
Chapter 18
Study on the Quantitative Evaluation
of Greenhouse Gas (GHG) Emissions
in Sewage-Sludge Treatment System

Zhiyi Liang, Toru Matsumoto, Lei Zhang, and Bing Liu

Abstract Global economic development has highlighted the issue of climate
change, which is one of the most important environmental issues plaguing human
beings. It iswidely agreed that excessive greenhouse gas (GHG) emissions are impor-
tant factors contributing to global warming. Many countries have formulated corre-
sponding GHG emission reduction plans to deal with climate change issues. An
important GHG emission source is released from sewage-sludge treatment systems.
However, there has not been a comprehensive quantitative GHG emissions evalua-
tion system in the case of sewage-sludge treatment systems, due to multiple emis-
sion sources, complex processes, and different standards. In previous studies, the
Guidelines for National Greenhouse Gas Inventories (Intergovernmental Panel on
Climate Change, IPCC, 2006) and Chinese Greenhouse Gas Inventory (National
Center for Climate Change Strategy and International Cooperation, NCSC, 2005)
were widely applied to estimate GHG emissions from sewage-sludge treatment.
However, IPCC does not consider CO2 emissions from sewage treatment, and NCSC
does not consider CO2 emissions from the sewage treatment andN2O emissions from
sludge treatment. Therefore, the following have been conducted in this study: (1) A
GHG estimation model basing on Life Cycle Thinking (LCT) was constructed, and
the research objects were CH4, N2O, and CO2 that were produced by the sewage-
sludge treatment system. The estimationmodel of CO2 andN2O,whichwere ignored
in the IPCC report, were analyzed and discussed. The models of the GHG emission
estimation were summarized and improved in the urban sewage-sludge treatment
system under the different sewage-sludge treatment process scenarios. (2) The GHG
emission load of major urban sewage-sludge treatment processes was analyzed, and
the level and key links of environmental impacts generated by different processes
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were identified. This helps to understand and compare the environmental impacts of
different treatment processes and provides suggestions for the sustainable develop-
ment of wastewater treatment processes. (3) The GHG emission characteristics of
nine scenarios of different sewage-sludge treatment processes were analyzed, and
the environmental impacts caused by energy consumption and chemicals consump-
tion were studied. Consequently, the sewage-sludge treatment process under low
carbonization and low environment impact were proposed.

Keywords Greenhouse gas (GHG) emission · Mass balance · Sewage-sludge
treatment system

18.1 Introduction

Climate change has become one of the most serious challenges of the twenty-first
century.Until the end of 2010, the “GreenhouseGasBulletin” published by theWorld
Meteorological Organization (WMO) indicated that the concentration of several
major GHGs, such asmethane (CH4), nitrous oxide (N2O), and carbon dioxide (CO2)
in the global atmosphere reached their highest level, increasing by 38%, 158%, and
19%, respectively, compared with the concentrations during pre-industrial revolu-
tion (1750 years ago) (Liu 2010). With an increase in GHG emissions, the global
average temperature is predicted to increase by 5 °C in the next 100 years (World
Bank, 2010). It is estimated that because of China’s economic development, the
atmospheric CO2 concentration will continue to increase, leading to an increase in
the average surface temperature of China by 2.2–4.2 °C in 2100 (Chen 2009). Due
to rising global temperatures, governments have begun to take measures to reduce
GHG emissions to meet climate change targets. In the past 100 years, the Municipal
Wastewater Treatment Plants (WWTPs) have developed rapidly in order to solve
environmental and health problems due to urban sewage. The traditional sewage
treatment process consumes a lot of energy and medicines as well as produces GHG
emissions, including CH4, N2O, and CO2. In developed countries, energy consump-
tions, CO2 emissions, N2O emissions, and CH4 emissions fromWWTPs account for
3% (Mo and Zhang 2012), 4% (Martin et al. 2008), 3% (Kampschreur et al. 2009),
and 5% (El Fadel et al. 2001) of total consumptions/emissions, respectively.

