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FOREWORD

It is with great pleasure that | introduce this document: Technological Interventions and
Gaps in Air Pollution Control in Bangkok, Thailand.

The Asian and Pacific Centre for Transfer of Technology (APCTT) of the United Nations
Economic and Social Commission for Asia and the Pacific (ESCAP), has long been
dedicated to fostering innovation and facilitating the transfer of technology across
our diverse member countries. APCTT's key mandate is to strengthen the technology
transfer capabilities in the Asia- Pacific region and to facilitate exchange of new,
emerging and environmentally sound technologies between the member countries.

This document was produced under the project "Enhanced capabilities to adopt
innovative technologies for city air pollution control in select countries of the Asia
Pacific" supported by the Korea ESCAP Cooperation Fund. The project objective was to
support three ESCAP member States (Bangladesh, India and Thailand) to strengthen
policies and city level action plans to facilitate adoption of innovative technologies
for controlling air pollution. The project aimed to improve the availability of technical
knowledge regarding innovative technologies, and good practices and enabling policies
for air pollution control in three cities (Bangkok, Dhaka and Gurugram).

This assessment report examines the current state of air pollution technologies
employed in Bangkok. It identifies the key technological needs and gaps that require
urgent attention for controlling urban air pollution. As we attempt to enhance our
understanding of the complexities of air pollution in key cities in Asia Pacific, the
findings of this report will serve as a valuable resource for policymakers, city planners
and practitioners. | hope that this report will play an important role in shaping the
trajectory of air pollution control initiatives in Bangkok and other cities in Asia Pacific.

Preeti Soni

Head

Asian and Pacific Centre for Transfer of Technology
Economic and Social Commission for Asia and the Pacific
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1. INTRODUCTION
Current air quality in Thailand

Thailand ranks in the middle among the countries in Southeast Asia in terms of annual PM,  concentration.
In the years 2021-2022, Thailand was the 5th country out of 10 in Southeast Asia, as shown in Figure
1 (IQAIr, 2022; 1QAir, 2021). However, the annual fine particulate matter was 23.8 ug/m?* in 2020,
nearly 5 times higher than the World Health Organization (WHO) guideline (5 pg/m?, 2021 air quality
guideline). At the current pollution levels, air pollution is shortening Thai residents’ life expectancy by
an average of 1.8 years relative to what it would be had the WHO guidelines been permanently met.
This health burden of air pollution is highest in the provinces of Bangkok, Nakhon Ratchasima, and
Chiang Mai (AQLI, 2022).

Pﬁﬂj Country/Region Ranking Country/Region Ranking
I @ 1. Indonesia (34.3) @ 1. Indonesia (30.4)
b @ 2. Myanmar (25.9) @D 2. Laos (27.6)
@ 3. Vietnam (24.7) @ 3. Vietnam (27.2)
—35 @ 4. Laos (21.5) @D 4. Myanmar (24.9)
I @ 5. Thailand (20.2) @0 5. Thailand (18.1)
o5 @ 6. Cambodia (19.8) @ 6. Malaysia (17.7)
I @ 7. Malaysia (19.4) 7. Philippines (14.9)
15 @ 8. Philippines (15.8) 8. Singapore (13.3)
10 9. Singapore (13.8) ) 9. Cambodia (8.3)
—5
' ( 20 30 40 50 6( 70 80 90 100 0 10 20 30 40 50 B0 70 B0 90 100
2021 PM2.5 average (pg/m?3) 2022 PM2.5 average (pg/m?)

Figure 1: Ranking of annual PM, | concentration in Southeast Asia (ug/m’) in 2021-2022
(1QAir, 2022, IQAir, 2021)

Based on statistical data compiled from air quality measurements reported by 1Q Air, Thailand has
experienced an improvement in air quality over the past 5 years, as shown in Figure 2. Moreover, in
2022, Thailand had decreased air pollution, with the annual average PM, ; concentration reduced to 18.1
pg/m?, a 10.4% decrease from 2021 levels as shown in Figure 3 (IQAir, 2022). This trend aligns with
the report on the state of air pollution in Thailand in 2021 by the Thai Pollution Control Department
(PCD, 2022), using only the official monitoring stations in Thailand (77 stations across 46 provinces).
The 24-hour average PM, ; concentrations ranged from 29 to 414 micrograms per cubic meter (ng/m?),
while the annual averages ranged from 10 to 40 ug/m?, with a national average of 22 pg/m?. The level
reduced from the previous year by 4% (23 pg/m? in 2020). The 10-year trends were decreasing steadily
in all regions, as shown in Figure 4.
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Figure 3: Annual average PM, _ (ng/m*) in 2022, compared with the previous years (IQAir, 2022)
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Figure 4: Annual PM, ; concentration in Bangkok and Thailand (PCD, 2022)

The improvement of air quality in Thailand during 2022 can be attributed to strict and effective policy
interventions to mitigate air pollution. The relevant agencies successfully adopted these policies in
accordance with the National Action Plan on PM,  Reduction (2019) and the Contingency Plan for
Particulate Matter Management (2021). For example, the policies and incentives promote non-burning
in the agricultural sector, the promotional policies for electric vehicles, and the improvement of the rail
system (PCD, 2022).
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Current air quality in Bangkok

Bangkok is a megacity that has the highest population in Thailand, estimated at 9 million in 2020
(AQLI, 2022). Over the past five years (2018-2022), air quality in Bangkok has gradually improved
(Figure 4). The concentration of PM, _ continually reduced from 27 pg/m’ in 2018, followed by 26 pg/
m®in 2019, 23 pg/m? in 2020, 23 pg/m? in 2021, and 22.7 pg/m? in 2022 (PCD, 2023). In addition, based
on statistical data compiled from air quality measurements reported by 1Q Air, Bangkok has experienced
an improvement in air quality over the past 4 years. Figure 5 shows the percentage of hours that meet the
WHO PM, . guideline of 5 pg/m’* increased from 5% in 2019 to 17.8% in 2022 due to different policies
and the involvement of different sectors and stakeholders (IQAir, 2022).

Bangkok

2019 2020 2021 2022
100%

7.9% 6.8%

90%

5(]1:1

50%
A40%

30%

10%

D %6

Annual hours spent at different PM2.5 pollution levels

Figure 5: Annual hours spent at different PM, , pollution levels (1QA4ir, 2022)
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National Ambient Air Quality Standard (NAAQS)

Air Quality Management (AQM) in Thailand is prepared by different governmental agencies, with the
Pollution Control Department as the main focal point. Thailand regulates NAAQS for six criteria air
pollutants, as presented in Table 1 (PCD etc., 2018):

Table 1: Thailand Ambient Air Quality Standards (updated in June 2023)

Air Pollutants Annual
Carbon Monoxide (CO) (ppm) 30 9 - - -
Nitrogen Dioxide (NO,) (ppm) 0.17 - - - 0.03
Sulfur Dioxide (SO,) (ppm) 0.3 - 0.12 - 0.04
Total Suspended Particulates (TSP) - - 0.33 - 0.1
(mg/m’)
Particulate Matter < 10 microns - - 0.12 - 0.05
(PM, ) (mg/m?)
Particulate Matter < 2.5 microns - - 0.0375 - 0.015
(PM,)) (mg/m?)
Ozone (O,) (ppm) 1.0 0.07 - - -
Lead (Pb) (mg/m?) - - - 1.5 -

On the 1% June 2023, the Pollution Control Department of Thailand, with the approval of the national
pollution control board, revised the Thailand National Ambient Air Quality Standard for PM, , from
50 pug/m? to 37.5 pug/m?® for a 24-hour average concentration and from 25 pg/m® to 15 ug/m? for an
annual average concentration, following Interim Target 3 set by the World Health Organization (IT3-
WHO) (Table 2). The aim of improving the PM,  standard is the enhancement and conservation of
environmental quality in accordance with the National Environmental Quality Act of B.E. 2535 (1992).

Table 2: Ambient Air Quality of PM, , Standards (Average pg/m?).

WHO Air quality

Previous PM, | std. in Thailand | New PM, std. in Thailand

guideline (IT2-WHO) (IT3-WHO)
24-hr 15 50 37.5
Annual 5 25 15

Major air pollution problems in Bangkok

Over the past ten years (2012-2021), air quality in Bangkok has gradually improved. The data from
monitoring stations in Bangkok from PCD in 2021 showed that the concentration of six criteria
air pollutants in Bangkok is well under the National Ambient Air Quality Standard, except for
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Ozone and PM, , (Figure 6). Ozone is another pollution concern in Bangkok. The overall trend of ozone
in Thailand has been a steady decline over the past 5 years. However, in 2021, the level of ozone exceeded
the standard and increased by 3% on average from the previous year, especially in the Bangkok area and
Central region of Thailand (PCD, 2022). However, Ozone is a secondary air pollutant, forming in the
atmosphere with the presence of precursor pollutants and sunlight. Thus, the control of Ozone is not as
simple as primary air pollutants.
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Figure 6: Annual average of six criteria pollutants in Thailand and Bangkok;
a) Ozone, b) Particulate matter<2.5um, c) Particulate matter<10um, d) Nitrogen dioxide,
e) Sulfur dioxide, and f) Carbon monoxide (PCD, 2022)

Major air pollution sources

The PM,  problem in Bangkok can be attributed to two primary factors. First, meteorology contributes
to the problem due to the air stagnation phenomenon and high air pressure spreading over Thailand
during the dry season. This leads to a large accumulation of air pollution in the area. In February, PM,
concentrations are high on several consecutive days in the central region of Bangkok and the vicinity
of Thailand (PCD, 2018). Second, sources and human activities contribute to emissions in the area. The
top three major pollution sources in Bangkok include transportation, industrial, and agricultural sectors
(Nikam J. et al., 2021; PCD, 2018; Winijkut et al., 2020), as outlined below:

1. Transportation Sector:

The transportation sector is one of the largest energy-consuming sectors in Thailand. Most on-road
vehicles still rely on fossil fuel combustion, such as gasoline, diesel, and biodiesel. Although the
number of electric vehicles is gradually increasing in Thailand, it is not significant enough to reduce
pollution. Almost 50% of Thailand’s population lives in urban areas, which have a high number of
motorized vehicles, leading to associated air quality problems. It is estimated that road transport
accounts for over half of PM, ; emissions (Nikam J. et al., 2021). Moreover, old in-use vehicles also
contribute significantly to air pollution in Bangkok.

Technological Interventions and Gaps in Air Pollution Control in Bangkok 5



2. Industrial Sources:

Industrial sources are key contributors to air pollutants due to their scale and the types of chemicals
and processes used. The database from the Department of Industrial Works in December 2022 found
5,639 factories in the Bangkok area (PCD, 2022). Additionally, two hundred and sixty factories have
the potential to emit high pollutants in the Bangkok area. It is estimated that the Industrial sector
(Factories and Power plants) produces 12% of PM, S emissions in Bangkok (Winijkut et al., 2020).

3. Agricultural Sector:

The agricultural sector commonly disposes off agricultural residuals and wastes through burning,
as the fastest approach, and one which also helps to control growth of weeds. However, this has
severe consequences for air quality: incomplete combustion leads to the production of black carbon,
PM, ,, PM,, ash, VOCs, and other pollutants. Since biomass burning occurs from November to
April every year in Bangkok, which encourages a high risk of PM, . during the dry season, known
as the “burning season” (Nikam J. et al., 2021). Some locations in Bangkok are planting rice,
i.e., Nong Chok District, Khlong Sam Wa district, and Lat Krabang district. It is estimated that
the agricultural sector (Agricultural open burning) produces 20% of PM, , emissions in Bangkok

(Winijkut et al., 2020).

Figure 7 and Figure 8 show two emission inventories for Bangkok in 2018 (Figure 7) and 2019 (Figure 8).
Although the contribution of each sector to total PM, ;emissions is not the same, the three major sources
are similar.

