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Abstract: In the rapidly growing economies of Southeast Asia, energy consumption and energy costs
in buildings continue to increase. Over the past decade, energy consumption from the commercial
building sector in Thailand has increased at an average of 4% per annum and currently represents
over 30% of total electricity consumption, second only to the industrial sector. Buildings that exist
today will continue to represent most of both energy and greenhouse gas (GHG) emissions from the
built environment, with newly constructed buildings representing only a small additional portion.
This paper analyzes the environmental, technical, and financial characteristics of energy efficiency
retrofit activities in commercial buildings in Thailand through detailed case studies of forty-two
projects undertaken over the past 8 years. Our findings suggest that retrofits provide significant
opportunities to reduce energy use, energy costs, and GHG emissions while also validating the
economic feasibility of investments into such retrofit activities. Through this detailed analysis of past
retrofit projects in Thailand, we found that the marginal abatement costs (MAC) relating to the key
energy conservation measures (ECM) implemented within these retrofit projects all have negative
costs. However, although these findings demonstrate positive economics and should be sufficient
to instigate widespread adoption, in reality, this is not taking place. It is evident that greater public
policy and leadership are needed to stimulate growth in the building retrofit sector to take advantage
of the opportunities and benefits that building retrofits offer.

Keywords: building retrofits; energy efficiency; commercial buildings; marginal abatement cost
curve; MAC curve

1. Introduction

Through targeted initiatives, such as the retrofitting of existing buildings to reduce
energy consumption and to improve the overall energy efficiency of major equipment
and systems, buildings hold the key to significantly reducing energy and are crucial to a
more sustainable future [1–4]. Buildings are responsible for a significant portion of GHG
emissions globally, and the commercial building sector energy consumption represents a
significant fraction of the overall energy consumption in urban communities [5–7]. Most
existing buildings in the past had not considered operational energy consumption when
they were built. A large amount was built before adopting modern sustainable design and
construction practices [8]. Many of the buildings that will determine the trends in energy
consumption in the future already exist, and by undertaking an energy efficiency retrofit, a
typical building can realize significant energy savings [1]. According to Grob et al. (2020) [9],
one-third of the total building stock in the European Union is older than 50 years, with
only about one percent being renovated each year. These retrofits could deliver positive
economic benefits in the form of reduced energy and operational costs (positive economic
return on investments) in addition to mitigation of CO2 emissions [10,11]. Energy efficiency
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is also the cheapest way to assist governments in meeting their energy security concerns
by reducing their dependence on imported energy. Moreover, energy efficiency is the
least-cost approach to reducing negative impacts on the environment and GHG emissions
that contribute to global warming [12].

Although there have been significant efforts to develop and deliver building energy
efficiency retrofit programs worldwide (the C40 and the Clinton Foundation’s Clinton
Climate Initiative), much potential remains because of the presence of multiple, persistent
barriers at both the project level and system level. The energy performance of buildings
directive (EPBD) in the EU promotes cost-effective building renovation, with the vision of a
decarbonized building stock by 2050, outlining the major challenge of renovating millions
of existing buildings to improve their energy performance [13]. McKinsey (2010) [14]
explains that “by their nature, energy–efficiency measures typically require a substantial
upfront investment in exchange for savings that accrue over the lifetime of the deployed
measures. Additionally, energy efficiency potential is highly fragmented, spread across
multiple locations and numerous systems and technologies used in various settings.” This
dispersion virtually ensures that energy efficiency initiatives can only capture a limited
mind-share—it is rarely the highest priority for anyone. Finally, measuring and verifying
energy use that is “avoided” is itself difficult. Evidence suggests that there is significant
potential for cost-effective investment in energy efficiency, yet this potential is still not being
realized in full. The existence of market failures and other barriers to energy efficiency
means that we still see a relatively low amount of investment into energy efficiency [15–17].
Vivatpinyo (2019) [18] explains that to ensure energy security and to cope with the impacts
of global warming in Thailand, promoting energy efficiency is one of the essential strategies.
At the same time, Chaichaloempreecha (2019) [19] mentions that energy efficiency, along
with renewable energy, is the “main mechanisms to diminish GHG emissions in Thailand”
and that that in addition to reducing GHG emissions, Thailand will also gain additional
co-benefits, including improved energy security and social and economic.

