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Abstract: Commercial buildings in Malaysia contribute to 35% of the total electricity demand. During
the recent COVID-19 pandemic, the global economy faced a challenging situation that forced many
businesses to shut down. However, fast-food restaurants with drive-through features managed to
get through this pandemic phase without much effect from the economic impact. Since COVID-19,
the operational guidelines have changed for restaurants. However, from an energy perspective,
fast–food restaurants are high energy consumers in the retail sector. This paper analyses the load
profile of fast-food restaurants and the potential strategies that can be adopted in a free-standing
fast-food restaurant. From analysis, it is calculated that a total of RM 97,365.9 of utility savings can
be obtained in a year. A total of 91,392.1 kg CO2, 881.8 kg SO2 and 385.5 kg CO pollutant emissions
can be reduced. The BEI for the restaurant was reduced to 856.4 kWh/m2/year. By converting to
energy-saving strategies, the return on investment was 27.3% and 3.7 years, which is a very short
period of time and is attractive for businesses of this nature.

Keywords: building energy index; energy audit; greenhouse gas emission; cost assessment; building
energy consumption

1. Introduction

The gradual increment of the population is directly proportional to the energy demand.
In Malaysia, it is estimated that the energy demand will increase to up to 116 million tonnes
of oil equivalent (mtoe) [1]. This means a direct impact on GHG emissions, due to the
power plants in Malaysia being mainly based on fossil fuel sources, including coal, natural
gas, and fuel oil.

The largest energy contributor is the building and construction sector, which now
holds more than 36% of final energy usage, with a 39% contribution towards energy
and process-related carbon dioxide (CO2) emission [2]. Surprisingly, it only occupies
2% of the earth’s land surface on which the majority of buildings are of a commercial
type [3]. In Malaysia, one type of high-energy-intensity commercial building is in the
retail sector, which represents approximately 35% of the total commercial buildings’ energy
consumption [4]. Of all retail buildings, the fast-food restaurant with drive-through features
has shown a growing trend in Malaysia [5,6]; one of the main reasons is due to a strategic
business plan, which positions them to manage even during the unprecedented recent
COVID-19 pandemic. However, these types of restaurants are major contributors to GHG
emissions, due to the heavy usage of heating, cooling, refrigeration elements, kitchen heat
load, and continuous volume-based operation. Thus, mitigating GHG emissions from
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this ever-growing industry offers the best means of controlling overall GHG emissions for
Malaysia. In order to significantly minimalize GHG emissions, it is important to tap into
the positive progress of the energy efficiency equipment.

Several studies have been conducted to identify the potential strategy for reducing
energy consumption and pollutant emission in buildings.

Khosbakht et al. [7] performed studies on higher education buildings and established
a benchmark by performing a comparison of multiple university campuses around the
world. They based this on several statistical methods, breaking down the energy intensity
based on the usage of the university buildings.

Habib et al. [8] analysed energy consumption and performed energy-saving strategies
for industrial garment buildings: they found that electric motors consumed 45% of the total
energy. The authors applied various energy-saving strategies to reduce the energy usage
on motors, and performed a comparison using VSD and HEM. They concluded that HEM
was a better choice from an economic standpoint.

The potential of LED lights and their results in reducing energy consumption com-
pared with conventional lights in Research & Development (R&D) buildings were analysed
by Birkha et al. [9]. With a significant impact on energy consumption, the LED payback
was reported to be less than one year.

To understand energy consumption in hospitals, Saidur et al. examined the end-
use energy in a Malaysian public hospital [10]. It was found that most of the energy
consumption was from motors. Estimation of energy savings by using a mathematical
approach for HEM and VSD for motors was performed. Emission reduction, bill savings,
and payback period were also calculated.

The energy-saving strategies for governmental buildings were studied by Saleh et al. [11],
who focused on behavioural changes such as changing the setpoint of the thermostat, chang-
ing the air-conditioning operation schedules, replacing fluorescent lights with LED and
increasing airtightness, which resulted in a total energy consumption reduction of 38.5%.

Alajmi et al. showed that energy audits allowed building managers to identify the
importance of new energy-efficient technology. By increasing the energy audits, the op-
erational efficiencies were optimized, and the gap between the prediction model and the
actual one was minimized [12].

