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ABSTRACT: Greenhouse gases (GHGs) are the primary drivers of global climate change. Human activities, particularly those related to energy
production, transportation, and industry, have long contributed to the escalating levels of GHGs in the Earth’s atmosphere. Recognizing the sig-
nificance of this issue, universities, including Thammasat University, play a vital role in Greenhouse gas (GHG) emissions research and educa-
tion, carrying a responsibility to address the matter. This study is aimed aims to assess the greenhouse gas emissions and mitigation measures
at Thammasat University (Lampang campus), Thailand. The emissions are categorized into 3 types: (1) direct GHG emissions; (2) energy-related
indirect GHG emissions; and (3) other indirect GHG emissions. Activity data from the years 2019 to 2022 was used for the calculations, resulting
in GHG emissions of 1051.70, 778.28, 558.64, and 1034.531 tons of carbon dioxide equivalent. Among these emissions, energy-related indirect
GHG emissions from electricity purchases represent the majority, accounting for approximately 78.55% of the total emissions. Consequently,
implementing mitigation strategies, such as solar panel installations and solid waste reduction (combined scenario), has the potential to reduce
GHG emissions by up to 57.78%. Furthermore, the university should actively promote GHG emissions reduction through the enactment of
energy-saving policies and the adoption of energy-efficient technologies to reduce reliance on energy purchases.
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Introduction

The effects of climate change extend to human health, air pol-
lution, extreme weather events, food scarcity, and various other
factors.!"3 Since 2020, the Paris Agreement has redirected the
approach to addressing global climate change, moving away
from focusing solely on certain developed nations toward
implementing a universal system.*® The assessment of emis-
sions and the calculation of greenhouse gas (GHG) emissions
have gained significance, especially concerning GHG reduc-
tion and achieving carbon neutrality.” Furthermore, long-
term low greenhouse gas emission development strategies
(LT-LEDS) are national initiatives that delineate pathways or
scenarios for achieving low-emission development in align-
ment with long-term visions and/or targets, while also
considering broader socio-economic objectives. Each country
encounters unique challenges, necessitating distinct
approaches, priorities, and actions to facilitate the requisite
transformation.’%12 Certainly, sustainable development stands
as a pivotal global endeavor focused on tackling the inter-
twined issues of environmental degradation, social inequity,
and economic instability.

Universities possess a significant obligation and distinct
capability to take the lead in confronting climate change
through education and research.>> Consequently, evaluating
and minimizing carbon footprints within higher education
institutions has emerged as an urgent priority, with universities

and colleges worldwide recognizing their contribution to

climate change mitigation strategies. For instance, research
conducted by Everitts'® estimated the GHG emissions inven-
tory for the University of Wyoming in the base year of 2018.
The findings indicated that the total emissions amounted to
29800 metric tons of carbon dioxide equivalent (MTCDE),
with purchased electricity (41.1%), on-campus stationary
sources (35.9%), fertilizers and livestock (7.44%), and directly
funded air travel (6.58%) being the main contributors to UW’s
GHG emissions. Additionally, a life cycle assessment was
employed to evaluate GHG emissions from Clemson
University’s campus for the year 2014. The results revealed an
estimated total of approximately 95000 MTCDE, equating to
4.4 MTCDE per student. The principal sources of greenhouse
gas emissions were electricity generation (41%), commuting by
car (18%), and steam generation (16%).!” Furthermore, GHG
emissions from 20 universities across Europe and the United
States were assessed utilizing Scopes 1 to 3 of the GHG
Protocol. It was observed that energy consumption, encom-
passing electricity and heat generation, ranged from 8.6%
(Umwelt-Campus Birkenfeld) to 76.8% (Minnesota State
University Mankato). Nevertheless, many buildings at specific
universities in Europe, notably in Germany and Switzerland,
lack a cooling system and rely entirely on green power.!8
Moreover, energy usage intensity and greenhouse gas emis-
sions were also examined at universities in Taiwan. The find-
ings revealed that the primary source of energy consumption
was electricity, accounting for 92%.1
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Accordingly, the procurement of electricity, consumption of
mobile fuels, and the depositing of solid waste in landfills stand
as notable contributors to GHG emissions, exacerbating the
global climate emergency. Studies reveal that electricity gener-
ation, predominantly sourced from fossil fuels, constitutes a
significant portion of GHG emissions.?%?! Similarly, the trans-
portation industry’s dependence on petrol and diesel fuels con-
tinues to be a primary driver of GHG emissions.?? Furthermore,
the inadequate disposal of solid waste in landfills produces
methane, a potent greenhouse gas.?

Thailand has demonstrated a steadfast commitment to
tackling the urgent challenge of climate change, aligning itself
with the global endeavor to combat this crisis. With ambitious
targets on the horizon, Thailand aims to attain carbon neutral-
ity by 2050 and achieve net zero emissions by 2065. In pursuit
of these goals, the country is poised to enhance its nationally
determined contribution (NDC) by up to 40% by 2030, subject
to sufficient support in technology transfer, collaboration, and
access to green financing.”?3 As Thailand strives to advance its
sustainability agenda, universities prioritizing GHG manage-
ment not only contribute to the nation’s climate objectives but
also position themselves as pioneers in the education sector and
valuable collaborators in the broader sustainability sphere.
Therefore, GHG emissions inventories hold significance for all
activities, including universities.

