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Abstract: Energy performance contracting (EPC) is the best solution for an educational building
to implement energy conservation measures (ECMs) because of its high capital expenditure and
operational expenditure needed for retrofit and maintenance. It is also considered a win-win
mechanism for organising building energy efficiency retrofit projects. It aims to assist educational
buildings in acquiring new high-efficiency equipment and maximising energy use reduction, as
guaranteed by energy service company (ESCO). This study developed an EPC model using regression
analysis, in which the inputs are based on the data collected during the preliminary energy audit
in University A. As a result, with a quantum sharing ratio of 0.95/0.5 for ESCO/University A, the
forecasted energy savings from the proposed ECMs, chiller optimisation and replacement, lighting
retrofit, and energy management system are estimated to save 25.6% energy use, which reduces
5,672,057 kilowatt-hour (kWh) in electricity consumption; saves RM 2,762,291.76 / year; carbon dioxide
(CO,) mitigation equal to 3,771,061.22 kgCO, /year; return of investment of 4.2 years with a 5%
interest rate; and building energy intensity of 93.55 kWh/m?/year. A sensitivity analysis of various
quantum sharing ratios found that the saving value of ESCO is inversely proportional to that of
University A as the client when the quantum sharing ratio for the former is increasing.

Keywords: building energy index; commercial building; energy audit; energy conservation measures;
energy performance contract

1. Introduction

Globally, the building sector consumed a significant amount of energy, accounting for
30% of the final energy usage and 28% of carbon dioxide (CO;) emissions worldwide [1].
Commercial buildings are the major contributors to these figures because of variables such
as rising energy demand for space cooling and heating as the population grows and due
to the effect of the building materials, features, and functions. Various strategies, such as
the establishment of energy efficiency policies, the introduction of green building tools
for certification, and incentive schemes to boost motivation in achieving sustainability,
have been implemented around the world to address the issue of reducing the energy
consumed by the building sector. The energy efficiency aspect should be considered in
the development of a building because it affects the energy demand, which influences
the environmental and economic aspects. An energy efficient building with low energy
consumption leads to a low environmental impact (i.e., greenhouse gas (GHG) emission).
Moreover, lower cost for electricity usage can be paid considering that energy waste may
be prevented. Energy efficiency can be implemented in either an existing or a new building.
Thus, the benefits can be reaped at any stages of the building’s use.

Energy performance contracting (EPC) has been utilised worldwide [2]. It is the
concept of a profit-sharing agreement between the building owner and the energy service
company (ESCO) who bears the initial cost for the energy efficiency improvement project [3],
which is significantly beneficial in optimising energy use and emphasising social and
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economic benefits effectively [4]. In the EPC project, the profit is shared through the
division of the energy-saving quantum ratio between the ESCO and the client (building
owner) which is competitive and can impact the amount of energy saved in the building.
Thus, both the ESCO and the client benefit from the energy savings. ESCO provides energy-
saving retrofitting for customers, thereby acquiring a return on investment (ROI), and
rolling development by delivering energy saving guarantees with a minimum fair share
of financing and risks from energy efficiency projects [5]. Moreover, various EPC models
with two dominant models, namely the share savings model (S55M) and the guaranteed
saving model (GSM), are adopted to ensure that the building owner and ESCO can reap
the benefits from national and tax incentives [3].

Based on the published literature searches of keywords “energy audit”, and/or “en-
ergy conservation measures”, “university”, “campus”, “energy performance contracting”
from 2017 to 2022, most of the studies assessing the energy performance use of tertiary
educational settings, including Malaysia, were heavily focused on the energy conservation
measures (ECMs) without developing an EPC model between the building owner and
ESCO in the implementation of the proposed precise ECMs [6-28]. Therefore, this study
evaluates the best recommended EPC model for the commercial building of the educational
institute, University A, which has been operating for more than 15 years under climatic
conditions and has exceeded more that 3 million kWh/month of electricity consumption for
6 consecutive months. Regression analysis is employed in developing the EPC model based
on the appropriate and ECMs proposed from the preliminary energy audit. This study
presents a novel EPC model specifically developed for educational buildings in Malaysia.
To the best of our knowledge, this is the first published article on this topic.