An energy-efficient evaluation is the comparison of different structures of similar
nature of output, which then identifies how much less energy the comparable structure
utilises or optimises [13]. From the above reviews, it can be seen that there are no specific
studies performed on fast-food restaurants and commercial buildings. It is important to
understand the energy profile of these types of restaurants, as they are a booming trend and,
because they are high energy intensity buildings, could represent a major energy-saving
and GHG emission reduction resource, by tapping into energy-efficiency technologies. The
main aim of the research is to investigate and analyse the load profile, breakdown of energy
consumption, implementation of energy- saving strategies, cost savings, and emission
reductions, and to understand the building energy index of the fast-food restaurant. It also
aims to implement the available policies and to encourage policy makers to devise strategies
for energy saving and emission reduction for these type of commercial buildings [7,8,14].

2. Methodology
2.1. Data Collection Procedure and Estimation of Energy Use and Energy Intensity

An audit was conducted by following a standard energy audit, which has been used
by many researchers, as summarized in Table 1. Following a review of the methodology,
the walk-through energy audit and mathematical estimation of energy-saving measures
were adopted for this analysis.
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Table 1. Review of methodology used for energy-saving measures.

Method of Analysis Reference

A walk-through energy audit was conducted on 5%
of the surveyed industry. [15]

Using energy audit data from 3rd party. Energy consumption
was estimated by means of calculation. [16]

A walk-through energy audit was conducted in a hospital.
Mathematical analysis was performed for the energy-saving

strategies, including payback year.
[10]

A walk-through energy audit was conducted in the rubber
industry. Mathematical analyses were performed for the

energy-saving strategies, including payback year.
[14]

A walk-through energy audit was conducted in an
institutional building. Mathematical analyses were performed

for the energy-saving strategies, including payback year.
[13]

Walk-through energy audit using instruments. Collected data
were used to perform simulations and to identify

energy-saving opportunities.
[17]

Experimental analysis for lighting using transitional
space in a model building. [18]

A walk-through energy audit was conducted in a fast-food restaurant in Malaysia
with a gross floor area of 8202 square feet and a net floor area of 30,000 square feet. The
ground floor of the building consists of a kitchen, indoor air-conditioned dining area,
and an outdoor mechanically ventilated dining area. On the first floor, there are some
distribution areas, such as an indoor air-conditioned dining area, an outdoor mechanically
ventilated dining area, a children’s air-conditioned playroom, and an air-conditioned party
room. The energy audit measured total energy consumption, type of energy supply, type
of equipment, and energy consumption and usage behaviour.

2.2. Business Operating Hours

Since COVID-19, the operational guidelines have changed for restaurants. An inter-
view with the crew and manager shows that fast-food restaurants operate for 20 h (from
6 am to 2 am) daily. In addition, an internal policy states that 8 h of deep cleaning and
preventive maintenance task is only required to be performed twice a month. In total, the
non-operational business hours in a year are calculated to be 1556 h/year. Hence, this
translates into 7204 business h/year and 360.2 business operational days per year.

2.3. Equipment Operation Hours

The equipment operating hours differ from the business operating hours, due to the
nature of the equipment and the frequency of its usage. For example, lights, fans, and
air-conditioning systems will be operating throughout operational and maintenance tasks
to provide illumination and ventilation for the working crew. Core equipment such as the
freezer, chiller, multiplexer, ice machine, heat treatment machine, and water heater operate
throughout operational and non-operational hours as needed, to ensure specific measures
are in place such as the temperature of raw products, the temperature of hot water in the
storage tank, the ice stock up and the maintenance of the quality of the product. Hence,
the operation of the compressor for a walk-in cold room will cause a fluctuation in energy
consumption due to the thermostat being cut off upon achieving the desired temperature.
After a thorough analysis of the equipment operating hours, the data is presented in the
following section.
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2.4. Mathematical Formulation

Tables 2–4 show the details of the summary data, type, quantity, and running hours of
energy-consuming equipment in the restaurant. Using the energy assessment data collected
from the fast-food restaurant, the energy consumption by air-conditioning, lighting, and
other equipment can be calculated using Equation (1) as below [14,15]:

AECa = UHy × Ca × LF × 0.001 (1)

where

AEC = annual energy consumption (kWh) of equipment ‘a’ in MWh
UHy = yearly usage hours of equipment ‘a’
Ca = capacity of equipment ‘a’ in kW
LF: load factor = 1.

Table 2. Number and type of lights, capacity, and operating hours in 2021.

