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Regulations Concerning Greenhouse Gas Emission Inventory

 Law Number 32 of 2OO9 concerning Environmental Protection and Management

 Law Number 16 of 2016 concerning Ratification of the Paris Agreement to the United Nations Framework
Convention on Climate Change

 Government Regulation No.22 of 2021 concerning Implementation of Environmental Protection

 Presidential Regulation (PERPRES) Number 98 of 2021 concerning Implementation of the Economic Value of
Carbon to Achieve Nationally Determined Contribution Targets and Control of Greenhouse Gas Emissions in
National Development

 MOEF Minister Regulation No. 73 of 2017 concerning with Guidelines for Conducting and Reporting the
National Greenhouse Gas Inventory



Government Regulation No.22 of 2021 on theImplementation of 
Environmental Protection

Article 156

(1) Water Quality Maintenance is carried out based on the Water Quality Protection and Management plan.

(2) Water Quality Maintenance is carried out at:

a. First class Water Body

b. Water Bodies located in protected areas;

c. springs;

d. groundwater; and/or

e. closed lake.

(3) Ministers, governors, or regents/mayors in accordance with their authority carry out maintenance of water quality 
through efforts to:

a. conservation of Water Bodies and their ecosystems;

b. Reserves of water bodies and their ecosystems, and/or

c. Controlling climate change.

(6) Climate change control as referred to in paragraph (3) letter c is carried out through Wastewater management to 
mitigate the release of greenhouse gas emissions.



Explanation of Article 156 paragraph (6) pf GR 22/2021

 “Mitigating the release of greenhouse gas emissions" is an effort to suppress or 
avoid the release of greenhouse gas emissions generated by wastewater.

 Greenhouse gas compounds from waste water come from organic compounds 
contained in waste water, in the form of carbon dioxide (CO2) and methane 
(CH4).



Presidential Regulation (PERPRES) Number 98 of 2021 on the Implementation of 
the Economic Value of Carbon to Achieve Nationally Determined Contribution 
Targets and Control of Greenhouse Gas Emissions in National Development

The Presidential Decree gives a mandate to the Minister who handles the field of environmental protection 
and management, in this case the Minister of Environment and Forestry (MoEF) to establish guidelines  of 
GHG inventory, coordinating inventory  of GHG and carry out monitoring and evaluation of inventory 
processes and results  of GHG. Until now, the supplementary rules of the Presidential Regulation are being in 
the process of settlement.

The scope of this Presidential Regulation includes:

a. efforts to achieve NDC targets;

b. management of CEV/NEK;

c. transparency framework;

d. monitoring and evaluation;

e. coaching and funding; and

f. steering committee.



Presidential Regulation (PERPRES) Number 98 of 2021

Article 12

The results of the implementation of the GHG Emissions inventory are reported annually using the following mechanism:

a. Business Actors to relevant regents/mayors, governors or ministers in accordance with technical approval obtained no 
later than March;

b. the regent/mayor submits the GHG Emission Inventory results report to the Governor via a web-based application no later 
than March;

c. the governor submits a report on the results of the GHG Emission Inventory to the Minister via a web-based application no 
later than June; And

d. The relevant minister submits a report on the results of the GHG Inventory to the Minister via a web-based application no 
later than June.



Methodology

 The methodology for conducting GHG and MRV inventories refers to the guidelines established by the Intergovernmental Panel on Climate Change (IPCC). Indonesian using IPCC 
Guidelines for National Greenhouse Gas Inventories – 2006 includes supplements and refinements of the guide. 

 It has also been adopted into MOEF Minister Regulation No. 73 of 2017 (based on Presidential Regulation No 71/2011 about GHG Inventory), which regulate the procedures for 
organizing GHG emission, institutional arrangements, categories emission sources, data acquisition and updating mechanisms, analysis processes and reporting governance. 

 The scope of regulation in this Ministerial Regulation includes:

a. guidelines for implementing GHG inventories; and

b. guidelines for GHG inventory reporting



GHGE Inventory
 The implementation of GHGE inventory is a continuous process to obtain data and information on the level, status, and trend 

of periodic changes in GHG emissions from various emission sources and sinks.

 GHGE Inventory Implementation and Reporting Guidelines aim to implement and/or coordinate GHG inventories at the 
national and provincial and district/city levels that are reliable, accurate, consistent, and sustainable, consisting of:

a. the use of internationally recognized methodologies;

b. calculating/estimating GHG emissions and removals;

c. preparation of documents on the level, status, and trend of changes in GHG emissions; and

d. reporting the level, status, and trend of changes in GHG emissions.



Guidelines
 Guidelines for conducting and reporting of GHG emission aiming at providing guidance in 

conducting inventory of GHG in the national, provincial and municipal/city level.

 Guidelines for implementing GHG inventories include: a. general guidelines; and b. 
technical guidelines

 General guidelines for the implementation of GHG inventory include: a. basic principles 
of GHG inventory; b. stages of GHG inventory; c. general methodology of GHG 
emissions/removals calculation; d. analysis of uncertainty and key categories; e. quality 
control and assurance; f. institutional GHG inventory; and g. National GHG inventory 
system (SIGN).

 Technical guidelines include: a. technical guidelines for the energy procurement and use 
sector; b. technical guidelines for the industrial process sector and the use of products; c. 
technical guidelines for agriculture, forestry and other land use sectors; and d. technical 
guidelines for the waste management sector



GHG INVENTORY REPORTING GUIDELINES

 GHG inventory reporting shall be carried out by the GHG inventory operator.

 The operator of GHG inventory includes:

a. Regency/City Local Government;

b. Provincial Local Government;

 c. Relevant Ministries and/or Non-Ministerial Government Institutions; and

d. The Ministry that organizes government affairs in the field of environment and forestry as the National Focal Point for Climate Change.



Reporting Mechanism (Provincial & Local Government 
Level)

 GHGs at the district/city level report the results of GHGE inventory to operators at the provincial level.

 The organizer of the GHGE inventory at the provincial level shall submit a report to the Minister c.q. 
Director General as the National Focal Point for Climate Change with a copy to the Minister of Home 
Affairs c.q. Director General of Regional Development.

 The GHG Inventory implementation report shall be submitted at least 1 (one) time a year.



Reporting Mechanism (Central Government 
Level)

 GHG Inventory Organizers at relevant Ministries and/or Non-Ministerial Government Institutions include:

a. Institutions in charge of sub-sector; and

b. Sector Coordinator.

 The Institutions in charge of sub-sectors and sector coordinators of Ministries and/or Non-Ministerial Government listed in Annex I which is an integral part of this Ministerial Regulation.

 Ministries and/or Non-Ministerial Government Institutions shall submit a report to the Sector Coordinator.

 The Sector Coordinator shall submit a report on the implementation of the GHG inventory to the Minister c.q. Director General as National Focal Point for Climate Change (herewith DG of Climate Change Control/PPI)

 The GHG Inventory Report shall be submitted at least 1 (one) time a year.

 The report shall carry out a quality control and quality assurance process.

 The report shall be submitted to the Minister at least 1 (one) time a year.



GHG EMISSIONS IN THE WASTE MANAGEMENT SECTOR
SECTOR COORDINATOR : MINISTRY OF ENVIRONMENT AND FORESTRY (DIRECTORATE OF SOLID WASTE 
MANAGEMENT)
Note: Due to the change of origination structure of concerned ministries, the directorate in charge is 
also changed 

NO. EMISSION SUB SECTORS SUBSECTOR (INSTITUTION IN CHARGE)
1 Municipal Solid Waste (MSW) Ministry of Environment 

& Forestry 
Directorate of  Solid Waste Management 

Ministry of Public Work & 
Housing

Directorate of  Environmental Sanitation and Settlement 
Development

2 Domestic wastewater Ministry of Environment 
& Forestry 

Directorate of Water Pollution Control

Ministry of Public Work &  
Housing

Directorate of  Environmental Sanitation and Settlement Development;
Research Center  for Housing & Settlement Development

3 Industrial Solid waste (including 
medicine/ pharmaceutical waste)

Ministry of Environment 
& Forestry 

Directorate of Hazardous waste Management

Ministry of Industry Research Center  for  Green Industry & Environment; Center for data and information

4 Industrial Wastewater Ministry of Environment 
& Forestry 

Secretary of DG of Environmental Pollution and Degradation Control;
Directorat of  Performance Evaluation for Hazardous waste Management

Ministry of Industry Research Center  for  Green Industry & Environment; Center for data and 
information
; Directorat of Industry of Beverage, Tobacco Product and Fresheners; 
Directorat Food, Seafood and Fisheries Industry

Central Bureau of Statistics 
(BPS) 

Directorate of Industrial Statistics



Public information disclosure

 The report contains the following:
a. procedures and arrangements for the continuous collection and storage of data;
b. greenhouse gas inventory results containing the level, status, and trend of GHG emission 
changes; and
c. improvement plans to be carried out to improve the quality of GHG inventories.
 This institution is closely related to the process of quality assurance and control (Quality 

Assurance and Quality Control) (QA/QC) GHG inventory which has also been regulated in the 
Regulation of the Director General of PPI Number P.10 of 2018 on Guidelines for Quality 
Assurance and Control (QA/QC) of Indonesian Green House Gas Inventory

 The level, status and trend of GHG emissions can be accessed by the public through the National 
GHG Inventory System (SIGN) officially determined by the GHG Inventory Operator

 Public information disclosure in accordance with the provisions of laws and regulations.