7

2. Context and Motivation

Malaysia, which is located near the equator and receives approximately 157 kilowatt-
hour per metre square (kWh/ m?) [29] of solar irradiation annually, necessitates more
energy for space cooling in buildings [30]. The total electricity consumption in Malaysia has
climbed steadily over the last several years, rising from 104,523 gigawatt-hour (GWh) (2010)
to 152,865 GWh (2018) [31], with the commercial sector’s overall energy usage of roughly
29.0% out of the total energy consumption in 2018 [32]. Recently, Malaysia vowed to
reduce the intensity of GHG emissions across its economy by 45% based on gross domestic
product (GDP) in the United Nations Framework Convention on climate change conference
COP26 [33]. Hence, the implementation of the energy efficiency aspect in building sectors,
especially in commercial buildings, shall be reinforced to support the country’s target.
Malaysia has been supporting the target of reducing carbon emission through energy
efficiency measures using green building tools [34,35] such as the green building index,
leadership in energy and environmental design, Green Star Building Research Establish-
ment’s Environmental Assessment method, energy use intensity indicator, building energy
intensity (BEI) indicator, ASEAN Energy Management Scheme-Energy Management Gold
Standard, and the Malaysian Carbon Reduction and Environmental Sustainability Tool.
These tools inspected elements such as the use of environmentally friendly transportation
and the auxiliary, sustainable site management, water and energy efficiency elements,
environmentally friendly materials and resources, good indoor environmental quality, and
any innovation towards the energy-efficient building status. In promoting the efforts, the
Malaysian government launched the energy performance contracting (EPC) model in 2013
by employing market-based financing and technology to improve the energy efficiency of
buildings [3].

Previous studies on EPC projects in various sectors have been predominantly concen-
trated on its implementation, the mechanism for effective EPC projects, the behaviour and
decisions made by stakeholders, the role of the energy service company (ESCO) and the
risk management in EPC projects [2]. Moreover, the published studies implemented four
main methodologies, namely, modelling and simulation, cost-benefit analysis, descriptive



Sustainability 2023, 15, 1430

30f19

Project's goal
and scope
determination

analysis, and statistical analysis, for the data analysis of EPC projects. Generally, the EPC
project consists of six crucial steps that are presented in Figure 1 below.

Investment Implementation
grade audit and phase
final proposal by

selected ESCO

ESCO EPC Bl
selectldon via preparation
tender and
process negotiation

Figure 1. EPC Process.

To begin an EPC programme, an energy audit is required to determine the current load,
energy usage and energy conservation measures (ECMs). Energy audit refers to a surveying
technique that consists of an analysis of the energy usage of an organisation [36]. The energy
audit is used to ‘diagnose’ the weak points in the building’s energy usage system, harness
the latent potential, and instil energy saving responsibilities [37]. Furthermore, reducing
areas of energy waste with well-defined economic implications is the most important part
of an energy management programme, which indicates the current status of an industrial
facility /system in terms of energy utilisation efficiencies of different activities and the
efficiency of various equipment and processes and suggests corrective measures [38]. One
of the most well-known tools for developing the EPC model is by employing statistical
analysis [2]; for example, employing regression analysis as a baseline for developing the
EPC model. A key advantage of using regression analysis is that it can serve deeper data
analysis than descriptive analysis. Based on the baseline study, then, appropriate ECMs for
the EPC will be proposed such as chiller optimisation and replacement, lighting retrofitting,
and energy management system.