This study aims to assess the GHG emissions inventory of
Thammasat University (Lampang campus) across 3 scopes:
direct emissions (Scope 1), indirect emissions linked to elec-
tricity consumption (Scope 2), and other indirect emissions
(Scope 3), using data spanning from 2019 to 2022. The GHG
emission findings, measured in tons of carbon dioxide equiva-
lent (tCO,eq), are outlined for each scope individually and
collectively. Additionally, the assessment involves evaluating
scenarios for implementing mitigation measures to address
predominant GHG emissions and devising strategies to
reduce overall GHG emissions.

Materials and Methods
Scope of the study

The research centered on Thammasat University (Lampang
campus), located in Lampang province, northern Thailand.
This province is known for experiencing the highest summer
temperatures, with a maximum recorded temperature of
44.2°C in 2019. The university comprises approximately 10
main buildings and 6 faculties including Social Science
Interdisciplinary Program Interdisciplinary College, Faculty
of Law, Faculty of Public Health, Faculty of Social
Administration, Faculty of Science and Technology, Faculty of
Arts Industrial Craft Design Program, spread across 0.58 km?,
as illustrated in Figure 1. The estimation of greenhouse gas
emissions was carried out using the GHG Protocol, jointly
developed by the World Resources Institute (WRI), an envi-
ronmental Non-Governmental Organization (NGO) based in

Thammasat University (Lampang campus)
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Figure 1. Thammasat University (Lampang campus).

the United States, and the World Business Council for
Sustainable Development (WBCSD).?* This guideline out-
lines 3 categories for estimating greenhouse gas emissions:
scope 1 encompasses direct GHG emissions, covering those
controlled by the organization including mobile combustion
sources (Diesel and gasohol E20), CO, fire extinguisher and
hydrofluorocarbon (HFC). Scope 2 addresses electricity-
related indirect GHG emissions, while scope 3 accounts for
other indirect GHG emissions resulting from activities includ-
ing water usage, solid waste, paper usage (A4), liquefied petro-
leum gas (LPG) for cooking, tissue paper and solvents from
laboratories within the organization that are not under the
organization’s control. The base year for this study was 2019,
and the GHG emissions inventory durations from 2019 to
2022. Figure 2 illustrates the scope of emissions examined in
this research.

Data collection and calculation approach

To classify the scopes and types of activities within the study
area, we employed the GHG Protocol Corporate Standard,
issued by WRI and WBCSD,?>28 along with the data sources
utilized for their calculation. Data covering the period from
2019 to 2022 were collected from the Center Administration
Division, Property and Sports Management Office, and the
green library report of Thammasat University (Lampang
campus).

The subsequent procedures were employed to ascertain the
GHG emissions associated with each scope, which involved
identifying the energy consumption within each scope, such as
kilowatt-hours (kWh) of electricity and liters of fuel consumed.
Additionally, the updated GHG emissions factors associated
with each category were sought to be discovered, such as kilo-
grams of CO, equivalent per liter (kgCO,eq/L), metric tons of
CO, equivalent per kilowatt-hour (tCO,eq/kWh), and kilo-
grams of CO, equivalent per kilogram (kgCO,eq/kg). The
amount of CO,eq in each scope was then calculated by multi-
plying the consumption by the corresponding emissions factor
for each scope.
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Figure 2. Scope of the study.

In this study, Scope 1 encompasses direct emissions from
mobile sources at the university, including buses, vans, and cars.
It also examined emissions from air conditioning systems using
R-22 refrigerant, classified as HFC emissions, and the use of
CO, extinguishers for fire training, which were considered
direct emissions. In Scope 2, GHG emissions were determined
by indirect emissions stemming from power purchases meas-
ured in kWh.

Finally, Scope 3 entails documenting water consumption
in cubic meters (m?). Data on the average daily quantity of
solid waste disposed of in sanitary landfills (kg/day) were
gathered, and the amount of solid waste per person was esti-
mated in kilograms per year (kg/year). In this study, waste
recycling is not factored into the calculation of GHG emis-
sions reduction. This aligns with the University’s strategies
that were implemented prior to the base year and have since
been in place.

Information on paper usage (A4) in each university depart-
ment, the use of LPG for cooking in canteens, the disposal of
solvents at laboratories in the faculties of science and technol-
ogy and public health, and the consumption of tissue paper in
restrooms were gathered to estimate GHG emissions.
Furthermore, data encompassing all staff and students was col-
lected to calculate carbon emissions per person.

In terms of commuting to the university, nearly 50% of stu-
dents walk from the university’s dormitories to the classrooms,
while approximately 30% utilize the university’s buses, which
fall under Scope 1. Around 20% of students use their personal
vehicles, such as motorcycles. However, data on students’ and
staffs’ travel was not collected in the base year; therefore, efforts
will be made to gather this information in future studies.

For each task, GHG emission factors particular to that task
were chosen from references such as the Thai National Life
Cycle Inventory Database, the Thailand Greenhouse Gas
Management Organization (TGO),and the Intergovernmental
Panel on Climate Change (IPCC). GHG emissions from each
source were computed in tons of carbon dioxide equivalent per
year (tCO,eq/year) by amalgamating the activity data (meas-
ured in units) with the corresponding emission factor
(kgCO,eq/unit). Table 1 displays the sources of emission data
for each activity and furnishes specifics on the components of
greenhouse gas emissions.