100% -
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2 60% Domestic
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Figure 7: Air pollution sources in Bangkok and its vicinity in 2018 (PCD, 2018)
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Figure 8: PM,. Emission Inventory in Bangkok for the base year of 2019
(Winijkut et al., 2020).
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Bangkok Air Quality Plan

The 20-year Development Plan for Bangkok Metropolis (BMA , 2013) is a plan derived from people’s
vision regarding the development of Bangkok over the next 20 years as well as strategies for its
implementation. Bangkok residents divided measures to drive the strategy into four five-year phases
according to their priorities. This visionary plan is structured around six key dimensions:

Bangkok as a safe city

Bangkok as a green and convenient city

Bangkok as a city for all

Bangkok as a compact city

Bangkok as a democratic city

o0 ks~ b=

Bangkok as an economic and learning center

Strategy 1: Bangkok as a safe city. This strategy focuses on developing a better environment in
Bangkok, free from pollution from wastewater, solid waste, and air pollution. The goal of the Bangkok
Air Quality Plan in 2032 is that at least 80% of Bangkok residents living in inner-city areas will have
fresh air equivalent to at least 200 days per year, especially for PM, , to reduce its concentration by 15%
in 2032 compared to the base year. Additionally, the effort in this plan is directed toward decreasing the

levels of other air pollutants, as shown in Table 3.

Table 3: The goal of the 20-year Bangkok Air Quality Plan (BMA , 2013)

. 10- 15-year 20-
S 0 }-fear 5 }./eal 0 }-fear
2013 — 2017 period period period
2018 -2022 | 2023 -2027 | 2028 -2032
1. Percent of 24-hour PM | Always - - -
concentration lower than
NAAQS at the ambient stations
2. Percent of 24-hour PM | Not less than | Not less than | Not less than | Not less than
concentration lower than 95% of the 95% of the 98% of the 98% of the
NAAQS standard at the monitoring monitoring monitoring monitoring
roadside stations data data data data
3. Percent exceedance of Base year 5% reduction | 10% reduction | 15% reduction
24-hour PM,  concentration from the base | from the base | from the base
year year year
4. Percent of 8-hour ozone (O,) - 100% 100% 100%
concentration lower than the
NAAQS
5. Percentage exceedance of Base year 5% reduction | 10% reduction | 15% reduction
1-hour nitrogen oxide (NO,) from the base | from the base | from the base
concentration at roadside year year year
station lower than NAAQS
6. Annual benzene concentration | Base year 5% reduction | 10% reduction | 15% reduction
lower than NAAQS from the base | from the base [ from the base
year year year
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The next section of the report discusses the technologies that can be used to reduce emissions at the sources
in Bangkok. Emphasis is provided for the three major emission sources in Bangkok: transportation, open
burning, and industry. However, considering the importance of cooking and street food in Bangkok,
cleaner cooking technologies are also discussed in the next section.

2. LIST OF THE TECHNOLOGIES THAT CAN BE USED TO REDUCE
EMISSIONS IN BANGKOK

1. Low-cost Sensor for ambient air quality monitoring: Thai sensors & EANET

From the National Agenda for action plans “Solving the dust pollution problem” in Thailand for
the period 2019-2024, Thailand has implemented measures to enhance the efficiency of air quality
management. This measure considered the suitability of using Low-Cost Sensors (LCS) for air quality
monitoring (PCD, 2019). Additionally, the Ad Hoc Plan for Solving the Dust Pollution Problem in
Bangkok in 2023 also addressed the PM, , problem in Bangkok by expanding the monitoring and
alert system to 1,000 locations (currently, there were 557 locations) (BMA, 2022). Furthermore,
Thai law requires PM, ; and PM  monitoring devices certified by USEPA to report the 24-hour
concentration to the public. However, due to the high costs of the monitoring device, operation, and
maintenance, the Pollution Control Department, which is the main agency responsible for air quality
management in Thailand, cannot expand the monitoring stations to cover all areas. The LCS air
quality monitoring system can help expand the monitoring network and provide an air quality alert
system at a provincial level.

Currently, different organizations in Thailand, such as Sensor for All developed from Chula University
(CUSense, 2023), Dust boy developed from Chiang Mai University (CCDC, 2023), and EANET, have
conducted different research to further develop the LCS for better uses (Figure 9). Most models of
LCS are based on the light scattering approach. When the light passes through particles, it scatters
(Figure 10). The scattered light is concentrated on a highly sensitive photodiode, which is then amplified
and analyzed by a circuit. The PM,  mass concentration was calculated from the distribution of light
scattering intensity by considering the relationship between scattering intensity and particle size (Trilles
S. et al., 2019; Nakayama T. et al., 2017). In addition, the United States Environmental Protection
Agency (U.S. EPA) was comparing the performance and cost between monitoring stations and low-cost
sensors in Table 4 (Clements et al., 2022).
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Figure 9: Low-Cost Sensor for PM, . monitoring in Thailand: A) Sensor for All developed by
Chulalongkorn University; B) Dust boy developed by Chiang Mai University
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Figure 10: Concept of the low-cost sensor

Table 4: Comparison Between Monitoring stations and Low-Cost Sensors (Clements et al., 2022)

Consideration

Monitoring stations

Low-Cost Sensors

Typical Purchase Cost

$15,000 to $40,000
(U.S. Dollars)

$100 to $5,000 (U.S. Dollars)

Staff Training for Operation

Highly trained technical staff

Little or no training
(user guide/manual may help)

Operating Expense

Expensive — need for shelter,
technical staff, maintenance,
repair, quality assurance

Less expensive — need
for device replacement
or repair, data streaming,
data management

Siting Location

Fixed location (building/trailer

More portable (with basic

and operated to maintain
accuracy)

needed) weather protection)
Data Quality Known and consistent quality in | Unknown and may vary from
a variety of conditions sensor to sensor in different
weather conditions and
pollution environments
Operating Lifetime 10 years or more (Calibrated Short (pollutant dependent;

<1-3 years) (may become less
accurate over time)

Used for Regulatory Monitoring

Yes

No
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Advantages of low-cost sensors are as follows:

m  Sensors are relatively low-cost, affordable, easy to operate, and portable. They have low maintenance
costs and have a lifespan of around 3-5 years. They are widely used at present (Yawootti A. et al.,
2019; thaipost, 2020). The price of the LCS ranges from 5 to 100 USD (Trilles S. et al., 2019),
compared with the standard monitoring stations with a capital cost of 146,200 USD per station and
operational costs ranging from 4,200 to 27,200 USD per station (ADB, 2013).

m  Sensors are easy to install both indoors and outdoors. They have low power consumption and
produce minimal noise during operation. They provide real-time measurement data and have remote
data transmission capabilities, allowing notification in real time to the public in the area affected by
particulate matter pollution (Yawootti A. et al., 2019).

m  Sensors can be used to raise public awareness of air pollution by providing alerts and concerns about
health impacts.

Disadvantages of low-cost sensors are as follows (EANET, 2023a; EANET, 2023b; EANET,
2022; Yawootti A. et al., 2019):

m LCS has low accuracy and inaccuracies in reading values when compared with the monitoring
station, especially during periods of increased particulate matter concentration. This can lead to
confusion and misunderstanding among the public due to inconsistent measurement values.

m  LCS has different qualities and performances.

m  There is no calibration, no QA/QC, and no standardization, and tends to give much higher readings
than the standard monitor at high concentrations.

m  LCS is affected by humidity.

Air volume and density of particles required for converting particle numbers to particle mass are
required.

m  The reading depends greatly on where it is placed; placing it closer to the source will have a higher
concentration.

m Instantaneous and short-term (less than 24 hours) readings may not have any meaning with regard
to health effects.

m  There are issues related to data interpretation and presentation.

2. Diesel Particulate Filter (DPF) for diesel vehicle emission control

The Diesel Particulate Filter (DPF, Figure 11) is a device that reduces diesel particulate matter or soot
from the exhaust gas of a diesel engine. They can be fitted to both new and in-used vehicles (retrofitted)
(EU, 2022; Majewski, 2020). The DPF filters the exhaust emission, and the particulate matter is trapped
within the filter. There are two main types of filters (Figure 12):

A “full’ DPF, which can reduce PM emissions between 85% and 99%. It is also very effective at reducing
emissions of small particles, which are of the greatest health concern. It is available for new vehicles
from the factory or for retrofitting in-use vehicles.

A ‘partial’ filter can reduce PM emissions between 30% and 50%. It may not be able to reduce small
particles as efficiently as the larger particles but is available for use in in-use vehicles with a moderate
emission level.
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Figure 11: Diesel Particulate Filter for diesel vehicle emission control (DPF)
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Figure 12: Schematic representation of a diesel particulate filter

From the National Agenda for action plans “Solving the dust pollution problem” in Thailand for the
period 2019-2024, Thailand has promoted research and development of technological advancements
in monitoring, analysis, and innovation to reduce air pollution. It aims to apply these advancements to
improve air quality management, including dissemination and public communication of knowledge.
There were pilot projects to test the feasibility of installing Diesel Particulate Filters (DPF) in in-used
vehicles in Bangkok (PCD, 2019). The demonstration project installed DPFs on 4 in-use trucks (Euro
II and III) and 2 buses (Euro II). The results show that black smoke, PM, particle number, CO, HC, and
NOx were reduced by 100%, 83%, 97%, 98%, 60%, and 7%, respectively (PCD, 2022).

Chavanaves (2021) estimated PM, ; emission reduction in Bangkok based on the assumption that all
in-used diesel vehicles older than Euro IV would install DPFs. The results are shown in Figure 13 as
Scenario 8 (All Diesel vehicles older than Euro IV are fitted with DPF) and Scenario 8+1 (All Diesel
vehicles older than Euro IV are fitted with DPF and sulfur in the fuel is reduced to 10 ppm).
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Figure 13: Prediction of PM, . emission reduction with different scenarios: a) 2024 and
b) 2029 (Chavanaves et al., 2021)

In their analysis where DPFs were retrofitted onto < Euro III diesel engines, emissions could be reduced
by over 33%, and when applied together with ultra-low sulfur fuel (10 ppm), emissions could be further
reduced to over 70%. Additionally, this scenario is the second-best scenario, reducing PM, ; emissions
by over 4,200 tons in 2029, showing that if DPF performs at full efficiency, it could substantially reduce
PM, , emissions (Chavanaves et al., 2021).

However, the technological possibility of using DPF with in-used vehicles older than Euro II has not
been discussed in their study. In-used vehicles older than Euro II emit very high PM, which will clog the
DPF very fast and may need very frequent regeneration, making it uneconomical to use.
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Advantages of DPF are as follows:

m  Proven Technology: DPF is a technology used worldwide (Suwanthada P. et al., 2022). In 2018, 40%
of new heavy-duty diesel vehicles (HDDVs) sold worldwide were equipped with DPFs, and from
the prediction, it would increase to 50% in 2021 as shown in Figure 14.

Global new heavy-duty diesel vehicle sales with diesel
particulate filters under adopted policies in 2021

Other Europe 1.8% Technology
Middle E 4.3% o friid
iddle East 4.
USA 14.9% W No DPF

EU & EFTA 13.0%
Other Asia Pacific 9.0%

Australia 0.7% S
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Brazil 2.0% Sl

Russia 2.4% il
India 9.6%
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Rep. Korea 2.7%

Turkey 2.3%
Mexico 1.3%
Canada 1.1%
Iran 1.0%
Israel 0.3%

Singapore 0.1%

China 17.8%

Figure 14: Global new heavy-duty diesel vehicle sales with diesel particulate filters under
adopted policies in 2021 (Joshua Miller&Lingzhi Jin, 2018)

m  Exceptional Reduction of PM: California Air Resources Board (CARB)-Verified DPFs exhibit an
impressively high efficacy in reducing PM emissions in diesel exhaust, achieving up to a remarkable
99% reduction.

m  Versatile Range of Applications: DPFs demonstrate their effectiveness across a diverse array of
vehicles globally, spanning from buses and heavy-duty trucks to off-road vehicles.

m Cost-Efficient Solution: DPFs offer a cost-effective alternative to vehicle replacement. Furthermore,
they substantially contribute to community health by significantly diminishing the negative impacts
of PM on affected individuals.

m  Straightforward Installation: Certain DPF models can be easily installed by qualified dealers,
streamlining the process of achieving emissions reduction and compliance with local emission
regulations.

m  Robust Longevity: The majority of DPFs are engineered to endure up to 150,000 miles before
necessitating cleaning. In specific cases, cleaning may not even be required under normal usage
conditions. These systems are designed to match the vehicle’s lifespan on which they are installed.
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Disadvantages of DPF are as follows:

m  Low Super Absorbent Polymer (SAP) lubricants are required (Signer M., 2016) (Signer M., 2016).

m  Fuel quality sensitive (passive regeneration) (Signer M., 2016). The amount of PM is the cause of
DPF clogging and reduces the efficiency of trapping soot. Therefore, clean fuels are very important—
this technology requires clean fuel containing sulfur less than 15 ppm (DPF Clean, 2023).