Meanwhile, the evaluationmethod of urban sewage treatment process is primarily
based on technical and economic analysis to ensure the output quality of WWTPs.
This evaluation method is mainly aimed at achieving water quality standards,
considering the cost and benefit of different sewage treatment processes from an
economic perspective, and analyzing the economic rationality of the treatment
process. However, in the face of development challenges of pollutant reduction,
energy conservation, and emission reduction, this emphasis on the evaluation of
processing technology performance will highlight its shortcomings; thus, a system-
atic environmental impact analysis should be established. With the development of
urbanization in China, energy consumption and GHG emissions of sewage-sludge
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treatment will become an important aspect of growth. As wastewater treatment is
gradually moving towards sustainable development, it is necessary to systematically
consider GHG emissions throughout the entire process of sewage-sludge treatment.
The LCT can provide a systematic research framework for energy conservation and
GHG emission reduction of sewage-sludge treatment systems.

In previous studies, the application of LCA in sewage treatment was mostly to
evaluate the environmental impact (EI) of WWTPs or sewage treatment processes
and to compare the sewage treatment processes. Mahgoub et al. (2010) evaluated the
EI including CO2 emissions from an urban water system in Egypt by using the LCA
approach. Rodriguez RM et al. (2016) used the LCA method to compare hetero-
geneous and homogenous Fenton processes for the treatment of pharmaceutical
wastewater. Frijins (2012) mentioned that the accounting boundary should include
direct and indirect CO2 from energy consumption, direct CH4 and N2O emissions
from treatment processes, and indirect CO2 emissions from production of chemi-
cals used in relevant processes. However, little research has been conducted on the
calculation ofGHGemissions to account for direct CO2 emissions from sewage treat-
ment processes. In this study, the calculation of direct CO2 emissions from sewage
treatment was analyzed based on mass balance.

18.2 Materials and Methods

18.2.1 Boundary Definition

The sewage-sludge treatment system receives domestic sewage as well as discharge
treated sewage and sludge. The sewage-sludge treatment is a complex reaction system
involved a series of biological treatment. In its Second Assessment Report (1997),
the IPCC considers that the carbon in BOD converts only into CH4, whereas in
the Fourth Assessment Report (2007), CO2 generated from biomass decay is not
considered a part of GHG emissions (IPCC 2007). In the case of GHG emission
accounting, some studies state that electric energy consumption should be counted
as a part of the energy sector rather than sewage-sludge treatment system.The influent
BOD converts into CO2 and biomass, whereas CH4 is generated only during sludge
anaerobic digestion. Direct GHG emissions are generated by the treatment of sewage
and sludge. Indirect GHG emissions are generated by the consumption of chemicals
and electric energy in the treatment process. The evaluation boundaries are shown in
Fig. 18.1, wherein the tetragonal broken line refers to boundary of GHG emissions,
tetragonal solid line refers to the treatment process, and the oval solid line refers to
materials coming in/getting out the boundary.
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18.2.2 Analysis of Different Sewage-Sludge Scenarios

18.2.2.1 Selection of Sewage Treatment Process

According to theList ofNationalUrbanSewageTreatment Facilities published by the
Ministry of Environmental Protection in 2014 (MEPPRC 2015), the statistical results
of 4,437 operatingWWTPs are shown in Table 18.1. The sewage treatment processes
in descending order of quantity were Anaerobic/Anoxic/Oxic (AAO), Oxidation
Ditch (OD), SequencingBatchReactor (SBR), andAnoxic/Oxic (AO); in descending
order of sewage treatment capacity, they includeAAO,OD,AO, and SBR. Therefore,
three typical sewage treatment processes, namely AAO, OD, and SBRwere selected.
AO was eliminated as it is similar to AAO. The sum of the three analyzed processes
accounted for 71.8% of the total treated water, and the average daily treated water
accounted for 74.3% of the total treated water.

Table 18.1 Statistics on different sewage treatment processes of operatingWWTPs (El Fadel et al.
2001)

Number of WWTPs Ratio * Capacity (× 106 m3/d) Ratio **

AAO 1167 26.31% 50.50 37.35%

OD 1161 26.17% 32.65 24.15%

SBR 857 19.32% 17.32 12.81%

AO 673 15.17% 18.74 13.86%

Others 579 13.05% 16.00 11.84%

Total 4437 100.00% 135.22 100.00%

* The ratio of WWTPs using different sewage treatment processes to the total WWTPs
**The treatment capacity ofWWTPsusing different treatment processes accounts for the proportion
of total treatment capacity of total WWTPs
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18.2.2.2 Selection of Sludge Treatment Process

According to the Guideline on Best Available Technologies of Pollution Preven-
tion and Control for Treatment and Disposal of Sludge from Municipal Wastewater
Treatment Plant (MEPPRC 2010), three typical sludge treatment processes (landfill,
composting, and combustion) were analyzed.

