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DISCLAIMER

This guidebook is an output of the Integrated Waste
Management for GHG reduction (TGCP-Waste)
Project under Thai-German Climate Programme.
The project is jointly implemented by the Pollution
Control Department (PCD) of the Ministry of Natural
Resources and Environment (MoNRE) and the Deutsche
Gesellschaft fur Internationale Zusammenarbeit (GIZ)
GmbH and funded by IKI of the Federal Ministry for
Economic Affairs and Climate Action (BMWK). The
data and information presented in this book reflect
comprehensive study work on low carbon MSW and
DWW management systems in Thailand and abroad

conducted between April to December 2021.

Due to the limited details given in the e-book, the
responsible implementing agencies, PCD and GIZ
together with the Project Management Unit (PMU)
strongly recommend to consult with experts in
municipal solid waste and domestic wastewater
management to ensure the practices demonstrated in
this book are properly understood and applied in the

specific context






INTRODUCTION

Thailand has ratified the Paris Agreement under the
United Nations Framework Convention on Climate
Change (UNFCCC) since 2016. Under the Paris Agreement,
parties are required to make efforts related to climate
change including reduction of greenhouse gas (GHQ),
climate change adaptation, building climate-resilience,
and to submit plans for climate action known as
nationally determined contributions (NDCs) every 5
years. From the 26" session of the Conference of the
Parties (COP26) in Glasgow, the United Kingdom in
2021, Thailand has announced the target of 20-25%
GHG reduction by 2030 or 40% reduction subject to
provided international supports. Thailand also aims to
become carbon neutrality by 2050 and to achieve Net

Zero Greenhouse Gas Emission by 2065.

The Pollution Control Department (PCD) is the main
agency responsible for formulation of GHG reduction
measures in the waste sector, providing technical
supports to other implementing agencies, and providing
supports for Measurement Reporting and Verification
(MRV) of municipal solid waste (MSW) management
and domestic wastewater management for Thailand.
PCD, in cooperation with the Deutsche Gesellschaft
fur Internationale Zusammenarbeit (GIZ), under the
Thai-German Climate Programme - Waste Sector
(TGCP-Waste), have commissioned the King Mongkut’s
University of Technology Thonburi (KMUTT) and
Kasetsart University to study and compile good
practices and best available technology on climate-
friendly and low-carbon MSW and domestic wastewater
management to disseminate good examples of GHG

reduction in the waste sector in Thailand.

In addition to data compilation, there is an implementing
mechanism based on the working group known as the
Project Management Unit (PMU). PMU comprises experts
representing various agencies including Office of Natural
Resource and Environment Policy and Planning (ONEP),
Department of Environmental Quality Promotion (DEQP),
Department of Local Administration (DLA), Thailand
Greenhouse Gas Management Organization (Public
Organization) (TGO), Wastewater Management Authority
(WMA) and Bangkok Metropolitan Administration (BMA).
These experts provide technical support by giving
recommendations on GHG calculation methodology,
selection of reference sources and on the results of
the study to improve data quality through monthly

meetings.

The Pollution Control Department truly wishes that
basic knowledge from this document can be utilized
as a guidance for local administration organizations to
study good practices and best available technology on
GHG reduction from MSW and domestic wastewater
management and to consider waste management
options that are climate friendly and in accordance

with the national GHG reduction targets.

Pollution Control Department

Ministry of Natural Resources and Environment
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TERMS AND DEFINITIONS OF GOOD
PRACTICES AND TECHNOLOGIES
FOR CLIMATE-FRIENDLY DOMESTIC
WASTEWATER MANAGEMENT

1.1 TERMS AND DEFINITIONS

In this document, the terms and definitions of good
practices and technologies for climate-friendly
domestic wastewater management are defined as

follows.

GOOD PRACTICES FOR CLIMATE-FRIENDLY
DOMESTIC WASTEWATER MANAGEMENT

This refers to actions or activities implemented
onsite and/or at a central treatment unit that
limit climate deterioration by emitting low levels
of greenhouse gases or reducing greenhouse gas
emission compared with the baseline and not

generating environmental pollution.

Good practices are likely to be implemented at
the wastewater source, such as reducing water
consumption and discharge as well as reducing its
toxicity.

TECHNOLOGIES FOR CLIMATE-FRIENDLY
DOMESTIC WASTEWATER MANAGEMENT

This refers to technologies for onsite and/or
centralised domestic wastewater treatment units
that do not contribute to climate deterioration
by emitting low levels of greenhouse gases or
reduced greenhouse gas emissions compared with
the baseline and do not create environmental

pollution.

« Examples of climate-friendly technology for
onsite domestic wastewater treatment are an
aeration septic tank, etc.

« Examples of climate-friendly technology for
a centralized domestic wastewater treatment
unit are aerobic treatment technologies such as

activated sludge and constructed wetlands, etc.




1.2 HOW THAILAND’'S GOOD
PRACTICES AND TECHNOLOGIES
FOR CLIMATE-FRIENDLY DOMESTIC
WASTEWATER MANAGEMENT
SHOULD RESEMBLE

To determine the good climate-friendly practices

and technologies for domestic wastewater
management in Thailand, various elements must

be considered according to the following criteria.

121 RELEVANT TERMS AND DEFINITIONS

Not affecting climate deterioration: the

practice or technology should

« Reduce direct greenhouse gas emissions, i.e.,
methane and nitrous oxide, from the waste
sector

« Reduce indirect/avoided greenhouse gas
emissions from the other sectors such as
saving electricity consumption or using biogas
produced from wastewater treatment as an
alternative to fossil fuels

+ Have low carbon footprints or a low ratio of
greenhouse gas emissions to unit volume of

treated wastewater

Not affecting environmental deterioration:
the practice or technology should

+ Not create other environmental pollution, such as
particulate matter

 Not create atmospheric or ecosystem pollution

122 SUPPORTING THE NATIONAL
GREENHOUSE GAS EMISSION REDUCTION
TARGET AND WASTEWATER MANAGEMENT
POLICIES

Greenhouse gas emission reduction
The

technologies that can contribute to Thailand’s

guidelines  support implementations  of
greenhouse gas emission reduction targets, for
example, the Nationally Determined Contribution
(NDCQ) by 2030, the carbon neutrality by 2050, and

the net-zero carbon emission by 2065.

COUNTRY POLICIES

Act as practical guidelines to support policies or
strategic plans, roadmaps and the integrated
management of the country’s domestic wastewater

action plans, such as:



Onsite wastewater treatment

¢ Reduce water consumption and effluent
impurities with water-saving techniques and by
reducing contaminants in water

the utilisation

« Promote of high-efficiency

wastewater treatment systems

Centralised wastewater treatment

- Expand the centralised wastewater treatment
system service area and increase the amount
of wastewater discharged to the centralised
wastewater treatment system

+ Increase the number of centralised domestic
wastewater treatment plants that utilise aerobic

treatment technology

123 APPROPRIATENESS AND
TECHNOLOGICAL FEASIBILITY OF
IMPLEMENTATION IN THAILAND

Practical guidelines or technologies must be

considered for the following issues.

+ Efficiencies of domestic wastewater treatment
to reduce toxic pollutant discharge to the
environment

« The area required to install domestic wastewater
treatment technologies.

« The difficulty of operating and maintaining the

system consistently; especially the selection

of equipment or control systems that require

skilled personnel.

» The difficulty of managing the waste generated
through wastewater treatment, such as excess
sludge that must be discharged from the system.

« The operational lifespan of systems or

technologies that work continuously as well

as their flexibility and adjustability to adapt to
the changing amounts and characteristics of

domestic wastewater.

1.2.4 SUPPORTING SOCIAL DEVELOPMENT
TO ACHIEVE THE SUSTAINABLE
DEVELOPMENT GOALS (SDGS)

Practical guidelines or technologies must be

provided for the following issues.

« The perception and acceptance of people,
community and society.

 Encouraging appropriate public participation in SDG
implementation and activity.

+ Having suitable investment and establishing benefits
to people, community and society.