Equipment Quantity Power (W) Operating Hours
(h/year)

Compact Fluorescent Light (Double) 84 36 7396
Compact Fluorescent Light (External) 49 48 3698

Halogen Light (Single) 92 20 7396
Halogen Light (Double) 28 40 7396

Fluorescent (Single) 4 32 377
Fluorescent (Quadruple) 58 72 7396

High-Pressure Sodium Light 11 250 3698
Emergency Light 52 8 7396

K’ Light 14 13 7396

Table 3. Number of electric motors, capacity, and operating hours in 2021.

Equipment Quantity Power (W) Operating Hours (h/year)

Water heater motor 2 500 5453
Water pump motor 3 500 5453

Hydrant pump motor 1 8000 2
Capture Jet Fan 4 500 6059

Dumbwaiter 1 1700 5453
Exhaust Fan 1 9900 7231
Grease Trap 1 500 5453

Fan 14 69 5453

Table 4. Amount of kitchen equipment, capacity, and operating hours in 2021.

Equipment Quantity Power (W) Operating Hours (h/year)

Freezer 1 8055.56 4356
Cooler 1 6590.91 4356

Water Heater 1 9000 3805
Beverage Cell 1 3200 7151

Grill 1 1 1667.83 7151
Grill 2 1 1468.20 7151

Chicken Fryer 1 1 0.40 7151
Chicken Fryer 2 1 0.40 7151

Chicken Holding Cabinet 2 121.87 7151
Protein Fryer 3 0.40 7151

Fries Fryer 3 0.40 7151
Fries Bagging Station 1 500.00 7151
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Table 4. Cont.

Equipment Quantity Power (W) Operating Hours (h/year)

Ice Machine 2 2555.86 5227
Soda Factory 1 446.84 8616

Preparation Table 1 5000 5785
Rice Cooker 3 250 3013

Portable Chiller 2 500 4356
Portable Freezer 2 500 4356

Meat Freezer 1 1188.71 4356
Heat Treatment Machine 2 4410.01 4356

APD Machine 1 500 8712
Pie Counter 1 250.00 3013

Coffee Machine 1 191.50 7151
McFlurry 1 500 5423

Juice Dispenser 1 500 7300
Menu Board 4 250 6059

Filet Bun Toaster 1 815.07 6059
Bun Steamer 1 1071.00 6059

Universal Holding Cabinet 2 2180.92 7151
Air-Conditioning System 1 51,838.40 6903

Miscellaneous - 5940.58 7151

The load factor is set to one (1) with an assumption that the equipment is always
operating at its maximum capacity.

From the data presented in Tables 2–4, it can be seen that the operating hours of each
piece of equipment are defined by its usage. Even though this is a 20 h operating building
with a business nature of a restaurant, the equipment operating hours are defined by its
product mix and usage. Non-product mix-related energy consumption is based on the
location and frequency of usage based on the walk-through audit.

Table 2 presents the lighting types installed in the restaurant. The operating hours of
the lights are defined by their usage. For example, all lights operating at 7396 h/year are
being used throughout the operational hours of the business. Compact fluorescent light
(external) will only be used during the night, due to the presence of natural lighting for
outdoor seating. A similar case applies to the High-Pressure Sodium Light which is used
for streetlights, and so the operational hours are at night. Hence, the operating hours are
justified accordingly. For Fluorescent light (Single), the operating hours are low, due to the
location being in the prayer room, which is built to accommodate crew usage.

Table 3 shows the electric motor installed, its power and operating hours. The water
heater motor, water pump motor, grease trap system, and fan operating hours are defined
based on usage. The hydrant pump is placed as a part of the fire suppression system,
which is in compliance with the local authority. Hence, the operating hours are justified by
the per-year testing period of the system, to ensure its functionality. The exhaust fan and
capture jet fan operate throughout the business operation.

Table 4 shows the core equipment which is being used in the restaurants kitchens,
which is tabulated using its power and various operating hours. Freezers, chillers, and spe-
cific drinks equipment will have to operate for 24 h to keep the stored product at a specific
temperature. However, the compressor cuts off when the desired temperature has been
achieved. The equipment operation characteristic defines the operational hours accordingly.