Thailand’s electricity consumption has increased by over 43 percent over the past ten
years, with an annual growth rate of approximately 3.67 percent. As shown in Figure 1
the total annual electricity consumption in Thailand was approximately 135,181 Gigawatt
hours (GWh) in 2009 and increased to 192,956 GWh in 2019 [20,21]. Electricity consumption
of the building sector was 27,855 GWh in 2009 and increased to approximately 49,128 GWh
in 2019, showing an average annual increase of 5.91% and has been the most rapidly
increasing sector in terms of electricity consumption growth [21]. The Ministry of En-
ergy (2016) [22] projects that the commercial building sector will consume approximately
175,000 GWh of electricity by the year 2036, while according to Misila (2017) [23], it is
estimated that under a business-as-usual scenario, Thailand will release 425,649 kilotons
of CO2 equivalent (ktCO2e) The buildings sector represents on average approximately
25% of the total electricity consumed in Thailand. This represents approximately 8% of
the total energy consumed in Thailand in 2019. In 2017, the commercial building sector
represented the second-largest consumer of electricity (24.4%) behind the industrial sector
and the third-largest consumer of total final energy consumption (behind industry and
transportation) [24].
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Figure 1. Total electricity consumption and electricity consumption of the commercial building sector in Thailand 2009–
2019 [21,25–27].

In April 2013, the Ministry of Energy Thailand launched a 20 year energy efficiency
development plan (EEDP) with a target of reducing energy intensity (EI) by 25% by 2030,
based upon 2005 as the base year. The EEDP (along with the power development plan
and alternative energy development plan) was revised in 2015 to extend up until the
year 2036 and was renamed the energy efficiency plan (EEP). The new target is to reduce
energy intensity by 30% based upon 2010 figures. This plan includes various measures
and activities that aim to reduce approximately 56,142 kilotons of oil equivalent (ktoe)
from business-as-usual (BAU) by 2036 [28]. According to the International Energy Agency
(2016) [29], under the EEP, Thailand is implementing a package of measures that seeks
to save a total of nearly 90 terawatt-hours by 2036. Policy measures contained in the
EEP include minimum energy performance standards (MEPS), energy efficiency resource
standards (EERS) and energy management systems in buildings. The commercial sector is
expected to account for the largest share of energy efficiency improvements (41%). The EEP
outlines five strategic approaches to improving energy efficiency, including strengthening
and expanding the following:

I. Mandatory requirements with rules, regulations and standards;
II. Energy conservation promotion and support;
III. Public awareness of energy efficiency and behavior change;
IV. Promotion of technology development and innovation;
V. Development of human resources and institutional capacity.

Thailand submitted its nationally determined contributions (NDCs) to the UNFCCC at
the Paris Agreement In 2015, pledging that Thailand intends to reduce its GHG emissions
by 20 percent from the projected business-as-usual (BAU) level by 2030 [19,30].

In 2018, shopping malls represented the single largest electricity consumer at approx-
imately 5235 GWh, which was equivalent to 8% of the total electricity consumption of
the building sector (Figure 2). Hotels and commercial office buildings were next with
4363 (6%) and 2966 GWh (4%), respectively [24]. Shopping malls also have the highest
energy intensity among commercial buildings in Thailand, estimated to consume roughly
295 kilowatt hours per square meter per year (kWh/m2/year). Hotels, which consume
255 kWh/m2/year, were second, while commercial office buildings consume approxi-
mately 225 kWh/m2/year [31].

In this context, this paper aims to provide a deeper understanding of the key perfor-
mance indicators of energy efficiency retrofit cases in commercial buildings in Thailand
through an actual set of case study analyses. The objective is to identify the main param-
eters from four core domains, the financial, the technical, the environmental, and finally,
a combination of the three. The financial component, which is focused on the financing
feasibility (return on investment) of commercial building retrofits, is an important part of
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the formula for better understanding investment and financing requirements. The technical
aspect of the analysis focuses on understanding the technical opportunities delivered by
individual ECMs, and their distinctive contribution to both energy and energy cost savings
in a commercial building retrofit project. In this study, the case studies are assessed based
upon their environmental impact by determining their total annual GHG emissions. To
assess the relationship between all three components and provide a macro perspective to
the research, a marginal abatement cost (MAC) curve is developed to provide insight into
the correlation between the financial, technical, and environmental variables of retrofit
projects in Thailand. The analysis of the case studies is focused on answering the several
key questions relating to energy efficiency retrofits of commercial buildings in Thailand,
such as energy savings and energy cost savings per commercial building type, investment
amount and the average return on investment (ROI), investment per ton of CO2 reduction,
type of building that offers the highest energy CO2 reduction potential, and the ECMs that
deliver the highest energy savings, energy cost savings, and CO2 mitigation.