« Supporting local employment through the

utilisation of areas or by-products obtained from

local treatment systems.
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21 DOMESTIC WASTEWATER TREATMENT IN THAILAND

There are two domestic wastewater treatment methods
in Thailand. The first is onsite treatment, which is the
treatment of wastewater at the origin or source, such as
households, shops, offices and department stores. Examples
of this system include septic tanks and anaerobic filter
wastewater treatment tanks. The second method is the
centralised wastewater treatment system, which is a larger
unit than onsite units. Examples of the centralised system
are stabilisation ponds, aerated lagoons and activated sludge

systems.

Figure 2.1 Good management practices and technologies of
onsite and centralised wastewater treatment systems. The
technologies shown in blue have high potential and meet

the criteria of climate-friendly technology.

ONSITE
WASTEWATER TREATMENT

3Rs Principle
(Water saving and Reduce
of contamination in wastewater)

Septic tank
Anaerobic filter tank

Aeration septic tank system

CENTRALISED
WASTEWATER TREATMENT

Stabilization pond

Aerated lagoon

Activated sludge process
Trickling filter

Rotating biological contractor

Constructed wetland

Figure 2.1 Guideline and technology in domestic

wastewater management in Thailand
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CENTRALIZED SYSTEM

(Activated Sludge, Stabilization Pond,
Constructed Wetland)

Sludge Treatment System

—)p Pathway of Centralized System

m)p Pathway of Sludge Treatment System

Figure 2.2 Layout of domestic wastewater management using guideline and technology in domestic wastewater management in Thailand

2.2 SELECTION OF GOOD
PRACTICES AND TECHNOLOGIES
FOR CLIMATE-FRIENDLY DOMESTIC
WASTEWATER MANAGEMENT

2.2.1 CALCULATION OF BASELINE
GREENHOUSE GAS EMISSIONS AND
REDUCTIONS FROM IMPLEMENTING GOOD
PRACTICES AND TECHNOLOGIES FOR
WASTEWATER TREATMENT

The potential for greenhouse gas emission reduction
is a significant factor in the selection of good practices
and technologies for climate-friendly domestic
wastewater management. The calculation of
greenhouse gas emissions and reduction must
be accurate and transparent. The methodologies
used must refer to reliable sources such as the
Intergovernmental Panel on Climate Change (IPCC),

which is globally recognised for climate change

information or the Thailand Voluntary Emission
Reduction Program (T-VER), which is verified by the
Thailand Greenhouse Gas Management Organization
(TGO). Other accepted methodologies may also be
used, e.g., the Greenhouse Gas Protocol. However,
each methodology has unique objectives and
different calculation assumptions. The parameters
be

understood before application. In general, there

of each methodology must, therefore,
are two scenarios for calculating greenhouse gas
emissions from domestic wastewater treatment, as

follows.

Scenario 1: Greenhouse gas emission
baseline

The facility emits greenhouse gases as usual without
implementing mitigation measures or activities
or adopting climate-friendly eood practices or

technologies. For this project, this means domestic



wastewater was treated with the typical treatment
methods utilised throughout the country. The
baseline of onsite wastewater treatment is a septic
tank. For the centralised wastewater treatment
system, the baseline is depended whether there
is an existing system. If the centralized treatment
system is existed, the stabilisation pond is used as
the baseline. If there is no centralised wastewater
treatment system existed, a septic tank is applied

as the baseline.

The emission baseline is calculated by applying
IPCC emission factors to the known domestic
wastewater activity data, including the amount
of wastewater and the concentration of organic

materials in treated wastewater.

The calculated greenhouse gas emission baseline
is mainly comprised of methane and converted
into carbon dioxide equivalents for comparison to
the expected values after adopting climate-friendly

good practices or technologies.

Scenario 2: Greenhouse gas emission after
the adoption of climate-friendly good

practices and technologies

After adopting climate-friendly good practices and
technologies, the emissions were calculated from
domestic wastewater activity data. The approach is
to apply IPCC or country-specific emission data of

the selected technology to the known activity data.

The greenhouse gas, in this case, might include
methane, nitrous oxide or carbon dioxide; these
are converted into carbon dioxide equivalents to

compare them to the baseline.

GOOD PRACTICES AND TECHNOLOGIES FOR
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2.2.2 DIRECT, INDIRECT AND AVOIDED
EMISSIONS

The changes in the amount of direct greenhouse
gas emission describe the reduction in greenhouse
gases emitted through wastewater management
by adopting climate-friendly good practices and
technologies compared with the baseline, e.g,
a reduction in methane emission from treating
in constructed wetlands

domestic wastewater

rather than a facultative stabilisation pond.

The changes in the amount of indirect greenhouse
gas emission describe the reduction of greenhouse
gases emitted through wastewater management
by

and technologies in other sectors, such as the

adopting  climate-friendly best practices
energy sector. For instance, utilising an activated
sludge system instead of a stabilisation pond
system requires electricity for aeration, leading to
greenhouse gas emissions in the energy sector to

generate more electricity.

Avoided emissions

Avoided emissions are the amount of greenhouse
gases reduced by using products recovered
from treating wastewater to offset the fossil fuel
consumption in the energy-generating sector, e.g.,
an anaerobic wastewater treatment system can
generate biogas that can substitute for coal in

electricity generation.

The avoided emissions can be calculated from
the greenhouse gases emitted during electricity
generation compared with the amount of electricity
anaerobic

offset by biogas generation from

wastewater treatment.
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However, energy or electricity generation from

centralised domestic wastewater systems in

Thailand remains underdeveloped.

The assessment of direct, indirect and avoided
greenhouse gas emissions will provide more
comprehensive and holistic assessments of good
practices and technologies for climate-friendly
domestic wastewater management than the

assessment of direct emissions alone.

2.2.3 TECHNICAL AND SOCIAL FEASIBILITY
The elements that support decision-making in selecting
the appropriate best practice or technology according
to each aspect were considered. The assessment
was conducted with a scoring system developed by
domestic wastewater management experts in which
scores were ranked as low, medium or high. For
example, a system that is difficult to operate and

maintain is classified as low level.

2.3 SELECTED GOOD PRACTICES
AND TECHNOLOGIES FOR CLIMATE-
FRIENDLY DOMESTIC WASTEWATER
MANAGEMENT

2.3.1 GOOD PRACTICE IN DOMESTIC
WASTEWATER MANAGEMENT

Good practice in domestic wastewater management
consists of the adoption of the 3R principles (reduce,
reuse, recycle) to save water and reduce impurities

in domestic effluent.

In calculating greenhouse gas emission reduction,
the collected data were found to be insufficient to
assess the emission reduction that would result from

conducting 3R measures accurately; therefore, in-

18

depth data regarding this issue will not be provided

in this document.

2.3.2 CLIMATE-FRIENDLY TECHNOLOGIES IN
DOMESTIC WASTEWATER MANAGEMENT

The calculated percentage of greenhouse gas
reduction and ranking of technologies with high
potential to reduce greenhouse gas emissions during

wastewater treatment are shown in Table 2.1.
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Table 2.1 Priority Setting: DWW CF Technologies. Exemption ofNZO emission from AS and TF

Greenhouse reduction percentage

compared with the BAU
(%) Greenhous
TECHNOLOGIES FOR CLIMATE-FRIENDLY e d“a’::e :s;hs':;:ll Aarkin
DOMESTIC WASTEWATER MANAGEMENT o g
Inside Outside percentage feasibility
waste waste Total (%)
sector sector
Septic tank (Baseline) - - - - - -
Onsite Onsite wastewater treatment system 83.47 Increase* 28.92 28.92 High High
Treatment (Johkasou technology)
Aeration septic tank 83.47 Increase* 23.96 23.96 High High
Facultative stabilization pond - - - - - -
Constructed wetland 5270 [0} 52.70 5270 High High

Activated sludge
(Using facultative stabilization pond 7393 Increase* 64.41 64.41 High High

Centralized
as baseline)

Treatment

Activated sludge

" . .
(Using septic tank as baseline) 88.98 Increase 84.29 84.29 High High

Trickling filter**
(Using facultative stabilization pond 0.099 Increase* 2875 2875 Moderate Moderate
as baseline)

Note: * see each technology’s report for details.