18.2.3 Sources of Estimated Input Data

This study analyzed the theoretical estimation of GHG emissions from sewage-
sludge treatment scenarios in China. The estimated input data were obtained from
national/industrial standards, different technical guides, and environment assessment
reports. Some parameters used in this study were shown in Table 18.2.

A 40,000 m3/day sewage treatment capacity was used to analyze different
scenarios, as influent flow rates of small-scale WWTPs (≤40,000 m3/day)
(MOHURD 2006) account for 81.1% of the total WWTPs (MEPPRC 2015), which
is the mainstream treatment capacity of WWTPs built in China.

The effluent, which reflects the water quality of treated sewage, should be under
strict control before being discharged into natural waters, such as rivers and lakes.
The highest discharge standard of WWTPs in China, that is 1A-level standard
(Table 18.2), was used for GHG emissions calculation.

18.3 Estimation Procedure of Ghg Emissions
from Sewage-Sludge Treatment System

The sewage-sludge treatment system includes a sewage treatment process and a
sludge treatment process; furthermore, GHGs can be classified into direct emissions
and indirect emissions based on different emission sources. Direct emissions of
GHGs include CO2 converted by organic matter in the biotreatment process, CH4

emitted during the anaerobic process and sludge treatment, and N2O emitted during
biological nitrogen removal. Indirect emissions of GHGs mainly include electricity
consumption of mechanical equipment (such as lifting unit, aeration unit, and sludge
treatment unit) and chemicals consumption (such as PAC and PAM) during treatment
process.

In this study, estimation method of direct emissions of CO2 and N2O was based
onmass balance and active sludge/anaerobic digester model (AS/AD). Indirect GHG
emissions from sewage treatment and GHG emissions from sludge treatment were
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Table 18.2 The assumed model parameter used in this study

Parameter Symbol Unit Value uesd

AAO OD SBR

Flow rate Q m3/d 40,000

Effluentb BODeff kgBOD/m3 0.01

CODeff kgCOD/m3 0.05

SSeff kgSS/m3 0.01

Neff kgN/m3 0.015

Peff kgP/m3 0.0005

MLSS – kg/m3 2.0 ~ 4.5 a1 2.0 ~ 4.5 a2 2.5 ~ 4.5 a3

MLVSS – kg/m3 3.4 c 2.9 c 3.4 c

Ratio of BOD5
and BODu

f1 – 0.68 (Metcalf and Eddy 1991)

Ratio of
MLVSS and
MLSS

f2 – 0.5 ~ 0.75 a1 0.5 ~ 0.65 a2 0.75 (Fan et al.
2015)

Ratio of MLSS
and SS

f3 – 0.7 (MEPPRC 2010)

Cell-yield
coefficient

Y kg VSS/kg
BOD

0.68 (WEF and ASCE 1998)

Endogenous
decay
coefficient

kd 1/d 0.05 (WEF and ASCE 1998)

Hydraulic
retention time

HRT day 0.46 ~ 0.75 a1 0.33 ~ 0.75 a2 0.83 ~ 1.25 a3

BOD removal
rate

ηBOD % 92.0 d

(85 ~ 95) a1
97.1 e

(85 ~ 95) a2
92.3 f

(85 ~ 95) a3

Nitrogen
removal rate

ηN % 86.0 d

(55 ~ 80) a1
78.6 e

(55 ~ 80) a2
57.1 f

(55 ~ 80) a3

Phosphorus
removal rate

ηP % 65.0 d

(60 ~ 80) a1
93.75 e

(50 ~ 75)a2
83.3f

(50 ~ 75)a3

SS removal rate ηSS % 87.0d 97.5e 93.3f

Sludge
productiong

Xtre. kgDS/m3 0.5d 1.32e 0.2f

Amount of
nitrogen in the
biomass

XN,biomass kgN/kgVSS 0.122 (Hiatt and Grady 2008)