It can be observed that the air-conditioning system contributes the highest power,
to a total of 52 kW, followed by other kitchen equipment, which comprises 47 kW. Next
in line are the other appliances, which consist of a freezer, cooler, water heater motor,
hydrant pump motor, dumbwaiter, exhaust fan motor, grease trap motor, and ventilating
fans, which adds up to 41 kW. Lighting is the last on the list. Based on the above-collected
data, the following section will explain possible energy-saving initiatives and the working
methodology of the equipment to reduce energy consumption.
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2.5. Mathematical Formula of Energy Saving with the Introduction of Energy-Saving Options

The formula for energy saving from output power compared with the application
of energy-efficient equipment such as light emitting diode (LED) lighting, latent heat
energy storage (LHTES) air-conditioning systems, and LHTES water heaters are as stated
below. Energy saving can be obtained by regulation, such as reducing the energy intensity
compared to an average or base case [19–27]. The potential power reduction is calculated
by using Equation (2) [9]:

C =
di f f erence between p1 and p0

p0
(2)

where C = Potential power reduction, p0 = Initial equipment value, and p1 = Final equip-
ment value.

Collected data are presented in Table 5.

Table 5. Percentage of savings using LED.

Equipment Quantity Power (W) Percentage of Power
Reduction (%)

6in. Square Type LED 84 12 67
8in. Square Type LED 49 18 63

Gimble light LED (Single) 92 7 65
Gimble Light LED (Double) 28 14 65

T8 LED (Single) 4 12 63
24in. Square Type LED 58 36 50

Outdoor LED Streetlight 20 100 60
Emergency Light LED 52 3 63

K’ Light LED 14 3 77

Over the years, many energy-efficient or potential energy-efficient equivalent types of
equipment have been available on the market. The implementation of LED has had tremen-
dous impact in producing a lower environmental impact than the compact fluorescent
(CFL) [11,28].

Annual energy saving by using LED can be calculated as in Equation (3):

AESLED = TEClighting × %ESLED (3)

where

TEClighting = total lighting energy consumption in MWh;
%ESLED = percentage of energy saving due to LED.

Water heaters play an important role in restaurants, due to the usage of hot water
for sanitation purposes. The traditional water heater uses 9 kW for heating 60 gallons of
water occasionally. A better way to eliminate the demand for a water heater is by having
an LHTES. The secondary heating element could be used as a backup with a lower power
heating element [19,20,22,29,30].

The annual energy saving by using a solar thermal water heater is as in Equation (4) [10]:

AESinsulation = TECac × %ESheater (4)

where

%ESheater = % energy saving due to the solar thermal heater.

As per the finding from the energy evaluation, it is clear that the air-conditioning
system utilizes the majority of the total building energy consumption. Since the application
of LHTES is proven to achieve better energy efficiency, the technology is integrated into the
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existing air-conditioning system [19–22]. The annual air-conditioner energy saving due to
switching to the LHTES air-conditioner system can be estimated by Equation (5):

AESHYB = TECac × %HYBac (5)

where

TECac = total air-conditioning energy consumption in MWh;
%HYBac = total energy saving by using LHTES air-conditioning.

Collected data are presented in Table 6.

Table 6. Amount of kitchen equipment, capacity, and operating hours in 2021.

Equipment Quantity Power (W) Percentage of Power
Reduction (%)

Solar Thermal Water Heater 1 3000 67
LHTES Air-Conditioning System 1 38,879 25

A walk over the rooftop of the restaurant showed that a portion of the roof was covered
with a metal-deck-type roofing system. This portion can be utilized for solar photovoltaic
(PV) systems. The evaluation showed a potential of 59 solar panels that could be installed
on the rooftop and in the gazebo area. With every panel contributing about 460 W, the total
panel power output at peak would add up to 27.14 kWp.

It is important to note that the total full solar hours is assumed to be four (4) hours,
which covers the complete area below the bell curve of solar irradiation. In this case, the
theoretical solar output for a year is calculated by multiplying the total sum PV by four
(4) full solar hours and 365 days (27.14 kW × 4 h × 365 days) which totals an output of
39,624.4 kWh.

Bill savings (RM) in regards to the total energy savings obtained can be calculated by
using Equation (6) [15]:

BS = AES × CUTavg (6)

where

CUTavg = average commercial utility tariff (RM/kWh).

The tariff that is used for this type of fast-food restaurant is the low voltage commercial
tariff as the first 200kWh is charged at RM 0.435 per kWh and 201kWh onwards is charged
at RM 0.509 per kWh [31].

2.6. Economic Analysis of Energy-Saving Measures

The most important measures in economic analysis are the payback periods and the
return on investment (ROI) [32]. The payback period and ROI for energy-saving initiatives
can be calculated using Equations (7) and (8) below.

