of gas
organic pollutants at the inlet and outlet of SCR and ESP can be
calculated, which is shown in Table 3.

From the perspective of total emissions of gas organic
pollutants, Case 2 is the lowest of the three cases. The reason
for the result is that in three cases, the operating load is
different from the rated load. The operating load of three
cases is respectively 120, 280, 420MW, and the boiler thermal
efficiency is respectively 93.40%, 93.67%, 93.46%. Obviously,
the generator is operating under low load conditions in three
cases, which leads to a decrease in boiler thermal efficiency
[30]. With the decrease in boiler thermal efficiency, the total
emissions of gas organic pollutants are increasing [30].
Therefore, the emission concentration of Case 1 is the highest,
and Case 2 is the lowest.
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Figure 2: Indirect gas organic pollutants emissions of APCDs in coal-based power generators with different capacities per TMW:h: (a) Case 1, 300MW; (b) Case 2, 600MW;
(c) Case 3, 1000MW.
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Figure 3: The distribution of gas organic pollutants emissions from the different emission. Source: (a) Case 1, 300MW; (b) Case 2, 600MW; (c) Case 3, 1000MW.

090

Citation: Li J, Yang Q, Peng Y, Wang S, Xiang J, et al. (2023) The influence of air pollution control devices on gas organic pollutants emission from coal-fired power
plants based on LCA. Glob J Ecol 8(2): 086-096. DOI: https://dx.doi.org/10.17352/gje.000087



P PeertechzPublications ‘

https://www.peertechzpublications.org/journals/global-journal-of-ecology ‘ 8

Table 2: The total concentration of gas organic pollutants at the inlet and outlet of
WFGD and WESP (ug/m?).

Case 1 Case 2 Case 3

WFGD inlet (ESP outlet) 2044.16 1186.82 1380.29
WFGD outlet (or WESP inlet) | 1379.57 855.47 1060.79
WESP outlet 1009.79 633.02 824.42

Table 3: The total concentration of gas organic pollutants at the inlet and outlet of
SCR and ESP (ug/md).

Case 1 Case 2 Case 3

SCRinlet 4356.7 2529.45 2941.79

SCR outlet(ESP inlet) 1742.68 1011.78 1176.72
ESP outlet(WFGD inlet) 2044.16 1186.82 1380.29

The emission concentration change of gas organic
pollutants for iMW-h after all the APCDs is displayed in Figure
4. As is shown in this picture, with the increase in boiler cap
capacity, the emission concentration of gas organic pollutants
for iMW-h is decreasing. However, the total removal efficiency
of gas organic pollutants is decreasing with the increases
in the size of generating units. This shows that the higher-
load generator has a better effect on controlling the emission
of gas organic pollutants, and with the decrease in emission
concentration of gas organic pollutants, the effect of APCDs
on gas organic pollutants is also decreasing. This is presumed
to be due to the influence of APCDs on gas-organic pollutants
with a limited concentration. When the concentration is closer
to the limit concentration, the removal efficiency is lower.

The direct emission changes after passing through APCDs
are calculated, which is shown in Figure 4. As shown in the
picture, SCR, WFGD, and WESP can remove gas organic
pollutants. And among them, the effect of SCR is more obvious.
Nevertheless, ESP can increase gas organic pollutants with
direct emission intensity of 5.98E-04~1.68E-03kg/MW-h. For
all APCDs, as the load increases, the direct emission changes
for iIMW-h are decreasing.

Assessment of the impact of APCDs on the removal
of gas organic pollutants

The result of comprehensive consideration of indirect
emissions and direct emission removal is shown in Figure
5. Results show that SCR, WFGD, and WESP can effectively
reduce gas organic pollutants emissions, with reducing
intensities of 5.06E-03~1.44E-02, 8.91E-04~3.67E-03, and
6.29E-04~1.94E-03kg/MW-h respectively, however, ESP can
increase gas organic pollutants emissions with increasing
intensity of 5.06E-04~8.57E-04kg/MW-h. Therefore, for all
APCDs, net removal intensities of gas organic pollutants are
5.97E-03~1.83E-02kg/MW-h. The SCR system is the main
contributor to both indirect emissions and direct emission
removal.