Figure 2. Total electricity consumption by building type in Thailand 2012–2018 [21].

2. Methodology and Data

In this study, research was undertaken on energy efficiency retrofit projects undertaken
from 2012–2020 in commercial buildings in Thailand (Table 1). Case studies were identified
in the market through key stakeholders, such as the Thailand Department of Alternative
Energy Development and Efficiency (DEDE), energy service companies (ESCOs), property
owners and managers, and energy efficiency retrofit programs and initiatives, such as
the Clinton Foundation’s Energy Efficiency Building Retrofit Program and the Asian
Development Bank (ADB) Southeast Asia Energy Efficiency Project. All case studies in this
research involved interviews with the building owner/operator, the financing institution
supporting the project, the implementing partner, and/or other key stakeholders to obtain
key information and data. Secondary sources were also used in the research to verify and
supplement information.

Table 1. Summary of energy efficiency retrofit case studies.

Building
Type

Number of
Buildings

Energy Conservation Measure (ECM) Size *** Age of Building (Year)

HVAC * Lighting Hot Water BEMS ** Other S M L <10 11–20 >20

Office 4 4 0 0 1 0 2 2 0 2 2 0
Retail 10 8 0 1 2 1 4 2 4 3 3 4
Hotel 28 6 15 5 2 2 18 8 2 8 5 15

TOTAL 42 18 15 6 5 3 24 12 6 13 10 19

* Heating, Ventilation, and Air Conditioning. ** building energy management system. *** S = small < 50,000 m2, M = medium 50,0001–
100,000 m2, L = large < 101,000 m2.
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Case studies were selected based upon the following criteria and objectives:

A. Projects that were implemented with a comprehensive approach to energy reduction
throughout the building (multiple ECMs);

B. A combination of different commercial building types (offices, hotels, and retail buildings);
C. Availability of sufficient data and information;
D. Availability of post-implementation measurement and verification data (to provide

key performance data);
E. Projects (ECMs) that were implemented at the same time through single entities (ESCOs);

Comprehensive data and information on each case study were researched and com-
piled. The data included key performance indicators, such as:

1. Financial:

a. Total investment required to implement the project (USD);
b. Energy cost savings per annum achieved from the project (USD);
c. Payback period (years)*;

2. Technical

a. Energy conservation measures (ECMs) implemented;
b. Size—total floor area (m2);
c. Reduction in energy consumption (kWh and percentage);

3. Environmental

a. Energy savings per annum (kWh);
b. Tons of GHG emissions were reduced per annum (tCO2e).

* payback period was calculated as (a) divided by (b)
As illustrated by Figure 3 above, a total of forty-two case studies were identified and

adopted into the research “database” in MS-EXCEL for analysis. These case studies were
assigned into three building type categories—commercial office, hotel, and retail. Key per-
formance indicators for each case study were then compiled under three groups—financial,
technical, and environmental to gain a deeper understanding of the core characteristics of
each project. The results were then assessed with a focus on five key performance themes.
Finally, a MAC curve was developed to provide an insight into the relationship between
the GHG emission abatement potential and the cost of each ECM from the respective
case studies.

For the purposes of this research (and in synergy with the Thai Building Energy Code),
all buildings exceed 2000 square meters of total floor area. All hotels are rated with a 4 and
5-Star rating, and the retail category focused only on shopping malls. This research sample
represents approximately 50% of the total number of projects (similar) implemented in
Thailand between 2018 and 2020. Although there were numerous energy efficiency projects
implemented in commercial buildings in Thailand over this period, many of them involved
the simple replacement of old equipment, and there is limited data available to analyze
them in detail.