Payback period (years) =
Incremental in cost

Annual RM savings
(7)

ROI (%) =
Annual Savings

Total incremental Cost
× 100 (8)

2.7. Emission Reduction Formulation Associated with Energy Saving

Electricity generation is fuelled by fossil fuel. Table 7 shows the fossil fuel emission
for a unit of electricity generation using various fuels. Hence, the emissions produced can
be estimated by using Equation (9) as below [9,33]:

EMi= EPi

(
PE1

i × Em1
p+PE2

i × Em2
p+PE3

i × Em3
p+ . . . + PEn

i × Emn
p (9)



Sustainability 2022, 14, 13515 8 of 18

where

EMi = total emission for a unit of electricity generation (ton);
EPi = the electricity production in the year i (kWh);
PEn

i = percentage of electricity generation in the year i of fuel type n;
Emn

p = the fossil fuel emission for a unit of electricity generation of fuel type n (ton).

Table 7. Emission factor per unit of energy used for various fuels [9,33].

Type of Fuels Emission Factors (kg/kWh)

CO2 SO2 CO

Coal 1.18 0.0139 0.002
Petroleum 0.85 0.0164 0.002

Natural gas 0.53 0.0005 0.005
Hydro 0 0 0

In Malaysia, the fuel to produce electricity is a mixture of coal, oil, natural gas, hydro
and renewables which comprise solar farms, biogas and biomass plants where the per-
centage of contributions are 44.5%, 0.5%, 38.6%, 15.3% and 1.1% respectively in the year of
2019 [4,33,34].

The projected generation mix in Malaysia shows that a larger proportion of the power
plants’ source remains as coal [35]. The growing trend of coal-fired power plants raises
concern about the environment as they contribute to greenhouse gas pollutants. However,
the supply side is bound to the demand side, which is more of a reason to ensure that the
demand side is equipped with energy efficiency. Hence, emissions reduction is one of the
significant issues for a sustainable environment in Malaysia.

2.8. Building Energy Index

Multiple building energy indexes (BEI) have been established globally. The following
established formula will be used to suit the needs of the analysed building based on the
Malaysia scenario [36–39]:

BEI =
Total Energy Consumption (kWh)per annum

Net Floor Area (m2)
(10)

3. Results and Discussion
3.1. Energy Consumption and Annual Bills

As stated in Section 2.5, the tariff is used to calculate the energy bill. The total of
1–200 kWh tariff adds up to RM 87.00. Therefore, to ease the calculation method, and since
all the bills are more than 200 kWh, the total bill calculation is taken by multiplying to a
factor of RM 0.509 per kWh. Hence, the RM 87.00 is assumed to be a negligible sum for
this purpose.

Figure 2 shows the energy consumption for lights used in fast-food restaurants. In
order to suit the business needs and to have a cosy eating environment, the indoor lights
are turned on throughout the day, even with the presence of natural lighting. Therefore,
indoor lighting such as CFL, Halogen (single & double), ‘K’ Light, and Emergency light are
turned on as long as there is a use for it. The external lights, such as CFL (external) and high-
pressure sodium lights, are switched on during the absence of natural lighting. Since the
usage of internal lighting is higher than the external, this justifies the energy consumption.

From the energy audited data collected at fast-food restaurants, the energy consump-
tion and cost contribution for lights, other appliances, and kitchen equipment are presented
in Figures 1 and 3–5.
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Figure 1 shows the energy consumption for other equipment that is indirectly essential
for a fast-food operation. The water heater motor, water pump motor, dumbwaiter, and
grease trap operate only when there is a demand. On the other hand, the exhaust fan and
capture jet fan equipment operational hours are as long as the business hours. The hydrant
pump motor is part of the fire suppression system. Hence, the usage is minimal for yearly
testing and verification.

The annual energy consumption of kitchen core equipment is presented in Figure 3. As
described above, the equipment operating characteristics influence the operation hours of
the equipment directly. The air-conditioning system is part of the core kitchen equipment,
as it is important to operate related equipment at a particular ambient temperature. Apart
from the overall thermal transfer and rooftop thermal transfer, the air-conditioning capacity
of the kitchen needs to cater to reasonable heat from the equipment. The temperature of
the thermostat is set at between 24 ◦C and 26 ◦C. Even by doing this, it is observed that
the compressor start-stop interval is small, due to a quick rise in temperature beyond the
desired temperature, due to heat rejection from the equipment. Hence, the high energy
usage from the air-conditioning system is observed.