** Tricking filter has more greenhouse gas emission than using a septic tank as baseline due to NZO emission
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GOOD PRACTICES AND
TECHNOLOGIES FOR
CLIMATE-FRIENDLY DOMESTIC
WASTEWATER MANAGEMENT

In the implementation of good practices and
technologies for climate-friendly domestic wastewater
management onsite, the results are likely to
be slightly different from those predicted as the
characteristics and situations of the implementation
affect the potential greenhouse gas emission
reduction. In addition, the calculated greenhouse
gas assessment may differ from the actual
measurement due to assumptions made in the
calculations to adapt to a lack of actual data from

the area.

The content in this chapter presents the calculation
of g¢reenhouse gas emission reductions from
climate-friendly good practices and technologies
implemented in Thailand and abroad by selecting
good practices and technologies with high potential
to reduce greenhouse gas emissions from onsite

and centralised domestic wastewater treatment.

Currently, the collected data required to accurately
assess the greenhouse gas emission reduction from

adopting best wastewater treatment practices

in Thailand are insufficient, so the calculated
emissions reduction from adopting best practices

in Thailand will not be presented.

Examples of systems to assess for greenhouse
gas emission reduction among technologies for
climate-friendly domestic wastewater management

consist of:

Onsite wastewater treatment
+ Aeration septic tank system
« Johkasou system, a ready-made treatment tank

developed in Japan

Centralised wastewater treatment
« Activated sludge process (AS)
« Constructed wetland (CW)
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Onsite Wastewater
Treatment

1. AERATION SEPTIC TANK
SYSTEM

QUICK INFO

An onsite domestic wastewater
treatment technology that is widely
used in Thailand and generally used
as a wastewater treatment system
for commercial buildings and large
buildings to be able to drain treated
effluents that meet standard criteria.

Capable of reducing greenhouse gas
emissions compared with septic tanks,
which are the baseline.

Study area: An aeration septic tank
system at the Department of Industrial
Engineering Building, Faculty of
Engineering, Kasetsart University.

The assessment of greenhouse gas
emissions through field measurements
and calculations compared with the
baseline indicates that greenhouse gas
emissions were reduced by 35.26% and
24.65%, respectively.

Utilises aerobic biological wastewater
treatment processes that efficiently
degrade organic material.
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TECHNOLOGY DETAILS

The aeration septic tank system is a small wastewater treatment system installed onsite at the source
of the wastewater. It is similar to septic tanks but benefits from an aerobic biological process to degrade
organic materials in the wastewater. This onsite wastewater treatment method should be used by small
communities, communities without centralised sewage and drainage system and/or communities with
decentralised domestic wastewater systems (Pollution Control Department, 2017). The aeration septic
tank system is more efficient than common septic tanks that consume very little oxygen, thus providing

better quality effluents and achieving the effluent standard.

Aerator

N
|'|\“”b| l’

Air Supply Line

Inspection Pipe Inspection Pipe

Air Deep Line

-

Chlorinator

Aeration Mixing
Compartment

Clarifier
Tank
* Pretreatment

Air Diffuser Deflector
- Tank-® - e

Pump Tank

Figure 3.1 Treatment processes occurring within the Aeration Septic Tank system

credit : https://www.bbpumpingtx.com/residential-septic-pumping-services

This type of wastewater treatment system is contaminating the wastewater are degraded

known as a ready-made wastewater treatment by aerobic microorganisms; the air diffuser is

tank. It uses an aerobic biological treatment
process, or activated sludge process, in the
ready-made wastewater treatment tank. Each
treatment unit was

designed with specific

operating characteristics. For example, the

primary treatment unit precipitates and separates
debris contaminating the influent before it enters

the aeration unit where the organic materials

23

commonly installed at the tank floor to provide
sufficient oxygen for the microorganisms and to
ensure complete mixing. The aerated wastewater
will then flow through the settling tank where the
flocculent will be removed and the treated water

will ultimately be discharged from the tank.
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Figure 3.2 Aeration Septic Tank System

(Source : https://www.aqua.co.th/product/fatnunide-aqua-compact-aeration-ac)

The treatment tank is commonly made from
fibreglass-reinforced plastic (FRP), which is high-
strength, lishtweight, corrosion-resistant and versatile,
making it easy and convenient to fix or change any
parts and giving this kind of tank an advantage over
treatment systems that must be constructed onsite.
Aeration septic tank systems are widely used in
Thailand currently to treat wastewater from buildings
and households with consistent characteristics to
achieve the effluent standards for wastewater before

discharging it to public drainage waterways.

24

GREENHOUSE GAS REDUCTION
MECHANISMS

The aeration septic tank treatment method
utilises aerobic microorganisms to degrade organic
materials in the wastewater. A previous study (Cakir
and Stenstorm, 2005) found that this kind of tank is
suitable to treat wastewater with BOD values lower
than 300 mg/l and directly emits fewer greenhouse
gases compared with anaerobic treatment,
although it emits indirect greenhouse gases from
the electricity consumption for the aeration
process. However, the energy consumption could
be controlled by adjusting the aerator to suit the

amount of influent.
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EXAMPLE OF TECHNOLOGY ADOPTED IN THAILAND
AERATION SEPTIC TANK SYSTEM

DEPARTMENT OF INDUSTRIAL ENGINEERING BUILDING,
FACULTY OF ENGINEERING, KASETSART UNIVERSITY

This installation is the wastewater treatment system

used to treat wastewater from the Department

of Industrial Engineering, Faculty of Engineering,

Kasetsart University. The building is used for teaching,

learning and conducting research as well as office

space. The system was operated for about 3 years,

since 2018, by the Vehicle and Building Division,

Faculty of Engineering, Kasetsart University, which is

responsible for its operation and maintenance.

Basic Design Data

Amount of influent: 65 m>/day

Influent BOD: 250 mg/l

Effluent BOD: 20 mg/l

Treatment unit consisting of solids separation
tank, aeration tank and sedimentation tank.
Tank size: 2.5 m in diameter, 10.5 m long

Size of aerator: 3.7 kW

Aeration septic tank system
Department of Industrial Engineering Building,
Faculty of Engineering, Kasetsart University
Bangkok

Figure 3.3 Location of technology adopting example

25

Figure 3.4 Location of septic tank aeration system, Industrial

Engineering building, Kasetsart University
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Figure 3.5 Sampling area of septic tank aeration system

Figure 3.6 Gas sampling method from septic tank aeration system
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COMPARISON OF GREENHOUSE GAS REDUCTION CALCULATION

The greenhouse gas emissions from the aeration septic tank system were assessed through field
measurements using the closed flux chamber technique alongside the basic system data of the number of
users and amount of wastewater, wastewater characteristics, area of the system and amount of electricity
consumption. These were compared to the calculation of greenhouse gas emissions using the IPCC
methodology. The comparison of both assessment methods of greenhouse gas emission from aeration

septic tank system is illustrated in Chart 3.1.

Chart 3.1 Greenhouse gas emissions from Aeration Septic Tank system

(G2
[

0.216 0.216

Gas flux IPCC method
from field sampling
I Methane™ I Nitrus oxide™™ Electricity consumption [l Total greenhouse gas emission

Unit: kgCO,/cap/day

" Methane Emission Factor = 0.0239 kgCH /kgBOD
¥ Nitrous Oxide Emission Factor = 0.0013 mgN O-N/kgN (influent) and 0.005 kgN O-N/kgN (effluent)

Note : Emission Factor fromfield sampling calculation.

From the field measurement, the greenhouse gas emission from the aeration septic tank system was found
to be 0.235 kgCO2eq/person/day, whereas the calculated value according to the IPCC is 0.273 kgCOZeq/
person/day.

27
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Chart 3.2 Percentage of greenhouse gas emission reductions when comparing

(a) emissions from field measurement and baseline, and (b) emissions from IPCC calculation and baseline

[ 0363 |
- A

Gas flux _ IPCC method
from field sampling

Percent of Greenhouse Gas Reduction

I Bascline emission (a) I Direct emission (b)
I 'ndirect emission (c) I Total emission (b+c)
Compared (a)-(b+c) Unit: kgCO,/cap/day

However, when the direct greenhouse gas emissions from the aeration septic tank system from field
measurement and calculation are combined with the indirect emissions from electricity consumption and

compared with the baseline, the emission reduction is 35.26% and 24.65%, respectively.
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LESSON LEARNED FOR TECHNOLOGY DISSEMINATION

Aeration septic tank systems are widely used in Thailand and are known

,”f?,' as ready-made wastewater treatment tanks with aerobic biological
A
. ~il_/-,,' treatment systems to degrade the organic materials in the wastewater.
) 4
Q0.2 The system is easy to operate. It does not require an expert but does
“ " require the consistent monitoring of equipment.