The following is the formula used for calculating the marginal GHG abatement costs:

CO2 abatement costs (US$) =
I (Investment required in acquiring and Implementing the ECM)−NPV (Economic Usefulness of the ECM)

CO2 emission reduction over the lifetime of the ECM

A MAC curve provides information on abatement potential and costs relating to that
abatement for a set of measures and ranks them according to their cost, from the least
to the most expensive. They can be a useful visual tool to compare potential ECMs and
prioritize them based on their economic feasibility and potential environmental impact.
The MACTool model, developed by the World Bank to build MAC curves, was used for
this analysis. Abatement costs can be negative if the cost savings are significant.

The ECMs and the CO2 abatement from each individual energy efficiency retrofit case
study were used as inputs to determine the respective MAC. Then, the results from the
individual case studies were aggregated together from all case studies to obtain an average



Energies 2021, 14, 2571 6 of 17

MAC, which is representative of each ECM. This enabled a comparison of the performance
characteristics of the individual ECMs from the portfolio of case studies. This is a similar
methodology to that, which was used in Telsnig et al. 2013 [32] (“static approach”) and the
“expert-based MAC” curve [33–35]. Each ECM was then inputted into the comprehensive
MAC model to compare each ECM with other ECMs (HVAC, lighting, hot water, and
building energy management systems). This methodology was used to determine the
respective performance of each ECM and plotted on the energy efficiency retrofit MAC
curve. The MAC curve was then re-arranged so that individual ECMs were positioned
in a hierarchical format from left to right, starting from the lowest cost opportunity. A
discount rate of 7% was used in the modeling tool, which was derived from the current
financial conditions in Thailand (commercial lending rates). The useful economic life of
retrofit projects impacts the total cost of implementing an option (Table 2). To obtain results,
which could be applicable to the general commercial building sector in Thailand and
respective investment decisions, the MAC analysis was undertaken using the following
useful economic life for each ECM:

Table 2. Useful economic life of ECMs (years).

Description HVAC Lighting Hot Water BEMS

Useful Economic Life (years) 15 10 15 15

Figure 3. Summary of the overall methodology.
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3. Results and Key Findings

Forty-two energy efficiency retrofit case studies were identified, selected and analyzed.
They present key findings related to the existing market characteristics and conditions in
Thailand’s commercial building energy efficiency retrofit activities. The majority of the
energy efficiency retrofit projects identified and adopted into this research in the commercial
building sector in Thailand were undertaken in the hospitality sector, mainly hotels and
resorts (28), the retail sector (10), and the commercial office building sector (4). Hotels
have comparatively high-energy intensities, usually operate 24 h per day and hence have
high utility costs, compared to other commercial buildings and therefore, energy efficiency
retrofits often offer a more attractive return on investment and hence are undertaken
more frequently than other building types. At the same time, the hospitality industry, in
general, has often been a leader in adopting environmental initiatives, especially those,
which are part of an international hotel brand with global policies and targets relating to
energy consumption, as well as other areas, such as water, waste, wastewater, and overall
carbon footprint.

3.1. Average Energy Reduction (%)

The average reduction in energy consumption resulting from energy efficiency retrofit
initiatives in commercial buildings in Thailand is 18.13%. The savings ranged from 6.11%
to 30.55%. Hotels have the highest average energy reduction at just under 19%, with retail
having a slightly lower average at 17.48%, and commercial office buildings at just above
15% (Figure 4).

Figure 4. Average energy reduction achieved (%).

Although there is not a significant variation between the average energy reduction
achieved within the sample set of different building types, the results show that the highest
reduction can be found within hotels. This may be attributed in part to policies adopted by
many of the large hotel chains throughout the world to address (significantly reduce) their
overall carbon footprint, often expressing these as individual targets within the energy,
water, waste, and wastewater.

3.2. Average Payback Period (Years)

The case studies show that projects that were implemented across the various com-
mercial buildings in Thailand have an average payback period of 4.28 years, with most
of them having a payback ranging between 4 to 5 years (Figure 5). These findings are
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in line with research undertaken in China on 67 energy efficiency projects with building
retrofitting payback periods as low as 4 years [1]. Similar to results from other key per-
formance indicators above, both retail and hotel buildings have similar payback periods.
Retail projects are averaging paybacks of 4.14 years, while hotel projects deliver a return in
4.25 years (Figure 4). The payback period from energy efficiency projects implemented in
commercial office buildings averages slightly below a 5 year period (4.85). These longer
payback periods can be attributed to their lower operational intensity compared to the
other types of buildings, with commercial offices usually operating approximately 10 to
12 h a day and often only 5 days per week.