Even though the business operation is for 20 h a day, it has to be noted that some
core equipment will continue to operate for 24 h. This operation is to suit the needs of
the business. For example, the freezer and chiller will continue to operate to maintain the
temperature to ensure the food product remains frosted. Though the operation is beyond
the business operation hours, the equipment operation hours seem to be less. This is
because the freezer and chiller in a conditioned room are equipped with an appropriate
seal door and stripe curtain, which ensure that the pressure difference is minimal. Hence,
the temperature retention time is longer when the door is closed correctly. A similar case
is applied to heat treatment machines, ice machines, juice dispensers, multiplexers, Milo
machines, and water heaters.

Other than those stated above, the equipment operates only during business hours for
food cooking purposes. Hence, the energy intensity is for that reason.

The total energy consumption in the restaurant over a year is presented in Figure 4,
and was acquired from a walk-through energy audit conducted in 2021. The detailed
energy breakdown of the appliances was then analysed and is shown in Figure 3.

From the audit, it can be perceived that the air-conditioning system contributes to the
highest power consumption, a total of 42%, which is RM 182,143 per annum, followed by
kitchen equipment at 25%, which corresponds to RM 112,051. Other appliances including a
freezer, cooler, and water heater contribute to 22%, which equals RM 98,270. The lowest
contribution of 11% comes from lighting, with a total of RM 50,127 per year. These compute
the total energy consumption of 869,533.4 per year, billing RM 442,592.5 per annum.

In order to optimize energy usage, the restaurant management needs to identify,
measure, and evaluate the contributors to the total energy consumption, whereby an
energy-efficiency initiative can be established during peak and non-peak hours, on a daily
basis. It is essential to have a walk-through energy audit as there is an absence of a building
energy management system to address this issue. Every piece of installed equipment is
precisely identified, and the building management needs to take note of the energy profile
of specific equipment, which is the result of this research.
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3.2. Energy, Cost Savings, and Payback Period Assessment by Using Energy-Efficient Equipment

With the advent of technology, the implication of potential energy-saving devices
such as LED, LHTES air-conditioning systems, and water heaters, has shown tremendous
changes in total power consumption. In addition, to utilize the space found on the metal-
deck rooftop, a 27.14 kWp solar panel system has been mounted.

Lights are very important for restaurants, as the design of their temperature and
illumination play a vital role in ensuring the proper appearance of the food, the correct
eating ambiance, and the provision of cosiness. Hence, these lights are specifically chosen
to suit the exact criteria of the above considerations, and not to change the design crite-
ria. In Figure 5 and Table 8, conversion to LED has reduced the energy consumption to
58,109.4 kWh, equivalent to RM 30,086.7. This reduction contributes to an energy reduction
of 40%. The biggest contributor to the percentage of savings is the ‘K’ Sign light, at 77%
reduction by using LED. However, when observed overall, the power consumption for all
conversion to LED has managed a reduction of above 50%.

By implementing the LHTES on the water heater and air-conditioning system, the
energy consumption has been reduced to 11,414.2 kW and 268,382.6 kW per annum,
respectively. Hence, the bill has been reduced to 5809.8 and RM 136,606.7 for the LHTES
water heater and air-conditioning system, respectively. This contributes to a saving of
approximately 67% and 25%, respectively [19,21,22].

The energy production of solar PV for a year is projected to be 39,624.4 kWh. This
means a saving of RM 20,168.8.

From the cumulative implementation of all the above-mentioned energy-saving initia-
tives, there is a reduction in energy consumption of about 22% per annum, which results in
total bill savings of RM 97,365.9 per annum.

From the analysis carried out due to the implementation, the power contribution in to-
tal is measured as presented in Figure 6. The air-conditioning systems’ power consumption
has dropped to 2.4%. However, the kitchen equipment contributes to a larger proportion
now, since there was no integration of technology due to the effect on food quality and
safety. However, the total power consumption of kitchen equipment remains the same
as in Table 4. Due to the reduction in cumulative electricity consumption, the percentage
contributions from kitchen equipment and other appliances have an increment of 7.5% and
3%, respectively. The lightings contribution percentage has been reduced to about 2.3% of
total energy. Another contributor to the reduction of utility is solar, which adds up to 5.8%
of the total electricity bill. Since solar is not consuming electricity and is producing instead,
the negative (−) symbol is used.
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3.3. Payback and Return on Investment (ROI)