Uncertainty

The precision of a reported value may arise from measurement
inaccuracies, incomplete data availability, or future estima-
tions. The emission data presented in this study were acquired
from recorded sources. However, the quantity of solid waste
was approximated through a study and estimated as solid
waste generation per person per kilogram per day in 2023.
This estimation involved calculating the total solid waste gen-
erated from 2019 to 2022 based on the total number of people
on working days. The uncertainty regarding emission factors is
due to the lack of country-specific data. Consequently, global
emission factors were also utilized in accordance with the

IPCC guidelines.

Scenario design

Thammasat University is actively advancing toward a leader-
ship position in clean energy, fulfilling its dual role as an
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Table 1. Emission factors influencing greenhouse gas emissions and activities.

SCOPE ACTIVITY UNIT EMISSION FACTOR (EF) SOURCE

(KGCO,EQ/UNIT)

Scope 1 Direct Mobile combustion L 2.7406 Thailand Greenhouse Gas Management
emission sources (Diesel) Organization (Public Organization)
(TGO)?9, Intergovernmental Panel on
Climate Change (IPCC)3°
Mobile combustion L 1.8010 Intergovernmental Panel on Climate
sources (Gasohol E20) Change (IPCC)30
CO, fire extinguisher kg 1.0506 Thailand Greenhouse Gas Management
Organization (Public Organization) (TGO)2°
HFC (R-22) kg 75.7860 Thailand Greenhouse Gas Management
Organization (Public Organization) (TGO)?®
Scope 2 Energy Electricity kWh 0.4857 Thailand Greenhouse Gas Management
Indirect emission Organization (Public Organization) (TGO)3!
Scope 3 Other Water usage m3 0.5410 Thailand Greenhouse Gas Management
Indirect emission Organization (Public Organization) (TGO)?°
Solid waste (Sanitary kg 0.7933 Thailand Greenhouse Gas Management
landfill) Organization (Public Organization) (TGO)?°
Paper usage (A4) kg 0.6677 Thailand Greenhouse Gas Management
Organization (Public Organization) (TGO)2°
LPG for cooking kg 0.8582 Thailand Greenhouse Gas Management
Organization (Public Organization) (TGO)?°
Tissue paper kg 0.6677 Thailand Greenhouse Gas Management
Organization (Public Organization) (TGO)?°
Solvents from kg 2.3893 Thailand Greenhouse Gas Management

laboratories

educational center and a model for energy conservation
through various strategies. These approaches encompass the
adoption of electric vehicles, the integration of energy-efficient
technologies, and the construction of environmentally sustain-
able buildings. Initiatives such as installing solar rooftop sys-
tems, transitioning to electric vehicles, promoting efficient
energy usage, shifting to LED lighting systems, and imple-
menting energy-efficient building designs have already com-
menced at the main campus and are being expanded to other
campuses, including Lampang campus. The installation of
720kW solar rooftops at the Lampang campus has been ongo-
ing since 2019.

Furthermore, a sustained commitment to energy conserva-
tion measures has been in effect since 2019, fostering collabo-
rative endeavors. These initiatives encompass a range of actions,
including conducting thorough inspections and switching off
all electrical switches when the last employee leaves the office,
deactivating unnecessary electric bulbs during meal breaks,
operating air conditioning units from 9:30 a.m. to 12:00 p.m.,
followed by deactivation between 12:00 p.m. and 1:00 p.m., as
well as 30 minutes before the end of the workday. Additionally,
employees are encouraged to power down computers and
printers when not in use or before starting work, to turn off
computer monitors, to minimize paper usage during meetings,

Organization (Public Organization) (TGO)?®

to conserve water resources, and to conduct routine inspections
to identify and address any leaks or maintenance needs.

Scenario planning serves as a valuable tool for designing
alternative energy infrastructures and for long-term plan-
ning, addressing the challenges associated with uncertain
future greenhouse gas emissions. The current study explores
2 GHG emission scenarios for the period 2023 to 2030,
using 2019 as the baseline year. These scenarios encompass
an assessment of the business-as-usual (BAU) scenario as
well as various emission reduction alternatives. The BAU
scenario was chosen as the initial reference point, and the
remaining scenarios were developed to mitigate both direct
and indirect GHG emissions.

Results and Discussions

GHG emissions inventory

The summary of activities across scopes 1 to 3 for the period
2019 to 2022 is presented in Table 2. Within Scope 1, the uni-
versity’s fleet comprises buses and vans fueled by diesel, while
cars use gasoline E20 (a blend containing 20% ethanol in gaso-
line). There is an expected reduction in fuel consumption for
the year 2020 to 2021 due to the coronavirus 2019 (COVID-
19) pandemic. With the majority of working and on-site classes
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Table 2. Amount of activities and GHG emissions in three scopes at Thammasat University (Lampang Campus) from 2019 to 2022.