Euro VI Clean fuels enable clean technologies msco

Clean fuels enable

the application of
/ clean technologies \

Clean Technologies < > Clean Fuels

y 4 \
Euro VI Clean Diesel s<10ppm
EGR exhaust gas recircutation Natural Gas
SCR scicotive catatytic reduction Biogas R*
DPF diesel particutate fiter Synthetic fuels R*
3-way catalyst HVO R* (FAME)

/* = Renewable

Figure 15: Clean technologies to increase the efficiency of the device (Signer M., 2018).

AdBlue / DEF

m Maintenance requirements after 300,000 — 500,000 km (Signer M., 2016). The DPF can become
clogged over time and require replacement or cleaning. The cost of a DPF can vary depending on
the make and model of your vehicle. On average, the cost of DPF filter replacement can range from
$2,000 to $4,000, while the cost of DPF cleaning is around $179 to $500 for most models (DPF
Clean, 2023).

m DPF is not suited to install with a car that only does short journeys or is in stop/start traffic quite
frequently. Eventually, the engine can lose power and stop (Carbase, 2023).

m  Many studies have shown that controlling emissions through exhaust systems often yields limited
results. Therefore, engine improvements have proven to be more effective, such as optimizing fuel
injection pumps, injector designs, and combustion chamber configurations (Suwanthada P. et al., 2022).

3. Low Emission Zones

Low Emission Zones (LEZs) are areas where only vehicles meeting the minimum emission standards
are allowed to enter freely. Polluting vehicles that fall below the standards must pay an entry fee or are
banned from entering the zone. Usually, LEZs are implemented in phases, with progressively stricter
regulations. To enforce them, an Automatic Number-Plate Recognition system or a color-coded sticker
visible on the vehicle’s windshield is typically used to identify the vehicle classification. LEZs are used
most prominently in Western Europe (Figure 16) by a large margin, with hundreds currently in operation
(EU, 2022; Phanich, 2022). Most of these LEZs set Euro IV as the minimum entry requirement for
diesel vehicles. Though not very common in Asia, Beijing established an LEZ targeting Euro I and Pre-
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Euro vehicles in preparation for the 2008 Olympics and recently upgraded to a stricter China III (close
to a Euro III equivalent) minimum requirement (Phanich, 2022). For the costs of implementing and
operating LEZs, the costs of setting up and running the low-emission zone in London are estimated at
£2.8 million to set up (3,440,878 USD) with running costs of £4 million (4,913,700 USD) each year. The
main budget was used to set up a network of cameras across the LEZ of London to recognize vehicles
through cameras (Watkiss et al. , 2003).
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Figure 16: Map of Low Emission Zones in Europe (EU, 2022).

From the National Agenda for action plans “Solving the dust pollution problem” in Thailand for the
period 2019-2024, Thailand has implemented measures to enhance the efficiency of crisis-oriented area
management (PCD, 2019). This measure includes reducing the number of private cars during rush hours
in the Low Emission Zone, which would be implemented when PM, , dust concentration reaches level 3
(51-75 pg/m?) or higher. Based on the Ad Hoc Plan for Solving the Dust Pollution Problem in Bangkok
2023 (BMA, 2022), the implementation includes:

1. Encouraging cooperation from the private sector to promote “Work from Home” arrangements and
aiming for more than 60% of government employees to work from home.

2. Promoting discounted prices and encouraging the use of public transport.

3. Providing shuttle bus services in certain areas.
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On January 20, 2022, the Bangkok Metropolitan Administration (BMA) signed a memorandum of
understanding (MOU) with 21 public-private agencies, including the Pollution Control Department
(PCD), to announce a pilot project for the Low Emission Zone (LEZ). The project is limited to the
Pathumwan district, covering an area of 8.4 square kilometers. Although the project’s primary goal is
to raise public awareness of LEZs and is relatively small in scale, these activities demonstrate that the
Thai government is considering the possibility of implementing a full-scale LEZ policy (ThaiHealth
Official, 2022).

The possibility of reducing PM, by banning Pre-Euro and Euro I vehicles from entering the Bangkok
area has been explored in a study by Sukitpannenit and Stettler (2020). The research indicates that diesel
vehicles in the Pre-Euro and Euro I categories are significant sources of PM, , as shown in Figure 17
and Figure 18. Therefore, restricting the entry of such vehicles into the area could potentially reduce
PM, . levels by up to 55% for diesel passenger cars, 60% for diesel light-duty trucks, 50% for diesel
heavy-duty trucks, and 65% for diesel buses. However, this research estimates emission reduction based
on the number of vehicle technologies, which may not be similar to the real environmental conditions.
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Figure 17: The 2017 Bangkok Metropolitan Region (BMR) vehicle fleet, consisted of
passenger cars (PC), light-duty trucks (LDT), heavy-duty trucks (HDT), and buses, classified
by standards.
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Figure 18: PM, _ emissions by vehicle-fuel types and emission control standards. Remark:
GL= gasoline; DS=diesel; LPG = liquefied petroleum gas
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However, there is another research showing that the amount of PM, ; emission would not reduce if the
Low Emission Zone (LEZ) is adopted in Bangkok (Chavanaves et al., 2021), but moving high pollutant-
emitting vehicles, such as diesel cars and trucks, out of Bangkok. Thus, the total health damage to the
population could be reduced even when net emissions to the Bangkok Metropolitan Region (BMR)
remain constant. From Figure 19, Scenarios 5 (all diesel private vehicles, except Euro V and Euro VI,
are banned from Bangkok city, assuming removed vehicles are added to the roads of 5 surrounding
provinces with equal distribution) and Scenarios 6 (all diesel trucks, except Euro 5 and Euro 6, are
banned from Bangkok city, assuming removed trucks are added to the roads of 5 surrounding provinces
with equal distribution) are zoning policies, where vehicles are banned from Bangkok and transferred
to the surrounding provinces. Hence, the scenarios change the location of emission sources, while the
total number of vehicles and total emissions in the whole BMR region remain constant. On the other
hand, banning old cars more than 20 years old will effectively reduce PM, ; emissions if adopted and
implemented in the long term (Scenario 7, old cars ban).
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Figure 19: Prediction of PM,, emission if adopt LEZ implement in the Bangkok area:
a) 2024 and b) 2029 (Chavanaves et al., 2021)
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Advantages of Low-Emission Zone are as follows:

m  Control directly at the source of PM, .. Low-emission zones reduce emissions of fine particles,
nitrogen dioxide, and (indirectly) ozone (EU, 2022).

m  Encourage people to repair or choose a car meeting emission standards (for example, whether they
choose to buy a new vehicle, retrofit in-used vehicles, or buy a second-hand vehicle that meets the
standard, change fuel type) (EU, 2022).

m  Reduced air pollution has been linked to a number of health concerns, such as respiratory problems
and heart disease (Elite garages, 2023).

m  Reduced noise pollution, which is known to cause several problems, including sleep disturbance,
stress, anxiety, and cardiovascular disease (Elite garages, 2023).

m  Ultra-low emission zones can improve the quality of life by making cities cleaner, quieter, and more
pleasant places to live (Elite garages, 2023).

Disadvantages of a Low-Emission Zone are as follows:

m Limitation of public transport in Low emission zones will affect the convenience of citizens
(EU, 2022).

m  Low emission zones are enforced either with camera systems or manually, usually together with
windscreen stickers. In some zones, it is necessary to register or buy a sticker before entering. In
most zones, foreign vehicles are affected as along with national vehicles (Dieselnet, 2023).

m  The cost of upgrading or replacing vehicles that don’t meet the necessary emission standards
(Elite garages, 2023).

m Rerouting journeys to avoid ULEZs is inconvenient and can often extend trips considerably
(Elite garages, 2023).

m The financial impact on businesses that rely on delivery vehicles that don’t meet the standards
(Elite garages, 2023).

4. Electric Vehicles

Transportation is a major source of carbon emissions. Electric vehicles are one solution to reducing the
air pollution and greenhouse gas emissions caused by Internal Combustion Engine Vehicles (ICEV)
(Suwanthada P. et al., 2022). There are three main types of electric vehicles: Plug-In Electric Vehicles
(PHEVs), Hybrid Electric Vehicles (HEVs), and All Electric Vehicles (BEVs), as shown in Figure 20.
For Plug-In Electric Vehicles (PHEVs) and Hybrid Electric Vehicles (HEVs), they still use fossil
fuel for energy but emit less exhaust gas from combustion. All-electric vehicles, or 100% electric
vehicles, do not need fossil fuel for energy and can be separated into two types. First, Battery Electric
Vehicles (BEVs) (Figure 21) use a large traction battery pack to power the electric motor and must
be plugged into a wall outlet or charging equipment, also called electric vehicle supply equipment
(EVSE). Because they run on electricity, these vehicles emit no exhaust from a tailpipe and do not
contain typical liquid fuel components, such as a fuel pump, fuel line, or fuel tank. Second, Fuel Cell
Electric Vehicles (FCEVs) combine hydrogen and oxygen to produce electricity, which powers the
motor. Emissions are simply water vapor and warm air (Parajuly et al., 2020; Suwanthada P. et al.,
2022; EERE, 2023).
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Figure 20: Type of electric vehicles (Source: Reuters Graphics and U.S. Department of Energy)
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Figure 21: Battery electric vehicles (BEVs) (Horizon power, 2023)
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From the National Agenda for action plans “Solving the dust pollution problem” in Thailand for the
period 2019-2024, measures have been implemented with a focus on preventing and reducing pollution
at the source. One strategy for controlling and reducing pollution from vehicles involves the procurement
of electric vehicles to replace aging government vehicles (PCD, 2019). Additionally, efforts are being
made to promote the use of electric vehicles in the Bangkok area through the EV-Ecosystem initiative
(BMA, 2022).

In February 2020, Prime Minister Prayut Chan-o-cha appointed the Electric Vehicle Association
of Thailand (EVAT) to set a direction and target for the EV shift towards Zero-Emission Vehicle
(ZEV). Under the government’s 30:30 electrification policy, all vehicles used by government
agencies and public fleets, as well as 30 percent of all new vehicles produced in Thailand, must be
ZEVs by 2030 (Suwanthada P. et al., 2022; The Nation, 2023a). The implementation plan includes
the following stages:

m The first stage aims to promote the use of electric motorcycles and establish nationwide
infrastructure support.

m  The second stage (2013-2025) focuses on developing the electric vehicle industry with the goal
of producing 225,000 electric cars, 360,000 electric motorcycles, and 18,000 electric buses/trucks
by 2025. This also includes battery production to support domestic manufacturing and achieve
economy of scale.

m  The third stage (2026-2030) aims to drive the plan and measures towards achieving the 30/30 policy.
The goal is to produce a total of 725,000 electric cars and trucks and 675,000 electric motorcycles
by 2030, accounting for 30% of the production volume. Battery production will also be part of the
domestic manufacturing plan.

Regarding the action plan for electric vehicles in public transportation, the transport minister aims to
increase the number of electric buses across Greater Bangkok to 8,000 within three years (from 2022).
The electric buses will replace the fleet of diesel vehicles that have been in service for more than
20 years, as more than 2,000 Bangkok buses are over 20 years old, contributing to PM, , emissions
(The Nation, 2022). As of the current situation in 2023, Thai Smile company operates 1,250 electric
buses on 71 routes, and they plan to expand their fleet to 3,100, covering a total of 122 routes this year
(The Nation, 2023b).