When analysing the individual payback and ROI for lighting, as in Table 9, the overall
payback is less than four years. Some lighting computes to very high payback, such as T8
LED, outdoor LED, emergency light LED, and ‘K’ light LED. There are some identifiable
reasons for this long payback. The T8 LED and outdoor LED are being used for a short
period of time. For instance, the outdoor LED operates only after dark, which is about
12 operating hours daily. The T8 LED is being used for only about 454 h a year. This usage
has resulted in a longer payback period since the savings could not be optimized due to
the shorter operating hours. On the other hand, although the emergency LED and ‘K’ sign
are operating for longer hours, they still give a very low wattage. However, in totality, the
payback is still less than five years.

Table 9. Payback period by replacing LED.

Equipment Energy Savings (RM) Incremental Cost (RM) Payback Period ROI (%)

6in. Square Type LED 3794.7 8400.0 2.2 45.2
8in. Square Type LED 1660.2 7350.0 4.4 22.6

Gimble light LED (Single) 2424.4 9200.0 3.8 26.4
Gimble Light LED (Double) 1475.7 4200.0 2.8 35.1

T8 LED (Single) 9.2 120.0 13.0 7.7
24in. Square Type LED 7860.4 14,500.0 1.8 54.2

Outdoor LED Streetlight 2070.5 30,000.0 14.5 6.9
Emergency Light LED 587.3 5200.0 8.9 11.3

K’ Light LED 158.1 1400.0 8.9 11.3
Total 20,040.4 78,970.0

The air-conditioning and water heater give an attractive payback and ROI as shown
in Table 10: 1.3 years and 77.5% ROI for the water heater, and 3.5 years and 28.5% for
the air-conditioning. A comparison of solar panel prices from 2019 to 2022 has been
analysed, and it has been observed that the price of solar panels is lower from year to year
in the Malaysia case scenario. In addition, the Malaysian government has introduced tax
incentives that reduce the taxation of green products. Table 11 shows a comparison of
payback and ROI with and without the tax incentives reduction of 48%, and its impact on
the payback period [25]. The two types of tax incentives provided by the government of
Malaysia are capital allowance (CA), applicable for any capital expenditure of the company,
and the investment tax allowance (ITA), which is an additional tax allowance introduced
and applicable only for green procurement.

Table 10. Payback period by replacing energy-efficient equipment.

Equipment Energy Savings (RM) Incremental Cost (RM) Payback Period ROI (%)

Solar Thermal Water Heater 11,619.6 15,000.0 1.3 77.5
Hybrid Air-Conditioning System 45,537.0 160,000.0 3.5 28.5

Total 57,156.6 175,000

Table 11. Payback period of Solar Photovoltaic of 19.1 kWp.

Year Equipment Energy
Savings (RM)

Without Tax Incentives With Tax Incentives

Incremental
Cost (RM) Payback Period ROI (%) Incremental

Cost (RM) Payback Period ROI (%)

2019

Solar PV 14,249.96
130,272 9.1 10.9% 67,741 4.8 21.0%

2020 108,560 7.6 13.1% 56,451 4.0 25.2%
2021 103,132 7.2 13.8% 53,629 3.8 26.6%
2022 89,562 6.3 15.9% 46,572 3.3 30.6%

Table 11 presents the payback and ROI, which have been calculated with and without
both of these tax incentives for the solar PV system. The payback and ROI are calculated
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to be highest for 2019, which is 9.1 years and 10.9%, and lowest at 6.3 years and 15.9% for
2022, as presented in Table 11. From the historical evidence of prices gathered for solar
panels, it is predicted that the price will keep reducing over time. This positive sign will
result in increasing penetration of alternative energy generation for building usages in
Malaysia [40,41].

The total energy-saving initiative is contributed to by each and every piece of equip-
ment, which results in the reduction of the utility bill. Therefore, for any sector, it is of
utmost importance to evaluate the cumulative payback and ROI, since they could produce
attractive savings in monthly billing. The cumulative payback and ROI are 3.7 years and
27.3%, respectively, as shown in Table 12.

Table 12. Cumulative Payback & ROI.