ACTIVITY/(UNIT) AMOUNT (UNIT) GHG EMISSIONS (TCO,EQ)

2019 2020 2019 2020 2021 2022

Mobile combustion sources 26867 24610 19823 28984 73.63 67.45 54.33 79.43
(Diesel) (L)

Mobile combustion sources 5117 4051 2442 3527 9.22 7.30 4.40 6.35
(Gasohol E20) (L)

CO, fire extinguisher (kg) 9 - - 9 0.01 - - 0.01
HFC (R-22) (kg) 91 57 66 91 6.90 4.32 5.00 6.90
Electricity (kWh) 1700828 1342935 945167 1685551 826.09 652.26 459.07 818.67
Water usage (m?) 59523 50959 32059 52064 32.20 27.57 17.34 28.17
Solid waste (Sanitary landfill) (kg) 128003 21193 21236 117345 101.54 16.81 16.85 93.09
Paper usage (A4) (kg) 1466 2192 1945 1587 0.98 1.46 1.30 1.06
LPG for cooking (kg) 912 516 304 696 0.78 0.44 0.26 0.60
Tissue paper (kg) 518 106.90 106.00 154.81 0.35 0.07 0.07 0.10
Solvents from laboratories (kg) - 250.00 10.36 64.00 - 0.60 0.02 0.15

conducted online, students and employees did not need to
travel for studying and working using the university’s vehicles
for approximately half of the year. Moreover, the utilization of
CO, fire extinguishers and HFC (R-22) is determined based
on the fire training schedule, with replacements being made as
necessary. This includes replacing expired CO, fire extinguish-
ers with new ones. The trend in Scope 2, which includes energy
indirect emissions from purchased electricity, reflects the trend
seen in fuel usage within Scope 1 for the fleet. Both decreased
from 2019 to 2021 but increased in 2022 due to the same rea-
son of virus pandemics. Furthermore, within Scope 3, the waste
generation rate was approximately 0.15kg per person per year
during the base year. The composition of solid waste includes
food (12.22%), paper (15.87%), plastic (27.45%), rubber
(0.04%), fabric (7.07%), wood (0.15%), glass (30.87%), and
cans (6.33%), respectively.

The trend levels for water supply usage, solid waste, LPG
for cooking, and tissue paper during 2020 to 2021 reflect those
observed in Scope 1 and 2. However, the quantity of paper
usage varied depending on the specific work conducted within
each division. However, all departments have been encouraged
to adopt paperless practices in alignment with the University’s
strategy. Waste generated from solvents in laboratories was col-
lected in containers meeting a minimum weight requirement
before being sent to a chemical waste disposal company for safe
disposal. In 2020, solvents accounted for the highest volume of
waste collected over a 2-year period compared to other years. In
terms of solid waste management, individuals at the university
are continuously encouraged to reduce solid waste. However,
there is a need for further promotion of awareness regarding
waste aggregation and methods for the proper disposal of items
such as plastic bags.

The quantity of solvents used in laboratories varied based
on the practices in specific subjects and the number of students
in each class, as well as projects undertaken by the chemical
laboratories affiliated with the faculties of Science and
Technology and Public Health.

Overall, the volume of activities experienced a decrease in
2020 and 2021 compared to the base year of 2019 but showed
an increase in 2022. This fluctuation may be attributed to the
impact of the COVID-19 pandemic that occurred between
2020 and 2021 in Thailand, during which almost all activities
transitioned away from on-site operations at the university. A
significant majority of employees worked remotely, and stu-
dents also pursued their studies online. However, approxi-
mately 10% of students opted to stay at the dormitory located
within the campus for their online studies. The count of
employees and students engaged in on-site work and study at
the university from 2019 to 2022 was approximately 2402, 389,
386, and 2333, respectively.

Table 2 illustrates the average GHG emission sources for
each activity across the 3 scopes at Thammasat University
(Lampang campus) from 2019 to 2022. The annual average
GHG emissions for the respective years totaled 1051.70,
778.28, 558.64, and 1034.531 tCO,eq. These findings reveal
that GHG emissions from diesel vehicles and paper usage
increased in 2022 compared to the baseline year (2019). This
could be attributed to the frequent use of vans for commuting
to work and an expansion in the university welfare bus timeta-
ble. However, emissions from other activities demonstrated a
decreasing trend in contrast to the base year.

Moreover, the predominant GHG emissions in the refer-
ence year (2019) originated from electricity purchased, catego-
rized under scope 2 indirect emissions (826.09 tCO,eq),
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Figure 3. Comparison of GHG emissions from 2019 to 2022 at Thammasat University (Lampang campus).

succeeded by scope 3 other indirect emissions (135.85 tCO,eq),
and scope 1 direct emissions (89.76 tCO,eq), respectively.
Hence, it is imperative to consider these major GHG emis-
sions when proposing potential mitigation measures.
Nevertheless, specific actions have already been implemented
at the university, such as waste minimization within scope 3.
Furthermore, the average GHG emissions per capita, per stu-
dent, and per employee in the baseline year were approximately
0.43,0.50, and 3.74, respectively.

Figure 3 illustrates the primary sources of GHG emissions
at Thammasat University (Lampang campus), with purchased
electricity accounting for approximately 80% to 85%, diesel
fleets contributing around 6% to 9%, solid waste representing
2% to 9%, and water supply comprising approximately 2% to
3% of the emissions. The findings regarding the primary GHG
emission sources in this study align with research conducted at
Clemson University in the USA (41.0%),"” Universitas
Pertamina in Indonesia (92.3%),3? and nearly 18 other univer-
sities (Average 52.1%).8 Consequently, efforts to mitigate
GHG emissions should primarily focus on these key sources.

Mitigation measure scenarios

Reducing GHG emissions by a small margin is no longer
enough to achieve long-term climate stability on a global
scale.!8 Therefore, it is essential to reduce GHG emissions
originating from primary sources at Thammasat University
(Lampang campus). With this aim in mind, scenarios for miti-
gation measures have been developed, considering relevant
policies and potential strategies. These scenarios encompass 2
primary approaches: alternative energy adoption and a com-
bined scenario that integrates alternative energy adoption with
solid waste reduction.