a1, a2, and a3 Technical Specifications for AAO (HJ 576–2010), OD (HJ 578–2010), and SBR (HJ
577–2010) Activated Sludge Process (Environment Protection Standards of PRC)
b Discharge Standard of Pollutants for Municipal Wastewater Treatment Plant—1A level
(GB18918–2002) (National Standard of PRC)
c calculated when the upper limit of the standard range was selected, in order to get the maximum
GHG emissions
d, e, and f Environmental Impact Assessment Report of different WWTP pubulished online (websits
were shown in (http://www.xuanhan.gov.cn/show/ 2019) (http://www.screnhe.gov.cn/zwgk/jbxxgk/
gsgg/ 1353), and (http://www.meijiang.gov.cn/Home/NewContent?newid=83115), respectively)
g 60% water content

http://www.xuanhan.gov.cn/show/
http://www.screnhe.gov.cn/zwgk/jbxxgk/gsgg/
http://www.meijiang.gov.cn/Home/NewContent?newid=83115
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Table 18.3 The GHG emissions factor calculated in this study

Item Emission factor Value Unit References

Sewage treatment process

N2O EFN2O 0.253a kgN2O/kgNdenitrified (Foley et al. 2010)

Sludge treatment process

Landfill EFland.,ex.N2O 0.042 kgCO2e/kgDS (Liu et al. 2013)

EFland.,N2O 0.951 kgCO2e/kgDS (De 2008)

Composting EFcomp.,ex.N2O 0.493 kgCO2e/kgDS (Liu et al. 2013)

EFcomp.,N2O 0.656 kgCO2e/kgDS (Foley et al. 2008)

Combustion EFcomb. 0.444 kgCO2e/kgDS (Peng et al. 2013)

Chemicals consumption

PAM EFPAM 1.500 kgCO2e/kgPAM (Carr 2007)

PAC EFPAC 0.023 kgCO2e/kgPAC (Sharaai et al. 2012)

Energy consumption

Electricity EFelec. 0.681 kgCO2e/kWh (Climate Change Division
2014)

Diesel fuel EFdiesel 3.261b kgCO2e/kg (IPCC 2007) (NBSC 2016)

a In order to get the maximum GHG emissions, the upper limit is selected
b calculated when diesel fuel density is 0.84 kg/L

estimated by GHG emission factor method, and the emission factors used are shown
in Table 18.3.

18.3.1 Estimation of CO2 Direct Emissions from Sewage
Treatment Process

18.3.1.1 CO2 Emissions from Aerobic Oxidation of Organic Matter

In the biotreatment process, organic matter is oxidized by microorganisms (biomass)
under aerobic conditions to produce CO2. In this study, the organic matter is repre-
sented by C10H19O3N (Rittmann 2001), and the oxidation process of C10H19O3N is
described as follows:

2 C10H19O3N + 25 O2 → 20 CO2 + 16 H2O + 2 NH3

A conversion factor was 1.1 kg CO2 for every 1 kg O2 produced is obtained. Thus,
CO2 emissions from aerobic oxidation of organic matter can be obtained from Eq.
(18.1):
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ECO2,ae = 1.1 × ηBOD

1 − ηBOD
× BODeff × Q ×

(
1

f1
− 1.42Y

)
(18.1)

18.3.1.2 CO2 Emissions from Biomass Endogenous Decay

Biomass is represented by C5H7O2N (Rittmann 2001), and the chemical reaction of
biomass endogenous decay is described, as follows:

C5H7O2N + 5O2 → 5CO2 + 2H2O + NH3

A conversion factor of 1.947 kg of CO2 for every 1 kg of biomass decayed endoge-
nously was obtained. The CO2 emissions arising from endogenous decay can be
estimated from Eq. (18.2).

ECO2,de = 1.947 × Q × HRT × MLVSS × kd (18.2)

18.3.1.3 CO2 Emissions from Nitrogen Removal

Biological nitrogen removal process includes nitrification and denitrification. These
two processes can be described respectively, as follows:

20 CO2 + 14 NH4
+ → 10 NO3

− + 4 C5H7O2N + 24 H+ + 2 H2O
C10H19O3N + 0.5 HCO3

− + 0.5 NH4
+ + 4.8 NO3

− + 4.8 H+ → 26 C5H7O2N
+ 40 CO2 + 2.4 N2 + 7.9 H2O

CO2 is fixed during the nitrification process. However, the CO2 produced during
denitrification is not calculated because the CO2 produced is already included in the
calculation for C10H19O3N oxidation.