Various chiller optimisation methods are used worldwide. The chiller plant control
(CPC) system ensures that the chiller could function optimally and efficiently. The chiller
optimisation in a building can be categorised into three approaches, namely chiller mod-
elling, chiller scheduling and learning-based approaches [39]. Data-driven approaches such
as multi-task learning [40], clustered [41], regression-based [42], and neural network-based
online algorithm [43,44] have been applied in developing the model for chiller optimisation.
The developed chiller modelling based on these approaches were aiming to improve chiller
performance by utilising a separated model for each chiller, coefficient of performance
(COP) prediction model, or chiller power prediction [40-43]. Meanwhile, the cooling
load profile prediction is applied for chiller scheduling [39]. The approaches utilised to
optimise chillers by scheduling include deep-learning techniques [43], model-based predic-
tive control (MPC) method [45], an optimum load sharing strategy [46], time-constrained
chiller sequencing method [41], robust chiller loading strategy [41], stochastic chiller se-
quencing [47], and rule-based scheduling [48]. The last category includes learning-based
approaches, such as a machine learning-based approach [49], model the thermal properties
of the building. Moreover, model-free and model-based deep reinforcement learning (DRL)
are used to optimise the chillers’ control [50,51]. These approaches are applied by assessing
the problems within the building firstly.

For lighting retrofitting, light-emitting diode (LED) technology can reduce equipment
energy losses with improved lifespan and lighting quality [52]. The advantages of LED
lighting is its small size, high reliability, high colour-rendering index, long life, energy-
saving, and environmental protection [53]. This leads to a drop in power consumption
anywhere near 15-70% [54]. ASHRAE 90.1 2013 shows that the recommended lighting
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power density is below 8.82 W/m? [55]. Moreover, a redesign of the workplace layout to
optimise luminescence inside the workstation would be advantageous [10].

In a tropical climate location, such as Malaysia, published work on the energy man-
agement system (EnMS) ECM, such as the EPCert scheme, has been introduced to address
the importance of the energy efficient rating and labelling in building and concern about
the occupant’s satisfaction and building’s functionality [56]. The scheme assesses the build-
ing’s BEI and characteristics and the commitment from the building’s organisation towards
energy efficiency. These assessments provide building owners, prospective buyers, and
occupants with information on the energy performance of a building. The commitment
from the top- to low-level management of the building is the main success factor in energy
saving. For a building organisation that consists of more than 10 staff and a gross building
area of 500 m?, EPCert outlines the best criteria for the building’s organisation to ensure
the success of the EnMS strategies. These criteria include:

The committee responsible for the energy efficiency aspects of the building;
Energy performance certificates awarding internal meeting;

Internal energy audit;

Energy efficiency-related activities;

Energy efficiency-related goals and policies.

Malaysia is still new in terms of the implementation of EPC. Hence, published infor-
mation on this topic is limited [3,5,56]. A search of the literature revealed a few studies on
the EPC in Malaysia such as a discussion on the limitation and room for improvement of
the EPC model in the country [3], a report of the EPC model adopted by the Ministry of
Health in public hospitals [5] and a proposed EPC scheme for local state of Melaka, namely
EPCert [56]. Therefore, this study provides a developed EPC model in an educational
institution under the tropical climate settings which address the appropriate ECMs to be
implemented with the evaluation of energy use performance including BEI, energy saving,
carbon dioxide (CO,) emission mitigation, and the return of investment (ROI). Furthermore,
a sensitivity analysis of quantum sharing ratio between the ESCO and building owner
(University A) are presented for the developed EPC model.

3. Methodology

Three main types of study, namely, theoretical analysis, empirical survey, and case
study, are used to evaluate the robustness of the research outcomes and enhance the body
of knowledge of energy performance contracting (EPC) topics [2]. This study utilises a
case study approach to determine the factors that affect the EPC model when used for
developing commercial buildings under tropical climates with various profit-sharing and
ROI scenarios. A preliminary energy audit is conducted to develop the EPC model for the
selected case study. Before the implementation of EPC, the measurement and verification
(M&V) process, wherein the regression analysis will be conducted, is performed, as shown
in Figure 2 below.
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Figure 2. Scheme of the research.