Figure 5. Payback period (years).

This average payback period helps demonstrate the willingness of building owners
(and investors) in Thailand to approve projects, which have payback periods of below
5 years, and hence usually include ECMs, which focus on core equipment and systems,
such as HVAC and lighting, while others, such as those, which address the building
envelope are excluded because of their longer payback periods. An in-depth look at the
relationship between the respective ECMs and the savings delivered (and hence their
impact on payback periods) is discussed in the following section. These findings also show
that the average payback periods for energy efficiency retrofit projects in Thailand are
longer when compared to neighboring countries across Southeast Asia. Payback periods
are dependent mainly upon prevailing energy tariffs, and as such, payback periods in
Thailand are generally longer than those in the Philippines, Cambodia and Singapore
(all of which have higher electricity tariffs) and are similar to those in Vietnam, Malaysia
and Indonesia.

3.3. The “Cost to Save”—Investment per kWh of Savings (USD:kWh)

In Thailand, the average tariff for commercial buildings is approximately USD 0.12/kWh.
Our analysis shows that the average investment needed to save one kilowatt-hour (kWh) of
electricity across all commercial building types is USD 0.38. Both hotels and retail buildings
have identical investment requirements (USD 0.37/kWh). Office buildings have a slightly
higher investment requirement at USD 0.44/kWh (Figure 6). Although the investment
required to save one kWh is approximately 3 times higher than that of the average electricity
tariff, over the useful economic life of the different ECMs implemented to deliver these
kWh savings, they offer a positive net present value (NPV) and are financially feasible. This
finding helps to reiterate the positive economic benefits that can be realized from investing
in energy efficiency retrofits in Thailand, as well as countries in the Southeast Asian region,
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which share similar built environment conditions, especially the major cities and urban
areas in the Philippines (Manila), Indonesia (Jakarta), Malaysia Kuala Lumpur, Cambodia
(Phnom Penh) and Vietnam (Ho Chi Minh and Hanoi).

Figure 6. The investment required to deliver savings (USD:kWh).

The comparatively lower energy intensity and the significantly shorter operating
hours (and days of the year) of commercial office buildings help to explain the higher
investment required to generate one kWh of savings. Within a commercial office building,
there are often only a limited number of potential systems to reduce energy consumption
(air-conditioning and common area lighting) than hotels where there are several areas and
multiple systems in place where energy efficiency can be improved through various ECMs.

3.4. Energy Conservation Measures (ECMs)

For the specific purposes of this research, ECMs were separated into groups, which
represent the key technologies found within the various energy efficiency retrofit projects in
Thailand across commercial buildings. In a similar context to research undertaken [36–38],
these technical initiatives were grouped into the following categories: heating ventilation
and air conditioning (HVAC), lighting, hot water, building energy management systems
(BEMS), and others. The “others” category represents other initiatives, which were not
commonly found across the commercial building retrofit projects, but still contributed to
the overall energy savings from the projects. ECMs in this category included measures,
such as improving the building envelope by increasing insulation, replacing pumps, and
installing solar panels. To determine the investment used per ECM Group, the investment
required for each ECM was identified and then divided by the total investment.

Our analysis found that although a retrofit project can implement several ECMs
together, most of the projects often implemented ECMs in a single technical category,
such as ECMs, which focus on air-conditioning, or only lighting) (Table 3). ECMs relating
to the HVAC system (such as replacement of chiller, cooling tower optimization, or the
installation of Variable Speed Drives, VSDs) are by far the most dominant ECM category
for the commercial building energy efficiency retrofit projects in our case study buildings
(which in a way representative to entire Thailand), with 73.81% of all projects implementing
some ECM relating to the HVAC.
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Table 3. Summary of energy conservation measures (by building type).

Building Type Number of
Buildings

Number of Buildings That Implemented ECMs in Each Category

HVAC Lighting Hot Water BEMS Other

Office 4 3 3 0 1 3
Retail 10 9 1 0 2 3
Hotel 28 25 8 18 2 14

TOTAL 42 37 12 18 5 20

Investments into HVAC system improvements represent the largest investment across
all building types, often contributing to more than 50% of the total project investment, with
several projects allocating 100% of the total investment into ECMs relating to improving
the building’s HVAC system. As shown in Figure 7, in retail buildings, where HVAC
contributes by far the largest single energy-related cost, more than 60% of the investment
comes from measures relating to improving the efficiency of the HVAC (offices and hotel
buildings are 45.59% and 39.98%, respectively).