The system requires small installation area. The tank has high-strength

% with lightweight, corrosion-resistant and easy to maintain, fix or change

parts.

The electricity costs for the aeration process and energy consumption

@ could be reduced by adjusting the aerator to suit the amount of influent.

As the system must be consistently operated and maintained, these
constraints must be considered before system installation by avoiding
confined spaces, flood areas or areas close to natural water sources to

prevent overflow in case of emergency.

29
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CONCLUSIONS

The aeration septic tank system was installed and operated at the Department of Industrial Engineering
Building, Faculty of Engineering, Kasetsart University. In comparing the greenhouse gas emissions
from the field measurement and as calculated according to IPCC methodology with the baseline, the

emission reduction is 35.26% and 24.65%, respectively.

The aeration septic tank system is easy to operate, has high treatment efficiency, is suitable for
commercial and large buildings and requires a small installation area but requires electricity for
the aeration process and consistent system operation and maintenance. Therefore, operation

convenience and safety must be considered before system installation.

CONTACT INFORMATION OF THE STUDY AREA ORGANISATION

4 I

Project location:

Department of Industrial Engineering, Faculty of Engineering,
Kasetsart University 50 Ngamwongwan Rd., Lat Yao sub-
district, Chatuchak district, Bangkok 10900

Telephone: 027970999 ext 1603 and 1607
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Onsite Wastewater
Treatment

2.0ONSITE WASTEWATER

TREATMENT SYSTEM
(JOHKASOU TECHNOLOGY)

QU'CK |NFO ...................................................................................

Johkasou is a Japanese term
describing a cleaning tank or
wastewater treatment tank that is
installed onsite. It is widely used in
Japan.

As the Johkasou system is not widely
used in Thailand, assessment by
reviewing the literature and calculating
according to IPCC methodology indicates
that greenhouse gas emissions are
reduced by 34.43% compared with the
septic tank baseline.

¥

N

The system is easy to install and
operate. There is a high investment cost
as the system must be imported from
Japan, as well as electricity costs for the
aeration process and system operation
and maintenance costs.

The system must be monitored for

the operating condition of the aerator
and excess sludge must be removed
occasionally to avoid creating
anaerobic conditions that could lead to
methane generation.




TECHNOLOGY DETAILS

“Johkasou” is a Japanese term describing a cleaning
tank or wastewater treatment tank that is installed
onsite. It is widely used in households with
drainage systems that are not connected to
the centralised domestic wastewater treatment
system. The wastewater from each household
drains to the Johkasou treatment system that is
installed underground. The treatment process is
a combination of aerobic and anaerobic biological
processes with an efficiency equivalent to the
centralised domestic wastewater treatment system.
There are 5 stages in the treatment process:
sedimentation, anaerobic treatment, aerobic

treatment, filtration and sanitisation.

Various types and sizes of Johkasou system are
adopted in Japan depending on the source of the

wastewater.

Inflow

Filter media
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The types of Johkasou systems can be categorised
into three scales according to the average number

of users:

(1) Small-scale system for 5-50 persons, maximum
capacity of 10 m*>/day

(2) Medium-scale system for 51-500 persons,
maximum capacity of 100 m’/day

(3) Large-scale system for more than 501 persons,

capacity of more than 100 m’/day

A small-scale Johkasou system has three stages of
wastewater treatment that comply with Japanese
standards. First, household wastewater flows
through anaerobic filtration, followed by the
contact aeration unit. It then flows through the
sedimentation unit for solids separation and, lastly,
the chlorine tab is added to sanitise the treated

water before it is discharged to the environment.

Disinfection tank

/

Outflow

Sedimentation tank

Contact media

Contact aeration tank
Diffusing pipe

Anaerobic filter tank (2nd room)

Anaerobic filter tank (1st room)

Figure 3.7 Small-scale Johkasou
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The medium- and large-scale Johkasou systems can be divided into two groups according to the technology

adopted: (1) Biofilm process: contact aeration, rotating biological contactor (RBC) and trickling filter; and (2)

Activated sludge process.

Inflow

Sedimentation-separation tank
(1 room)

Contact aeration tank (1t room)

Sedimentation-separation tank (2" room)

Contact aeration tank (2" room)

Sedimentation tank

Air pipe

Outflow

Disfection tank Outflow pump tank

Figure 3.8 Medium or large-scale Johkasou

GREENHOUSE GAS REDUCTION MECHANISMS

The treatment mechanism of the Johkasou system
is focused mainly on aerobic wastewater treatment,
which is suitable to treat wastewater with a BOD
value lower than 300 mg/l and emits fewer
greenhouse gases than anaerobic treatment. Indirect
greenhouse gases from the electricity consumption
in the aeration process could be controlled by
adjusting the aerator to suit the amount of influent.

However, reducing energy consumption too much
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in an aerated system could increase methane

generation.

Furthermore, in operating a Johkasou system, the
operating conditions must be strictly monitored
and excess sludge must be removed appropriately

to avoid generating more methane.
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EXAMPLE OF TECHNOLOGY ADOPTED IN THAILAND

JOHKASOU SYSTEM

RUK SINGWADLOM DORMITORY, ENVIRONMENTAL RESEARCH AND TRAINING CENTRE

PATHUM THANI PROVINCE

The Johkasou system in Thailand was installed and
operated at the Ruk Singwadlom dormitory in the
Environmental Research and Training Center. The
dormitory was constructed over 20 years ago with
46 rooms. Most of the residents stay during the
weekday and about half stay over the weekend.
The average water consumption is about 160-170

litres/person/day.

Klong Louang
Lad Lumkaew M
Muang
Pathum Thani H ‘, | i

Ruk Singwadlom Dormitory,

Environmental Research and Training Centre
Pathum Thani Province

Figure 3.9 Ruk Singwadlom dormitory, Environmental Research

and Training Center, Pathum Thani province

The wastewater load capacity of the system was
designed to be about 10 m’/day. The installed
ready-made tank has a maximum capacity of 15
m’/day at a BOD value of 250 mg/L.

The Johkasou system was affected by severe
flooding in 2011 and was rehabilitated to operate
normally. The efficiency assessment found that
the system has average influent and effluent BOD
values of 103 and 4 mg/|, respectively, which affirms

a treatment efficiency of 95%. The effluent quality

Figure 3.10 Johkasou system for treating wastewater from Ruk

Singwadlom dormitory

meets the standard. In addition, the system can
reduce the total coliform bacteria from 200,000
to 4,000 cfu/ml. The electricity consumption in
operating the system is about 8 kW/day and is
mainly used for aeration and pumping (ERTC, 2013).
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COMPARISON OF GREENHOUSE GAS REDUCTION CALCULATION

As the Johkasou system is not widely used in
Thailand, the g¢reenhouse gas assessment was
conducted by reviewing the literature. The gathered
data include wastewater treatment stages, the
type of system, the intensity of operation and the
amount of nitrogen in wastewater calculated from

the protein consumption of Thai people (National

Statistical Office, Thailand and Agricultural Census,
2013); the greenhouse gas emissions of Johkasou
systems taken from Japanese research (GIO, CIER
and NIES Japan, 2019) and the system’s electricity
consumption. The assessed greenhouse gas
emissions of a Johkasou system with a wastewater
load of 70 m*/day is illustrated in Chart 3.3.