A conversion factor of 4.49 kg CO2 every 1 kg oxidized nitrogen is obtained. The
CO2 emissions arising from nitrification can be estimated from Eq. (18.3):

ECO2,N = 4.49

(
ηN

1 − ηN
× Neff × Q − XN,biomass

)
(18.3)

Thus, the estimation of CO2 generation from sewage treatment process can be
described by Eq. (18.4).

ECO2,sewage = ECO2,ae + ECO2,de − ECO2,N (18.4)
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18.3.2 Estimation of N2O Direct Emissions from Sewage
Treatment Process

The global warming potentials (GWPs) (over 100 years) of CH4 and N2O are 25
times and 298 times that of CO2, respectively (IPCC AR4 2007) (IPCC 2007). The
emissions of CH4 and N2O were converted into carbon dioxide equivalents (CO2e)
by GWP to estimate GHG emissions in this study.

TheN2O emission during the sewage treatment occurred in the biological nitrogen
removal process that mainly consisted of nitrification process and denitrification
process. (Kampschreur et al. 2009) This study found that N2Owas not only generated
as an intermediate product in the denitrification process but was also generated as
a by-product in the nitrification process (He et al. 2001). The mechanism of N2O
production as an intermediate product and by-product is complicated, as it is affected
by enzyme inactivation, accumulation of NO2

−, and reaction condition (such as pH,
DO, and C/N) (Marlies et al. 2009). The N2O emission from sewage treatment was
calculated, as shown in Eq. (18.5).

EN2O,sewage = Q × �N × EFN2O × GWPN2O (18.5)

18.3.3 Estimation of GHGs Indirect Emissions from Sewage
Treatment Process

The indirect emission of GHGs mainly include electrical energy consumption of
mechanical equipment (such as lifting unit, aeration unit, and sludge treatment unit),
and chemicals consumption (such as polyaluminum chloride (PAC) and polymers
(PAM)) during treatment process. The consumptions are shown in Tables 18.3 and
18.4. The GHGs indirect emissions from sewage treatment was calculated, as shown
in Eq. (18.6).

Eindirect, sewage =
∑

EFiCiQ (18.6)

Thus, GHGs emissions from sewage treatment was calculated, as shown in Eq.
(18.7).

EGHG, sewage = ECO2, sewage + EN2O, sewage + Eindirect, sewage (18.7)
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Table 18.4 Electric and chemicals consumptions (Ci)

Treatment process PAC
(kgPAC/m3)

PAM
(kgPAM/m3)

Electric
(kWh/m3)/
(kWh/t)

Diesel (kg/t)

Sewage AAOa1 1.507E-05 2.740E-04 1.479 –

ODa2 1.644E-02 6.575E-03 2.959 –

SBRa3 – 6.425E-04 – –

Sludge (Liu
et al. 2013)

Land. – – – 4.2

Comp. – – 28.8 0.22

Comb. – – 14 24.6

a1,a2, anda3 Environmental Impact Assessment Report of different WWTP pubulished online
(websits were shown in (http://www.xuanhan.gov.cn/show/ 2019) (http://www.screnhe.gov.cn/
zwgk/jbxxgk/gsgg/ 1353), and (http://www.meijiang.gov.cn/Home/NewContent?newid=83115),
respectively)

18.3.4 Estimation of GHG Emissions from Sludge Treatment
Process

In this study, three types of sludge treatment processes (landfill, composting, and
combustion) were considered, because these are the main sludge treatment process.
According to the current statistics on all sludge treatment methods, landfill accounts
for 60–65%, land use after composting accounts for 10–15%, comprehensive utiliza-
tion after natural drying accounts for 4–6%, and combustion accounts for 2–3% (Dai
2011). The emission factor method was used to estimate GHG emissions of three
sludge treatment processes. The emission factors of different sludge treatments were
shown in Table 18.3.

18.3.4.1 Landfill (Anaerobic Digestion)

The main reaction in the sludge landfill process is anaerobic digestion, where the
organicmatter slowly releases CH4 under anaerobic conditions. AlthoughN2O emis-
sions are usually small, they still need to be considered because the GWP of N2O is
relatively high. The GHG emissions from sludge landfill (anaerobic digestion) are
described by Eq. (18.8).