Although the net emission removal per MW-h decreases
with the increase of boiler load, considering the direct and
indirect emissions per MW-h also decrease with the increase
in boiler capacity, we think that the environmental benefits of
case 3 are still the best.

In addition, compared to direct emission removal, indirect

emissions of gas organic pollutants of APCDs are relatively
small, which are about 1.71%~4.10% of direct emission removal.
But compared to direct emissions of the total system, indirect
emissions account for 5.66%~21.95% of direct emissions,
which can not be ignored.

APCDs co-effects on gas organic pollutants mitiga-
tion

The total net emission removal of NO,, SO,, and PM of
APCDs in coal-based power generators with different capacities
per 1IMW-h are calculated, the results are shown in Table S2,
Table S3 and Table S4. According to equation 4, the results of
the DCE of gas organic pollutants and common air pollutants
are shown in Table 4.

The results show that all in all, APCDs in coal-based power
generators have positive co-effects on gas organic pollutants
and other air pollutants. Higher values of DCE indicate higher
synergies, therefore, the results also show that NO, has the
highest co-effects with gas organic pollutants by APCDs in
coal-based power generators.

Discussion
Life cycle impact assessment

Allin all, APCDs can reduce gas organic pollutants, resulting
in net emission removal. Net emission removals bring in
reduced environmental impact. The results obtained on the
contribution of various APCDs of coal-fired power plants to
reduce environmental impact categories are given in Figure 6

(a)-(c).

It is shown that the application of APCDs is beneficial to the
environment in AP, EP, POCP, and HTP.

Among them, the WFGD system is the main contributor
to reducing AP and POCP. Approximately 80% of the total
reducing HTP is generated from the ESP system and more than
95% of the total reducing EP is of the SCR system. Meanwhile,
more than 40% of the total GWP is generated from the SCR
system and the SCR system contributes more than 50% of the
ADP fossil, which is influenced by the indirect emissions. On
the whole, the contribution of the SCR system to GWP and ADP
fossil are increasing with the increase of boiler load.

In the CML method, the environmental impact of net gas
organic pollutants removal is mainly concentrated on reducing
POCP and HTP. The result of three cases is shown in Figure 6
(d). The result shows that along with increases in load growth,
the POCP and HTP for iMW-h have been decreasing.

Table 4: Co-effects of the reductions of gas organic pollutants and other air pollutants
emissions of APCDs in coal-based power generators with different capacities.

300MW 600MW 1000MW

DCE(Gas or?\lag')c pollutants/ 1 4se-02 6.42E-03 9.15E-03

DCE(Gas organic pollutants/ 2 99E-03 1.92E-03 1 85E-03
S0,)

DCE(Gas °rg:,c|')° pollutants/| 1 c4¢ 04 1.20E-04 9.85E-05
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This is consistent with the result of net direct removal of
gas organic pollutants.

Sensitive analysis

Based on the above results, indirect emission of gas organic
pollutants of APCDs are mainly caused by liquid ammonia,
catalyst, NaOH, and electricity. So when the amount of them
increases and decreases by 10% and 20%, respectively, the
change in indirect emissions of gas organic pollutants is shown
in Figure 7 (a-c).

As shown in Figure 7 (a-c), compared to other factors,
the change of liquid ammonia has the most obvious impact
on indirect emissions of gas organic pollutants of APCDs in a
year. And other factors also have a relatively obvious impact.
So reducing the use of liquid ammonia, catalyst, and NaOH
through technological progress is beneficial to control the
indirect emissions of gas organic pollutants of APCDs. Choosing
a more reasonable power source is also helpful in reducing the
emissions of energy consumption.

Then the amount of liquid ammonia increases and
decreases by 10% and 20%, and the changes of POCP and HTP
are shown in Figure 7 (d,e). Results show that the changes in
POCP and HTP are very tiny. This means the impact of indirect
emissions of gas organic pollutants is very small compared to
direct emission removal. Therefore, improving the removal

efficiency of gas organic pollutants by APCDs is the key to
reducing emissions.