Regarding the cost of electric vehicles available in Thailand, the price range for EV cars from 38 brands
is estimated at 325,000 to 8,099,000 Baht (9,148 to 227,958 USD) (EVAT, 2023). King Mongkut’s
Institute of Technology Ladkrabang and Bangkok Mass Transit Authority studied the guidelines for
providing 200 electric buses in Thailand, and their estimated price for electric buses is 10.76 million
Baht per unit (302,332 USD/unit). Additionally, the maintenance cost for electric buses in the first 5
years is estimated to be around 652.50 Baht per unit per day (18.33 USD/unit/day), and in the subsequent
6-10 years, it is estimated to be approximately 1,272.30 Baht per unit per day (35.75 USD/unit/day)
(KMITL, 2016).
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Another alternative public transportation in Bangkok is the electric ferry. The Bangkok Metropolitan
Administration (BMA) has introduced an electric ferry service for passengers to avoid rush-hour traffic.
There are two routes for the electric boat service, one along the river and another along a canal. The first
route covers ferry service on the Chao Phraya River, spanning a distance of more than 20 km, connecting
Sathorn to Phra Nang Klao (Nonthaburi district). This route has 12 stops with 4 platforms linking either
the BTS or the MRT (theo-courant, 2022). The second route is The Khlong Saen Saeb electric boat
service, offering a free 11-km journey during the demonstration period between Wat Sriboonruang pier
and the Min Buri district office pier (NNT, 2023).

Figure 23: Electric boat service in Bangkok

According to Chavanaves (2021), in Figure 24, Scenario 2 (electric car sales gradually make up 50%
of all new vehicles registered in 2024 and remain at this proportion onwards until 2029) and Scenario
3 (all Bangkok Mass Transit Authority (BMTA) public buses are changed to electric vehicles in the
year 2022) show a small reduction in PM, ; emissions. This may come as a surprise, as the increase in
the proportion of electric vehicles was calculated to have little effect on total PM, ; emissions (6.15%
reduction for Scenario 2 and 0.73% for Scenario 3). This is because, despite the increase in electric
vehicles, the BMR vehicle fleet would still be comprised of a large number of older vehicles running on
fossil fuels. Moreover, in Scenario 2, pick-ups and trucks were not affected. However, they happened
to be the top two biggest emitters of PM, ., as shown by the colors of the chart in Figure 24. Pick-ups
and trucks are mostly diesel-powered with high emissions, while the electric passenger cars and electric
motorcycles expected to be added to the fleet are reducing emissions from sources that already have low
emissions since the beginning. For Scenario 3, replacing BMTA public buses with e-buses would affect
only around 13,000 buses, while the total bus fleet in BMR consists of more than 50,000 buses, thus
resulting in an insignificant reduction in total emissions.
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Figure 24: Prediction of PM, , emission if EV technology is used in Thailand: a) 2024 and
b) 2029 (Chavanaves et al., 2021)

Advantages of electric vehicles are as follows:

m Electric vehicles utilize 100% electrical energy for propulsion, which helps save on expenses
for both maintenance and electricity. In general, electricity costs less than fuel, and importantly,
electric vehicles produce zero exhaust emissions, making them environmentally friendly
(Suwanthada P. et al., 2022).

m Electric vehicles have various advantages, including fewer GHG emissions, safety, cost savings,
and low maintenance, and offer a long-term solution to environmental concerns (Kongklaew
et al., 2021).

m Electric vehicles can provide sustainable transportation (Kongklaew et al., 2021).
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m Electric vehicles have the potential to reduce reliance on fossil fuels (Kongklaew et al., 2021).

m  EVshave advantages in fuel and maintenance costs. The fuel cost of EVs comes from electricity,
which is less expensive and produces fewer direct emissions compared to gasoline-fueled
vehicles. However, this is highly dependent on how electricity is produced in each country.
EV maintenance cost is also less than that of ICEVs due to the reduced complexity of EV motors
(Kongklaew et al., 2021).

Disadvantages of Electric vehicles are as follows:

m  EVs will mainly replace new vehicles, which will not affect the highest portion of emission-
generated vehicles (old diesel vehicles). Other policies/technologies to tackle older vehicles on the
road should be implemented together. Thailand’s tax on older vehicles being higher than that on
newer ones should also be used (Marks, 2020).

m Thailand still has a fledgling electric vehicle market, unlike Europe, China, and other places. Thus,
there is limited charging infrastructure and insufficient financial incentives to promote buying
electric vehicles, which are much cleaner than other vehicles (Marks, 2020).

m  Current proposed recommendations are often distant from reality and not feasible in the short to
medium term timeframe. For example, one recommendation sets an electric car sales target of 50%
of all new vehicles registered in 2024. However, in 2021, only 3.8% of new vehicle registrations in
Bangkok were hybrid electric cars, with a mere 0.5% being fully electric (DLT, 2021).

m  The high costs of EVs and batteries are major barriers in many consumer surveys (Kongklaew
etal., 2021).

m  EV performance and range are key barriers to their adoption. Drivers cannot estimate how far they
could go or extend a journey based on the remaining battery. Other unsatisfying EV performance
issues include charging time (Kongklaew et al., 2021).

m  The battery replacement cost is approximately THB 250,000-400,000 (Kongklaew et al., 2021).

5. Continuous Emission Monitoring Systems (CEMS) for industrial air pollution
control

A continuous emission monitoring system (CEMS) is the set of equipment necessary for the measurement
of gas or particulate matter concentration or emission rate using pollutant analyzer measurements and a
conversion equation, graph, or computer program to produce results in units of the applicable emission
limitation or standard (USEPA, 2023). According to the CEMS cost data collected by Chevron and Stone
and Webster Engineering Corporation, the initial direct cost of CEMS is 195,000 USD, and the initial
indirect cost is 171,000 USD. Hence, the total installation cost is 366,000 USD. The yearly operating
cost is 27,000 USD (Chien et al., 2003). CEMS components (Figure 25) consist of:

1. A sampling system, which is a device installed at the exhaust stack to measure particulate matter.

2. Analyzer, a system that measures air pollutants (CO, NOX, SO,, O,) using CEMs analyzers, which
receive data from the particulate matter measurement tool for analysis.

3. Data acquisition, which collects and stores analyzed data in a computer system. The analyzed data
are then transmitted to the air quality monitoring system, which includes the following (for the case
of Thailand):

e Factories located inside the Industrial Estate area shall submit emission monitoring data to the
IEAT Data Center (Environmental Monitoring & Control Center: EMCC).

e Factories located outside the Industrial Estate area shall submit emission monitoring data to the
DIW Data Center (Industrial Environmental Monitoring Center: IEMC).

Technological Interventions and Gaps in Air Pollution Control in Bangkok 23



1.Sampling system 3.Data acquisition

Report EMCC
Em=spe

e
P
Amnalyzir Room %

[——
—{i
— i
er— o
( <

Figure 25: Component of CEMs

ey u1ll-|nl'n.|.I‘|-I1|'n|ntru

' P — -

i
r

For the implementation of CEMs in Thailand, the Ministry of Industry addressed the air quality
issue in the Mab Ta Phut area of Rayong Province by issuing a notification in 2001. This notification
required environmentally high-risk factories located in four industrial estates in Mab Ta Phut Sub-
district to install Continuous Emission Monitoring Systems (CEMS). The industrial estates included
Mab Ta Phut Industrial Estate, Pha Daeng Industrial Estate, Eastern Seaboard Industrial Estate
(now WHA Eastern IE), and Asia Industrial Estate. Then, in 2007, the Department of Industrial
Works established a data center and mandated factories to transmit their CEMS data to this central
facility. Subsequently, in 2010, the Industrial Estate Authority of Thailand (IEAT) extended the
requirement to all power plants situated in industrial estates across the country, ordering them to
install CEMS and submit their data to the Environmental Monitoring and Control Center (EMCC)
(Leungsakul S., 2021).

Currently, as part of the National Agenda for action plans “Solving the dust pollution problem” in
Thailand for the period 2019-2024, one of the strategies is controlling and reducing pollution from
industrial sectors. The approach to implementation is installing Continuous Emission Monitoring
Systems (CEMS) that continuously monitor and report emission data from the exhaust stacks of the
industries in Category 3 (a factory of a category, type, and size that may be established only after a license
has been issued). Then, the data will be reported online to the Ministry of Industry (PCD, 2019). This
implementation is in correlation with the regulations issued by the Ministry of Industry (MOI), which
require different categories of factories to install Continuous Emission Monitoring Systems (CEMS).
These requirements primarily apply to large-scale factories such as power plants and oil refineries aimed
at improving the quality of emissions. MOI has also required additional parameters in the report, i.e.,
oxygen concentration and temperature. Moreover, CEMS equipment must undergo periodic calibration
and verification as specified by the regulations issued by the Ministry of Industry effective date on 11
June 2023 (MOI, 2022), as shown in Table 5.
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Table 5: The amount of industry in Bangkok (MOI, 2022)

Number of
factories

Category of the industry

Type 1 factory is defined as a facility with all equipment installed, not exceeding 9
20 HP (horsepower) or its equivalent, and employing no more than 20 individuals.
It is exempt from being classified as a factory under the law in the future.

Factory Type 2 is a facility with all equipment installed, not exceeding 75 HP 693
(horsepower) or its equivalent, and employing no more than 75 individuals.
Approval from the Ministry of Industry (MOI) is not required before establishing
the factory. However, it must not fall under the category of emission pollution and
should not have an adverse effect on the environment.

Factory type 3 is a facility with all equipment installed using energy of more than 4883
75 HP (horsepower) or having more than 75 employees. Additionally, approval
from the Ministry of Industry (MOI) is necessary before establishing the factory.

Table 6: Factory type that requests to install CEMs (MOI, 2022)

Code of Number of
Factory Type

Size and production capacity per day

factories

38 Production units of pulp and paper with a production capacity 1
exceeding 50 tons per day.

42 Production units of sulfuric acid with a production capacity 14
exceeding 100 tons per day, excluding those specifically
designated for packaging.

49 Production units of petroleum distillation at any production 1
capacity.
54 Production units of glass manufacturing, glass fiber production, 4

or glass products utilizing a furnace with a heat input exceeding
100 MMBTU per hour, excluding heat from Electric Booster
systems and Heat Recovery.

57 Production units of cement with a production capacity exceeding 4
3,000 tons per day.

59 Production units of steel involving smelting, casting, rolling, 22
or producing, with a combined production capacity exceeding
100 tons per day.

60 Production units of non-steel involving smelting, casting, rolling, 38
or producing, with a combined production capacity exceeding
50 tons per day.

88 (2) Production units of electricity and heat with a production capacity 13
exceeding 10MW,

101 Central waste treatment plant. 7
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The database from the Department of Industrial Works (as of December 1, 2022) identified 24,690
factories in the Bangkok Metropolitan Region and 5,639 factories in Bangkok (PCD, 2022).
Furthermore, in line with the Ad Hoc Plan on Solving the Dust Pollution Problem in Bangkok 2023,
enforcement efforts have been heightened during Phase 2 when the PM, , concentration reaches a crisis
level (37.6-50 pg/m?®). The Bangkok Metropolitan Administration (BMA) will conduct inspections on
260 factories in the Bangkok area that have a high potential to emit pollutants. If these factories exceed
the emission standards, they will be given a specified time to address the issues. Failure to comply
with the required improvements may lead to the factories being ordered to cease operations under the
Factory Act of 1992 (BMA, 2022).

Advantages of CEMs are as follows:
m Real-time 24-hour reporting or having emission data from factories for more than 80% of
operating hours.

m High potential for successful implementation in the country due to supportive laws, environmental
impact assessments (EIA), and factory permit conditions.

m  Widely used in over 60 countries with more than 560 successful projects and over 30 years of
operational knowledge (Siemens Energy, 2023).

Self-monitoring for process optimization and early warning (Leungsakul S., 2021).
Providing better compliance with emission standards (Leungsakul S., 2021).

Reducing pressure from the community through information disclosure (Leungsakul S., 2021).

Gaining trust from the community and increasing communication effectiveness (Leungsakul S.,2021).
Disadvantages of CEMs are as follows:

m  Only applicable to large-scale factories; the Ministry of Industry (MOI) requires only the industrial
sector in category 3 to install Continuous Emission Monitoring Systems (CEMS). It is estimated
that only 104 factories, or around 1.9% of all factories in the Bangkok area, must install CEMs
(Figure 206).

m  CEMs can only control emission sources from the industrial sector.

m  Not all factories with CEMs installed are required to report PM. According to the note:

i. Natural gas (NG), liquefied petroleum gas (LPG), and hydrogen gas (H,) fuels are not required
to measure sulfur dioxide (SO,) and particulate matter.

ii. Gas fuels are not required to measure particulate matter.

m  Particulate matter is reported in terms of fine particulate matter (mg/m’) but does not specify PM, .