Chart 3.3 Greenhouse gas emissions from Johkasou system

(o]

g ’ 0.032

Johkasou System

I Methane I Nitrus oxide!®

Electricity consumption [l Total greenhouse gas emission

Unit: kgCO,/cap/day

"' Methane Emission Factor = 0.0068 kgCH4/kgBOD
@ Nitrous Oxide Emission Factor = 0.005 kgN20-N/kgN (effluent)
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Chart 3.4 Percentage of greenhouse gas emission reduction comparing

between Johkasou system and baseline of septic tank system

E=
e

0.125

h 0.039
L _0.199 ]

Johkasou System

Percent of Greenhouse Gas Reduction

I Bascline emission (a) I Direct emission (b)
I 'ndirect emission (c) I Total emission (b+c)
Compared (a)-(b+c) Unit: kgCO,/cap/day

The calculation shows that the Johkasou system emits 0.238 kgCOZeq/person/day. Chart 3.4 compares
the greenhouse gas emission reduction of the Johkasou system and the septic tank baseline. The total
emissions of the Johkasou system, inclusive of indirect emissions from electricity consumption, were
reduced by 34.43% compared with septic tank treatment.
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LESSONS LEARNED FOR TECHNOLOGY DISSEMINATION

*  x%

I
K

it

Johkasou is an onsite wastewater treatment system offering a complete

treatment process in the tank with high treatment efficiency.

As the Johkasou system is not widely used in Thailand, the assessment

was mainly conducted by reviewing the literature.

In Japan, standards and regulations for Johkasous system have been

promoted and are widely used throughout the country.

A Johkasou system can substitute for septic tank or anaerobic wastewater
treatment systems to treat wastewater onsite especially when the wastewater
collection system is unavailable, as it provides an equivalent treatment

efficiency to the centralised wastewater treatment system.

There are an electricity cost in the aeration process and system operation
and maintenance costs, as well as having a high installation cost as it must

be imported from Japan.

The system must be strictly monitored. Without proper operation and
maintenance or the correct removal of excess sludge, the system can

generate methane.
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CONCLUSIONS

The Johkasou system is a wastewater treatment system that is widely used in buildings and households
in Japan. Its efficiency in treating wastewater is equivalent to a centralised wastewater treatment system.
The assessment by reviewing the literature and calculating according to IPCC methodology indicates that

greenhouse gas emissions are reduced by 34.43% compared with the septic tank baseline.

Johkasou is a high-efficiency onsite wastewater treatment system that requires consistent and appropriate
operation and maintenance. Therefore, specific training in Japan must be organised for the installer,
inspector and plant operator. The system has a high investment cost as it must be imported from Japan,

as well as having electricity costs for the aeration process.

CONTACT INFORMATION OF THE STUDY AREA ORGANISATION

4 I

Environmental Research and Training Center, Department
of Environmental Quality Promotion Technopolis, Khlong 5
sub-district, Khlong Luang district, Pathum Thani 12120
Telephone: 025771136-7, 025774182-9

E-mail : ertc.help@gmail.com

www.ertc.deqp.go.th
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3.CONSTRUCTED WETLAND

QU'CK |NFO .............................................................................................................................................................................. o

A constructed wetland is the wastewater Study area: The royal-initiated
treatment system that carries oxygen to Laem Phak Bia environmental
plants’ roots, where the microorganisms research and development project
living around the roots and in the soil will is located in the Ban Laem District
aerobically digest organic materials, thus of Petchaburi Province. It is a
reducing the methane generation. constructed wetland that can

treat wastewater efficiently. The
average GHG emission is 0.034
kgCO,eq/person/day, accounted
as 45.49 % GHG emission reduction
as compared to the baseline
wastewater treatment by a
facultative stabilization pond.

Constructed wetlands are easy to
operate and maintain as they are natural
wastewater treatment systems with low
energy consumption and having low
construction and maintenance costs.

The soil surface qualities must be
monitored consistently and the plants
in the system must be pruned regularly
after flowering to support the plants’
growth, treatment efficiency and control
anaerobic conditions that generate
methane.
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DETAILS OF TECHNOLOGY /WASTEWATER

TREATMENT SYSTEM

A constructed wetland is a wastewater treatment system that utilises plants for treatment. The plants’

roots act as a medium for microorganisms that degrade the organic material contaminating wastewater.

To operate the system, the wastewater is collected in plant beds or flowed through the system and

the flow rate is controlled for a retention time of at least 24 hours. The most common plants utilised in

wastewater treatment are bulrushes, canna lilies and Cyperus papyrus.

TYPES OF CONSTRUCTED WETLAND (IPCC, 2014)

1. Constructed wetlands with surface flow

are systems that utilise the flow of surface water
in an open area with growing aquatic plants. The
water is shallow and these are commonly used
for tertiary treatment of domestic wastewater for

nutrient removal, e.g., nitrogen.

Aquatic Plants (Macrophytes)

Outlet

i

Water Surface
Inlet
Rhizome Network

Figure 3.11 Constructed wetlands with surface flow

(adapted from Patrick Onyango and Orodi Odhiambo,2009)

2. Constructed wetlands with subsurface flow

2.1 Horizontal subsurface flow (HSSF)

In HSSF, the wastewater flows slowly through
a porous medium, e.g., gravel or sand. This kind
of system usually employs emergent plants. The
basin is sealed with a liner to prevent wastewater
seepage. These systems are commonly used for
secondary treatment to remove organic material
from wastewater. The treatment is facultative; the
upper portion is under aerobic conditions and the

lower portion is anaerobic.

Inlet Pipe and Gravel for
Wastewater Distribution

Aquatic Plants
(Macrophytes)

0

Effluent Outlet
(Variable Height)

Wet well and cover

Outlet

——

Hydrological

Gradient Rhizome Network

Figure 3.12 Horizontal subsurface flow (HSSF)
(adapted from Patrick Onyango and Orodi Odhiambo,2009)
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2.2 Vertical subsurface flow (VSSF)

In VSSF, the wastewater floods and percolates
through the medium, e.g., gravel or sand, and
growing plants support the treatment. When
wastewater flows through the medium, air refills the
spaces in the bed. These systems are commonly
used for secondary treatment and provide more
oxygen than systems with surface flow or horizontal

subsurface flow.

Aquatic Plants
(Macrophytes)

Air Pipe

\ ol
\

Gravel

Slope 1% Drainage Pipe

Figure 3.13 Constructed wetlands
with vertical subsurface flow (VSSF)
(adapted from Patrick Onyango and Orodi Odhiambo,2009)

In Thailand, constructed wetlands are popular
secondary or tertiary wastewater treatment systems
after stabilisation ponds. As these systems require

large areas, they are usually located in suburbs.

About ten constructed wetlands are currently in
operation; seven of them are constructed wetlands
alone, two of them are combined with a stabilisation

pond and one is used for tertiary treatment after

44

an activated sludge process. Additionally, one
more project in operation is a research study area
for developing constructed wetlands wastewater
treatment systems and is also known as the royal-
initiated Laem Phak Bia environmental research

and development project.

GREENHOUSE GAS REDUCTION
MECHANISMS

Constructed wetlands are usually designed to be
shallow as they utilise plants to treat wastewater,
so the amount of influent and water level must
be controlled to suit the stem and root lengths
of each kind of plant. Oxygen transfer between
the water surface and plants’ roots provides high
levels of oxygen for the treatment conditions,
thus the methane generation is lower than other
wastewater treatment systems that have limited
natural oxygen transfer, such as stabilisation ponds.
Furthermore, controlling plants” growth and
harvesting at the appropriate times are necessary
to support the plants’ continuous growth in the
system, better supporting oxygen transfer to reduce

greenhouse gas generation.
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EXAMPLE OF TECHNOLOGY ADOPTED IN THAILAND
THE ROYAL-INITIATED LAEM PHAK BIA ENVIRONMENTAL RESEARCH

AND DEVELOPMENT PROJECT

TasmsEninddauasiannaunadanramings

dglldanomeEnwdl | Sewia s

THE LEAM FHAK BA BYVIEGHMENIAL STUDY, RESEAR B ARD PEVELONAENT E(‘.‘I\'l

URDER BOVAL BSTIATIVES FETCHSURI FROVINGE

The royal-initiated Laem Phak Bia environmental
research and development project receives the
wastewater from Petchaburi municipality to treat.
The project has four types of wastewater treatment
systems comprising an oxidation pond, plant and
grass filtration, constructed wetland and mangrove

forest filtration.