BAU scenario. 'The data for the years 2023 to 2030 were pro-
jected by extrapolating the growth rate of routine activities,
excluding CO, fire extinguishers, refrigerants, and laboratory
solvents, using average data from 2019 to 2022. The growth
rate of mobile sources using diesel fuel and paper usage (A4)
was approximately 0.02%, while other activities remained con-
sistent with 2019 levels. Subsequently, the quantity of each
activity was evaluated alongside the growth rate, and then mul-
tiplied by the corresponding emission factors to derive an esti-
mation of greenhouse gas emissions.

Consequently, GHG emissions under the Business-As-
Usual (BAU) scenario remained constant from 2023 to 2030.
GHG emissions from 2019 to 2030 under the BAU scenario
and all other scenarios are represented in Figure 4. The find-
ings indicate a notable decrease in GHG emissions from the
base year up to 2021, followed by a precise increase until 2022,
and a consistent upward trend continuing until 2030. It is evi-
dent that the COVID-19 pandemic has resulted in an unparal-
leled impact on numerous countries worldwide and persists in
posing a threat to human lives globally, including Thailand.
The stringent lockdown measures implemented have yielded
detrimental effects on both human health and national econo-
mies. However, these measures have also played a pivotal role in
notably enhancing air quality and mitigating greenhouse gas
emissions.?>34 For instance, measures implemented by univer-
sities, such as transitioning to remote work and conducting on-
site classes online, significantly contributed to the reduction of
greenhouse gas emissions during the years 2020 to 2021.

Alternative energy utilization scenario. Considering that the
largest portion of GHG emissions originates from electricity
purchases, a reduction in electricity consumption should be
prioritized. Implementing solar panels with on-grid systems,
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Figure 4. GHG emissions of the combined scenario compared to the BAU scenario at Thammasat University (Lampang campus).

Table 3. Plan for alternative energy utilization and solid waste reduction from 2023 to 2030.

COMBINE SCENARIOS 2023 2024 2025

Alternative energy utilization -

A

Solid waste reduction (%) 2 2 2

including solar farms and floating solar panels, presents a
favorable strategy for reducing GHG emissions. The feasibility
of expanding solar panel installations should be explored.

However, the university has not yet set specific targets for
reducing GHG emissions or outlined plans for alternative
energy adoption, although it supports such initiatives. As a
result, this mitigation strategy will be developed based on the
available unused areas for installing solar systems, potentially
becoming a policy consideration for the university in the near
future.

The analysis and design of both a solar farm or a floating
solar system utilizing PVSyst software (version 7.4)%-3 have
been carried out within an area of 1908 m? which including
both unused area and water puddle areas. The solar system is
based on electricity consumption throughout the day. A system
with a capacity of 403kWp was tested, resulting in an esti-
mated annual production of 552 MWh. The performance ratio
achieved was 0.77. Consequently, when the power factor falls
within the range of 0.7 to 0.9,33 the system operates effectively.
In the solar system scenario, the floating solar system and the
solar farm system are scheduled for installation in 2024 and
2027, respectively. As a result, GHG emissions have signifi-
cantly decreased from 1051.70 tCO,eq in the base year to
483.71 tCO,eq in 2030.

Although alternative energy sources, such as solar power,
are proposed as measures to reduce GHG emissions and

2026 2027 2028 2029 2030
Solar panels —>
4 5 5 5 5

significantly decrease emissions at the University, attention
should also be given to energy consumption related to elec-
tricity production. The energy sector is moving closer to a
substantial dependence on renewable energy sources, which
involves actions like gradually eliminating lignite and expand-
ing the utilization of low-carbon fuels like biofuels, among
other measures.*?-42 In addition, there is a growing momen-
tum toward embracing low-carbon fuel options, notably bio-
fuels, which are considered carbon-neutral regarding the CO,
emissions generated directly from their combustion. This is
because they do not contribute additional CO, to the atmos-
phere, taking into account the CO, absorbed during the
plants’ photosynthesis process.

Combined scenario. The evaluation in 2030 considered a com-
bination of alternative energy under specific conditions, along
with the first scenario, and a solid waste reduction of approxi-
mately 30%. While the university promotes waste minimiza-
tion among staff and students, a specific target has not yet been
established. Hence, a solid waste reduction plan is proposed,
entailing approximately 2% reduction from 2023 to 2025, 3%
in 2026, and 5% from 2027 to 2030. The combined scenario
data is presented in Table 3. The results indicated a notable
reduction in GHG emissions, decreasing from 1051.70 tCO,eq
to 483.71 tCO,eq in 2030 compared to the baseline year.

Moreover, this underscores the continued significance of
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university initiatives, such as energy conservation and efficient
resource utilization, in fostering further enhancements.