1.9%
L 0.2%

= Factory type 1
® Factory type 2
w Factory type 3

w Factory type 3 that request to
install CEMS

Figure 26: Percentage of factories in Bangkok that must install CEMs (https://www.diw.go.th/
webdiw/search-factory/)
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6. Cleaner cooking (cleaner fuel and cleaner stove), including street food

Solid fuels, including dung, coal, wood, and agricultural residues, are utilized by approximately half of
the world’s population for cooking and heating. The combustion of these fuels in open fires or inadequate
stoves releases harmful pollutants into the household atmosphere, as depicted in Figure 27 (Thomas
et al., 2015). Consequently, the Climate and Clean Air Coalition (CCAC, 2019) presents air pollution
measures for Asia and the Pacific, featuring 25 science-based solutions to promote clean and safe air.
Two of these solutions are geared toward controlling air pollution in the residential sector.

The first solution advocates for clean cooking and heating. CCAC recommends the use of clean fuels
in households, such as electricity, natural gas, and Liquefied Petroleum Gas (LPG). For rural areas,
CCAC suggests employing LPG, advanced biomass cooking, and heating stoves as substitutes for coal
(Zusman et al., 2019). Furthermore, Figure 27 illustrates that gases and LPG are alternative energy
sources that can help reduce particulate matter (PM) emissions (Shrestha et al., 2013).

The second solution involves energy efficiency for households. CCAC encourages the installation
of rooftop solar panels to enhance the energy efficiency of household appliances, buildings, lighting,
heating, and cooking (Zusman et al., 2019). Regarding the cost of cleaner cooking, the expense of a
clean cooking stove is estimated to range from 2 USD per stove to over 100 USD per stove, depending
on the technology and thermal efficiency characteristics of the stove (Filmanovic M.E. , 2023).

Emission Factors of PM (g/kg fuels)
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Figure 27: Emission Factors of PM from various materials in the residential sector (Shrestha
etal, 2013)

China and India have implemented cookstove programs aimed at providing cleaner stoves for users.
In China, government agencies collaborated on the National Improved Stove Program (NISP) with
the goal of supplying cleaner stoves to 129 million households, covering approximately 65 percent of
China’s population. Similarly, India has introduced several cookstove programs to address the needs of
approximately 100 million households (out of 240 million) that lack access to modern cooking options.

In Thailand, the household energy consumption rate constituted approximately 15% of all sectors
in 2010 (Ministry of Energy, 2011), as illustrated in Figure 28. Thailand’s primary energy sources
encompass coal and coal products, biofuels and waste, electricity, oil products, natural gas, crude,
Natural Gas Liquids (NGL), and feedstocks. An analysis of energy consumption in the household sector
revealed that over half of it is derived from biofuels and waste, followed by electricity and oil products,
as indicated in and Figure 29 and 30 (IEA, 2018). A study on PM, , emission inventory in Bangkok
disclosed that 12% of PM, , originated from the residential sector (household, street food, and market)
(Winijkut et al., 2020).
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As part of the National Agenda for action plans to “Solve the dust pollution problem” in Thailand for the
period 2019-2024, the country has implemented measures for the prevention and reduction of pollution
at the source. One of the strategies involves controlling and reducing pollution from the household
sector by promoting the use of clean energy in households and developing and endorsing pollution-free
cooking and grilling stoves (PCD, 2019).
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Figure 28: Trend of electricity consumption in Thailand (Ministry of Energy , 2011)
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Figure 29: Main fuels source of energy consumption from all sectors of Thailand
(IEA, 2018)
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Figure 30: Main fuels in residential sectors of Thailand (IEA4, 2018)

Table 8: The data on fuel consumption in different activities for markets and street food in the
Bangkok metropolitan area (Winijkut et al., 2023).

Boiled/steamed/stir-fried/fried/etc.

Grilling (kg/Shop-Day)

Province (kg/Shop-Day)

Bangkok 6.0 3.6 12.9 4.8
Nakhon Pathom 4.7 34 5.0 3.0
Nonthaburi 54 34 4.7 43
Pathum Thani 7.2 1.9 6.4 1.7
Samut Prakan 5.6 2.7 3.0 4.0
Samut Sakhon 4.7 4.1 6.4 4.1

Table 9: Activity data on the proportion of cooking for markets and street food
(Winijkut et al., 2023)

Use Fuel % Non-use fuel %

Province SOlllll‘Cf-: of - Boiled/steamed/
Bangkok markets 19.7 46.2 342

street food 19.7 41.7 38.6
Nakhon Pathom markets 15.6 50.7 33.7

street food 23.1 38.5 38.5
Nonthaburi markets 14.0 50.1 35.8

street food 27.3 42.7 30.0
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Table 9: (Continued)

Use Fuel % Non-use fuel %
Province izlfllzzof - Boiled/steamed/
Other product
Pathum Thani markets 16.8 48.3 34.9
street food 23.4 40.9 35.7
Samut Prakan markets 16.5 44.7 38.8
street food 23.4 40.9 35.7
Samut Sakhon markets 16.9 50.6 32.5
street food 23.4 40.9 35.7

Advantages of cleaner cooking are as follows:

More modern stoves are highly efficient and can reduce fuel use by 30%-60% (CCA, 2023).

m  Recent evidence also demonstrates that the most advanced (efficient and low-emission) cookstoves
and fuels can reduce black carbon emissions by 50%-90% (CCA, 2023).

m Switching to clean cooking—using modern stoves and fuels—transforms lives by improving
health, protecting the climate and the environment, and helping consumers save time and money
(CCA, 2023).

m Bhattacharya and Salam (2002) estimated that switching to biofuel, biogas, and gasifier stoves could
provide 38—61% reductions in greenhouse gas emissions compared with traditional stoves used in
Asian countries.

m  Grieshop et al. (2011) found that replacing traditional stoves with kerosene, LPG stoves, and
improved stoves with fans could provide benefits to indoor health and the global climate (Grieshop
etal., 2011).

m  UNEP (2011), based on GAINS emission inventories, estimated that reducing black carbon through
improved biomass stoves or switching to cleaner-burning fuels would deliver the greatest health
and near-term climate benefits, compared with improving transportation, banning open burning of
agricultural waste, or providing modern brick kilns and coke ovens.

m A clean-fuel scenario reduces emissions by 18-25%, depending on the pollutant, while stove
improvements with existing technology reduce emissions by 25-82% (Winijkul et al., 2016).

m [f stoves meet the tightest performance standards, particulate matter is reduced by 95% (Winijkul
etal., 2016).

Disadvantages of cleaner cooking are as follows:

The most significant and challenging aspect confronting the renewed movement for clean cooking is
whether and how people will adopt this new generation of technologies. Cooking is a culturally bound
practice that is highly attuned to very local, current, and historical socioeconomic contexts. Many
cookstove programs and experimental failures likely occurred at the interface between a family’s needs
and the availability of clean, inexpensive, durable, and easily used cookstoves and fuels (Rosenthal, 2015).
Additionally, numerous factors influence the energy consumption of households, such as the physical
and structural aspects of households, social support, and economic factors, including communication
and information (Sirichotpundit et al., 2013).
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7. Applications help to manage agricultural wastes (not to burn)

Applications that can assist in managing agricultural waste can be utilized for registering and permitting
the burning of agricultural waste, including reporting fire incidents. In Thailand, these applications are
available in two main apps:

Burn Check (Figure 31): Burn Check, an application developed by GISTDA, serves as a tool for
citizens to register and obtain permits for burning agricultural wastes. The local administration approves
these permits through an automated system. Users can submit burn permit requests by providing
location coordinates, burning area size, purpose of burning, and images of the area before burning. The
system administrator evaluates and approves the burning request. If the request is not approved, the app
provides reasons, such as a high number of burning requests on the requested date, which may lead to
a higher PM, . concentration than the standard. In such cases, users are advised to reschedule burning
activities. The application also offers advice and alternative ways to manage agricultural residuals,
promoting the development of new products or assisting farmers in selling agricultural waste directly
to business owners. The main feature of this application is its ability to control the quantity of burning
points in specific areas (Doungthai T., 2021; Haze Free Thailand, 2021). The estimated cost for this
project was 3,500,000 Baht (98,398 USD), covering supporting activities such as the development of
the Burn Check application platform, data preparation and analysis for system input, project promotion,
publicizing, training, and promoting the use of the decision support system for Burn Check in the 17
participating provinces (GISTDA, 2021).

Fire D (Figure 32): Fire D is an application designed for community data collection to support
decision-making in agriculture burning at appropriate times. The system in the application can be
separated into two parts. The first part is the registration section for normal users or officials involved
in fire management to submit permits for burning agricultural waste requests to local authorities. This
part requires users to fill in the information in the app, such as smoke types, fire types, and the size of
the fire management area. The second part is the decision-making section, where data from air quality
measurements, hotspot information, and meteorological data are considered. After the registration
requests are received, the Forest Fire Control and Prevention Command Center evaluates and approves
them using the WRF-Chem model. The advanced air quality prediction process takes an estimated 3-5
days and is evaluated with other factor conditions for decision-making before approval (Doungthai T.,
2021). The criteria for approval are as follows:

1. PM,  concentration must not exceed 50 pug/m’ on the requested burning date.

2. Air dispersion and wind stream must be favorable on the requested burning date.

3. Burning activities are allowed only between 11:00-16:00 hrs.

In Chiang Mai province, the Fire D app has been employed to address haze and forest fire issues,
successfully reducing hotspots by 60% and burned areas by 50%. However, the application serves as
a tool to help manage fires, and lessons learned and practical experiences have been shared through
deep discussions and operational meetings involving volunteers, village leaders, and subdistrict heads

to develop fire management plans in Chiang Mai Province (Greennews, 2021; Doungthai T., 2021; Haze
Free Thailand, 2021).
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Figure 31: Burn check application (http://www.burncheck.com/public)
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Figure 32: Fire D application

As part of the Ad Hoc Plan for Solving the Dust Pollution Problem in Bangkok 2023, measures have
been implemented to control open burning activities. When the PM, , concentration is at level 1 (less
than 37.5 pg/m?®), monitoring and a 100% ban on burning agricultural waste activities will be in effect in
the Nong Chok District, Khlong Sam Wa district, and Lat Krabang district. The control measures will be
stricter when the PM, , concentration reaches level 2 (more than 37.5 pg/m?). At this level, agricultural
open burning will be completely banned in the Bangkok Metropolitan Region, and strict enforcement
of the law will be implemented against violators (BMA, 2022). However, this may lead to increased
burning before and after the policy announcement (during the banning period).
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Advantages of these Application are as follows:

m  Applications help collect statistics and data for retrospective studies on trends and causes of forest
fires, including geolocation data (providing coordinates in both latitude, longitude, and UTM units).

m Forest fire mapping provides insights into causes and is beneficial for developing prevention and
mitigation methods.

m  Permits for agricultural burning help manage and prevent the dispersion of PM, _ higher than the
standard during periods of high pollution.

m Providing convenience for users to register permits for burning agricultural waste and enabling
simultaneous evaluation of multiple pollution sources, reducing the burden on local officials
(registration can also be done in person at local offices if online registration is inconvenient).

m FEasily check the burning process because users can upload images before and after burning
agricultural waste.

m  Users must provide information on the quantity of firewood in the registration form, which data may
be beneficial for commercial purposes.

Disadvantages of these Application are as follows:

m  Applications helping to manage air pollution from the agricultural sector are a pilot project used in
some provinces in Thailand and need more collaboration to expand to other areas.

m Lack of policies to support registering permits through the applications before burning
agricultural waste.

m  [tdoesnotreduce PM, ;emissions butonly limits emissions during periods ofhigh PM, ;concentration.

Lack of alternative measures in case burning is not permitted. The government should assist in
managing agricultural waste, such as purchasing it for biofuel.

m  Applications that help manage air pollution from the agricultural sector have not gained popularity
among the Thai public, which may be due to 1) insufficient public awareness and promotion of the
apps, 2) lack of training on app usage for the target audience, 3) using academic language that is
hard to understand by the target audience, and 4) resistance to adopting new technologies.