The constructed wetland includes seven surface
flow beds; three are planted with bulrushes, three
with Cyperus papyrus and one with canna lilies
(The royal-initiated Laem Phak Bia environmental
research and development project, 2021). The
treated wastewater is further drained through the

mangrove forest located in the project area.
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Laem Phak Bia environmental

research and development project
Phetchaburi

>

Oxidation Pond
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Figure 3.14 The royal-initiated Laem Phak Bia

environmental research and development project




Figure 3.15 Constructed wetlands under the royal-initiated Laem Phak Bia environmental research and development project

1.00 m — 50 cm Thick Sandy 30 cm Water level hight
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soil layer (3:1)
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100 m underground

Long sloping ground (1:1,000) drainage
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| 5 Wwas |

Cross section according to the width

Figure 3.16 Structure of constructed wetlands under the royal-initiated Laem Phak Bia

environmental research and development project
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COMPARISON OF GREENHOUSE GAS REDUCTION CALCULATION

The greenhouse gas emission assessment was conducted by reviewing the existing data dating back 36
months. The greenhouse gas emissions were assessed directly from the wastewater treatment system
at the plant growing area, which is the stage in which organic material is degraded. The details of the

greenhouse gas assessment follow.

Chart 3.5 Greenhouse gas emissions from constructed wetlands of the Laem Phak Bia royal project
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The wastewater treatment system of the royal-  The greenhouse gas emissions from the constructed
initiated Laem Phak Bia project was designed with wetlands of the royal-initiated Laem Phak Bia
surface flow and greenhouse gas emissions equal project compared with the baseline of a facultative

to 0.034 kgCOZ/person/day. stabilisation pond are shown in Chart 3.6.
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Chart 3.6 Greenhouse gas emissions from facultative stabilization pond
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Chart 3.7 Percentage of greenhouse gas reduction from constructed wetlands

compared to the baseline of facultative stabilization pond
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From Chart 3.7, the amount of GHG reduction from the royal-initiated Laem Phak Bia project is 45.49%

when compared with the compared with the baseline of a facultative stabilisation pond.
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LESSONS LEARNED FOR TECHNOLOGY DISSEMINATION

Constructed wetlands utilise plants to facilitate wastewater
treatment. They efficiently remove nutrients such as nitrogen and

phosphorus. They are usually located in suburbs and have low

construction and maintenance costs.

Constructed wetlands are a wastewater treatment system that
consumes little energy, does not require much machinery

or equipment and is in harmony with nature, thus creating
% ecosystem area due to the large planting area and improving the

scenery compared with other wastewater treatment systems.

Before implementing these systems, the soil properties and
suitable plant species must be studied and selected. In addition,
the soil surface qualities must be maintained consistently

and the plants must be harvested at the appropriate times to

maintain system efficiency. The plants must be kept alive to
preserve treatment efficiency as well as avoid the accumulation
of plant mass, which is organic material in the system that can

lead to anaerobic degradation and greater methane generation.

The products from constructed wetlands can be further utilised;

' = for instance, the harvested plants can be used to produce
b v : :

| =7 basketwork, paper pulp and composted fertiliser. This can be

considered another way to create benefits and income.
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CONCLUSIONS

The example constructed wetland is the royal-initiated Laem Phak Bia project in Petchaburi Province. The
project investigates both solid waste management and domestic wastewater treatment, as well as acting
as a learning centre for interested people to learn about project implementation. The greenhouse gas
emission assessment of the constructed wetlands found that the system can reduce greenhouse gases by

45.49% compared with the baseline of facultative stabilisation ponds.

Constructed wetlands are easy to operate with low construction and maintenance costs as they do not
require electricity to operate. They are suitable for large spaces. There must be a consistent operation and
maintenance to keep up the wastewater treatment efficiency such as maintaining the soil surface qualities
and harvesting plants at appropriate times in order to support a plant growth and avoid the accumulation

of plant mass, which could lead to greater methane generation.

CONTACT INFORMATION OF THE STUDY AREA ORGANISATION

Project location:

The royal-initiated Laem Phak Bia environmental research
and development Project, Ban Paneon, Laem Phak Bia sub-
district, Ban Laem district, Petchaburi 76100

Telephone: 025792116

Email: lerd.in.th@gmail.com

Website: https://www.facebook.com/LERDProject
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QUICK INFO

4. ACTIVATED SLUDGE PROCESS

The activated sludge process is a
widely used wastewater treatment
system in which microorganisms
degrade organic material under
aerobic conditions. The main
treatment process is comprised of two
stages, aeration and sedimentation.

With constant aeration and mixing
throughout the process, the treatment
conditions have high oxygen levels,
resulting in low methane generation.
However, the indirect GHG emission

is high due to energy and electricity

consumption via the aerator and pump.

These systems must be monitored
closely and maintained the
equipment regularly by skilled
operators.

Study area: Din Daeng wastewater
treatment plant, Din Daeng District,
Bangkok. The plant emits an average
of 0.089 kgCO,/person/day, with

a reduction of 52.24% and 75.57%
emissions compared with the baselines
of facultative stabilisation ponds and
septic tanks, respectively.

Activated sludge systems are highly
efficient in treating wastewater and have
high loading capacities. The operating
system can be adjusted to control

a quality of effluent for wastewater
standards compliance. The system
requires a small area but has high
construction and operating costs as it
requires equipment including aerators,
sludge scrapers and water and sludge
pumps. In addition, excess sludge must be
drained from the system and disposed of
appropriately.
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TECHNOLOGY DETAILS

The activated sludge process is a wastewater treatment system that is widely used to treat domestic
wastewater. The treatment utilises aerobic microorganisms to degrade organic material under aerobic
conditions. This system is highly efficient and requires a small area but has high construction and

operating costs and requires skilled operators.

Influent Exfluent

The activated Sludge process can be Biological Reactor Secondary Clarifier
categorised according to the operating T A

pattern of each tank as follows:

Settling of microorganisms
and organic matter

. Completely mixed process I

. Contact stabilisation process

l Return Activated Sludge

1

2

3. Oxidation ditch process

4. Sequencing batch reactor process

Figure 3.17 Wastewater treatment process

The sub-processes of the activated sludge process in Activated Sludge System
can be divided into two main processes as follows:
are under construction (The Office of Natural
1. Aeration process: Increase the amount Resources and Environmental Policy and Planning,
of oxygen in wastewater, supporting the 2021).
microorganisms in biodegrading organic matter.
2. Sedimentation process: Separating treated GREENHOUSE GAS REDUCTION
wastewater from the aeration tank into sludge MECHANISMS
and clear water. The sludge will be further
divided into two parts: (1) return sludge: will ~ The activated sludge process utilises oxygen for
be pumped back to the aeration tank to treatment by using an aerator as well as mixing
maintain the microorganism concentration and the wastewater and microorganisms in the aeration
(2) excess sludge: will be drained out of the tank. Thus, the microorganisms can completely
system for further disposal (Pollution Control use the oxygen to degrade organic material in the
Department, 2015 and Santad, 2006). wastewater. As the process involves high levels of
oxygen, it generates a very low amount of methane
In Thailand, activated sludge wastewater treatment but indirectly emits greenhouse gases through the
systems are widely used throughout the country, electricity consumption of the aerator and water
especially in large communities. There are currently  and sludge pumps.
48 activated sludge plants with load capacities
ranging from 400-360,000 m3/day. Of these, 11

plants are located in Bangkok and three of them
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EXAMPLE OF TECHNOLOGY ADOPTED IN THAILAND
DIN DAENG WASTEWATER TREATMENT PLANT, BANGKOK

PROJECT DETAILS

Basic information

System type: Biological activated sludge process
with nutrients removal

Catchment area: 37 km*

Treatment capacity: 350,000 m’/day
Current influent: 234,264 m*/day
(Average value from 2018 - 2020)

Sewer pipe length: 63 kilometres

Carrying capacity: 1,080,000 persons
Current carrying capacity: 438,037 persons
(Average value from 2018 - 2020)

54

IsvnduAuAIMWUIGUUQY
waduuav ANSVINWUHIUAS

The Din Daeng wastewater treatment plant in Din
Daeng District, Bangkok is one of the plants operated
by the Water Control System Office, Drainage and
Sewerage Department, Bangkok Metropolitan
Administration, which treats wastewater from
community areas, households and commercial
buildings. The systemis a biological activated sludge

process with nutrient removal.
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Figure 3.18 Din Daeng wastewater treatment plant, Bangkok
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COMPARISON OF GREENHOUSE GAS REDUCTION CALCULATION

THE ASSESSMENT OF GREENHOUSE GAS EMISSIONS FROM DIN DAENG
WASTEWATER TREATMENT PLANT

The greenhouse gas emission assessment was conducted by reviewing the existing data dating back 36
months. The greenhouse gas emissions were assessed directly from the wastewater treatment system
at the aeration tank. As the activated sludge process involves high oxysen loading during treatment, the
methane emissions were not assessed but the nitrous oxide generated by nitrogen transformation was.
There are also indirect greenhouse gas emissions from the electricity consumption of aerator as well as

water and sludge pumps. The assessment results are illustrated in Chart 3.8.

