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Global Warming 

Global Warming
Global warming is the unequivocal and continuing rise in the average temperature of Earth’s climate system.

Since the early 20th century, the global air and sea surface temperature has increased about 0.8 Celsius

degree.

Greenhouse Gas (GHG)
The Intergovernmental Panel on Climate Change (IPCC) reported that scientists were more than 90%

certain that most of global warming was being caused by increasing concentrations of GHGs (CO2, CH4,

N2O, etc.) produced by human activities.



POST-2020
Paris Agreement (November 30th, 2015)
The Paris Agreement is an agreement within the United Nations Framework Convention on Climate

Change(UNFCCC) dealing with greenhouse gas emissions mitigation, adaptation and finance starting in

the year 2020.



POST-2020



Water Sector & GHGs



Estimation of GHGs from WTP
The system boundaries and the emission pathways of conventional and advanced WTP



Estimation of GHGs from WTP
Calculation of physical and chemical CO2 emissions



Estimation of GHGs from WTP
The CO2 emissions from each unit process of the conventional WTP 



Estimation of GHGs from WTP
The total amounts of on-site and off-site CO2 emissions from the conventional WTP

Emission type Category
Emission

(kgCO2e/d)
Summation Percentage (%)

Off-site

CO2 emission

Electricity consumption 3,556 ± 338

69,596 ± 3,950

5.1

Chemical production 65,704 ± 3,876 93.3

Chemical transportation 336 ± 252 0.5

On-site

CO2 emission
Chemical reaction 790 ± 228 790 ± 228 1.1

Overall

CO2 emission
70,386 ± 3,941 100

 The production of chemicals consumed for on-site use is the major source of CO2

generation in conventional WTP. 

 The second CO2 emission factor was electricity consumption for the unit-process operation.



Estimation of GHGs from WTP
The CO2 emissions from each unit process of the advanced WTP 



Estimation of GHGs from WTP
The total amounts of on-site and off-site CO2 emissions from the advanced WTP

Emission type Category
Emission

(kgCO2e/d)
Summation Percentage (%)

Off-site

CO2 emission

Electricity consumption 7,636 ± 2,217

38,197 ± 2,922

19.8

Chemical production 30,400 ± 1,958 78.8

Transportation 161 ± 8 0.4

On-site

CO2 emission
Chemical reaction 395 ± 115 395 ± 115 1.0

Overall

CO2 emission
38,592 ± 3,005 100

 The overall on-site and off-site CO2 emission from the advanced WTP was 1.82 times less 

than that from the conventional WTP(70,386±3941 kgCO2e/d).

 The much lower use of chemicals at the advanced WTP was able to offset the higher CO2

emission caused by greater consumption of electricity. 



Estimation of GHGs from WWTP

Wastewater treatment plants (WWTPs) have been recognized as one of the largest of minor GHG 

generators due to their production of the three primary GHGs (CO2, CH4, N2O) both on-site and off-site. 



Estimation of GHGs from WWTP

 On-site GHG emissions stem from diverse biochemical reactions : biomass respiration, BOD oxidation, 

anaerobic degradation of organic matter, biological nitrogen removal. 

 Off-site GHG emissions stem from electricity production for unit process operations as well as from 

production and transportation of chemicals and fuels for on-site consumption.

 Baseline task : treating 5500 m3/d of wastewater with 200 mg/L influent BOD needed to meet the effluent 

standard (less than 10 mg/L BOD, 20 mg/L TN, and 0.5 mg/L TP).

System Boundary



Estimation of GHGs from WWTP
Process to calculate on-site GHG emission factors

 BOD removal was used as a contaminant source for CO2 and CH4, as TN removal was for N2O.

 The on-site GHG emission factors for each unit process were obtained by dividing the actual 

GHG measurements by the BOD and TN removals for each unit process.  



Estimation of GHGs from WWTP
On-site GHG emission factors for each unit process

 These factors were used to estimate on-site GHG emissions from complex biochemical reaction.

 CH4 and N2O emissions were converted to CO2-equivalent emissions by multiplying their GWPs.

Unit process
CO2

(kg CO2·kg-1 BOD)

CH4

(kg CH4·kg-1 BOD)

N2O

(kg N2O·kg-1 TN)

PC 0.057 0.062 0.011

ANAE 0.002 0.023 0.002

ANOX1 0.042 0.0003 0.002

AER1 23.61 0.146 0.653

ANOX2 2.545 0.004 0.004

AER2 2.788 0.023 0.001

SC 8.145 0.019 0.042



Estimation of GHGs from WWTP

Estimation of off-site GHG emissions (electricity)

Power generation source
Power generation 

(MWh)

Energy source share 

(%)

Emission factor 

(kgCO2e·kWh-1)

Nuclear power 148,595,712 34.13 0.0027

Bituminous coal-fired power 189,927,487 43.62 1.0010

Natural gas power 2,287,541 0.53 0.5123

Oil power 10,874,371 2.50 0.8466

Anthracite coal-fired power 8,359,873 1.92 1.1545

Hydro power 4,392,542 1.01 0.2520

Combined power 70,081,455 16.10 0.4491

Internal combustion power 730,695 0.19 -

 The emission factor for electricity consumption = 0.5584  kgCO2e·kWh-1

 Off-site GHG emissions were calculated based on the formulas and operating factors of unit process.



Estimation of GHGs from WWTP

Estimation of off-site GHG emissions (chemicals)

 The amount of GHG emissions related to chemical production was calculated by 

multiplying the emission factor of each chemical by its daily consumption. 