8. Satellite detection for agricultural open-burning control

Fires should be a concern, particularly in areas with longer fire seasons, expanded interfaces between
wildland and urban regions, and frequent and severe droughts. Both anthropogenic-caused and naturally
occurring fires have significant impact on vegetation, soil properties, atmospheric chemistry, and the
overall landscape. Anthropogenic fires are often intentionally set to clear grasslands and agricultural areas
before the planting season, while forests may be cleared using fires to repurpose the land for other uses.

Remote sensing techniques, such as satellite-based observations, play a vital role in monitoring
various aspects related to fires, including pre-, during-, and post-fire conditions. Remote sensing
enables the monitoring of weather and climate conditions, pollutant concentration (Figure 33),
fuel characterization, fire risk assessment, smoke detection, fire behavior analysis, and post-fire
landscape evaluation (NASA, 2021). Earth observation (EO) satellite data available from the U.S.
National Aeronautics and Space Administration (NASA) and National Oceanic and Atmospheric
Administration (NOAA) are being used to develop the Global Fire Map (Jessica M., 2017). This map
utilizes heat points derived from satellite sensors that detect abnormal levels of heat on the Earth’s
surface compared to the surrounding areas. Each sensor model has its own pixel size or resolution, and
the reported values are usually the average pixel value, even though there may be multiple groups of
pixels within a specific area, as shown in Table 10 (Channarong J. et al., 2022). Currently, two satellite
models, namely the Moderate Resolution Imaging Spectroradiometer (MODIS, Figure 34), and the
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Visible Infrared Imaging Spectrometer Suite (VIIRS, Figure 35), are used to map all fires worldwide
(Jessica M., 2017). Although there are some other satellites (e.g., Himawari) used for fire detection,
the spatial resolution is not as great as MODIS and VIIRS.

Moreover, the Geostationary Environment Monitoring Spectrometer (GEMS), is an instrument installed
on the KOMPSAT-2B satellite, a satellite of South Korea. It is another satellite that uses remote sensing
techniques to help in monitoring the quantities of gases and particulate matter (PM, and PM, ) affecting
our Earth’s environment continuously. These gases include nitrogen dioxide, sulfur dioxide, and
formaldehyde. Thailand utilizes data from the GEMS sensor to enhance the efficiency of air pollution
management, in conjunction with information from the MODIS system (Terra and Aqua satellites),
VIIRS system (Suomi-NPP satellite), Himawari satellite, and other satellites. Ground-based monitoring
devices are set to be installed in Bangkok, Pathum Thani, Chiang Mai, and Songkhla in 2021 (NIER,
2020; Kim et al. , 2020; GISTDA, 2021).

Top of the Atmosphere

10 km2 Vertical Column

Measurement .
Aerosol Optical

Depth
Surface Layer .

EPA Sl

Figure 33: Satellite detection concept for Aerosol Optical Depth (AOD)

Table 10: Detail of satellite sensing for detecting hotspots in Thailand (Channarong J. et al., 2022)

Year of Spatial Time that the The smallest size
Sensor Satellite satellite Resolution per satellite passed | of the hotspot that
operation pixel Thailand it can detect
MODIS Terra 1999 1000x1000 m 09:30-12:00 2,500 m?
21:30-24:00
Aqua 12:30-15:00
00:30-03:00
VIIRS Suomi NPP 2011 375%375 m 12:30-15:00 4 m?
00:30-03:00
NOAA-20 12:30-15:00
00:30-03:00
GEMS | KOMPSAT-2 2021 7%8 km (gas) 9:45-11.45 NA
3.5x8 (aerosol)
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Figure 34: Visible Smoke from Fires detected by MODIS (Prof. Muhammad Bilal , 2021)
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Figure 35: Visible Smoke from Fires detect by VIIRS (NASA’s Applied Remote Sensing
Training Program, 2021)
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Figure 36: GEMS Mapping Air Pollution (https.://nesc.nier.go.kr/en/html/satellite/viewer/index.do)
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In Thailand, the Geo-Informatics and Space Technology Development Agency (GISTDA) is primarily
responsible for receiving satellite signals, analyzing data, and disseminating it to government agencies
and the public. GISTDA provides data services through the website https://fire.gistda.or.th/. The website
publishes nationwide hotspot data during satellite passes and provides daily summarized data in the
form of maps (Figure 37) and tables at the provincial and district levels. It also offers daily services
for mapping the distribution of haze and wind directions throughout the country. Most government
agencies rely on the hotspot data processed by GISTDA for their operations. The cost of this project
was estimated at 5,295,000 Baht (148,862 USD) (GISTDA, 2021) for supporting activities as follows:

m  Creating a satellite database with the potential to provide PM, , data and satellites that provide
physical-related factors affecting and influencing PM, , concentration, consisting of one platform
of databases from the MODIS satellite system and the Himawari-8 satellite system, covering the
territory of Thailand and neighboring countries.

m  Creating a PM,, satellite database, geographic information data, and data from automated
monitoring stations, totaling one set of spatially comprehensive databases covering Thailand and
neighboring countries.

m  Creating a prototype geospatial information service platform for PM,, management and
administration.
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Figure 37: Daily summarized data in the form of maps by GISTDA (GISTDA, 2023)
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There are many more websites than GISTDA that publish fire hotspot information to the public. For
example, Tamfire (http://tamfire.net/), this website developed by Chulalongkorn University, and the Active
Fire Hotspot Database from Satellite Images by the Royal Forest Department of Thailand (https://wildfire.
forest.go.th/firemap/index.html). Other examples include the FIRMS website (Fire Information and
Resource Management System; https://firms.modaps.cosdis.nasa.gov/map/#d:24hrs;@104.1,15.9,6z),
Firecast (https://firecast.conservation.org/data-maps/live-view) for sharing the global hotspot map
worldwide, and Wildfire Aware (https://livingatlas.arcgis.com/wildfireaware/#) for sharing the global
hotspot map in the U.S., as shown in Figure 38 - Figure 42.

Figure 38: Tamfire (http://tamfire.net/ )
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Figure 39: RFD Active Fire Hotspot (https://wildfire.forest.go.th/firemap/index.html)
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Figure 40: FIRMS (https://firms.modaps.cosdis.nasa.gov/map/#d:24hrs;@104.1,15.9,6z)
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Figure 41: Firecast (https://firecast.conservation.org/data-maps/live-view)
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Figure 42: Wildfire aware (https://livingatlas.arcgis.com/wildfi

From the National Agenda for action plans “Solving the dust pollution problem” in Thailand for the
period 2019-2024, Thailand has set the goal to reduce the number of hotspots as one of the indicators in
the action plan (PCD, 2019). Additionally, in the Ad Hoc Plan on Solving the Dust Pollution Problem
in Bangkok 2023, the plan for open burning control measures will be implemented when the PM, .
concentration reaches level 2 (PM, ; concentration between 37.6-50 ug/m*). Hotspots will be monitored
and tracked in the Bangkok Metropolitan Region through the GISTDA website to address open burning
issues and coordinate efforts with local administration to solve the problem (BMA, 2022).

Advantages of satellite detection are as follows:

m Satellite detection has benefits for the inspection of forest fires and forest fire management. It can
provide information to public websites without any cost.

m  Processing hotspot data takes only a few hours after receiving satellite information.

m This hotspot data is highly beneficial for agencies involved in fire control.

m Satellite data allows retrospective analysis, which is beneficial for hotspot mapping, identifying
causes and trends, and assisting in addressing to prevent forest fires before or when it occurs.

m  Many research have been using satellite aerosol optical depth (AOD) retrievals to estimate PM,  and
PM, , (Prof. Muhammad Bilal , 2021).

m It can be used to evaluate the damaged area caused by forest fires before, during, and after the
incidents (NASA, 2021).

Disadvantages of Satellite detection are as follows (Channarong J. et al., 2022):

m Satellite has a very large scale of spatial detection per pixel, which leads to limited accuracy, making
it unable to determine the size and quantity of fire clusters in each pixel.

m Insufficient lighting may hinder the detection of satellites.

m Satellites cannot analyze land use or land cover, which would provide insights into motivations for
burning and preventive measures against recurring fires.
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m Citizens who have knowledge of satellite detection systems may evade agricultural burn during the
time that the satellite passes over that area, e.g., between 08:00-09:00 and 15:00-24:00.

m Satellites cannot detect hotspots obstructed by clouds, smoke, or dense undergrowth.

m  Government agencies often use solely hotspot detection as a quantitative indicator, but they lack
in-depth analysis of burned areas and land cover, which hinders understanding of the true causes of
forest fires in terms of “quality” rather than just “quantity.”

9. Remote sensing for vehicle exhaust emissions

The Remote Sensing Device (RSD) is a technology used to inspect and monitor exhaust emissions
from the transportation sector as vehicles are driven past the remote sensing device on streets and
highways. The emissions are measured spectroscopically by casting a narrow infrared (IR) and
ultraviolet (UV) beam of light across the road and through the trailing exhaust of passing motor
vehicles. A mirror then reflects the IR/UV light back to a series of detectors that measure the amount
of transmitted light at characteristic wavelengths absorbed by the pollutants of interest. Remote
sensing can measure pollutants such as hydrocarbons (HC), carbon monoxide (CO), carbon dioxide
(CO,), nitrogen monoxide and dioxide (NO and NO, separately, combined as NOx), ammonia (NH,),
and particulate matter as a proxy for opacity. By taking the ratios of the various pollutants to CO,
and applying stoichiometric rules and other conversion factors, the emission values can be estimated
in units such as grams per kilogram of fuel burned (g/kg fuel burned), which can then be converted
to traveled distance emissions (g/km) with appropriate assumptions (Borken-Kleefeld et al., 2018;
Huang et al., 2018; OPUS, 2023). The processing of remote sensing inspection is presented in
Figure 43 and Figure 44.
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Figure 43: Remote sensing for vehicle inspection (OPUS, 2023).
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Figure 44: Schematic of vehicle emission remote sensing system. 1. License plate camera;
2. main control computer; 3. weather station; 4. light source and detector; 5. reflector;
6. Speedometer (Ren X. et al., 2022)

Vehicle exhaust emission measurements by remote sensing have been performed in several countries
in Europe since 1991, such as Sweden, Switzerland, the United Kingdom, and Spain (Borken-Kleefeld
et al., 2018). Early studies (1997 and earlier) mainly relied on CO measurement and were aimed at
evaluating the effectiveness and accuracy of remote sensing. For post-1997 studies, the remote sensing
device was developed to detect other pollutants such as HC, NO, and PM (Huang et al., 2018). Pollution
from the transportation sector can be significantly reduced if a remote sensing device is applied to
identify dirty vehicles, and certain measures are taken, such as automobile maintenance, tolls, and taxes.

Remote sensing can measure the instantaneous emissions of a large number of vehicles under real driving
conditions at a relatively low cost, making it an ideal tool for identifying both high-emitting and clean
vehicles. The former application is aimed at detecting dirty vehicles for inspection and maintenance
(/M) programs, while the latter one is to exempt clean vehicles from mandatory periodic inspections,
reducing inconvenience and cost for both vehicle owners and governmental regulators (Huang et al.,
2018). The case study in Illinois has compared the cost of each testing method. The cost of /M testing
was estimated at 23 million USD. However, a remote sensor is priced at 50,000 USD, and the cost of
remote sensing operation is estimated to be 0.50 USD per test plus 1.00 USD for a certificate for each
passing vehicle. Hence, the overall cost of remote sensing testing equals 3 million USD, making it the
most economical emission testing method on a cost-per-vehicle basis ( Stedman and Bishop, 1990).

For example, the successful case study in Hong Kong when Hong Kong implemented a remote sensing
screening program to identify high-emission light-duty vehicles on the road, as shown in Figure 45.
Vehicles detected with high emissions must be repaired and tested at an authorized Emissions Testing
Centre within 12 working days. After that, it was required to pass a short transient chassis dynamometer
emission test, the Hong Kong Transient Emission Test (HKTET), to remain registered and roadworthy.
The Hong Kong Environmental Protection Department (HKEPD) remote sensing enforcement program
reported that roadside concentrations of PM,, and PM, , were reduced by 16% and 13%, respectively,
during 2015-2016 (Huang et al., 2018; Borken-Kleefeld et al., 2018).
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Figure 45: The process of the HKEPD remote sensing enforcement program (Huang et al.,
2018).