Furthermore, gaining insight into stakeholders’ perspectives
on the effects of climate change and adaptation is vital for
launching customized awareness initiatives directed at indi-
viduals accountable for adaptation efforts. It is imperative to
ensure that they possess the necessary understanding and
knowledge for proficient task completion. Additionally, resolv-
ing communication gaps and understanding stakeholders’ per-
spectives are vital elements for the success of climate change
adaptation policies. This approach enables a deeper under-
standing of the consequences of climate change and enhances
the efficiency of adaptation efforts.*3#

Additionally, examining energy communities within the
nation, including those affiliated with universities, as well as
those spanning international borders, holds significant impor-
tance for the development of renewable energy legislation and
its effective management. Enhanced access to comprehensive
information and knowledge regarding the operations and evo-
lution of these entities must be extended to citizens, institu-
tions, policymakers, and all stakeholders within the energy
sector. This measure aims to decentralize control from experts
and advisors to these stakeholders, thereby ensuring that
autonomy remains vested in their members and partners.®
Consequently, this approach will foster improved management
of the energy sector and a heightened capacity for generating
electricity from renewable sources.

Lastly, it’s imperative to note that mitigation strategies go
beyond merely curtailing greenhouse gas (GHG) emissions.
They also encompass efforts to reduce emissions of air pollutants,
including particulate matter and other harmful substances. 47

Conclusions

The estimation of GHG emissions at Thammasat University
(Lampang campus) adheres to the GHG Protocol Corporate
Standard approach, following guidelines from WRI and
WBCSD. Notably, in typical conditions, the predominant
source of GHG emissions in the inventory was electricity pro-
curement, categorized under Scope 2, constituting approxi-
mately 78.55%. This was followed by Scope 3 emissions at
12.92% and Scope 1 emissions at 8.53%, respectively.

Hence, the assessment of the alternative energy utilization
scenario, including solar systems, is conducted based on the
university’s strategies and probability. While alternative energy
sources like solar power are suggested to mitigate GHG emis-
sions and notably reduce emissions within the university, con-
sideration should also be directed toward energy consumption
associated with power plants. The alternative energy and solid
waste management are being evaluated as a combined scenario.
Solid waste management emerges as the primary contributor
to GHG emissions, and individuals within the university are
consistently encouraged to reduce solid waste. However, there

is a need for enhanced awareness campaigns regarding waste
collection and appropriate disposal techniques.

Furthermore, in assessing GHG emission reduction strate-
gies, alternative energy and combined scenarios are considered
as mitigation measures. The findings reveal significant reduc-
tions in GHG emissions, amounting to approximately 50.83%
and 57.78%, respectively, compared to the baseline year.
Consequently, the installation of solar panels, whether in the
form of solar farms or floating solar panels, emerges as the most
effective choice in mitigating GHG emissions contributing to
climate change and aligning with Thammasat University’s sus-
tainability policies. Additionally, the university can provide
support and ongoing encouragement for energy-efficient tech-
nologies and the promotion of energy conservation practices.
The study demonstrates the versatility of this methodology,
which can be applied to assess GHG emissions for any organi-
zation in monitoring climate change impacts.

Further research into the rigorous lockdown measures
enforced during the COVID-19 pandemic suggests their
applicability to decarbonization policies, including those
implemented within universities. Measures such as transition-
ing to remote work and conducting online classes on-site have
notably contributed to reducing GHG emissions during the
pandemic. Additionally, it is imperative to consider the co-
benefits of decarbonization policies, particularly their impact
on other parameters such as pollutants, in future studies.
Embracing these approaches will facilitate the development of
more relevant, effective, and successful climate change adapta-
tion policies.

Acknowledgement

The authors would like to express their gratitude to the Centre
Administration Division (Lampang Campus), the Property
and Sports Management Office, and the Boonchoo Treethong
Library for providing the data necessary for evaluating green-
house gas emissions in this study. This work was supported by
the Faculty of Public Health, Thammasat University, and the
Thammasat University Research Unit in Environment, Health,

and Epidemiology.

Author Contributions

Conceptualization, P.'T. and D.S.; methodology, P'T; software,
P'T.; validation, P'T; formal analysis, P.'T.; investigation, P'T;
resources, P.'T.; data curation, PT; writing—original draft prep-
aration, P'T. and D.S.; writing—review and editing, P.'T. and
D.S.; visualization, P.'T.; su-pervision, P.T.; project administra-
tion, PT. and D.S.; funding acquisition, P.T. All authors have
read and agreed to the published version of the manuscript.

ORCIDiD
Pantitcha Thanatrakolsri
5498-1698

https://orcid.org/0000-0002-


https://orcid.org/0000-0002-5498-1698
https://orcid.org/0000-0002-5498-1698

Thanatrakolsri and Sirithian

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

United Nations. Climate action. 2023. Accessed September 10, 2023. https://
www.un.org/en/climatechange/science/causes-effects-climate-change#:~:text=
Climate%20change%20is%20the%20single,grow%200r%20find%20sufh-
cient%20food

Ebi KL, Vanos J, Baldwin JW, et al. Extreme weather and climate change:
population health and health system implications. Annu Rev Public Health.
2021;42:293-315.

Ebi KL, Hess JJ. Health risks due to climate change: inequity in causes and con-
sequences: study examines health risks due to climate change. Health Aff.
2020;39:2056-2062.

Been EM, Park YK, Kim KT. Effective reduction plan for greenhouse gas inven-
tories of local governments. Energy Environ. 2021;32:62-74.

Shields R. The sustainability of international higher education: student mobility
and global climate change. J Clean Prod. 2019;217:594-602.

Zafar MW, Qin Q, Malik MN, Zaidi SAH. Foreign direct investment and edu-
cation as determinants of environmental quality: the importance of post Paris
agreement (COP21). ] Environ Manag. 2020;270:110827.