Energy Savings (RM) Incremental Cost (RM) Payback Period ROI (%)

97,365.9 357,102 3.7 27.3

3.4. Building Energy Index

In Malaysia, the performance of a commercial building is measured by using the
building energy index (BEI). BEI is described as the energy consumption per annum per
sqm of the building, commonly referred to as MS 1525:2014 [36,37]. This states that the
energy-efficient commercial building needs to have an improved BEI of less or equal to
135 kWh/m2/year. Many studies have been conducted for multiple commercial build-
ings such as institutions, hospitals, offices, and large governmental buildings, using the
mathematical equation as shown in Equation (10) [30,33,36,37]. Since no BEI measurement
has been analysed for an operational restaurant building, this research measures the con-
centric BEI among fast-food restaurant buildings without and with renewable energy and
energy-efficient implementation.

In this research, the BEI value for a 20-h fast-food restaurant without any energy-
efficient implementation is found to be 1097.9 kWh/m2/year. At post-implementation of
energy-efficient equipment, the BEI value is calculated to be 856.4 kWh/m2/year. Hence,
the improved BEI shows a reduction of 22%

3.5. Impact on Emission Reduction with Energy Efficient Equipment

The introduction of energy-efficient devices and the addition of renewable generation
not only save energy but also contribute to the decline in pollutants from the building.
The three parameters which raise concern for the rising of sea levels due to an increase in
ground temperature are SO2, CO, and CO2. Hence, the reduction of these pollutants will
be presented in this section.

The emission reduction is calculated using Equation (9), Malaysia energy mix data,
and the energy-saving data from Tables 10–12.

Figure 7 presents the emission reduction amount per annum of each piece of equip-
ment. The biggest reduction in pollutant emission is contributed by the air-conditioning
system, and is related to its functioning capacity. As it consists of 42% of total energy
consumption and uses an energy-efficient system, a total of 33.42 kg of CO2, 355.3 kg of
SO2, and 155.3 kg of CO have been omitted.

The installation of renewable energy (solar) will substitute the usage of fossil fuel-
generated power, and the capacity is variable based on space availability. For the studied
site, a total of 29,074.7 kg of CO2, 271.5 kg of SO2, and 118.9 kg of CO pollutants can be
omitted by applying Solar PV and a Solar Thermal Water Heater.

From energy reduction obtained by using energy-efficient equipment, a total of
91,392.1 kg CO2, 881.8 kg SO2, and 385.5 kg of CO have been omitted.
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4. Conclusions

Fast-food restaurants are some of the rapidly growing businesses in Malaysia. Despite
economic challenges during the recent COVID-19 pandemic, they have managed to perform
throughout and remain unshakable. The post-COVID situation in Malaysia has changed the
operational guideline for fast-food restaurants, especially the operating hours. However,
from an energy perspective, they are still some of the high-energy-intensity buildings with
a small footprint.

It is understood that a fast-food restaurant adopts very stringent criteria in ensuring
the outlook of the restaurant, which goes beyond selling food alone. It emphasizes the
specific ambiance, to make a safe, delicious feel-good moment for its guests.

The analysis was conducted to identify the potential of energy-saving strategies which
could be implemented without affecting the business needs. From this, it was found that
the fast-food restaurant consumed approximately 869 MWh of energy per annum. The
energy intensity of the restaurant was found to be 1097.9 kWh/m2/year. A total of 22%
(i.e., from 1097.9 kWh/m2/year to 856.4 kWh/m2/year) of energy intensity was reduced
by using various energy-saving strategies. The building energy index is not compatible
with a commercial building, as the energy consumption is high and the operational hours
are long. Hence, a reference-based building index is proposed. For this case study, by using
energy-efficient equipment, approximately 91,392.1 kg CO2, 881.8 kg SO2, and 385.5 kg CO
was reduced. The total energy bill savings obtained was RM 97,365.9.

Cumulative payback and ROI were considered the totality of energy, were measured from
all implementations of energy-efficient fittings, and were 3.7 years and 27.3%, respectively.
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Nomenclature

AEC Annual Energy Consumption
BEI Building Energy Index
CFL Compact Florescent Light
GHG Greenhouse Gas
HEM High Efficiency Motor
kgCO Kilogram of carbon monoxide equivalent
kgCO2 Kilogram of carbon dioxide equivalent
kgSO2 Kilogram of sulfur dioxide equivalent
kW kilo Watt
kWh kilo Watt hour
LED Light Emitting Diode
LF Load Factor
LHTES Latent Heat Energy Storage
Mtoe Million tonnes oil equivalent
MWh Mega Watt hour
PV Photovoltaic
RM Ringgit Malaysia
ROI Return On Investment
TEC Total Energy Consumption
VSD Variable Speed Drive
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