For Thailand, with the Ad Hoc Plan on Solving the Dust Pollution Problem in Bangkok 2023 (announced
on 25 October 2022), there was a plan to address the PM, . problem in Bangkok by using CCTV to inspect
and record the license plate of vehicles that have high exhaust emissions (BMA, 2022). However, the
smoke meter (filter type) and opacity meter are still used as standard devices to measure vehicle exhaust
emissions. Vehicles will be banned from use, and the owner will be charged 5,000 Thai Baht if it emits
smoke more than 30% measured by the opacity meter and 40% measured by the smoke meter (filter
type) (ONEP, 2022).

Advantages of vehicle remote sensing are as follows:

m  The major advantage of remote sensing is its ability to rapidly measure a large number of vehicles
under real-world driving conditions at a relatively low cost (reduced by 30% of its current cost) (
Stedman and Bishop, 1990). Remote Sensing (RS) can measure the emissions of a vehicle in less
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than 1 second, and a time interval of 4 seconds between two vehicles will not have significant
interference on the measurements, which can be used to monitor long-term emission trends of on-
road fleets (Huang et al., 2018; Liu S. et al., 2023).

m  RSis currently one of the most economical technologies for measuring real-world vehicle emissions.
The cost of remote sensing is minimal, less than 0.5 USD per test (Huang et al., 2018; Liu S. et al.,
2023).

m RS has high accuracy and correlates with other similar technologies, such as PEMS, by up to
95% (OPUS, 2023). In addition, over the last three decades, several RS-based studies have been
conducted (Liu S. et al., 2023).

m  Thousands of statistically representative vehicle samples can be collected through RS technology
and be further matched according to the brands or vehicle types to facilitate a more accurate analysis
of fleet emissions (Liu S. et al., 2023).

m RS technology can be used for the recognition of cleaning vehicles and high-emission vehicles
based on real-time emission data, thus increasing the on-load law enforcement and supervision
efficiency (Liu S. et al., 2023).

m  Vehicle fleet information, which is acquired by RS technology, can be used directly to evaluate the
pollutant emission rate of vehicle fleets in specific regions, validating any proposed traffic emission
model (Liu S. et al., 2023).

Disadvantages of vehicle remote sensing are as follows:

m  Remote sensing only measures a vehicle’s emissions in less than 1 second under one engine condition.
When it comes to an individual vehicle, it may be insufficient to accurately characterize a vehicle’s
emission performance with just a single instantaneous pass-by measurement. Even normally
functioning engines may have emission spikes. For the purposes of high-emitter or clean-vehicle
screening, extra information and filters are required to increase the confidence in the assessment of
an individual vehicle’s emissions and thus to decrease false detections (Huang et al., 2018).

m  Uncertainties of remote sensing are relatively large compared with laboratory emission testing and
PEMS (Huang et al., 2018).

m Remote sensing measurements can only be taken in traffic with a single lane (possible in dual-lane
traffic, but not preferred) and in dry weather with a clean environment (Huang et al., 2018).

m [t is easy to cause misjudgment because the high-emitting vehicles may pass emission tests due
to low emissions when driving at low load or low speed. On the other hand, some low-emission
vehicles may be misjudged as high-emitters due to their higher emissions under high loads (Hao
etal., 2021).

m  The application of Remote Sensing Devices (RSDs) has achieved good results for measurements
of CO, HC, and NOx concentration emissions from gasoline vehicles but has a high false rate in
detecting the tailpipe emission concentrations for diesel vehicles (Hao et al., 2021).

m Since vehicle exhaust is diluted by the air after being discharged, the concentration of the exhaust
plume is affected by many factors such as ambient wind speed, wind direction, and airflow
disturbance. Therefore, the measured concentrations of various emission components in the exhaust
plume are not the true exhaust emission concentrations (Ren X. et al., 2022).
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10. Weather Research and Forecasting /Chemistry Model (WRF-Chem model)

The Weather Research and Forecasting (WRF) model is a versatile numerical weather prediction and
atmospheric simulation system used for both research and operational purposes. It is a collaborative
effort involving multiple agencies and organizations, including the National Center for Atmospheric
Research (NCAR), the National Oceanic and Atmospheric Administration (NOAA), the Department of
Defense, and more, with contributions from university scientists.

WREF features flexible and efficient code, making it suitable for various computing environments, from
supercomputers to laptops. It can be configured for both research and operational applications, offering
a range of physics and dynamics options influenced by the scientific community. WRF includes the
WRF-Var variational data assimilation system for optimizing initial conditions and the WRF-Chem
model for air chemistry modeling.

This community-supported model is used globally for research, operations, and education, covering
a wide range of applications, including real-time numerical weather prediction, data assimilation,
parameterized physics research, regional climate studies, air quality modeling, and more. Currently,
it boasts over 6,000 registered users and is in operational and research use worldwide (NCAR, 2023;
Skamarock et al., 2008).

The possible applications of the current modeling system are as follows (Peckham et al. , 2012):

m Prediction and simulation of weather, or regional and local climate.
m  Coupled weather prediction/dispersion model to simulate the release and transport of constituents.

m  Coupled weather/dispersion/air quality model with full interaction of chemical species with the
prediction of O, and UV radiation as well as particulate matter (PM).

m  Study of processes that are important for global climate change issues. These include but are not
restricted to aerosol direct and indirect forcing.

From the National Agenda for action plans “Solving the dust pollution problem” in Thailand for the
period 2019-2024, the Pollution Control Department (PCD) has developed an air pollution forecasting
system to forecast air quality in selected areas, including the Bangkok Metropolitan Region and Northern
Thailand (PCD, 2019). Additionally, in the Ad Hoc Plan for Solving the Dust Pollution Problem in
Bangkok 2023 (announced on October 25, 2022), there is a long-term plan to support education and
research using specialized atmospheric modeling for dust and pollution (BMA, 2022).

In 2021, PCD collaborated with the National Electronics and Computer Technology Center (NECTEC)
to use High-Performance Computing (HPC) for forecasting fine particulate matter (PM, ;) concentrations
three days in advance, covering the Bangkok Metropolitan Region and 17 northern provinces. The benefit
of using HPC is a significant reduction in processing time, approximately 10 times faster compared to
a general-purpose computer. Additionally, the results obtained are highly detailed and provide more
accurate interpretations of air quality (PCD, 2022; PCD, 2021; NSTDA, 2021).

Technological Interventions and Gaps in Air Pollution Control in Bangkok 45



WRF-ARW Modeling System Flow Chart

External WhF Past-
Data Source Pre-Processing WRF-ARW Model Processing &
System Visualization
rd ~
Alternative
Obs Data -
Ideal Data = VAPOR
2D: Hill, Gray,
Standard Squall Line & Seabreeze
3D Supercell ; LES 1  NCL
—EEG_FEE.__ E Baroclinic Waves
Global: heldsuarez
ARWpost
OBSGRID WRF-Var 1 (GrADS/
Vis5D)
WRF 3
Terrestrial - BRIP4
Data
A
WPP
Real Data 1 (GraDs/
o R ™ |nitialization GEMPAK)
A A
Gridded Data: MET
NAM, GFS,
AUC, NNAP,
AGRMET(soll
il W
Emissions
Gridded Data: Srinl)
Chemistry
_Dita/’J i
Gridded Data:
Anthropogenic
Emissions
f

Figure 46: The WRF-Chem modeling system overview (Peckham et al. , 2012)
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Figure 47: WRF-Chem model forecasting process by the Pollution Control Department of
Thailand
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The situation of the 24-hour average PM2.5 in the Bangkok area
on November 10, 2023, at 7:00 am.
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Figure 48: Example of air quality simulation generated by WRF-Chem (PCD, 2022)

Advantages of the WRF-Chem model are as follows:

m PCD can forecast fine particulate matter (PM,,) concentrations for three days in advance
(NSTDA, 2021).

m  The model is one of the tools used to suggest optimal solutions for short- and long-term haze-free
strategic planning (PCD, 2022).

m  The model assists in notifying the public, allowing them to plan outdoor activities properly
(PCD, 2022).
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Disadvantages of the WRF-Chem model are as follows:

m Forecasting air pollution requires a high-performance computing system (NSTDA, 2021).

m  The model requires updated input data, such as emission inventory, for accuracy in evaluation.

Table 11: Summary and Comparison of the cost of each Technology

Technology

Price ranges for each

technology (USD)

Operational cost
(USD)

Low-cost sensor 100 to 5,000 -

(Clements et al., 2022)

Diesel Particulate Filter (DPF) (DPF Clean, Cost of DPF filter Cost of DPF cleaning

2023) replacement can range | is around 179 to 500
from 2,000 to 4,000

Low Emission Zone
(Watkiss et al. , 2003)

Noted: it is the cost of LEZ project in London

Setup cost estimate
at 3,440,878 USD

Annual running cost
is 4,913,700 USD

Electric vehicle

EV
(EVAT, 2023)

9,148 to 227,958 USD

E-Bus
(KMITL, 2016)

302,332 USD

Maintenance cost in
the first 5 years is
estimated at 18.33

USD/unit/day, and in

the subsequent 6-10

years, it is estimated at

35.75 USD/unit/day

CEMs (Chien et al., 2003) Installation cost is The yearly operating
366,000 USD. cost is 27,000 USD

Cleaner stoves 2- 100 USD -

(Filmanovic M.E. , 2023).

Burn check Application for open burning 98,398 USD -

Satellite detection for open burning

Remote Sensing for vehicles

(Stedman and Bishop, 1990)

The remote sensor is
priced at 50,000 USD

Operation cost
is estimated
at 0.50 USD/test

WRF-Chem model

NA
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3. ANALYSIS OF THE TECHNOLOGIES AND GAPS FOR AIR POLLUTION
CONTROL IN BANGKOK CITY

Based on the current air quality situation in Bangkok and the results from the emission inventory, this
study focuses on technologies to reduce fine particulate matter (PM, ,). All “Technical Tools in Air Quality
Management” are assessed to identify readiness and gaps for each technology using the technology
readiness matrix (Table 19). The information used for the assessment is based on innovativeness,
affordability, availability, and PM, , reduction potential. The score is determined through assessment by
AIT and interviews with policymakers working on air quality management in Thailand.

Table 12 provides an explanation of the innovativeness of the technology used in this assessment. It
indicates that “High” innovation refers to technologies that have been used after 2019, “Medium”
innovation refers to technologies that have been used during 2000-2019, while “Low” innovation refers
to technologies that have been used before 2000.

Table 12: Description of the innovativeness parameter to assess the readiness of technology

Innovativeness Meaning

High Technologies have been used after 2019, or the implementation adopts
technologies for use in Thailand after the announcement of the National
Agenda for action plans “Solving the dust pollution problem” in Thailand
for the period 2019-2024.

Medium Technologies have been used since 2000, and the implementation adopts
technologies for use in Thailand before the announcement of the National
Agenda for action plans “Solving the dust pollution problem” in Thailand
for the period 2019-2024.

Low Technologies have been used before 2000’s

Table 13 provides an explanation of the affordability of the technology used in this assessment. It
indicates that “High” affordability refers to technologies that can be purchased by everyone, “Medium”
affordability refers to technologies that can be purchased with support from the government, while
“Low” affordability refers to technologies that can be purchased by only the private sector (e.g., bus
fleet owner) and government.

Table 13: Description of the affordability parameter to assess the readiness of technology

Affordability Meaning

High Users can access and purchase technologies.

Medium Users need support from the government to purchase technologies.

Low Users cannot purchase technologies, but the private sector and government
can access technologies.
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Table 14 provides an explanation of the availability of the technology used in this assessment. It indicates
that “High” availability refers to technologies that people are familiar with in Thailand, “Medium”
availability refers to technologies that some people are using in Thailand, while “Low” availability
refers to technologies that are currently not being used in Thailand.

Table 14: Description of the availability parameter to assess the readiness of technology

High The number of devices within Thailand is sufficient to solve the PM,
pollution problem. Moreover, there are several companies in Thailand
capable of developing and producing the devices on their own.