Kiehle J, Kopsakangas-Savolainen M, Hilli M, Pongracz E. Carbon footprint at
institutions of higher education: the case of the University of Oulu. J Environ
Manag. 2023;329:117056.

Chen L, Msigwa G, Yang M, et al. Strategies to achieve a carbon neutral society:
a review. Environ Chem Lett. 2022;20:2277-2310.

Pongthanaisawan ], Wangjiraniran W, Nakapreecha N. Thailand energy sce-
narios: pathways towards carbon neutrality 2050. Ins J Energy Econ Policy.
2023;13:489-500.

Akkermans S, Martin-Ortega JL, Sebos I, Lopez-Blanco MJ. Exploring long-
term mitigation pathways for a net zero Tajikistan. Mitigation Adapt Strategies
Glob Change. 2023;28:19.

Jotzo F, Anjum Z, Gosens J, Banerjee S. Long-term Greenhouse Gas Emissions
Strategies: A Synthesis of Best Practice. Centre for Climate & Energy Policy, Craw-
ford School of Public Policy, The Australian National University; 2021.
Kyriakopoulos GL, Sebos I. Enhancing climate neutrality and resilience through
coordinated climate action: review of the synergies between mitigation and
adaptation actions. Climate. 2023;11:105-127.

Molthan-Hill P, Worsfold N, Nagy GJ, Leal Filho W, Mifsud M. Climate
change education for universities: a conceptual framework from an international
study. J Clean Prod. 2019;226:1092-1101.

Leal Filho W, Sima M, Sharifi A, et al. Handling climate change education at
universities: an overview. Environ Sci Eur. 2021;33:109-119.

Schmidt A. University air travel and greenhouse gas mitigation: an analysis of
higher education climate policies. Int ] Sustain High Educ. 2022;23:1426-1442.
Everitts S. Greenhouse gas emissions inventory for University of Wyoming
Fiscal Year 2018. Report, The Campus Sustainability Committee of the Uni-
versity of Wyoming and The American College and University Presidents Cli-
mate Commitment; 2019.

Clabeaux R, Carbajales-Dale M, Ladner D, Walker T. Assessing the carbon
footprint of a university campus using a life cycle assessment approach. J Clean
Prod. 2020;273:122600.

Helmers E, Chang CC, Dauwels J. Carbon footprinting of universities world-
wide: part I—objective comparison by standardized metrics. Environ Sci Eur.
2021;33:25.

Wang JC. Analysis of energy use intensity and greenhouse gas emissions for uni-
versities in Taiwan. J Clean Prod. 2019;241:118363.

U.S. Environmental Protection Agency (USEPA). Greenhouse gas emissions:
sources of greenhouse gas emissions. 2023. Accessed December 4, 2023. https://
www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions

Vrachni A, Christogerou A, Thomopoulos GA, Marazioti C, Angelopoulos
GN. Carbon footprint of the University of patras in Greece: evaluating envi-
ronmental culture and campus’ energy management towards 2030. Po//ut.
2022;2:347-362.

U.S. Environmental Protection Agency (USEPA). Inventory of U.S. greenhouse
gas emissions and sinks: 1990-2020. 2022. Accessed November 20, 2023.
https://www.epa.gov/system/files/documents/2022-04/us-ghg-inventory-
2022-chapter-executive-summary.pdf

United Nations Framework Convention on Climate Change (UNFCCC).
Thailand’s 2nd updated nationally determined contribution. 2022. Accessed
November 20, 2023. https://unfccc.int/documents/620602

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

World Resources Institute (WRI) and World Business Council for Sustainable
Development (WBCSD). The Greenhouse Gas Protocol. World Resources Insti-
tute; World Business Council for Sustainable Development; 2004.

Yafiez P, Sinha A, Visquez M. Carbon footprint estimation in a university cam-
pus: evaluation and insights. Sustainability. 2019;12:181.

Varén-Hoyos M, Osorio-Tejada J, Morales-Pinzén T. Carbon footprint of a uni-
versity campus from Colombia. Carbon Manag. 2021;12:1-15.

Mendoza-Flores R, Quintero-Ramirez R, Ortiz I. The carbon footprint of a pub-
lic university campus in Mexico City. Carbon Manag. 2019;10:501-511.

Visquez L, Iriarte A, Almeida M, Villalobos P. Evaluation of greenhouse gas
emissions and proposals for their reduction at a university campus in Chile.
J Clean Prod. 2015;108:924-930.

Thailand Greenhouse Gas Management Organization (Public Organization)
(TGO). Emission factor. 2022, Accessed August 9 August, 2023. https://thai-
carbonlabel.tgo.or.th/tools/files.php?mod=YOhKdlpI VmpkSE5mWlexcGMzTn
BiMjQ9&type=WDBaSIRFV1Q&files=Tnc9PQ_

Intergovernmental Panel on Climate Change (IPCC). Chapter 3: mobile com-
bustion: VOL.2 table 3.2.1, 3.2.2, DEDE, ARS5. 2006. Accessed August 15
August, 2023. https://www.ipcc-nggip.iges.or.jp/public/2006 gl/pdf/ 2_Vol-
ume2/V2_3_Ch3_Mobile_Com bustion.pdf

Thailand Greenhouse Gas Management Organization (Public Organization)
(TGO). Emission factor. 2022. Accessed August 9 August, 2023. https://ghgre-
duction.tgo.or.th/th/download-tver/120-tver-gwp-emission-factor/3377-emis-
sion-factor-30-2565.html

Ridhosari B, Rahman A. Carbon footprint assessment at Universitas Pertamina
from the scope of electricity, transportation and waste generation: toward a
green campus and promotion of environmental sustainability. J Clean Prod.
2020;246:119172.