Chart 3.8 Greenhouse gas emissions from activated sludge process of Din Daeng wastewater treatment plant
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Greenhouse gas emissions
from Din Daeng wastewater treatment plant
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Additionally, the data on the wastewater characteristics obtained from the Din Daeng wastewater treatment

plant were used to calculate the greenhouse gas emission at baseline condition of a facultative stabilisation

pond. Facultative stabilisation ponds include both aerobic and anaerobic conditions, so they emit both

methane and nitrous oxide during the treatment process, but these systems do not consume electricity for

aeration. The greenhouse gas emissions are shown in Chart 3.9.

Chart 3.9 Greenhouse gas emissions from semi-aerated stabilisation pond

O 186

2018 2019

I Methane [ Nitrus oxide [ Total greenhouse gas emission

To assess the greenhouse gas reduction capacity
of the activated sludge process as an alternative
technology in centralised domestic wastewater
treatment systems, the greenhouse gas emissions
are compared with data from facultative stabilisation
ponds and, cases of shifting from onsite wastewater

treatment to centralised wastewater treatment, the
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emissions are compared with data from septic tanks.
The percentage of greenhouse gas emission reduction
from adopting the activated sludge process is shown
in Chart 3.10.
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Chart 3.10 Comparison of reduction of greenhouse gas emissions

from activated sludge process of Din Daeng wastewater treatment plant to facultative stabilization pond and septic tank

OB
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0.098

0.089 4[ 0.089

Facultative
Stabilisation Ponds

Septic tank

Percent of Greenhouse Gas Reduction

I Bascline emission

The data on greenhouse gas emission reduction from
adopting activated sludge technology compared with

the baseline can be summarised as follows:

1. Compared with facultative stabilisation ponds,
the activated sludge process uses an aerator, which
results in high oxygen levels and reduced methane
in the system but emits indirect greenhouse gases
from the electricity consumption. The activated
sludge process can reduce greenhouse gas emissions
by 52.24% compared with the baseline of facultative

stabilisation ponds.

2. Compared with septic tanks in cases of onsite
wastewater treatment, as there is no aeration in the
septic tank, the methane is generated directly in the
system; although there is no methane generation
in the activated sludge process, it emits indirect

greenhouse gases through electricity consumption.

I Activated sludge
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Compare  Unit: kgCO,/cap/day
The activated sludge process can reduce greenhouse
gas emissions by 75.57% compared with the baseline

of septic tanks.

In conclusion, the activated sludge process can
reduce greenhouse gas emissions directly from the
wastewater sector. However, due to its electricity
consumption, the indirect greenhouse gas emissions

would increase in the energy sector.

When considering adopting the activated sludge
process, the wastewater treatment system area,
efficiency of domestic wastewater treatment and
the possibility of collecting wastewater in a central
unit must be considered. However, the activated
sludge process is an alternate climate-friendly

technology for treating domestic wastewater.
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LESSONS LEARNED FOR TECHNOLOGY DISSEMINATION

The activated sludge process is a widely used wastewater treatment
system that requires a small area and has high treatment efficiency, but

it requires electricity to operate equipment such as aerators and water

and sludge pumps. Therefore, the construction and operating costs are

higher than natural technologies such as stabilisation ponds.

O The treatment conditions of the activated sludge process can be

controlled according to influent characteristics.

Activated sludge systems require skilled operators to treat wastewater

efficiently.

such as static screen filters and grit removal to prevent damage to the

; The activated sludge process may require some preliminary treatment

equipment from debris passing through the system.

The system is highly efficient in treating high loads of organic material and

@ can be designed to remove nutrients such as nitrogen and phosphorus as

@ + ah well. Good operational control is necessary and the excess sludge must
be disposed of.

The activated sludge process can be modified to increase its capacity for
greenhouse gas emission reduction by controlling the aeration period to
suit the amount of influent and save energy. However, sufficient oxygen
concentration must be ensured to avoid anaerobic conditions that would

generate methane.
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CONCLUSIONS

A good example of the activated sludge process in Thailand is the Din Daeng wastewater treatment plant
in Bangkok. The plant fully treats wastewater from influent to effluent. The assessment of greenhouse gas
emissions was conducted directly from the treatment system and indirectly from the electricity consumption
for aeration and water and sludge pumping. Activated sludge is an aerobic process with sufficient oxygen
to avoid methane generation. As a result, this system produces lower direct greenhouse gas emissions
compared with other systems. However, the indirect greenhouse gas emission from energy consumption
is higher than the baselines of stabilisation ponds or septic tanks. The activated sludge process of the Din
Daeng wastewater treatment plant can reduce greenhouse gas emissions by 52.24% and 75.57% compared

with the baselines of stabilisation ponds and septic tanks, respectively.

The activated sludge process is a wastewater treatment system that requires a small area, making it
suitable for urban areas, and is highly efficient in treating high organic load domestic wastewater. However,
the system requires electricity for aeration and water and sludge pumping, so the operating cost is higher
than natural treatment systems. The system must be monitored closely and maintained the equipment

regularly by skilled operators.

In summary, the operating system must be designed and chosen to be appropriate to the amount and
characteristics of the wastewater to treat as well as to ensure consistent equipment operation and
maintenance. Greenhouse gas emissions can be reduced through energy-saving measures but anaerobic

conditions must be strictly avoided to prevent methane generation.

CONTACT INFORMATION OF THE STUDY AREA ORGANISATION

Project location:

Din Daeng wastewater treatment plant, Mit Maitri Rd., Din
Daeng, Bangkok 10400

Address: Water Control Systems Office, 3rd floor

Drainage and Sewerage Department Building, 123 Mit Maitri
Rd., Din Daeng, Bangkok 10400

Telephone: 022485037, 022485057
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APPENDIX

THE EQUATIONS FOR CALCULATING GOOD PRACTICES AND TECHNOLOGIES
FOR CLIMATE-FRIENDLY DWW MANAGEMENT (PTCMs)

Septic Tank

1. CH, Emission
e TOW = P xBOD x| x 0.001x 365
e EF =BO x MCF

2.N,0 Emission
*« TNDOM =P x Protein x FNPR x FNON-CON x FIND-COM

2019 IPCC
Guidelines

Aeration septic Tank

Field Sampling: ( cppm ) (i) (100022 )
« Gas Concentration (mg/m?3) = 10° g

RT
P

(Diaz-Valbuena
et al., 2011)

1. GHG flux in Septic Zone
(m)(V,)(A,,,) 86400 sec/d)

» GHG flux (g/cap.day) =
(1000 mg/g) (SA, )(capita)

Harold et al.,2010

2. GHG flux in Aeration Zone
(Average C)

e GHG flux (g/ mxday) = ———
(Qairﬂow/A rea)

(Diaz-Valbuena
et al,, 2011)

3. Emission factor calculation

+ Methane Emission Factor (kgCH,/kgBOD) =

+ Nitrous Oxide Emission Factor (kgN,O-N/kgN) = )
J

(Total CH, Emission)
(Tow)