Inventory Report of 2021

 For this reporting period, GHG emission inventory and reduction report still using the previous year's 
data source (T-1). Settings Institutional and complex data provision needs full attention, so that in the 
coming years GHGE Inventory reporting can be done in the same year as the data year. 

 This is the mandate of the Regulation President 98/2021 and it is a common need that the Inventory 
report results GHGs are expected to be used to design mitigation and adaptation actions with Faster, 
Precise and Sustainable



SIGN-SMART

 MOEF prepares a web-based information system / application platform / SIGN-
SMART, with a number of features in the form of: input menus, emission graphs 
and tables, emission calculations, key category analysis (KCA), common Reporting 
Format (CRF), worksheets and a number of other features. It was also conveyed 
the reporting timeline in accordance with Presidential Regulation 98 of 2021 and 
reporting systematics in accordance with Minister of Environment and Forestry 73 
of 2017.

 SIGN-SMART: https://signsmart.menlhk.go.id/v2.1/app/, Developed and operated 
by Directorate of Greenhouse Gas Inventory and Monitoring, Reporting and 
Verification, DG of Climate Change Control of MOEF

  MOEF has developed Greenhouse Gas Inventory (IGRK) toolkit for waste sector, 
energy sector and institutional arrangement

https://signsmart.menlhk.go.id/v2.1/app/




Greenhouse Gas Inventory (GHG) toolkit 
for waste sector, energy sector and 
institutional arrangement



Findings relating to GHGI Policy and Regulation

 Technical regulations as a complement to the Presidential Regulation No.98/2021 must be immediately drafted to 
adjust some changes in the institution responsible for GHG inventory

 The gap between regulation and implementation are: 

 management of the timing of providing data and information, 

 developing one GHG data and 

 improving the quality of credible and traceable data.

 Recommendation:

 The calculation methods applied by various government institutions still vary so that effective coordination 
must be done periodically

 Improve institutional framework including budgeting, capacity building, mechanisms and procedures in the 
collection, processing, reporting and validation of data institutionally and technically

 Data and information for GHGI are integrated in an inventory of environmental data and information, that the 
district government can provide the necessary data and information for all proposes at once

 Those problem, challenge, and solution are related to the domestic wastewater management as well



Findings relating to Domestic Wastewater Treatment 
Management

 The coverage, quantity and quality of domestic WWTP are far from adequate

 There is no wastewater quality monitoring program from WWTP provided by the 
government

 Regulations requiring the treatment and compliance of domestic wastewater 
quality standards are in place but no monitoring and supervision has been carried 
out



Prerequisite of Proper GHG Inventory from Domestic Wastewater

Proper GHG emission Inventory Prerequisite :
• There are appropriate number (availability) 

of Domestic WWTP 
• Operational and maintenance of  Domestic 

WWTPs should be done in accordance to the 
stipulated guidance and standard 

• Monitoring of Domestic WWTP effluent 
should be conducted periodically and done 
in accordance to the stipulated guidance and 
standard 

• Standardized Methodology 

Inventory :
• water pollution load from 

domestic sources
• GHG emission from domestic 

wastewater

Transparent, 
accurate, 

consistent and 
comparable 



Institutional Framework in GHGE Inventory from Domestic 
Wastewater to obtain Faster, Precise and Sustainable Data
 Institution: Coordinator, O/M operator, monitoring of WWTP effluent, inventory:

 Environmental Protection Agency (DLH) of city level : conducting inventory of GHG emission and 
water pollution sources for local level, effluent monitoring for WWTP owned by community

 MoPWH, Provincial and City level of  Cipta Karya: conducting of  construction of domestic WWTP

 PDAM, PDPAL, other BUMD etc: Operator for conducting O/M and effluent monitoring of WWTP 
owned by government

 Environmental Protection Agency (DLH) of provincial level: conducting inventory of GHG emission 
and water pollution sources for provincial level, effluent monitoring for WWTP owned by 
community and government 

 Directorate of Water Pollution Control (MoEF):   conducting inventory of GHG emission and water 
pollution sources for national level, effluent monitoring for WWTP owned by community and 
government (central government)

 Budgeting: Construction, O/M, effluent monitoring, inventory which are coordinated Nationally by 
BAPPENAS

 Human resources: O/M, effluent monitoring, inventory

 Guidance, standard, capacity building should be prepared and done by: MoEF, MoPWH, MoHA

 National Coordination should be done by Coordinator Ministry related to marine and Investment 





Thank you for your kind 
attention.

For more resources and information on events visit   
https://www.globalmethane.org/  or scan the QR code: 
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The sludge from treatment technology (fecal sludge) will have to be 

emptied periodically and treated further. Based on the Regulation of 

the Indonesian Minister of Public Works Regulation Number 

4/PRT/M/2017, the onsite treatment sub-system is divided based on 

processing capacity:

1. Individual scale: intended for 1 households.

2. Communal scale: intended for 2 to 10 households and / or 

buildings; and / or MCK

Wastewater disposal system where wastewater is 

discharged then treated at or near the point of waste 

generation. A system in which there is no urban riol 

system or for small environments where yards are still 

available. 

Toilet
Onsite treatment 

sub-system Transportation sub-system Septage treatment 
sub-system 

Decentralized Systems / On-Site System 
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Wastewater treatment systems from all service areas are collected through collection pipes , then 

conveyed through the city sewers to the wastewater treatment plant (WWTP) and / or with a 

specific dilution intercepting sewer), which if the stream meets the quality standard, can be 

discarded directly to the receiving water body.

Toilet Service sub-system Collection sub-system Offsite treatment sub-system 

Centralized System / Off-Site Systems

32



Wastewater 
Management System

Figure 1. Domestic Wastewater Management System

CentralizedDecentralized
Settlement

Area

Urban

Individual

Public Toilet

Communal



REGULATION
OF DOMESTIC WASTEWATER

National Plan of Medium Term 2020-2024

Ministry of Public Works Regulation No. 4/2017

Implementation of Domestic Wastewater 
Management Systems

Ministry and Forestry Regulation No. 68/2016

Effluent Standard of Domestic WWTP

Government Regulation No. 22/2021 

Implementation of Environmental Protection and 
Management.

National Plan of Long Term 2005-2025

Parameter Unit Maximum Level
pH - 6-9
BOD mg/L 30
COD mg/L 100
TSS mg/L 30
Oils and Grease mg/L 5
Ammonia mg/L 10
Total Coliform MPN/100mL 3.000
Debit L/person/day 100

Table 1. National Quality Standards of Domestic Wastewater Effluent

34



NATIONAL 
ACHIEVEMENTS AND 
TARGETS

02

35



Improved sanitation facilities are those designed to hygienically 
separate excreta from human contact, and include: flush/pour flush 
to piped sewer system septic tank or pit latrines, VIP latrines, 
composting toilet or pit latrines with slabs. 

Safely 
managed

A basic sanitation facility which is not shared with other 
households and where excreta are safely disposed in situ or 
treated off-site

Basic Use of improved facilities which are not shared with other 
households.

Limited Use of improved facilities shared between two or more 
households

Unimproved Use of pit latrines without a slab or platform, hanging 
latrines or bucket latrines.

Open 
defecation 

Disposal of human feces in fields, bushes, open bodies of 
water, beaches and other open spaces or with solid waste.