Figure 7. Proportion of total investment per ECM category (%).

45.24% of all projects implemented ECMs in a single ECM category. This could
be attributed to the market characteristics in Thailand, both from the building owners’
perspective and the ESCOs. Most commercial building owners are unfamiliar with energy
efficiency technologies and lack the internal resources to evaluate multiple technologies [39].
Hence, they prefer a project with fewer ECMs rather than choosing a larger, more complex
project with multiple ECMs. At the same time, this can also reflect the maturity of the
energy service company (ESCO) market in Thailand, which is still (and has been for several
years) dominated by ESCOs which are specialists in single technology categories and
may not have the internal capacity to deliver comprehensive projects, including multiple
ECM categories. Panev et al. (2014) [37] describe this as “technical barriers are instead
mainly generated from a lack of competency since some companies are quite new to the
ESCO market.” According to the same source, most the ESCOs in Thailand are made
up of manufacturers and suppliers of technologies, such as heat pumps, variable speed
drives (VSDs), lighting systems, and systems for ventilation and air conditioning; and
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the number of single ESCOs that can perform all of the activities (mentioned above) is
limited. Hence, the scope of such energy efficiency retrofit projects is very single-technology,
single-ECM focused.

There were also some ECMs, which were very specific to building type. For example,
ECMs relating to hot water (such as replacing an existing electric or diesel boiler with a
heat pump) were specific only to retrofit projects in hotels (and resorts). In hotels, ECMs
relating to hot water improvements represented the second-largest investment at 22.52%
(Figure 7). This suggests a direct correlation to the energy use and the number of systems in
this respective building type. The energy efficiency retrofit projects, which had the greatest
number of ECMs, were in the hotels and resorts. Hotels and resorts often have several
energy-consuming systems in place with a combination of various applications (guest
rooms, kitchen, laundry, “back of house”, gym, pool) as opposed to commercial office and
retail, which are often dominated by a few individual systems.

3.5. Contribution of ECMs to Savings Achieved (%)

The results from undertaking a deeper analysis of the savings delivered from indi-
vidual ECMs revealed that even when multiple ECMs were implemented across different
building categories, ECMs relating to HVAC remained the single most dominant category
in terms of energy savings. ECMs within the HVAC category also dominated total esti-
mated energy savings and total energy cost savings. As shown in Figure 8 below, ECMs
relating to HVAC deliver the highest proportion of savings compared to all ECMs, and
across all three building types. Parallel to the characteristics of the investment assessment,
HVAC contributes almost 60% of energy savings in retail buildings, with just over 45% of
energy savings in office buildings coming from ECMs in this specific category. In hotel
buildings, there is a large opportunity for a reduction in energy consumption in hot water
systems. ECMs relating to improving the efficiency of these systems generated on average
25% of total savings achieved (Figure 8).

Figure 8. Proportion of total savings per ECM category.

ECMs in this category often involved the replacement of inefficient boilers running on
either electricity or heavy fuel oil with heat pumps (air source). As illustrated in Figure 8,
improving (or implementing) a building energy management system (BEMS) delivers
energy savings in all building types, averaging savings between 11%, 13% and 15% in
retail, hotels, offices and hotels, respectively. According to Taminiau et al. (2021) [40], the
control of building operations reported savings in the 10–30% range. However, BEMS were
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found to be one of the least widely implemented ECMs in the energy efficiency retrofit
projects, with only 12% of all projects implementing measures in this category.

3.6. Marginal Abatement Cost Curve for Individual ECMs

To determine the relationship between individual ECM costs and the GHG emission
reduction potential of energy efficiency retrofit projects in the commercial building sector
in Thailand, a marginal abatement cost (MAC) curve was utilized. This analysis was
focused on assessing and comparing the mitigation results of the different ECMs, using
the database of retrofit project case studies that were developed in this study. Marginal
abatement means the cost to reduce or offset one unit of pollution, in this case, one ton of
GHG emissions. MAC curves show the abatement cost, in dollar per ton CO2e reduced
achievable by different energy efficiency projects at a given point in time. The height of
the vertical axis represents the cost of each of the potential ECMs, while the width of the
horizontal axis represents the total abatement potential for each of the ECMs. The widest
block delivers the most abatement.