(Total N,0 Emission)
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GHG estimation using 2019 Refinement to the 2006 IPCC Guidelines for
National Greenhouse Gas Inventories
1. CH, Emission
+ TOW = PxBOD x| x 0.001x 365
* EF = BO x MCF 2019 IPCC
Guidelines
Aeration septic Tank 2.N,0 Emission
* TNy, =Qx TN,  x 0.001x 365
* NO . oon = EF XTN_~x(44/28)
° NZO EFFLUENT,DOM = N EFFLUENT,DOM X EFEFFLUENT X (44/28)
3. Indirect GHG emission TGO
» Greenhouse Gas Emission = Electric Consumption x Emission Factor
1. CH, Emission
+ TOW= P xBOD xIx 0.001x 365
+ EF =B, x MCF 2019 IPCC
Guidelines
Johkasou 2.N,0 Emission
° TNDOM = P X PrOtein X FNPR X FNON-CONX FIND-COM
3. Indirect GHG emission TGO
» Greenhouse Gas Emission = Electric Consumption x Emission Factor
1. CH, Emission
« TOW= P xBOD x I x 0.001x 365
* EF = BO x MCF
Facultative 2019 IPCC
Stabilization Pond 2.N,O Emission Guidelines
TNy =Qx TN, x 0.001x 365
e NO . oom = EF XTN__ x(44/28)
° N2O EFFLUENT,DOM = N EFFLUENT,DOM X EFEFFLUENT X (44/28)
1. N,O Emission
* TN,,, =Qx TN,  x 0.001x 365 2019 IPCC
Guidelines
- N,O = EF x TN__,, x (44/28)
Activated Sludge 27 PlantsboM oM
° NZO EFFLUENT,DOM = N EFFLUENT,DOM X EFEFFLUENT X (44/28)
2. Indirect GHG emission TGO
» Greenhouse Gas Emission = Electric Consumption x Emission Factor
1. CH, Emission
+ TOW= P xBOD xIx 0.001x 365
+ EF =B, x MCF
IPCC,2014
Constructed Wetland 2.N,O Emission (Wetlands)
* TNy, =Qx TN, x0.001x 365
« NO_ . =EFxTN,,, x(44/28)
¢ N,O o ienroom = N X EF x (44/28)
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EN
[(313] GLOSSARY

A

AR5 or IPCC AR5 (The Fifth Assessment Report) provides a clear and up to date view of the current state of scientific knowledge
relevant to climate change. It consists of three Working Group (WG) reports and a Synthesis Report (SYR) which integrates and
synthesizes material in the WG reports for policymakers. The SYR has been published in 2014 (EEA, 2022; IPCC, 2014).

Baseline is the emission case refer to the production of greenhouse gases that have occurred in the past and which are being
produced prior to the introduction of any strategies to reduce emissions. The baseline measurement is determined over a set
period, typically one year (Encyclopedia, 2019).

BAU: Business as usual is a base case for emissions projection that would result if future development trends followed those of
the past and no changes in policies take place (Silva-Send, 2015).

BE: Baseline Emission is often found in equations for calculating the emission reduction that will occur in CDM projects, the
equation is as follows:
Emission reduction (ER) = Baseline emission (BE) — Project emission (PE) - Leakage (L)

C

CDM: Clean Development Mechanism, defined in Article 12 of the Protocol, allows a country with an emission-reduction or
emission-limitation commitment under the Kyoto Protocol (Annex B Party) to implement an emission-reduction project in
developing countries. Such projects can earn saleable certified emission reduction (CER) credits, each equivalent to one ton of
CO,, which can be counted towards meeting Kyoto targets (UNCC, 2022).

Climate is the average weather in each area over a longer period of time. A description of a climate includes information on,
e.g, the average temperature in different seasons, rainfall, and sunshine. Also, a description of the (chance of) extremes is often
included. The classical period used for describing a climate is 30 years, as defined by the World Meteorological Organization
(WMO) (Climateurope, 2020).

Climate change is any systematic change in the long-term statistics of climate variables such as temperature, precipitation,
pressure, or wind sustained over several decades or longer. Climate change can be due to natural external forcings (changes
in solar emission or changes in the earth’s orbit, natural internal processes of the climate system) or it can be human induced
(Climateurope, 2020).

CO,eq: Carbon dioxide equivalent is a metric measure used to compare the emissions from various greenhouse gases on the
basis of their global-warming potential (GWP), by converting amounts of other gases to the equivalent amount of carbon dioxide
with the same global warming potential, for example, Methane has a GWP 28 times that of CO2 equivalent (Eurostat, 2017; EPA,
2021).
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Emission is something that has been emitted—released or discharged. In general, emissions consist of things like gas, liquid,
heat, sound, light, and radiation. Emission can arise from different activities and natural sources such as burning fuel for energy,
industrial processes, some farm activities, and deforestation (IPCC, 2019).

Emission factor is a coefficient that allows converting activity data into GHG emissions. It is the average emission rate of a given
source, relative to units of activity or process/processes (EPA, 2022).

F

FOD: First Order Decay is the method for estimating CH4 emissions from solid waste disposal sites (SWDS). This method assumes
that the degradable organic component (degradable organic carbon, DOC) in waste decays slowly throughout a few decades,
during which CH, and CO, are formed (Frey et al,, 2006).

G

GHGs: Greenhouse Gases is any gas that has the property of absorbing infrared radiation (net heat energy) emitted from Earth'’s
surface and reradiating it back to Earth’s surface, thus contributing to the greenhouse effect. Carbon dioxide, methane, and water
vapor are the most important greenhouse gases. (To a lesser extent, surface-level ozone, nitrous oxides, and fluorinated gases
also trap infrared radiation.) (Mann, 2021).

Global warming refers to the rise in global temperatures due mainly to human activities, primarily fossil fuel burning, which
increases heat-trapping greenhouse gas levels in Earth’s atmosphere (GISS, 2022).

Greenhouse effect is a natural process that warms the Earth'’s surface. When the Sun’s energy reaches the Earth’'s atmosphere,
some of it is reflected back to space and some is absorbed and re-radiated by greenhouse gases. The absorbed energy warms
the atmosphere and the surface of the Earth. If the concentrations of greenhouse gases are increasing. This is increasing the
greenhouse effect, which is contributing to the warming of the Earth (Australian Department of Agriculture, Water and the Envi-
ronment, 2021; UCAR SciEd, 2022).

Greenhouse Gas Inventory or GHG-I is an accounting of greenhouse gases (GHGs) emitted to or removed from the atmosphere.
An inventory will list, by source, the number of pollutants emitted to the atmosphere during a given period (annual emission
estimates from a base year to the latest year) (EPA, 2022).

Grid Emission factor refers to a CO, emission factor (tCO,/MWh) which will be associated with each unit of electricity provided
by an electricity system. It is a parameter to determine the baseline emissions for CDM projects in the renewable energy sector
(hydro, wind, solar PV, geothermal power, etc.). The grid emission factor of Thailand'’s transmission system in 2018 was 0.5290
tCO,/MWh for electricity producers and 0.4872 tCO,/MWh for electricity users (Takahashi and Louhisuo, 2021).

GWP: Global Warming Potential was developed to allow comparisons of the global warming impacts of different gases.
Specifically, it is a measure of how much energy the emissions of 1ton of a gas will absorb over a given period, relative to the
emissions of 1ton of carbon dioxide (CO,). The IPCC’s The Fifth Assessment Report (AR5) defined the GWP of CO,, CH,, N,O, CF,,
HFC-152a as 1, 28, 265, 6630, 138, respectively.) (EPA, 2021).
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IPCC: Intergovernmental Panel on Climate Change is the UN body for assessing the science related to climate change. It was
established by the United Nations Environment Programme (UNEP) and the World Meteorological Organization (WMO) in 1988 to
provide political leaders with periodic scientific assessments concerning climate change, its implications, and risks, as well as to
put forward adaptation and mitigation strategies (United Nations, 2021).

National Greenhouse Gas Inventory is part of the UNFCCC management of GHG emissions. Inventories are used to monitor
progress towards reduction targets and to enable countries to access climate finance mechanisms (Wartmann, 2017).

(o)

T

TGO: Thailand Greenhouse Gas Management Organization (Public Organization) was established in 2007 under the Ministry of
Natural Resources and Environment, as an autonomous public organization in accordance with Thai law to manage and expedite
development and implementation of greenhouse gas reduction projects and support public, private and international organiza-
tion partnerships to promote implementation of climate action (TGO, 2019).

U

UNFCCC: United Nations Framework Convention on Climate Change sets out the basic legal framework and principles for inter-
national climate change cooperation with the aim of stabilizing atmospheric concentrations of greenhouse gases (GHGs) to avoid
“dangerous anthropogenic interference with the climate system” (ENB, 2021).

V,W, X Y,Z
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