JMP SANITATION
INDONESIA 2020-2023

84.36 86.66 88.16

7.13 6.46 6.572.12 1.6 1.086.39 5.28 4.19
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Source: WHO UNICEF, 2022 

FIGURE 2. JMP SANITAION ANALYSE BY 
SERVICE LEVEL
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2020 2024
Overview of sanitation access achievements 2020

Source: Kementerian Kesehatan RI. 2023

Targets RPJMN

Access Basic
Sanitation

90%

2030

Included 20% access safely managed 
and 

0% open defecation.  

o The highest provinces are DI 

Yogyakarta, Bali, and Provinces 

DKI Jakarta.

o While the lowest province is 

Papua Province.

Targets SDGs

6.2. Achieve access to adequate 
and equitable sanitation and 
hygiene for all and end open 
defecation

6.3. Improve water quality by 
halving the proportion of 
untreated wastewater and 
substantially increasing recycling 
and safe reuse globally
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Figure 3. Septic Tank

This type of treatment is usually used for individual scale 
treatment. Figure 4. Filter Anaerobik (Bio Filter)
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Types of Decentralized Treatment (Part 1) 



Figure 5. Anaerobic Baffled Reactor (ABR) 
and Anaerobic Up-flow Filter (AUF)

Figure 6. Constructed Wetland

Figure 7. Rotating Biological Contactor (RBC)

Types of Decentralized Treatment (Part 2) 
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Stabilization Ponds are artificial earthen ponds consisting of 
a series of anaerobic, facultative, and maturation ponds.

Figure 8. Stabilization Pond Figure 9. Activated Sludge

A series of reactor tanks (aeration and clarifier) that 
use aerobic microorganisms to decompose organic 
substances in wastewater.

Types of Centralized Treatment (Part 1) 
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Figure 10. Aerated Pond

Figure 11. MBBR 

Figure 12. Oxidation Ditch

Types of Centralized Treatment (Part 2) 
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Anaerob pond

Facultative pond

Maturation pond

Outlet Citarum

Citarum River

FIGURE 13. Location pf Bojongsoang Wastewater
Treatment Installation
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FIGURE 14. Setiabudi WWTP Processing Scheme
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IMPORTANT
GHG EMISSIONS FROM DOMESTIC WASTEWATER  

1. Concern on global warming there is further 

mindfulness about emissions of greenhouse gases 

(GHGs) worldwide. 

2. Both public and private sector organisations are 

increasingly being needed to report on, manage and 

(where possible) reduce their GHGs.

3. WWTP appear can emit gases that are harmful to the 

climate, such as nitrous oxide (𝑁𝑁2𝑂𝑂 ), carbon dioxide 

( 𝐶𝐶𝐶𝐶2 ), and methane ( 𝐶𝐶𝐶𝐶4 ) during the biological 

wastewater treatment processes and 𝐶𝐶𝐶𝐶2  is also 

emitted during the production of the energy required 

for the plant operation.

4. The wastewater treatment sector is classified as one of 

the larger minor sources of greenhouse gas emissions 

(U.S. EPA, 1997).

46

Figure 15. GHG Emissions in Indonesia

44%
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Energy Agriculture Industry

Waste Land use

Source : Climate Watch, 2020

Indonesia produces GHG emissions of around 1.48 Gt 𝑪𝑪𝑪𝑪𝟐𝟐eq. 

This figure is equivalent to 3.1% of global GHG emissions, 

the total volume of which reaches 47.5 Gt 𝑪𝑪𝑪𝑪𝟐𝟐  eq.



IMPORTANT
GHG EMISSIONS FROM DOMESTIC WASTEWATER 

GHG EMISSIONS

• Indonesia's wastewater management system is generally an 

on-site system, where people mostly use septic tanks 

equipped with an infiltration area. 

• GHGs are emitted from a WWTP through three main 

mechanisms:

1. Direct; biological processes (emissions of 𝐶𝐶𝐶𝐶2  from 

microbial respiration, 𝑁𝑁2𝑂𝑂 from nitrification and 

denitrification, and 𝐶𝐶𝐶𝐶4 from anaerobic digestion).

2. Indirect internal; consumption of imported electrical or 

thermal energy.

3. Indirect external; sources not directly controlled within 

the WWTP (e.g., third-party biosolids hauling, production 

of chemical sand their transportation to the plant, etc.)

47

Source : Pratama et al., 2021

Figure 16. The boundary of GHG emissions from 

wastewater management

On-site treatment Collection System Fecal Sludge 
Treatment



IMPORTANT

• 𝑁𝑁2𝑂𝑂 ∶ is an intermediate of biological processes such as 

heterotrophic denitrification and nitrification. Its 

production occurs mainly in the activated sludge units 

(90%) while the remaining 10% comes from the grit and 

sludge storage tanks.

• 𝐶𝐶𝐶𝐶2 : its production is attributed to two main factors: 

biological treatment process and electricity 

consumption. In the main stream of the WWTP the 

organic carbon of wastewater is either incorporated into 

biomass or oxidized to 𝐶𝐶𝐶𝐶2 . In the sludge line, it is 

converted mainly to 𝐶𝐶𝐶𝐶2 and 𝐶𝐶𝐶𝐶4 during anaerobic 

digestion and, finally, methane is oxidized to 𝐶𝐶𝐶𝐶2  during 

biogas combustion.

BACKGROUND

48

GHG EMISSIONS FROM DOMESTIC WASTEWATER  

Source : Snip, 2010

Figure 17. GHG Emissions of a Wastewater Treatment Plant 

• 𝐶𝐶𝐶𝐶4  : The main sources of methane detected were; the 

primary sludge thickener, the centrifuge, the exhaust 

gas of the cogeneration plant, the buffer tank for the 

digested sludge, and the storage tank for the dewatered 

sludge. These units contribute to around 72% of 

methane emissions of the WWTP.



Thank you for your kind 
attention.
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https://www.globalmethane.org/  or scan the QR code: 
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source: 20006 IPCC GL, Vol. 5, Ch. 1, page 1.4

1. Structure of Emissions Categories within the Waste Sector



Source: 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Vol. 5, Ch. 6, page 6.8

Note: Blue ink is a new 
processing/disposal 
pathway in Refinement 2019

Wastewater treatment and disposal pathways in IPCC 
Guideline



Source: 2021 GHG Inventory Report, accessed from https://www.ditjenppi.org/indonesia/document on 08/03/2024

GHG Inventory Data Flow and Reporting

Coordinator for Waste Sector: Directorate of Waste 
Handling, MoEF.
Domestic Wastewater Sub-Sector: 
• Directorate of Water Pollution Control, MoEF;
• Directorate of Environmental Sanitation and Settlement 

Development, Ministry of Public Works & Public Housing;
• Center for Housing and Settlement Research and 

Development, Ministry of Public Works & Public Housing.

Source: 
Regulation of The President of The Republic of Indonesia Number 16 of 2018;
Regulation of MoEF Number P.73/MENLHK/SETJEN/KUM.1/12/2017 

Institutional Arrangements of National GHG Inventory



Domestic wastewater is one of the key 
emissions in 2020

Waste sector (= 126.797 Gg CO2e) 
contributed 12% to Indonesia's Total 

Emissions in 2020 (= 1.050.413 Gg CO2e)
Source: 2021 GHG Inventory Report, accessed from https://www.ditjenppi.org/indonesia/document on 08/03/2024

GHG Emissions in Indonesia (2020)



• Currently, referring to the method in the 2006 IPCC 
Guidelines (Tier I);

• The application of the methodology is stipulated in the 
Regulation of MoEF Number 
P.73/MenLHK/Setjen/Kum.1/12/2017 on Guidelines 
for Organizing and Reporting of Greenhouse Gas 
Inventories;

• The Global Warming Potential (GWP) value follows 
the GWP value for the 100-year horizon in the 
Second Assessment Report (2nd AR of IPCC).

Due to Domestic Wastewater is one of the 
key emissions, it is best to use Tier II.