ECM-specific MAC curves have been developed since the early 1990s [41] and have
become the interest of a wider audience since McKinsey published assessments of the
cost of abatement potentials in the United States [34] and at the global scale [42]. The
MAC curve is traditionally used to inform policymakers at a national or even global scale.
McKinsey has developed MAC curves for 15 different countries (or regions).

Figure 9 illustrates our key findings from undertaking a marginal abatement analysis
of the various ECM categories in building retrofit in Thailand, identified in the case studies.
This analysis has been particularly helpful in identifying two core factors essential to better
understanding the energy efficiency retrofit market in Thailand. First, it shows, which
ECMs have the best financial/economic returns, and second, it shows the CO2 abatement
potential in terms of average total potential per ECM category. All of these core building
retrofit energy efficiency initiatives (ECMs) delivered negative marginal abatement cost
opportunities. These results suggest that, over the life cycle (useful economic life) of each
individual ECM in the four categories, the energy cost savings generated were sufficient
enough to overcome the initial investment required for the implementation. These results
are in line with the global MACC and other findings [43] and the Energy Efficiency MACC
for the UK [15].

Figure 9. MAC curve—ECMs in commercial building retrofits in Thailand.
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Our analysis of the forty-two various commercial building energy efficiency retrofit
case studies in Thailand found that each project delivered an abatement amount of approx-
imately 1020 tCO2e. Figure 4 helps illustrate the overall contribution of each individual
ECM category to this total amount. It shows that ECMs relating to HVAC delivers the
largest proportion of CO2 abatement, while ECMs relating to lighting have the lowest
marginal cost (USD -87), meaning that this ECM category delivers the highest return on
investment. The results also show that there is not a large difference between the marginal
cost of the three core ECMs that were analyzed, HVAC, Lighting and Hot Water Systems,
suggesting that all three of these offer very positive economic results, while the imple-
mentation of ECMs relating to BEMS have a slightly higher cost, but are still economically
viable investments. ECMs relating to lighting deliver the best marginal cost opportunity,
estimated at USD -87.00, HVAC at USD -84.60, Hot Water Systems at USD -81.70, and
BEMS at USD -68.90.

On average, energy efficiency initiatives within the HVAC category (such as the
replacement of existing chillers with new high-efficiency systems, installing variable speed
drives (VSDs) on pumps) have the potential to reduce 660 tons of CO2e per annum per
retrofit project. This is approximately 65% of the total abatement potential per project. This
is represented in Figure 4 by the combined area “HVAC”. This is a significantly higher
amount compared with all other potential initiatives of a commercial building combined
together. Although lighting has the highest economic return, it only has an abatement
potential of 140 tons of CO2e per annum, while ECMs relating to hot water have not
only the lowest potential abatement (120 tons of CO2e per annum) but also are limited to
only some commercial buildings where there is hot water consumption (the hospitality
sector). BEMS has a potential abatement of 100 tons of CO2e per annum, but its lower
economic viability than other ECMs has resulted in these respective measures not being
widely implemented in the commercial building sector in Thailand. These findings are
in line with other research undertaken on energy efficiency technology abatement costs
and opportunities in the existing commercial building sector not only in Asia but in other
regions, including South America and South Africa [14,34,40,44–46].

The “negative” marginal abatement costs relating to the implementation of energy
efficiency technologies, especially those relating to improvements in the efficiency of light-
ing, HVAC systems, hot water systems, and BEMS, clearly demonstrate that in Thailand,
there is not only a positive impact on the environment through reduced GHG emissions
but also strong financial feasibility from such investments (over their useful economic
lifecycle). In Thailand, it has been found that the marginal abatement cost of ECMs relating
to lighting (mostly related to switching from halogen and compact fluorescent lamps to
LEDs) is almost identical to the lighting variable in the global GHG abatement cost curve
(Table 4). As for HVAC and BEMS, the marginal costs in Thailand have been found to be
lower than the global level, suggesting that these two ECMs deliver even higher economic
returns and thus suggest an even better return on investment.

Table 4. Comparison of McKinsey global abatement cost curve with Thailand (per ECM).