EGHG, land. =
(
EFex.N2O, land. + EFN2O, land. +

∑
EFiCi

)
× Xtre. × Q (18.8)

http://www.xuanhan.gov.cn/show/
http://www.screnhe.gov.cn/zwgk/jbxxgk/gsgg/
http://www.meijiang.gov.cn/Home/NewContent?newid=83115
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18.3.4.2 Composting (Aerobic Digestion)

The main reaction in the sludge composting process is aerobic digestion, where the
organic matter, which is oxidized, releases CO2 under aerobic conditions. N2O emis-
sionswere also considered in this study. TheGHGemissions from sludge composting
(aerobic digestion) were described by Eq. (18.9).

EGHG, comp. =
(
EFex.N2O, comp. + EFN2O, comp. +

∑
EFiCi

)
× Xtre. × Q (18.9)

18.3.4.3 Combustion

The organic matter was completely oxidation into CO2. Peng J. et al. (Fan et al.
2015) analyzed the GHG (CO2 and N2O) emissions from the sludge combustion
process and obtained a conversion value of 0.444 kg CO2e per kg of sludge. The
GHG emissions from sludge combustion are described using Eq. (18.10).

EGHG, comb. =
(
EFcomb. +

∑
EFiCi

)
× Xtre. × Q (18.10)

where,

ECO2,ae/de CO2 emissions rate from organic matter oxida-
tion/endogenous decay, kgCO2e/d;

ECO2,N CO2 fixation rate from nitrification, kgCO2e/d;
ECO2/N2O,sewage CO2/N2O emission rate from sewage treatment,

kgCO2e/d;
Eindirect,sewage Indirrect GHG emissions from sewage treatment,

kgCO2e/d;
EGHG,sewage GHG emissions from sewage treatment,

kgCO2e/d;
EGHG,land. (EGHG,comp./EGHG,comb.) GHGs emission rate from sludge landfill

(composting/combustion) treatment process,
kgCO2e/d;

i The different consumables used in treatment
process;

EFi GHG emission factors of different consumables;
and

Ci Consumptions of different consumables
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18.4 Results and Discussions

18.4.1 GHG Emissions of Different Sewage-Sludge
Treatment Scenarios

GHG emissions from different sources for the nine sewage-sludge treatment
scenarios (S1–S9) are shown in Table 18.5.

The GHG emission ranges (with different sludge scenarios) of SBR, AAO, and
OD are 58–60 ktCO2e/a, 122–127 ktCO2e/a, and 113–125 ktCO2e/a, respectively.
The direct GHGemissions of SBR (33.87 ktCO2e/a) aremuch less thanAAO (109.78
ktCO2e/a) and OD (89.86 ktCO2e/a), while the indirect GHG emissions are similar,
namely 24.86 ktCO2e/a (SBR), 14.94 ktCO2e/a (AAO), and 30.18 ktCO2e/a (OD).
The ratio of direct to total GHG emissions were calculated to be 88% (AAO), 75%
(OD), and 58% (SBR). The contribution of GHG emissions from wastewater treat-
ment accounted for many of the total emissions, which were 94.8% for AAO, 85.8%
for OD, and 95.6% for SBR.

In the nine sewage-sludge treatment scenarios, SBR-Combustion (S9) scenario
had the least amount of GHG emissions, while the AAO-Composting (S2) scenario
had the most GHG emissions. The total GHG emissions, in descending order, were
S2, S1, S5, S4, S3, S6, S8, S7, and S9. The total emissions of SBR scenario were
less than AAO and OD, even under different sludge treatment scenarios.

The ratio of GHG emissions from sludge treatment and total emissions were
approximately 5.2% (AAO), 14.2% (OD), and 4.4% (SBR). GHG emissions from
different sludge treatment scenarios (same sewage treatment), in descending order,
are composting, landfill, and combustion. The reduction rate ofGHGemissions under
combustion scenario, when compared to landfill were 2.8% for AAO, 7.6% for OD,
and 2.4% for SBR; when compared to composting were 3.6% for AAO, 9.6% for
OD, and 3.1% for SBR. Therefore, the effect of sludge treatment process selection in
reducingGHG emissions is positive, without changing the sewage treatment process.