Source: 2006 IPCC GL

Methodology for Calculating GHG Inventory for the Domestic 
Wastewater Sub-Sector



Source: 2021 GHG Inventory Report, accessed from https://www.ditjenppi.org/indonesia/document on 08/03/2024

Contribution of the Domestic Wastewater Sub-Sector to Total 
Waste Sector Emissions in 2020



Mitigation Action Baseline emissions
(tonnes of CO2e)

Verified emissions reductions 
(tonnes of CO2e) Note

Use of Integrated WWTP 24,500,283
(Scenario with 

Activity data on the 
1st BUR)

71,160
Emission reduction is the difference between 
the emission level in the baseline scenario 
and the emission level in current conditions

Use of Biodigester 42
Use of Fecal Sludge Treatment Plants 2,778
Use of WWTP (from Statistics) 56,367
Total 130,348

Verified GHG emission reduction in the Domestic Wastewater Sub-sector in 2020

Source: 2021 GHG Inventory Report, accessed from https://www.ditjenppi.org/indonesia/document on 08/03/2024

Trends in GHG emissions in the Domestic Wastewater Sub-
sector in 2010 - 2020



2. GHG Emission Reporting via the SIGN SMART Platform

Sistem Inventarisasi Gas Rumah 
Kaca Nasional-

Sederhana, Mudah, Akurat, 
Ringkas, dan Transparan

Input of Activity Data

Emission Factors are 
provided by SIGN SMART

Calculation Process by SIGN SMART

Output SIGN SMART -> CRF, Emissions 
trends, Key Category Analysis

SMART SIGN WORKFLOW

Access at http://signsmart.menlhk.go.id/v2.1/

National Greenhouse Gas 
Inventory System - Simple, Easy, 
Accurate, Concise and Transparent

In English:

Sistem Inventarisasi Gas Rumah 
Kaca Nasional-

Sederhana, Mudah, Akurat, 
Ringkas, dan Transparan

Activity data is sent 
to the related worksheet



MENU IN SIGN-SMART PLATFORM
OUTPUT

CALCULATION OF EMISSION

OPTION MENU FOR 
UPDATING PARAMETER

sumber: Allan Rosehan Y., S.P., M.P. (2023)

DATA INPUT

Using the SIGN-SMART Platform



sumber: Allan Rosehan Y., S.P., M.P. (2023)

• Population
• The proportion of the population living in villages and cities
• Protein consumption per capita
• Domestic Wastewater Treatment and Disposal Fraction

Inputs for the domestic wastewater sub-sector in SIGN-SMART



Total Population data must be 
consistent. Data source: 
- Central Bureau of Statistics
- Population and Civil Registry Agency

The proportion of the population 
living in villages and cities
Example of data source:
Population projections for districts/cities 
in West Java province 2010 – 2020 

PROTEIN CONSUMPTION
Example of data source:
Provincial Level: Calorie and protein 
consumption of the Indonesian population and 
Provinces (Central Bureau of Statistics)
District/city level: People's Welfare Statistics 
Book (Central Bureau of Statistics)

source: Allan Rosehan Y., S.P., M.P. (2023)

Population



Source: https://sensus.bps.go.id/

Example: Data On The Fraction Of The Population Living In 
Villages And Cities



Protein Consumption in West Java Province = 64.79 Gram/person/day
= 64.79 Gram/org/hari * 365 * 0.001 = 23.65 kg/person/yr

Example of Protein Consumption Data At Province Level



Protein Consumption in Bandung City 2023 = 62.77 gram/person/day
= 62.77 g/person/day * 365 days * 0.001 kg/g= 22.91 kg/person/yr

Example of Protein Consumption Data At District/City Level



Degree of utilization of treatment or discharge pathway



SIGN SMART Input Connection with IPCC Worksheet (2006) for 
Domestic Wastewater Treatment and Disposal



TOW = P * BOD * 0,001 * 365
TOW = total organics in wastewater in inventory year, kg BOD/yr;
P = population (person);
BOD = country-specific per capita BOD5 in inventory year, g/person/day (default for Asia, Timur Tengah, Amerika Latin = 

40 g BOD/person/day);
0,001 = conversion from grams BOD to kg BOD.

CH4 Emissions From Domestic Wastewater (Refinement 2019): 
  Emisi CH4 = [((TOW – S) * EF) – R ]
• CH4 Emissions = CH4 emissions from treatment/discharge pathway or system, kg CH4/yr;
• TOW = organics in wastewater of treatment/discharge pathway or system, kg BOD/yr;
• Sludge Removal, S = organic component removed from wastewater (in the form of sludge) from treatment/discharge, kg BOD/tahun. 

For wastewater discharged into aquatic environments, there is no sludge removal (S = 0) and no CH4 (R = 0);
• EF = emission factor for treatment/discharge pathway or system, kg CH4/kg BOD.
• R = amount of CH4 recovered or flared from treatment/discharge pathway or system, default value = 0;

3. Estimation of CH4 Emission Levels at Maleer WWTP



Note: Default value for sludge removal (IPCC 2006) = 0 (zero), see 2006 IPCC GL, Vol. 5, Ch. 6, page 6.9. 

The 2019 Refinement to 2006 IPCC GL:
• AEROBIC TREATMENT PLANTS:
Organic components removed as sludge from aerobic treatment plants are a function of the sludge produced from wastewater processing 
(Smass) and sludge factors (Krem), namely: Saerobic = Smass * Krem * 1000.

Saerob = organic component removed from wastewater (in the form of sludge) in aerobic treatment plants, kg BOD/yr;
Smass = amount of raw sludge removed from wastewater treatment as dry mass, tonnes/year;
Krem = sludge factor, kg BOD/kg sludge;
1000 = conversion factor for tonnes to kilograms.

• SEPTIC TANK:
For septic systems, emissions depend on the fraction of population who manage septic tanks according to sludge removal instructions (F). 
Default value F = 0.5 (50% of the population complies with septic tank sludge removal instructions). Organic components removed as sludge 
are: Sseptic = TOWseptic * F * 0,5 
Sseptic = organic component removed from wastewater (in the form of sludge) in septic systems, kg BOD/yr;
TOWseptic = total organics in wastewater in septic systems inventory year, kg BOD/yr -> TOWseptic = P*BOD*0,001*365 * degree of septic tank utilization; 
F = fraction of the population managing their septic tank in compliance with the sludge removal instructions of their septic system;
0,5 = fraction of organics in wastewater removed in sludge when septic tank is managed in accordance with sludge removal instructions.

Sludge Removal in WWTP (S)



Anaerobic reactor with default values (IPCC, 2006, Ref 
2019), as follows:
• BOD5 = 40 gram/person/day (Asia, Middle East, Latin 

America);
• Maximum methane-producing capacity = 
 0.6 kg CH4/kg BOD or 0.25 kg CH4/kg COD 
• Methane Correction Factor, MCF = 0.8;
• EF = 0.48 kg CH4/kg BOD or 0.20 kg CH4/kg COD
• TOWREM = 0.85 -> biological treatment plants;

What default values can be updated 
from sampling results?

Identification type of of Maleer’s WWTP 



Location: Maleer 1 Village, Batununggal District RT 04 RW 12

Updated parameters: 
• CODinlet (mg/l): 40.97 ± 16.49, with range: 24.48 to 57.46;
• CODoutlet (mg/l): 18.29 ± 10.59, with range: 7.70 to 28.88;
• % COD removal (%): 53.39 ± 32.00, with range 21.39 to 85.39.  

After sampling, local value 
of COD and % removal are 
obtained.

Analysis of sampling results of COD and % COD Removal 



CH4 Emission Level at WWTP, if using sampling data:
• Maleer IPAL users = 239 persons; Wastewater flowrate = 146.61 litre/person/day, COD = 40.97 mg/litre;
• COD load = 146.61 litre/person/day * 40.97 mg/litre *0.001 g/mg = 6.01 g/person/day;
• Organics in wastewater of treatment (TOW) = 239 person * 6.01 g COD/person/day * 0.001 kg/g * 365 days/yr = 523.96 kg COD/yr;
• Organic component removed from wastewater (in the form of sludge), S = 0 kg COD/yr (Default IPCC);
• Emission factor of anaerobic reaktor = 0.2 kg CH4/kg COD (Default IPCC);
• Recovered/flared CH4 in WWTP = 0 kg CH4/yr;
• CH4 emission at Maleer WWTP = [(523.96 – 0) kg COD/yr * 0.2 kg CH4/kg COD ] – 0 kg CH4/yr = 104.79 kg CH4/yr.

CH4 Emission Level at WWTP, if using default values of 2006 IPCC:
• Maleer IPAL users = 239 persons;
• BOD load = 40 g BOD/person/day;
• Organics in wastewater of treatment (TOW) = 239 person * 40 g BOD/person/day * 0,001 kg/g * 365 days/yr = 3,489.40 kg BOD/yr;
• Organic component removed from wastewater (in the form of sludge), S = 0 kg BOD/yr;
• Emission factor of anaerobic reaktor = 0.48 kg CH4/kg BOD;
• Recovered/flared CH4 in WWTP = 0 kg CH4/yr;
• CH4 emission at Maleer WWTP = [(3,489.40 – 0) kg BOD/yr * 0.48 kg CH4/kg BOD ] – 0 kg CH4/yr = 1,674.91 kg CH4/yr.