Medium There are tools being used in Thailand, but their quantity is still
insufficient to solve the PM, , pollution problem. People in the country
are beginning to gain knowledge on using technology, but it is not
enough to enable the development and production of devices for use
in Thailand.

Low Technology is still not available to be used in Thailand, but it is
available and used in other countries. Thailand still relies on tools and
knowledge from collaboration with other countries for data analysis, tool
development, and efforts to adapt technology for use in the country.

Table 15 provides an explanation of the score used to assess technologies to reduce air pollution in
Bangkok. In this study, the “Importance of the problem” and “Efficiency of the technology” are used in
the analysis.

Table 15: Assessment of PM, , Reduction Potential Based on Scientific Data (Matrix 3x3)

Technology Assessment Scores

| Efficiency of the technology
I

mportance of problem
| | Medium (2) | High (3)

Low (1)

Medium (2)

High (3)

The criteria for assessing PM, reduction potential in each technology are as follows:
Description of “Importance of problem”

“Importance of problem” refers to the sector that Bangkok should take action on because it is the main
sector that produces PM, . in Bangkok, and it needs technology to solve the problem. This information
is based on the Emission Inventory of PM, ,in Bangkok for the base year of 2019 (Winijkut et al., 2020)
as follows (as discussed previously in Figure 8):
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Transportation sector (Transportation and Road dust) emits 55% of Bangkok PM, , emission.
Agricultural sector (Agricultural open burning) emits 20% of Bangkok PM, , emission.

Industrial sector (Factories and Power plants) emits 12% of Bangkok PM, , emission.

b=

Residential sector (Street food& markets and Household) emits 12% of Bangkok PM,  emission.

The description of the “Importance of Problem” is provided in Table 16. For the “Efficiency of the
technology,” which refers to how much PM, , emission per unit (e.g., one car) can be reduced by using
that technology, the meanings of High, Medium, and Low are provided in Table 17.

Table 16: Description of “Importance of the problem”

Importance of problem Meaning

High Technology helps to reduce and manage PM, , emitted from the
transportation and agricultural sectors.

Medium Technology helps to reduce and manage PM, , emitted from
industrial sectors.

Low Technology helps to reduce and manage PM, . emitted from other
sectors that are not included in “High” and “Medium.”

Table 17: Description of “Efficiency of technology”

Efficiency of technology Meaning

High The technology has the efficiency to reduce PM,  at the source by over
50%, and the technology is feasible to be implemented in Bangkok.

Medium The technology has the efficiency to reduce PM, ; at the source
by less than 50%, but the technology still has the potential to be
implemented in Bangkok.

Low The technology does not help to reduce PM, , emissions, or there is no
report on its effectiveness in reducing PM, ,, or the technology is the
device used for the measurement and monitoring of PM, , levels and
must be utilized in conjunction with other social measures to reduce
PM, .. In addition, the technology still has gaps in policy, and it is
difficult to be implemented in Bangkok.

The summary of the score refers to the possibility of emission reduction when using those technologies
in Bangkok, and the classification of the scores in this study is provided in Table 18.

Table 18: Description of technology assessment score

Efficiency of device Meaning

The technology has a high potential to reduce PM, , in Bangkok

The technology has medium potential to reduce PM, , in Bangkok

The technology has low potential to reduce PM, , in Bangkok

Technological Interventions and Gaps in Air Pollution Control in Bangkok

51




“IOJRIOUIOUT d)SBM
pUE WNLIOJBWIO JOULBI[O

B pue 10] yim Jofrog
MBWS,, € 9pN[OUl PNOYS

aannadwod axow 9o11d
o} 9B 0} SI[OIYOA pue
$180q OLI}0J[d 9I0W PN

‘Puerey L,

ul SUON)eZIUE3IO JUIISYJIP
0} PaJR[AI SI 1 AOUIS
juowd[dwr 03 JNJPIJ

Q[OIYAA O11OAH

(1) ) (Tzoz s
W WnIpAA WnIpaA MO | [mes3una) 100T
(©) (©) (102
%001 S ysIg wnIpajA wnIpdy [ Y e[MEN) 010
(1
uoneso] Ay} (€) (610T “T8 10
7 | U0 spuadop :g yStH wnipajy WnIpajn JAL SUR[) 0661

“S[enpIAIPUI J0U
‘sI0UMO 329[J J10j suondo oq
pnoys asay I, yuowd[duur
0} JUSWIULIDA0S AU} WOLJ
110ddns [eroueury pooN

ouoz
UOISSIWH MO

(€)
%06 01 dn :g

"Xopu[ Ajfen() Iry 9je[nofed
0} poyiaul pIepue)s Ay}
MO[[0J PUB “VJASN
£q payned 9q pinoys

% (uoneoIUNWIWOD [euosiod
pue smarAIul pue 310doy])
yoxSueg ur uonejuawadur
ul $s999ns 10 Tenuajod oy}
UO SJUSUWIWOY)) :[BO1}ORIJ

(©)

wnIpay

wnpa

(020T ‘DIsmalen)
1861

(Ada) g
de[nonIeJ
[osaIq

(1
N

A3oj0uyoay

21098 Jo Kouaroigq

(D

worqoid jo
soueyroduy

renuaod uononpar® N J

Aiqerreay

Ayiqepiogy

(£20T “L2AQ)
7102

(194 uonerodQ)

SSauaABAOUU]

JOSU3S 1S0J-MOT

SQIS0[0UYd9],

XLIBJA SSQUIPBIY AS0[0Urd9], JO JUSWSSASSY (G d|gel

Technological Interventions and Gaps in Air Pollution Control in Bangkok

52



"UONJRIOOSS Y

Suroourduy [eJUSWUOIIAUY TR Y} JO SIOqUIOW (M UONBIIUNWIO) [eu0sIdd pue ([9AJ] [BUOISSAJOI] “ISI[BIUSWIUOIAUL) Spjels judwiiedo [0nuo)
uonn[[oJ 1.y, POMIIAIdNUL,, {(1Z0T “Te 10 SeABUBARYD) ‘770T T8 10 °S [o[eayjoweAue ) ‘901AP SULIO)UOW A ‘90IN0S I8 90NPAI G ZINJ JO IUIId{ S PAION

(papnjour eare yoy3ueq)
pue[IRy] Ul pasn A[IuaLn)

JUOWIULIOAOS
o1 I0J Y31y SI 31500 9y} Inq
‘pue[IRy], UI PIsn oq P[NOYS

"BIRp
191394 198 03 AI[[1eS SINHD
dU[) se yons ‘sarf[ares

mau a101dxd prnoys

"S9)SEM [BIMNOLISE WO
s[ony pue sponpoid axew 0}
A3orouyo9) opnjour pnoys

(pooy

192135) 91doad Jo swoour
oy} 0} PaIe[al SI J1 OOUIS
wowardwr 03 3P

« (TonedIUNWWOo [euosiad
pue SmaIAIuI pue 310day])
yoySueq ur uoneyudwrdu
ur $s200ns 10j [enudjod oy
U0 SJUSWIO)) :[BINIORIJ

(D ) (€202 “YAVON) [opowt
W MO WNIPAA MOT | 0 6 6 I wRyYD-AIM
SOTOIYQA IO
(D) (€) (8102 Sursuag ajoway
N yStH MO MOT | “[e30 Suent) 000C N
Suruing uado
¢ I10J UoT)O3}Op
uoneooy Ay (€) (TToz “1ew 't S
uo spuadaop :§ Y3y MO Mo | Suoreuuey)) 6661 oS
@ (1202 ‘pue[ieyl EEETIRIRELY
uorned0] Ay} (¢) LIS EVA48 ) 10] uoneorddy
uo spuadop :§ YStH wnIpajy YSTH KA/l  o3yo wing
) ) 3unj009 IoULBI[D
%S6 S MO ystH ystH | (€20T ‘LLd) €L61

K3ojouyo9}

21008 Jo Kouaroigq

renuajod uononpar® N d

wo[qoid jo
soueyroduy

Aiqerreay

AnnqepIogy

(194 uoneradQ)

SSOUQAIIBAOUU] so13ojouyo9y,

(ponunuo)) 1) ajqeL

53

Technological Interventions and Gaps in Air Pollution Control in Bangkok



4. CONCLUSION AND RECOMMENDATION

Five air pollutants have been monitored in the ambient air in Thailand: PM, CO, NOx, Ozone, and
SOx. However, only PM, , and Ozone are still problems in different areas. The current condition of air
quality in Bangkok shows improvement in terms of annual PM, , concentration, while 24-hour PM,
concentration is still higher than the NAAQS in different parts of the country, especially during the dry
season. Moreover, the concentration of Ozone, which is a secondary pollutant, is still high in different
areas in Thailand, indicating that proper management should be implemented to control precursors and
ozone emissions in the near future. Emission inventory of PM, ,in Bangkok (based on 2019 data) shows
three major emission sources, which are transportation (55%), open burning (20%), and industry (11%),
while the rest accounts for only 14% of total PM,  emitted in the Bangkok area.

Based on the air quality monitoring and emission inventory information in Bangkok, this report focuses
on the technologies to reduce only PM, , emissions in Bangkok. Ten technologies and approaches have
been reviewed and ranked by the impacts to reduce PM, ; emissions in Bangkok as follows:

m  High PM, , Reduction Potential: Diesel Particulate Filter, Electric Vehicle, Burn Check application,
and Satellite detection of burning hotspots.

m  Medium PM,  Reduction Potential: Low Emission Zone, Remote sensing for vehicles, cleaner
cooking and street food and CEMs.

m  Low PM, . Reduction Potential: Low-cost sensor for ambient air quality monitoring and WRF-
Chem model.

Interview and discussion with different individuals working related to air quality management in
Thailand were also conducted to get suggestions and gaps in the technology assessment and technology
implementation in Bangkok. The suggestions include the difficulties in implementing Low Emission
Zone and Clean cooking and street food since it involves different organizations that need to work
closely together and may affect the income of the people (in the case of cleaner cooking for street food).
The recommendations also extend to the fact that there are needs for “technology to convert agricultural
wastes to other products, ex. biofuel, pellets” and “technology on smart boiler with IoT and improved
incinerator” in Bangkok. In general, all nine technologies and approaches are practical for a small-scale
implementation, but there is still a shortage of mechanism to expand it to a larger area (knowledge
transfer and funding/tax supports).

However, this report did not evaluate technologies that help to control PM, , emissions from the industrial
sector, such as Flue Gas Desulfurization (FDGs), Electrostatic precipitators (ESPs), Filters and dust
collectors (baghouses), Wet scrubbers, and Low-NOx burners, since these technologies have been used
in the industrial sector in Thailand to comply with Thailand’s emission standard (not specifically in the
Bangkok area). The technology adoption depends on the decision of the factory owners and depends
on the suitability of the type of factory, ensuring that pollutant emissions from the sources comply
with the emission standards. In addition, Thailand has a policy to control the location of the industry.
The regulations under the Ministry’s 2nd version of the Factory Act of 1992 prohibit the factories,
considered air pollution sources, from being established in proximity to public facilities such as schools,
temples, hospitals, historical sites, and government agency workplaces within a distance of either 50
or 100 meters, depending on the case. Additionally, the new industrial factories in Thailand must do
an environmental impact assessment (EIA) before establishing the factory (Thuamkred P. et al., 2020).
Hence, in the Bangkok area, there is a relatively high level of readiness and feasibility in terms of
measures and technologies for controlling PM, ; from the industrial sector.
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Furthermore, measures and technologies that help to control dust from construction activities are
not included in this study. However, the Pollution Control Department has provided comprehensive
guidelines with primary requirements (PCD, 2003) in Thailand. For instance:

1. Manage construction material within an enclosed area with solid barriers on the top and three sides
to prevent the dispersion of dust.
2. Tarpaulins covered trucks during transportation to prevent dust dispersion.

3. Clean and remove any soil or sand residues from vehicle wheels before they leave the project area,
and provide appropriate cleaning facilities within the project area.

4. Construct barriers around the construction area, at least 2 meters high from the ground, to prevent
the dispersion of dust, soil, or sand beyond the construction site, especially in areas near residential
communities.

5. Temporarily treat road surfaces with semi-permanent materials such as Asphalt or apply chemical
substances like vinyl or latex to prevent dust dispersion in areas awaiting installation or relocation
of public utility systems.
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