Uncertainty

In this study, the uncertainty mainly comes from the direct
emission data collected under low-load operation for cases 2
and 3, which causes the boiler thermal efficiency to be lower
than the boiler thermal efficiency under rated-load operation.
And the direct emission concentration of gas organic pollutants
is higher than the situation under rated-load operation.

In the field test, the boiler thermal efficiency of case
3 is 93.46%, which is lower than the 93.67% of case 2. The
direct emission concentration of gas organic pollutants are
respectively 824.42 and 633.02 pg/ms3. When they are operated
under the rated load, the boiler thermal efficiency of case 3 is
94.07%, which is higher than 93.78% of case 2. Therefore, the
concentration of gas organic pollutants of case 3 is lower than
case 2 under rated-load operation. When the APCDs remain the
same, the total amount of direct changes in organic pollutants
in case 3 will also be less than in case 2. In this situation,
considering the power generating capacity in a year of case 3
is higher than in case 2, the net direct emission removal of
gas organic pollutants per iIMW-h of case 3 is still lower than
case 2, which is consistent with the conclusion under low-
load operation. Therefore, the conclusion of this study is not
affected by the low-load operation.
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Figure 7: (a)-(c) Sensitivity analysis of indirect emission of gas organic pollutants of APCDs: 300MW, 600MW, 1000MW; (d), (e) Sensitivity analysis of POCP and HTP which

is influenced by the amount of liquid ammonia in coal-based power generators with different capacities.

Conclusion

This study explores the impact of APCDs in coal-fired power
plants with different capacities on the emissions of gas organic
pollutants through the life cycle assessment method. For the
direct emissions (emission at the outlet of APCDs), the direct
emission concentration of gas organic pollutants is lower when
the boiler capacity is higher. Due to the influence of APCDs on
gas organic pollutants with a limit concentration, the removal
efficiency of gas organic pollutants during APCDs is also lower.
Meanwhile, the SCR system is the main contributor to direct
emission removal of gas organic pollutants.

For the indirect emissions, the indirect emissions per
1IMW-h are lower with the higher-capacity generator. The
SCR system also contributes most to indirect emissions of gas
organic pollutants, which the distribution reaches more than

51% of the total indirect emissions of APCDs, due to indirect
emissions of liquid ammonia and catalyst. Compared to direct
emission removal, indirect emissions of gas organic pollutants
of APCDs is relatively small. But compared to direct emissions
of the total system (emission at the outlet of APCDs), it can not
be ignored.

In summary, SCR, WFGD, and WESP can effectively
reduce organic pollutants emissions, with net removal
intensities of 5.06E-03~1.44E-02, 8.91E-04~3.67E-03, and
6.29E-04~1.94E-03kg/MW-h respectively; however, ESP
can increase organic pollutants emissions with increasing
intensity of 6.04E-04~1.68E-03kg/MW-h. Therefore, for all
APCDs, net removal intensities of gas organic pollutants are
5.97E-03~1.83E-02kg/MW-h. All in all, APCDs can reduce gas
organic pollutants, which results in reducing the photochemical
ozone creation potential of 1.81E-06~5.93E-06Kkg ., .. .. ,/MW-h
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and human toxicity potential of 2.51E-03~8.06E-03kg; .../
MW-h. And for common air pollutants, NOx has the highest
co-effects with gas organic pollutants by APCDs in coal-based
power generators. Meanwhile, the net emission removal of
organic pollutants per 1IMW-h of APCDs of the higher-capacity
generator are lower, which indicates that it is much easier for
APCDs to remove gas organic emissions with higher intensity.

The limitations of this study are mainly related to the
uncertainty of some data from the literature and the method
used in life cycle assessment. Future research is required to
obtain more accurate field data, and compare the results using
different LCA methods.

Highlights

* LCA of gas organic pollutants emission from APCDs in
coal-fired power plant.

* The comparison among the emission of APCDs with
different capacities.

* Net removal intensities of gas organic pollutants are
5.97E-03~1.83E-02kg/MW-h.

* The SCR system is the main contributor to controlling
gas organic pollutants.

* Compared to direct emissions, indirect emissions of
APCDs can not be ignored.
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