Energy Conservation Measure (ECM) Lighting HVAC Hot Water BEMS

Global marginal abatement cost (USD) −85 to −90 −40 −85 −55
Thailand marginal abatement cost (USD) −87.00 −84.60 −81.70 −68.90

4. Conclusions

Commercial buildings consume significant amounts of energy, often representing more
than a third of total energy consumption in major capital cities worldwide. Major cities in
Thailand are experiencing large growth rates spurred on by continuous urbanization and
economic growth. This has been a very evident trend in the Southeast Asian region among
most of the major cities and will continue to transpire over the coming decades. Therefore,
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commercial buildings represent a significant opportunity to reduce energy consumption,
energy costs and related GHG emissions all at the same time.

Our findings from the analysis of the energy efficiency retrofit case studies help
reveal some principal characteristics of the building energy efficiency sector in Thailand.
First, retrofitting initiatives and case studies from projects implemented over the past
decade demonstrate that commercial buildings can reduce their energy consumption by
approximately 15 to 20 percent. This can be achieved through using a broad range (and
mix) of ECMs, which focus primarily on the buildings’ HVAC, lighting, hot water system
(mainly for hotels and resorts), and the installation of a BEMS. Improving the efficiency
of the HVAC system alone can often deliver savings of between 10 to 15 percent of a
commercial building’s total energy consumption.

Second, there is positive financial feasibility associated with undertaking an energy
efficiency retrofit project in the commercial building sector in Thailand. On average, a
retrofit project can deliver a payback period of approximately 3 to 4 years. This return,
coupled with the useful economic life of the average ECM being between 10 to 15 years,
delivers an additional value proposition to undertaking these projects. Third, these case
studies reiterate the environmental opportunity associated with energy efficiency retrofits
in Thailand. The outputs of the MAC curve illustrate the cost and CO2 abatement potential
comparison among the most commonly implemented ECMs, showing both a significant
economic and a substantive GHG abatement potential from implementing energy efficiency
retrofits in the commercial building sector. The MAC curve has helped to determine that
ECMs relating to the improved energy efficiency performance of the HVAC system in
Thailand, which have a low initial cost and a very high abatement potential.

The findings from this research validate the research results in Thailand with other
studies undertaken, such as the McKinsey global GHG abatement cost curve for the
buildings sector, 2030 [14] and similar country-specific analyses undertaken such as the
Australian cost curve for greenhouse gas reduction [15,47,48].

However, it must be noted that these two factors alone do not reflect the complete
picture of the existing market conditions in Thailand for building energy retrofit. The
speed of implementation and adoption rates (the speed at which investment decisions in
energy efficiency retrofits are made) are both instrumental to investigating true carbon
emission–reduction potential and should form part of the abatement equation. Other key
variables that impact the realization of the abatement potential outlined within the MAC
curve include the availability of and access to capital, the availability and transparency of
information, and government initiatives, both incentives as well as disincentives alike. All
of these variables need to be incorporated into policy discussions and recommendations at
the earliest to enable the true reduction in energy consumption and GHG emissions.

Although commercial buildings represent lower total energy consumption compared
to larger industrial facilities, commercial buildings represent a unique opportunity for
broader replication and scalability as the range of solutions is often very similar in nature.
In Thailand (and similar to most parts of Asia) (office buildings, hotels, and retail buildings)
have the highest combined consumption of energy (and hence GHG emissions), but also
have the highest energy intensity within the commercial building sector (in addition to
hospitals). (Hospitals were excluded from this analysis as they represent a very small
volume in terms of individual buildings in Thailand and therefore, hospitals (as an in-
dividual building segment) do not offer significant energy and greenhouse gas emission
savings compared to the other building types)). The findings of this research complement
the current 20 year Thailand energy efficiency development plan and also substantiate
the need for continued focus on initiatives that instigate the efficient use of energy (to
implement ECMs that reduce final energy consumption) in the commercial buildings sector
through a combination of public sector policies and programs as well as private sector
participation and investment. The findings from this research help contribute valuable
insights into the opportunities that buildings present and help emphasize the importance of
addressing energy efficiency as a means of improving energy security, the competitiveness
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of the Thai economy, and achieving Thailand’s nationally determined contribution (NDC)
targets, while at the same time paving the way for similar initiatives to be undertaken
throughout the Southeast Asian region.
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