3.1. Case Study Background

University A is an educational institute which is located in Malaysia. The university
consists of 15 identified saving potential areas. Based on the walk-through energy audit,
we categorised these areas into three zones when implementing the proposed energy
conservation measures (ECMs). Table 1 shows the building description. In term of climatic
condition, this study considered the country’s climate and as such Malaysia has a humid
climate all year round, with an average daily temperature ranging from 21 °C to 32 °C.
The winds that influence the country’s climate come from the Indian Ocean (southwest
monsoon, May to September) and the South China Sea (north-eastern monsoon, November
to March). The annual rainfall in Malaysia is typically around 80% of the year, with a range
of 2000 mm to 2500 mm [57].

Table 1. University A description.

Building Name University A
Sector Education—University
Total zones 3 zones (refer Figure 3)
Floor Area 180,408 m?2

Tariff C2—Thermal Energy Storage
Unit Rate: Maximum Demand—RM45.10
All kWh (Peak)—RMO0.365
Electricity Tariff All kWh (Off-peak)—RM0.186

Tariff C1—Medium Voltage General
Unit Rate: Maximum Demand—RM30.30
All kWh—RMO0.365

Operation Time 7.30 am~-11.00 pm
. . 22,688,226 kWh/year
Electrical Consumption (2019) RM 11,051 414.66

Building Energy Index (BEI) 125.76 kWh/m?
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Figure 3. Audited zones in University A.

A total of 3 zones in University A are audited as where the district cooling systems
are located. Zone 1 consists of six buildings, Zone 2 consists of eight buildings and Zone 3
consists of a building with total floor area of 180,408 m2. Most of the audited area located
the faculty buildings. Table 2 tabulated the audited zones in respective to the buildings,
area, and energy consumption.

Table 2. Audited zones in respective to the buildings, area, and energy consumption.

Energy Consumption

Zone Area Area (m?) year) Audit Scope
CCs1 481 4,012,703
Administration building 1 13,589 617,166
Library 11,198 749,933
Zone 1and 3 Administration building 2 5801 386,740 Lighting
Faculty building 1 13,668 458,515
Main hall 13,000 752,142
Faculty building 2 13,796 838,901
Centralized utility building 971.0 4,088,774.0
Faculty building 3 14,776.0 496,057.0
Faculty building 4 15,616.0 544,226.0 P
Zone 2 Lecture hall 1 and 2 3157.0 242,233.0 Eﬁﬁg‘glﬂf
Faculty building 5 9711.0 543,505.0 p
General laboratory 8145.0 491,705.0
Faculty building 6 13,885.0 728,600.0
Faculty building 7 2125.0 145,703.0

3.2. Preliminary Energy Audit

This study conducted the preliminary energy audit in University A which follows
the three levels of energy audit defined by The American Society of Heating, Refrigerat-
ing, and Air-Conditioning Engineers (ASHRAE) as illustrated in Figure 4 [58]. Firstly, a
walk-through audit or preliminary audit (Level 1), which aims to provide low/no-cost
recommendations and instantaneous results. Secondly, during the energy survey and
analysis (Level 2), the energy audit team conducts a thorough analysis of all equipment and
installed devices and then provides a detailed report on the equipment’s condition, as well
as long-term recommendations to improve the efficiency of the said equipment. Thirdly,
the final stage refers to the implementation of the detailed analysis of capital intensive mod-
ifications (Level 3) [59]. Generally, energy auditors follow the methods listed by ASHRAE
in performing a building energy audit [54]. ASHRAE, a global energy conservation and
development society, was established in 1894 to provide newer ideas and technologies for
a much more sustainable built environment.
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Figure 4. Preliminary energy audit steps.