CH4 Emission Levels at Maleer WWTP



4. CH4 Emission Levels from WWTP’s effluent Discharge

Source: vectorstock.com

Tier selection is related to CH4 estimates 
from wastewater discharge (effluent and/or 

discharge without treatment)



CH4 Emission Level of Maleer WWTP effluent discharge, if using sampling data:
• Maleer IPAL users = 239 persons; Wastewater flowrate = 146.61 litre/person/day, COD = 40.97 mg/litre;
• COD load = 146.61 litre/person/day * 40.97 mg/litre * 0.001 g/mg = 6.01 g/person/day;
• Organics in wastewater of treatment (TOW) = 239 persons * 6.01 g COD/person/day * 0.001 kg/g * 365 days/yr = 523.96 kg COD/yr;
• % of COD removal (TOWREM) = 53,39% = 0.5339;
• Total organics in treated wastewater effluent discharged, TOWEFFtreat = 523.96 kg COD/yr * (1 – 0.5339) = 244.21 kg COD/yr;
• Emission factors for discharge to the aquatic environment = 0.028 kg CH4/kg COD;
• CH4 emissions from the discharge pathways = 244.21 kg COD/tahun * 0.028 kg CH4/kg COD = 6.84 kg CH4/yr.

CH4 Emission Level of Maleer WWTP effluent discharge, if using default value of IPCC:
• Maleer IPAL users = 239 persons;
• BOD load = 40 g BOD/person/day;
• Organics in wastewater of treatment (TOW) = 239 persons * 40 g BOD/person/day * 0,001 kg/g * 365 day/yr = 3,489.40 kg BOD/yr;
• % of COD removal (TOWREM) = 85% = 0.85 (default of Refinement 2019 for biological treatment);
• Total organics in treated wastewater effluent discharged, TOWEFFtreat = 3,489.40 kg BOD/yr * (1–0.85) = 523.41 kg BOD/yr;
• Emission factors for discharge to the aquatic environment = 0.068 kg CH4/kg BOD;
• CH4 emissions from the discharge pathways = 1,626.33 kg COD/tahun * 0.068 kg CH4/kg BOD = 35.59 kg CH4/yr.

CH4 Emission Levels from Maleer WWTP’s Effluent Discharge



5. N2O Emission Levels at Maleer WWTP

Source: 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Vol. 5, Ch. 6, page 6.40



N2O Emission Levels at WWTP (Refinement IPCC, 2019): 
   N2O PlantsDOM = TNDOM * EF * 44/28
• N2O PlantsDOM : N2O emissions from domestic wastewater treatment plants, kg N2O/yr.
• TNDOM  : Total annual amount of nitrogen in domestic wastewater, kg N/yr. 
• EF  : Emission factor for treatment/discharge pathway or system, kg N2O-N / kg N
• 44/28  : the conversion of kg N2O-N into kg N2O.

• N2O emissions in the Anaerobic Reactor (at Maleer WWTP) are insignificant.

Total annual amount of nitrogen in domestic wastewater, TNDOM (Refinement IPCC, 2019): 
   TNDOM = Ptreatment * Protein * FNPR * NHH * FNON-CON * FIND-COM

• TNDOM : Total annual amount of nitrogen in domestic wastewater, kg N/yr.
• Ptreatment : Human population who are served by the treatment pathway, persons/yr.
• Protein : Annual per capita protein consumption, kg protein/person/yr.
• FNPR : Fraction of nitrogen in protein, default = 0.16 kg N/kg protein.
• FNON-CON : Factor for nitrogen in non-consumed protein disposed in sewer system, default value for Sout East Asia = 1.02 kg N/kg N.
• FIND-COM : Factor for industrial and commercial co-discharged protein into the sewer system (co-discharged), 

default = 1.25 kg N/kg N for centralized WWTP, and default = 0 kg N/kg N for onsite WWTP and discharged.
• NHH  : Additional nitrogen from household products added to the wastewater, default =1.1. 

Method of Estimating N2O Emission Levels at Maleer WWTP



N2O Emission Level due to Maleer WWTP’s Effluent Discharge

Source: vectorstock.com

Source: The 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories , Vol. 5, Ch. 6, page 6.40



• Maleer IPAL users = 239 persons;
• Protein Consumption in Bandung City = 66.86 g protein/person/day (https://bandungkota.bps.go.id) 
 = 66.86 g protein/person/day * 365 days * 0.001 kg/g = 24.40 kg/person/yr
• Fraction of nitrogen in protein, FNPR = 0.16 kg N/kg protein (default IPCC).
• Factor for nitrogen in non-consumed protein disposed in sewer system, FNON-CON  = 1.02 (default IPCC for South East Asia)
• Factor for industrial and commercial co-discharged protein into the sewer system (co-discharged), FIND-COM = 1,00 (justification), default for centralized 

WWTP = 1.25. 
• Additional nitrogen from household products added to the wastewater, NHH = 1.13 (Default IPCC for India).
• Total annual amount of nitrogen in domestic wastewater, TNDOM = 239person * 24.40 kg protein/person/yr * 0.16 * 1.02 * 1.00 * 1.13 = 1,075.61  kg N/yr.
• Fraction of total wastewater nitrogen removed during wastewater treatment, NREM = 0.4. Default of Refinement 2019 for biological treatment.
• Total nitrogen in the wastewater effluent discharged to aquatic environments, NEFFLUENT, DOM = 1,075.61 * (1 – 0.4) = 645.37 kg N/yr.
• Emission factor for N2O emissions from wastewater discharged into aquatic environments, EFEFFLUENT = 0.005 kg N2O-N/kg N.
• N2O emissions from WWTP’s effluent = 806.71 kg N/tahun * 0.005 kg N2O-N/kg N * 44/28 = 5.07 kg N2O/tahun.

N2O Emission Levels from Maleer WWTP’s Effluent Discharge

https://bandungkota.bps.go.id/


• Because Domestic Wastewater is one of the key emissions, it is best to use Tier II -> Development of local 
methodology and/or emission factor database;

• Updating local emission factor (kg CH4/kg BOD), i.e:
 - Maximum CH4 production capacity (Bo) for domestic wastewater, kg CH4/kg BOD;
 - Methane correction factor (MCF).
• Sampling at Communal WWTPs in the dry season -> minimizes dilution effects due to groundwater 

infiltration and/or surface water runoff in WWTPs and drainage channels;
• Sampling in individual septic tanks (onsite treatment), in the dry and rainy seasons -> CH4 and N2O 

estimates specifically for black water.
• Sampling of untreated grey water.
• Investigation of methane mass balance and emission locations along its path, from septic tanks and/or 

treatment plants and sludge treatment and disposal.  

7. Options of Next Sampling Exercise



• Presidential Decree 98 of 2021 explains the importance of accurate calculation data and achieving emission reductions.
• The Indonesian government has mapped the flow of information in its emissions reporting process. Local governments 

have a role in allocating resources to measure and report their emissions. However, there are obstacles to varying 
inventory quality.

• The Ministry of Environment and Forestry has the mandate to champion emissions reduction initiatives and the 
authority to implement changes to improve the management of data collection, measurement-based GHG data 
collection, with traceable and credible data quality. 

• The Directorate of Water Pollution Control (KLHK) has a mandate for wastewater sampling.
• The Indonesian government has developed a web-based information system, the SIGN-SMART platform, for data 

acquisition, calculation and analysis of GHG emissions up to the City/Regency Government level..
• Law 7/2004 concerning Water Resources and Law 18/2008 concerning Waste Management serve as basic legal 

instruments for developing technical regulations encouraging sludge management.
• There is no comprehensive data that covers all wastewater treatment infrastructure.
• Even though it is included in one of the key emissions, the estimation of GHG emissions for the Domestic Wastewater 

Sub-Sector still uses the Tier I method of IPCC (2006).

Key Takeaways: GHG Inventory for Municipal Wastewater



• Conveying the findings to relevant stakeholders, namely: Directorate of GHG & MPV of the Ministry of 
Environment and Forestry, Directorate of Solid Waste of the Ministry of Environment and Forestry, 
Directorate of Water Pollution Control of the Ministry of Environment and Forestry; Directorate of 
Environmental Sanitation and Settlement Development, Ministry of Public Works and Public 
Housing; Research and Development Center for Housing and Settlements, Ministry of Public Works 
and Public Housing;

• Conduct studies on onsite and offsite WWTP to fill data gaps and move to Tier II (local emission 
factors or methodology);

• Develop WWTP data collection guidelines and disseminate them through capacity-building 
workshops.