18.4.2 GHG Emissions from Different Sources

The GHG emissions of sewage-sludge treatment system were divided into six emis-
sion sources among nine different scenarios. The six emission sources were CO2

from sewage treatment, N2O from sewage treatment, chemicals consumption from
sewage treatment, electricity consumption from sewage treatment, direct GHG emis-
sions from sludge treatment, and indirect GHG emissions from sludge treatment, as
shown in Fig. 18.2.

The contribution of each emission source (in descending order) in the AAO
scenario were 80.12-83.12% (N2O), 11.62–12.05% (electricity), 2.66–5.77% (direct
emission from sewage treatment), 1.62–1.67% (CO2), 0.004–0.49% (indirect emis-
sion from sewage treatment), and less than 0.005% (chemicals).
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Fig. 18.2 Percentage of the GHG emission sources under different sewage-sludge treatment
scenarios

The contribution of emission source (in descending order) in theOD scenariowere
48.52–49.62% (N2O), 23.54–24.07% (electricity), 15.66–17.72% (direct emission
from sewage treatment), 10.09–10.31% (CO2), 0.01–0.22% (indirect emission from
sewage treatment), and 0.12% (chemicals). S6 scenario showed a different result
(OD-combustion): the contribution of CO2 (11.16%) is more than direct GHG emis-
sions from sludge treatment (7.58%), and the contribution of indirect GHG emissions
from sludge treatment increased to 1.39%.

The contribution of each emission source in the SBR scenario, in descending
order, was 41.62–42.94% (electricity), 36.95–38.11% (N2O), 15.26–16.26% (CO2),
2.25–5.64% (direct emission from sewage treatment), 0.01–0.41% (indirect emission
from sewage treatment), and 0.02% (chemicals).

18.4.3 CO2 Emissions from Sewage Treatment and N2O
from Sludge Treatment

The IPCC does not consider the CO2 emissions from sewage treatment, and NCSC
does not consider the CO2 emissions from the sewage treatment and the N2O
emissions from sludge treatment.

As described in Fig. 18.2, the contribution ranges of GHG emissions from CO2

were 1.62–1.69% for AAO, 10.09–11.16% for OD, and 15.77–16.26% for SBR.
Therefore, it is necessary to estimate CO2 emissions from wastewater treatment
when estimating GHG emissions, at least in OD and SBR systems.

The direct GHGemissions from sludge treatment account for 2.66–6.62% (AAO),
7.58–17.72% (OD), and 2.25–5.64% (SBR) of total wastewater sludge treatment
systems. Moreover, it accounts for more than 95% of the GHG emissions from the
sludge system.
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18.5 Summary

In this study, nine scenarios of different sewage-sludge treatment processes were
analyzed to estimate theGHGemissions.According to national statistics, the limiting
design values of mainstreamWWTPs were defined as the limit values in the scenario
study. The sewage flow rate was assumed to be 40,000 m3/d, and the 1-A standard
was assumed as effluent limit. Results shown that three sources, direct emissions
of CO2 and N2O, and indirect emissions of electricity consumption are significant
contributors to the GHG emissions of sewage-sludge systems. The total GHG emis-
sion ranged from 58-127 ktCO2e per year, with the lowest GHG emissions obtained
from the SBR-Combustion scenario and the largest GHG emissions obtained from
the AAO-Composting scenario.

N2O emissions and electricity consumption are the primary sources of GHG
emissions, and the sum of the contributions of these two sources exceeds 70% in all
scenarios. CO2 emissions have not been considered in GHG emissions estimation of
IPCC, as it is of the biogenic origin. This study highlights that not considering CO2

emissions in the results of GHG emissions estimation may cause deviations in the
results.

According to China’s statistics, total GHG emissions from the wastewater treat-
ment industry in 2005was 114million tons ofCO2 equivalent (NationalDevelopment
and Reform Commission for responding to climate change 2013), and the ratio of
three processes (AAO, OD, and SBR) treatment capacity and the total processing
capacity were 37%, 24%, and 13%, respectively (MEPPRC 2015). The result of this
study revealed that the contribution of direct CO2 emissions to GHG emissions in
three processes were 1.65%, 10.52%, and 15.97%, respectively. Therefore, it can be
inferred that in the scenario of calculating direct CO2 emissions from the sewage
treatment when calculating GHG emissions, total GHG emissions from the wastew-
ater treatment industry in 2005 should be 150 million tons of CO2 equivalent, an
increase of approximately 32% compared to the statistics in 2005.
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