Estimation of GHGs from WWTP
On-site GHG emissions from the WWTP

Unit process
CO2 emission

(kgCO2e·d-1)

CH4 emission

(kgCO2e·d-1)

N2O emission

(kgCO2e·d-1)

Total

(kgCO2e·d-1)

PC 7.7±0.7 287±27 71.2±7.9 366±36

ANAE 1.3±0.1 497±35 11.4±0.8 510±36

ANOX1 1.8±0.2 0.4±0.1 14.6±0.9 16.8±1.2

AER1 3,673±265 776±58 2,646±247 7,095±570

ANOX2 2.1±0.3 0.1±0.0 12.9±2.8 15.1±3.1

AER2 2.3±0.3 0.6±0.1 6.5±0.7 9.4±1.1

SC 13.2±2.0 1.1±0.2 238±29 252±31

Total (kgCO2e·d-1)
3,701±269 1,562±120 3,001±289 8,264±678

8,264±678

 AER1 is the major source of on-site GHG production : stripping off of dissolved and accumulated gases.

 ANAE is the second largest on-site GHG emission source : anaerobic degradation of organic materials. 



Estimation of GHGs from WWTP

Category
Emissions

(kgCO2e·d-1)

Total emissions

(kgCO2e·d-1)

Percentage 
(%)

Electricity consumption 1,893±240

4,591±576

41.2

Chemical production and 

transportation
2,698±336 58.8

The total amount of off-site GHG emissions from the WWTP



Mitigation of off-site emissions

“Reduction of off-site GHG 

emissions via green chemistry 

(chemicals) and energy prosumer 

tactics (electricity)”

Small hydro power

Photovoltaic system

Sewage heat

Integrated SEG

Surplus Energy

(Electricity + heat)



Mitigation of on-site emissions

“Reduction of on-site GHG 

emissions via utilization of captured 

GHGs and system optimization”



Estimation of GHGs from Sewer Pipe

Sewer system : Fundamental urban infrastructure

 43% of pipeline are older than 20 years and 17% of those are older than 30 years.

 Disability of the flow & breakdown of buried pipe

 Installation and rehabilitation: large-scale investment & environmental load

 Estimation of quantitative emissions & identification of mitigation opportunities



Estimation of GHGs from Sewer Pipe

System Boundary



Estimation of GHGs from Sewer Pipe

Calculation method



Estimation of GHGs from Sewer Pipe

GHG emission factor for raw material and energy consumption

Value Unit Reference

Concrete 0.4828 kgCO2eq∙kg-1 Ecoinvent (Lightweight concrete block)

PVC 3.2335 kgCO2eq∙kg-1 Industry data 2.0 (PVC pipe E)

PE 2.4815 kgCO2eq∙kg-1 Industry data 2.0 (HDPE pipes E)

Cast iron 1.4787 kgCO2eq∙kg-1 Ecoinvent (Cast iron)

Manhole 228.96 kgCO2eq∙EA-1 Ecoinvent(Cast iron)

Industry data 2.0 (PVC calendared sheet E)

Pump station 159,864 kgCO2eq∙EA-1 Ecoinvent (Pump station)

Transportation 0.257 kgCO2eq∙(t-km)-1 Ecoinvent (transport, lorry 3.5-16t, fleet average)

Excavator 0.002 kgCO2eq∙kg-1 ELCD (Excavator, technology mix)

Dump 0.105 kgCO2eq∙(t-km)-1 Ecoinvent (transportation, Lorry >32t)

Electricity 0.5584 kgCO2eq∙kWh-1 Lee et al. (2004) and Kyung et al. (2013)

Disposal, Concrete 1.1347 kgCO2eq∙kg-1 Ecoinvent (Disposal, concrete)

Disposal, PVC 5.1088 kgCO2eq∙kg-1 Ecoinvent (Disposal, PVC)

Disposal, PE 4.5982 kgCO2eq∙kg-1 Ecoinvent (Disposal, PE)

Disposal, Cast iron 1.4831 kgCO2eq∙kg-1 Ecoinvent (Disposal, Cast iron)

Disposal, Manhole 195 kgCO2eq∙EA-1 Ecoinvent (Disposal, building, bulk iron)



Estimation of GHGs from Sewer Pipe

GHG emission factors of pipe material with different diameters



Estimation of GHGs from Sewer Pipe

Case Study in DMC

The size of the pipelines and 

their proportions in the DMC



Estimation of GHGs from Sewer Pipe

GHG emissions from sewer pipeline system in DMC

 The OP stage is the main GHG emission stage of the sewer pipeline system in DMC (64.9%): 

GHG emission via bio-chemical reaction (direct) and pump stations (indirect).

 The second largest GHG emissions occurred in the MP stage (16.1%): considerable amount of 

raw materials and energy were consumed during the stage. 



Estimation of GHGs from Sewer Pipe

Reduction of CH4 emissions from sewer pipeline

» CH4 emissions from unmanaged pipeline would possibly cause env. disaster such as global warming

- GWP of CH4 is 21 times higher than that of CO2 over a 100-year period

- Management of CH4 emission is the most effective way to reduce GHG emissions 

» Effective ways to reduce CH4 emissions from sewer pipeline

- Reducing sewage HRT for the discharging from household to WWTPs

- Optimizing area-to-volume(A/V) ratio of pipes

- Regular maintenance to prevent the formation of a biofilm layer inside the sewer pipeline

- Collection of CH4 for using as an alternative energy source



Conclusion



Thank You

??
DO YOU HAVE 

ANY QUESTION?