Progiou AG, Sebos I, Zarogianni AM, et al. Impact of covid-19 pandemic on air
pollution: the case of athens, greece. Env Eng Manag J. 2022;21:879-889.
Papadogiannaki S, Liora N, Parliari D, etal. Evaluating the impact of
COVID-19 on the carbon footprint of two research projects: a comparative
analysis. A¢mos. 2023;14:1365.

Bagir M, Channi HK. Analysis and design of solar PV system using pvsyst soft-
ware. Mater Today Proc. 2022;48:1332-1338.

Shrivastava A, Sharma R, Kumar Saxena M, Shanmugasundaram V, Lal Rinawa
M. Solar energy capacity assessment and performance evaluation of a standalone
PV system using PVSYST. Mater Today Proc. 2023;80:3385-3392.

Belmahdi B, Bouardi AE. Solar potential assessment using PVsyst software in
the northern zone of Morocco. Procedia Manuf. 2020;46:738-745.

Windarta J, Denis D, Saptadi S, et al. On-grid and hybrid solar power plants
comparabilityin Semarang city, Indonesia. [ App/ Eng Sci. 2022;20:889-899.

A. Alabdali Q, M. Nahhas A. Simulation study of grid connected photovoltaic
system using PVsyst Software: analytical study for Yanbu and Rabigh regions in
Saudi Arabia. Am ] Energy Res. 2021;9:30-44.

Bozoudis V, Sebos I, Tsakanikas A. Action plan for the mitigation of greenhouse
gas emissions in the hospital-based health care of the Hellenic army. Environ
Monit Assess. 2022;194:221.

Bogdanov D, Ram M, Aghahosseini A, et al. Low-cost renewable electricity as
the key driver of the global energy transition towards sustainability. Energy.
2021;227:120467.

Sebos I. Fossil fraction of CO2 emissions of biofuels. Carbon Manag.
2022;13:154-163.

Toanna N, Pipina K, Despina C, Ioannis S, Dionysis A. Stakeholder mapping
and analysis for climate change adaptation in Greece. Euro-Med ] Environ Integr.
2022;7:339-346.

Sebos I, Nydrioti I, Katsiardi P, Assimacopoulos D. Stakeholder perceptions on
climate change impacts and adaptation actions in Greece. Euro-Med | Environ
Integr. 2023;8:777-793.

Losada-Puente L, Blanco JA, Dumitru A, et al. Cross-case analysis of the energy
communities in Spain, Italy, and Greece: progress, barriers, and the road ahead.
Sustainability. 2023;15:14016.

Progiou A, Liora N, Sebos I, Chatzimichail C, Melas D. Measures and policies
for reducing PM exceedances through the use of air quality modeling: the case of
Thessaloniki, Greece. Sustainability. 2023;15:930.

Cai Q, Qiu X, Peng L, Li Q, Zhang Y. Significant co-benefits of air pollutant
and CO2 emission reduction from biomass energy utilization in power plants in
China. Sci Total Environ. 2023;887:164116.


https://www.un.org/en/climatechange/science/causes-effects-climate-change#:~:text=Climate%20change%20is%20the%20single,grow%20or%20find%20sufficient%20food
https://www.un.org/en/climatechange/science/causes-effects-climate-change#:~:text=Climate%20change%20is%20the%20single,grow%20or%20find%20sufficient%20food
https://www.un.org/en/climatechange/science/causes-effects-climate-change#:~:text=Climate%20change%20is%20the%20single,grow%20or%20find%20sufficient%20food
https://www.un.org/en/climatechange/science/causes-effects-climate-change#:~:text=Climate%20change%20is%20the%20single,grow%20or%20find%20sufficient%20food
https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions
https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions
https://www.epa.gov/system/files/documents/2022-04/us-ghg-inventory-2022-chapter-executive-summary.pdf
https://www.epa.gov/system/files/documents/2022-04/us-ghg-inventory-2022-chapter-executive-summary.pdf
https://unfccc.int/documents/620602
https://thaicarbonlabel.tgo.or.th/tools/files.php?mod=Y0hKdlpIVmpkSE5mWlcxcGMzTnBiMjQ9&type=WDBaSlRFVlQ&files=Tnc9PQ
https://thaicarbonlabel.tgo.or.th/tools/files.php?mod=Y0hKdlpIVmpkSE5mWlcxcGMzTnBiMjQ9&type=WDBaSlRFVlQ&files=Tnc9PQ
https://thaicarbonlabel.tgo.or.th/tools/files.php?mod=Y0hKdlpIVmpkSE5mWlcxcGMzTnBiMjQ9&type=WDBaSlRFVlQ&files=Tnc9PQ
https://www.ipcc-nggip.iges.or.jp/public/2006
https://ghgreduction.tgo.or.th/th/download-tver/120-tver-gwp-emission-factor/3377-emission-factor-30-2565.html
https://ghgreduction.tgo.or.th/th/download-tver/120-tver-gwp-emission-factor/3377-emission-factor-30-2565.html
https://ghgreduction.tgo.or.th/th/download-tver/120-tver-gwp-emission-factor/3377-emission-factor-30-2565.html