Short Term Opportunities for GHG Inventory Improvement



• Data Collection and Monitoring. Invest in a data collection and monitoring system to track GHG emissions from domestic 
wastewater treatment and disposal, including wastewater quantity and quality, treatment methods, and energy consumption.

• Technology Improvement. Consider improving low-emission domestic wastewater treatment technology. For example, 
anaerobic digestion and biogas recovery can capture methane emissions and convert them into an energy source. 

• Inventory Improvement. Developing a special GHG inventory for the domestic wastewater sub-sector, including emission 
calculation methodology towards Tier II, activity data, and local emission factors.

• Capacity Building. Invest in capacity building for WWTP managers and regional Environmental Agencies so that they have the 
knowledge and tools to measure and manage GHG emissions effectively.

• Research and Innovation. Support research and innovation to develop new technologies and practices to reduce GHG emissions 
in the domestic wastewater treatment sub-sector. Establishing collaboration with universities and research institutions.

• Policies and Regulations. Implement and enforce policies and regulations that incentivize the reduction of GHG emissions from 
domestic wastewater treatment.

• Data Interoperability. Data Sharing and Collaboration from various stakeholders.

• Citizen's awareness. Increase public awareness about reducing GHG emissions from domestic wastewater treatment.

• Financial Incentives. Providing financial incentives or subsidies for low-emission domestic wastewater treatment.

• Benchmarking. Establish benchmarks and performance indicators for Domestic WWTP..

• International Support. Seek support from international organizations and climate finance mechanisms to fund 
GHG reduction projects in the domestic wastewater sub-sector. 

Medium Term Opportunities for GHG Inventory Improvement



Thank you for your kind 
attention.

For more resources and information on events visit   
https://www.globalmethane.org/  or scan the QR code: 
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Purpose & Scope of This Case Study

 PURPOSE:

Assess the GHG emissions and the performance of a decentralized wastewater 
treatment plant (WWTP) located in Maleer 1 Village, Batununggal District, Bandung, 
Indonesia as a case study.

 SCOPE:

For the case study involves field data collection, including interviews with households 
connected to the WWTP, water and sludge sample collection and analysis, and flow 
rate prediction. Gas analysis and measurement will not be conducted due to time 
constraints
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Source: https://commons.wikimedia.org/wiki/File:1-12_Color_Map_World.png 

Location of the WWTP

BANDUNG, WEST JAVA, INDONESIA

https://commons.wikimedia.org/wiki/File:1-12_Color_Map_World.png


Pilot Location: Maleer WWTP

 Maleer Communal 
Wastewater Treatment 

Plant (WWTP)

 Kb. Gedang III, Maleer 1 
Village, Batununggal 
District RT 04 RW 12

 Bandung, Indonesia

88

Communal WWTPs in Indonesia were built in several locations in low-income communities, densely 
populated, and sanitation-prone environments as a step to prevent the flow of municipal wastewater 
which is directly discharged into water bodies (rivers) without any prior processing. The government 
created a program known as Community Based Sanitation (SANIMAS).



WWTP General Overview

 WWTP type : Anaerobic Upflow Filter (AUF)

 Operating since : January 2019

 Capacity  : 28.8 m3/day

 Dimensions : 16.6 x 2.2 x 3.3 m

89

 PET plastic supporting 
media from used 
mineral water bottles 
as a medium for 
growing biomass on its 
surface.

 The location is in a 
densely populated area 
and is built on 
riverbanks.

Filter Media made 
from PET bottle 

plastics



SAMPLING Methodology

 Prepare tools, materials 
and label used for 
sampling

90

WASTEWATER & SLUDGE

Take wastewater samples using a 
bucket

Put wastewater sample into 
plastic & glass bottles

Store the samples in an 
ice box

Take the sludge sample with DIY Sludge 
Sampler (pipe and foot valve) Put sludge samples into 

plastic bottle

No mean to measure
Flow-rateGas measurement was 

not carried out, due to 
time constraints.



Methodology: Estimating Wastewater Flow Rate
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ACTUAL POPULATION 
& WATER USAGE FLOW 

RATE

1. Estimated population data for 2024 using a linear method 
(interpolation) for 6 years (2018 – 2024).

2. Survey amount of water used by the respondents taken from the needs 
of:

• Bathing
• Toileting
• Worship (wudu)
• Washing clothes
• Washing dishes

• Drinking, cooking
• Mopping
• Watering plants
• Washing vehicles

1. Interviews with the Head of the RW (Citizens Association)
2. Survey with sewer shed residents.
Samples were taken based on the L. R. Gay Formula, namely the minimum research 
sample size for a relatively small population of at least 20% of the sample – house 
holds (Fauzy A., 2019).



Challenges in data collection (part 1)

 Data collection must be supported by local authorities and the 
community living nearby.

 Data archiving in several regions in Indonesia is inadequate, making it 
difficult to obtain complete data.

 The water meter has been removed because there were complaints 
from residents regarding the costs and the water flow not running 
smoothly.

 WWTP is underground so it is difficult to access for direct discharge 
measurement.

 The position of the WWTP on the side of the road is quite narrow so that 
it sometimes interferes with residents' road activities.
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Challenges in data collection (part 2)

 There are indications of rainwater infiltration in the pipes leading to 
WWTP so that the concentration of wastewater is diluted during the 
rainy season.

 Some residents do not know the data and conditions of connections 
from their homes to the WWTP.

 Other Note:
– Monitoring of WWTP conditions by the RW is carried out irregularly. 

Sludge draining is carried out by the RW if it shows signs that it is full, 
and repairs are carried out if complaints/problems arise.
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Findings

Current Population

94

Estimated population data for 2024 by surveying 
20% of the total population of the total of 57 
house-holds 179 people).

Wastewater Discharge

It was found that the average use of clean water was 183±79 L/person/day. 

O (Initial Years) 2018

N (Final Years) 2024

PO (Initial Population) 33

PN (Final Population) 44

T (Time) 6

Water Usage (L/person/day)

Average 183

Max 265

Min 107

Because there is no data on hourly flow fluctuations available, it is assumed 

that wastewater discharge is an average of 80% of the average flow of 

clean water used per person per day.



Findings: Wastewater Concentration
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No Parameters Unit Analyzing Method Inlet Results Outlet Results
1 pH - APHA 4500-H+B 7,06±0,09 7,26±0,03
2 Dissolved Oxygen (DO) mg/L APHA 4500-O-G 7,36±0,67 7,67±0,39
3 Temperature oC APHA 2550 24,83±0,05 25,03±0,03
4 Electrical Conductance (EC) μS/cm APHA 2510 495,00±6,00 324,00±5,00
5 Total Dissolved Solid (TDS) mg/L APHA 2540-C 250,00±5,00 164,67±2,67
6 Total Solid (TS) mg/L APHA 2540-B 427,33±23,50 284,67±3,67
7 Volatile Solid (VS) mg/L APHA 2540-G 150,33±9,00 137,00±5,00
8 Suspended Solid (TSS) mg/L APHA 2540-D 11,00±1,75 8,83±6,33
9 Volatile Suspended Solid (VSS) mg/L APHA 2540-G ±0,00 9,00±1,00

10 Biochemical Oxygen Demand (BOD) mg/L APHA 5210-B 16,60±3,70 9,41±2,48
11 Chemical Oxygen Demand (COD) mg/L APHA 5220-B 22,77±4,90 12,99±3,23
12 Total Nitrogen (TN) mg/L APHA 4500-Norg-B 24,93±10,50 14,77±0,77
13 Ammonia-Nitrogen (NH3-N) mg/L APHA 4500-NH3-F 32,77±2,65 14,77±0,97
14 Nitrate-Nitrogen (NO3-N) mg/L APHA 4500-NO3-B 12,63±1,25 2,88±2,69
15 Nitrite-Nitrogen (NO2-N) mg/L APHA 4500-NO2-B 4,39±0,75 3,76±0,87
16 Total Phosphate (TP) mg/L APHA 4500-P-B-D 0,06±0,00 0,05±0,02
17 Oil and Grease mg/L APHA 5520-D 2,60±0,2 1,93±0,33
18 Total Coliform MPN/100 mL APHA 9221-B ±24000 ±153357

19 Fecal Coliform MPN/100 mL APHA 9221-B ±11000 ±8017

20 Methylene Blue Active Substance mg/L APHA 5540-C 0,08±0,004 0,07±0,02



Findings: Sludge Concentration
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No Parameters Unit Analysing Method Test Results

1 Total Suspended Solid (TSS) mg/L APHA 2540-D 94.673±65.420

2 Total Solid (TS) mg/L APHA 2540-B 70.377±15.395

3 Volatile Solid (VS) mg/L APHA 2540-G 39.260±9.280

4 Volatil Suspended Solid (VSS) mg/L APHA 2540-G 39.780±25.880

5 Biochemical Oxygen Demand (BOD) mg/L APHA 5210-B 6.317±1.963

6 Chemical Oxygen Demand (COD) mg/L APHA 5220-B 17.500±5.000

7 Total Phosphate (TP) mg/L APHA 4500-P-B-D 0,59±0,10

8 Total Nitrogen (TN) mg/L APHA 4500-Norg-B 1.940±722



Findings: BOD Generation in Several Studies
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Parameter Unit Value* Value** Value*** Value****
This 

Research

Biochemical Oxygen 
Demand (BOD)

mg/L 99,03 77,3 291,43 235,11 13,7-21,1

Wastewater Discharge L/person/day 147
BOD Generation gram/person/day 15 11 43 35 2-3

BOD Generation (Default 
IPCC 2006)

gram/person/day 40

BOD Generation kg/person/year 5,3 4,1 15,6 12,6 0,7-1,1
BOD Generation (Default 

IPCC 2006)
kg/person/year 14,6

*Pangaribuan, 2023: Sampling conducted thrice during the rainy season; 
**Hasby, 2022: Sampling conducted once during the rainy season; 
***Iqbal, 2021: Sampling conducted over a 2-day period from March 1, 2021, to March 2, 2021; 
****Nur, 2021: Sampling conducted thrice during the dry season.

This research sampling was conducted thrice during the heavy rainy season and the samples tested in daily-composite while the others research tested in a 
grab sample. It is not known what percentage of rainwater is mixed with wastewater which causes dilution. The result of BOD generation number is 2-3 
gram/person/day which the lowest range of generation.



JICA SP3 Study on BOD and TKN (2015)
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This survey covered only individual septic tanks. To improve GHG inventory for 
CH4 and N2O from municipal WWTPs, it is recommended to conduct similar 
survey in communal WWTPs and other types of communal WWTPs

 Understand



JICA 2015 Study: Emissions Factor Survey in Septic Tanks
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The significant difference of the CH4 EF from the JICA SP3 survey indicates 
that the septic system in Indonesia is different to the one that is used to 
develop IPCC2006 guideline. The survey results is closer to default values 
IPCC2006 for latrine system. It is likely that Indonesian septic system is 
actually similar to latrine system rather than septic system. 



Methane Correction Factor (MCF)

100

This MCF value is  
based on IPCC 
guidelines 
depending on the 
country's climate 
and number of 
people sharing the 
sewer shed.



JICA 2015 Study: Gas & Wastewater Sampling
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Gas sampling method :

 The open chamber is installed at the sampling point with the tool set as shown.

 The air pump is turned on to draw the gas that has collected in the chamber. With this, 
the space in the chamber is filled with free air connected from the free air hose (line).

 Gas sampling is carried out in the gas sampling section by opening the valve and 
capturing the gas using a syringe and transferring the gas into a vial tube to hold the gas 
sample.

 The vial containing the gas sample is taken to the laboratory for lab testing using a Gas 
Chromatography device.



2024 GMI Pilot in Maleer vs 
JICA 2015 Study Results
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The wastewater piping system to the 
Communal WWTP is different from a 
septic tank. Wastewater (blackwater) 
usually flows directly from the source 
to the septic tank, while the 
communal system collects blackwater 
and greywater and there are channels 
that can allow the discharge that flows 
to the WWTP to be infiltrated with 
rainwater. Rainwater can make the 
discharge coming out of housing no 
longer 147 L/person/day*, but it will 
be larger because there is a dilution 
factor by rainwater. 



Value* Value** Value*** Value**** This Research
2024 GMI Pilot: 
Maleer WWTP

kgBOD/cap
/year

5,313 4,148 15,637 12,615 0,735-1,132

Average JICA SP3 
Survey 17,278

IPCC 2006 14,6

The values in the blue cells were sampled during rainy season and the yellow cells sampled during 

dry season. The challenge in sampling during the rainy season: percentage of rainwater flows into the 

channel is unknown. 

Suggestion:  Measurements in the Maleer WWTP should be done during the dry season to determine 

the actual generation and Emission Factor (EF).
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2024 GMI Pilot in Maleer vs 
JICA 2015 Study Results



Challenges in Measuring GHG From 
Decentralized Wastewater Treatment

Variability in treatment processes
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Complexity of emission sources
Developing standardized measurement 
approaches that can accurately capture 
emissions over different processes. 

These sources interconnect in complex ways 
within the treatment system making it challenging 
to isolate and quantify each emission pathways.

Limited access to data Spatial and temporal variability
Access to comprehensive emissions data is 
limited due to resource constraints and 
logistical challenges.

GHG emissions from decentralized wastewater 
treatment indicates spatial and temporal variability due 
to factors such as influent composition, hydraulic 
loading rate, and environmental conditions.



Analytical techniques and sampling
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Interference from other sources
There is a need for innovative measurement 
approaches that are specialized to the specific 
characteristics of decentralized system.

These additional sources can interfere and 
complicate the attribution of emissions to specific 
wastewater treatment processes.

Modelling uncertainties
Uncertainties in model predictions can arise at various 
stages, including emission factor estimation, process 
simulation, and spatial/temporal extrapolation.

Challenges in Measuring GHG From 
Decentralized Wastewater Treatment



For determining population served by Communal WWTPs 

1. Use existing data for the most recent year provided by the government/local 
authority or sample survey and interpolation of estimation from the most recent 
years (used in this work) or

2. If data is only available from more than 10 years ago, it is recommended to 
calculate the population growth ratio first and determine a prediction method 
because the linear method may no longer be accurate or

3. Survey the entire population served by the WWTPs

Summary of Proposed Future Methodology
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For determining wastewater flow rate
1. If there is a water meter, we can calculate water usage every day and divide it by the number of 

people in the house, or
2. If the water at the outlet is flowing and can be measured easily, we can use calculations using 

a flowmeter/current meter propeller divided by the surface area of the outlet compartments 
or surface velocity method by calculating the distance and time the object flows.

3. If the water at the outlet flows out of the pipe, the discharge can be calculated using the 
volume divided by the water filling time or the waterfall discharge calculation with a known 
pipe diameter.

4. If none of the data above is available, a survey can be carried out as was carried out in this 
research.

Summary of Proposed Future Methodology
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For Gas and Wastewater Sampling

1. Carry out sampling in the dry season: to avoid influence by rainwater discharge.
2. Carry out gas sampling according to the JICA2015 method to obtain actual Emission Factor 

(EF) data from Maleer Communal WWTP.

108

Summary of Proposed Future Methodology



Thank you for your kind 
attention.

For more resources and information on events visit   
https://www.globalmethane.org/  or scan the QR code: 
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https://www.globalmethane.org/
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IPCC background

• IPCC Guidelines for the Wastewater (WW) Sector (controlled 
discharges)
– 2006 IPCC guidelines and 2019 Refinement

• Volume 5: Waste, Chapter 6: Wastewater Treatment and Discharge
– Volume 1. General guidance for reporting 

• Guidance for reporting and GHG inventories overview
• Uncertainties 
• Consistency, quality assurance, and quality control 
• Verification of the protocol

–  Top-down approach (based on 3 Tier methodology for EF calculations)
• Tier 1 : Use of default values with countries with limited data
• Tier 2 : Use of country-specific EF based on field measurements and activity data
• Tier 3 : Use of country-specific METHOD. (e.g. based on plant- specific emissions 

from large WWTPs and advanced methodologies. Asset specific.)
• Tiers are related to the degree of accuracy in GHG emissions estimate
EF : Emission Factor



IPCC Modelling Approach



Emissions Sources

• Direct and Indirect Emissions from Wastewater Treatment

– Direct emissions of CO2, N2O and CH4 produced from wastewater 
microorganisms respiration (CO2 biogenic emissions: net zero)

– Indirect emissions from fossil fuel-sourced electricity (CO2, CH4, and NOX), 
transportation of sludge, production, and transportation of chemicals (CO2 
emissions add carbon to the atmosphere)



Emissions Sources

Top-down versus Bottom-up Methodologies 

• Top down 
 The EF and activity data derived from secondary sources (e.g. published 

literature, reports, etc.).
 A good practice, when data, methodologies, and resources are not available at 

the country level to develop a bottom-up approach to full-scale quantification 
of GHG emissions.

• Bottom-up 
 In-country  EF from national data set developed from a sub-set of facilities
 Data specifically EF at individual WWTP level
 Specific EF for N2O and CH4



WW GHG Emissions Assessment – Australia

– Australia (Department of Industry, Science, Energy & Resources, 2021; OPC)
• Tier 2 approach for Australia outlined in the National Greenhouse and Energy 

Reporting (Measurement) Determination 2008 made under sub-section 10(3) of 
the National Greenhouse and Energy Reporting Act 2007. This legislation 
provides four methods for GHG emissions assessment.

– Three of the methods relate to different Tier approaches regarding CH4 calculations. 
(next slide).

– A fourth method in GHG emission assessment relates to a Tier 3 approach defined as 
facility-specific measurement of emissions by continuous or period emissions 
monitoring – but this is not included as a method for CH4 emissions estimation.



WW GHG Emissions Assessment – Australia

• The Determination provides three methods for estimating CH4 emissions from 
treatment and emissions from flaring in Part 5.3 Wastewater Handling (Domestic 
and Commercial).

- Method 1 : Considers COD production per capita and subtracts biogas 
utilized on-site, flared or exported and provides separate emissions 
calculations for wastewater and for sludge different types.

- Method 2: Considers an approach aligned with Method 1 but with more 
specific consideration of a facility. This is based on designation of sub-facility 
levels based on treatment areas and the use of measured data (e.g. COD or 
BOD).

- Method 3: Aligns with method 2 but provides for different sampling
    laboratory certification.

 



WW GHG Emissions Assessment - Australia

– Australia (NO2)
• In a similar way to CH4 calculations four methods are developed for N2O as 

described in the National Greenhouse and Energy Reporting (Measurement) 
Determination 2008 made under sub-section 10(3) of the National Greenhouse 
and Energy Reporting Act 2007.

– Method one: Is derived from the National Greenhouse Accounts methods and based 
on national average estimates (default values).

– Method two: Allows for facility-specific values, generally, using industry practices for 
sampling and Australian or equivalent standards for analysis.

– Method three: While aligned with method 2 is based on Australian or equivalent 
standards for both sampling and analysis.

– Method four: provides for facility-specific measurement of emissions by continuous 
or periodic emissions monitoring



WW GHG Emissions Assessment – The United
Kingdom

– United Kingdom (Carbon Accounting Workbook,CAW)
• Compulsory to report their GHG emissions to regulator using country-developed 

EFs and peer-reviewed industry-wide tool for operational carbon assessment
• Carbon Accounting Workbook (CAW)
• Sector-level reporting is required by the Economic Regulator for Water 

Companies in England and Wales (Ofwat) since 2007. 
• Emissions reported in the CAW are in part used for compilation in the UK 

National Inventory Reporting.
• Calculation of fugitive CH4 emissions from sludge storage, thickening and 

treatment in anaerobic digesters. EFs included for the mass of CH4 per mass of 
raw dry solids from sewage sludge

• Consider leakage from digesters, venting due to ignition failure, and downtime at 
flare stacks. 

• NOT well aligned with the IPCC methodology and has been recommended for 
review and revision

 



WW GHG Emissions Assessmen – The United
Kingdom

– United Kingdom (NO2)
• For the national reporting, N2O emissions from wastewater treatment are not 

reported, only indirect N2O from discharge of effluent based on the 2006 IPCC 
Guidelines is reported. 

• For estimation of N2O emissions from wastewater treatment, the latest review 
updated the country-developed EF to its original value of 0.004 kg N2O-N/kg N 
load in secondary treatment (originally derived from the simple statistical 
average of nine studies).

• Work is underway to develop an approach for industry wide monitoring of N2O 
from representative WWTPs to develop country-specific EFs across fixed-film and 
suspended growth process types.

• The UK water sector have acknowledged that accurate estimation and mitigation 
of process emissions is one of the main challenges in their pathway to achieving 
net zero by 2030.



WW GHG Emissions Assessment- United States

- United States 
• For CH4 emissions and N2O the US uses the IPCC  Tier 2 Guidelines as the basis for their 

national GHG inventory assessment.
• Domestic Wastewater CH4 emissions estimates:

• Septic Systems     (A)
• Centralized Treatment Aerobic Systems (B)

• CTSS other than constructed wetlands (B1)
• Constructed Wetlands Only   (B2)
• CW used as Tertiary Systems  (B3)

• Centralized Anaerobic Systems  (C)
• Anaerobic Sludge Digesters   (D)
• Centralized WWT Effluent   (E)

TOTAL DOMESTIC CH4 EMISSIONS FROM WWT & DISCHARGE (kt) = A + B + C + D + E



WW GHG Emissions Assessment- United States

– United States 

EPA Inventory of US Gas Emissions and Sinks, 2022.



WW GHG Emissions Assessment- United States

- United States 
• Domestic Wastewater N2O emissions estimates:

• Septic Systems     (A)
• Centralized Treatment Aerobic Systems (B)

• CTSS other than constructed wetlands (B1)
• Constructed Wetlands Only   (B2)
• CW used as Tertiary Systems  (B3)

• Centralized Anaerobic Systems  (C)
• Anaerobic Sludge Digesters   (D)
• Centralized WWT Effluent   (E)

TOTAL DOMESTIC N2O EMISSIONS FROM WWT & DISCHARGE (kt) = A + B + C + D + E



WW GHG Emissions Assessment- United States

EPA Inventory of US Gas Emissions and Sinks, 2022.



WW GHG Emissions Assessment- United States

– United States 
• For N2O in addition to using the 2006 IPCC Guidelines EF of 3.2 g 

N2O/person/year (0.00035 kg N2O-N/kg N load) for WWTPs without intentional 
denitrification.

• The United States Environmental Protection Agency (USEPA) have introduced a 
country-developed EF for WWTPs with intentional nitrification and denitrification 
due the large number of biological nutrient removal (BNR) WWTPs in the 
country. 

• Per capita protein intake figures are considered specific to dietary intake in the 
US whilst the IPCC 2006 estimate of 16 kg N/kg protein is applied.

• California, water companies emitting from 10,000 to 25,000 tCO2e/yr reports to 
the California Air Resources Board (CARB) and also at a sector-level to The 
Climate Registry (TCR) voluntary reporting program



WW GHG Emissions Assessment- United States

EPA Inventory of US Gas Emissions and Sinks, 2022



WW GHG Emissions Assessment – Other
Countries

- Mexico (Noyola et al. 2016)
– Model a GHG emissions reduction up to a 34%  depending on the technology
– Anaerobic + aerobic treatments produces -4% vs. only aerobic
– Biogas valorization into electricity reduces -27% GHG emissions vs. aerobic
– Scenario to reach the 2030 wastewater emissions mitigation goals:

• UASB + CAS up to 73% of WWTP should have this configuration by 2030
• Trickling filter 14%
• Aerated ponds 12.2%
• Oxidation ditches 3.4%



IPCC International Best Practice

• Adopt a geographic boundary approach for emissions within the WWTP and 
outside the facility

• Follow the GHG Global Protocol for Cities 2014 (Scope 1, 2 and 3)
• C40 Cities Initiatives, 2020 

• ISO 14064-1:2018 which provides
• Categories for understanding and reporting of GHG emissions and 

removals in the water sector.

• Consider emissions from biosolids recycled to land (out boundary emissions)
• Categories for understanding and reporting of GHG emissions and 

removals in the water sector.

• Bottom-up EF calculation
• Long-term facility monitoring may be used to develop facility-level EF



Overall Recommendations

Mass & Energy Balance

Organic Load

100%

Anaerobic 
Treatment

Aerobic 
Treatment

H2O + CO2

Cell Mass

Metabolic Energy

35%

65%

CH4 + CO2 90%

Cell Mass 10%

High Energy Deamand

Moderate Energy Demand

 

INBOUND way to reduce emissions (biodegradable wastewaters)

IINGEN UNAM, Morgan Sagastume et al., 2010



Overall Recommendations

MIND the OUTBOUND emissions 
(e.g. sewer network)

  

  
 

 
was

 

  

Adapted from “Quantification and Modelling of Fugitive GHG Emissions 
from Urban Water Systems”, Liu Ye et. al,  IWA Publishing 2022

Scheme of Urban Sewer System
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