3.3. Measurement and Verification (M&V)

A plan for M&V must be designed before the implementation of the EPC [60]. The
baseline and M&V plan are crucial in the implementation of the energy saving project.
These energy saving targets must be measured and verified, and in many countries, such
M&V activity is guided by the International Performance Measurement and Verification
Protocol (IPMVP) [61]. The baseline is often the first place parties revisit in the case of
under-performance [62].

The IPMVP is an international standard for M&V of EPC projects. It offers four options
for measuring and verifying performance, namely:

1.  Option A—Retrofit Isolation: Key Parameter Measurement;
2. Option B—Retrofit Isolation: All Parameter Measurement;
3. Option C—Whole Facility;

4 Option D—Calibrated Simulation [63].

This study employed Option C, in which the whole facility of University A is audited
with multiple suggested ECMs. Option C is selected out of four M&V options because the
expected saving is more than 10%, and each electrical metre data in University A need not
be assessed to determine the energy use. Hence, only the main metre data will be assessed
(refer to Figure 5).

Measure facility

Option C
performance Whole facility

Expected saving

~10% Analysis of main meter data

Figure 5. M&V plan.

Then, the M&V plan used to evaluate the performance of all installed energy saving
measures includes the calculation of energy savings (i.e., individual measures and the total
savings), the assessment of any shortfalls and adjustment of the baseline, the identification
of any internal or external factors that may affect the baseline and the savings and lastly,
reporting on the basis of the format for the energy savings report and its verification
procedure [60].
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3.4. Energy Use Performance from the Implementation of Energy Conservation Measures (ECMs)

Three indicators, namely, building energy index (BEI), energy- and cost-saving, and
return of investment (ROI), are used to evaluate the energy use performance of University
A. Meanwhile, the carbon dioxide (CO,) emission mitigation indicator is used to assess the
environmental impact.

(a) Building energy index (BEI)

BEl is the ratio of a building’s total annual energy consumption to its total floor area
in kWh/m? /year, as calculated in Equation (1) [64]. A building with a lower BEI rating
indicates that the building is more efficient in terms of energy consumption.

BEI — Total Annual Energy Consumption, kWh/year

)

The total floor area of the building, m?

(b) Energy-saving, o

Energy saving is calculated on the basis of the energy reduced after the proposed
implementation of ECMs in University A based on Equation (2) [65]. The baseline energy
use is obtained from the monthly electricity use in 2019. The baseline energy use and the
energy use after the implementation of ECMs are analysed using the regression analysis,
which is explained in Section 3.5.

o = Baseline Energy Use — Energy Use during Reporting Period (2)

(c) Carbon dioxide (CO,) emission mitigation, vy

CO; emission mitigation is an indicator used to determine the avoidance of CO;
emission from energy use reduction based on the baseline energy use, which is connected
to the grid and calculated as Equation (3) [66]. The emission factor of University A is
0.649 kgCO, /kWh [67].

Y = « X emission factor 3)

(d) Return of investment (ROI)
ROl is an indicator used to assess how well an investment performed by dividing the

cost of the investment by the return of the investment as follows:

Annual retrofit savings — Project cost

ROI =
Cost of investment

(4)

3.5. Regression Analysis

This study adopted the share savings model (SSM) of energy performance contracting
(EPC) project model and use multilinear regression to forecast future revenue and expenses.
To develop the baseline model, the electrical energy usage of the building must be presented
before the implementation begins. The energy and cost consumption for the year 2019
(refer to Figure 6) is used as a baseline that acts as a dependent variable that collects the
utility bill. Meanwhile, independent variables such as the number of working days are
taken from the calendar, and the number of cooling degree days (CDD) are calculated on
the basis of the temperature data obtained from the Malaysian Meteorological Department.
The occupancy data were collected by the energy accounting centre of each department
in University A. These data will be utilised to model the baseline energy and post-retrofit
energy use. Subsequently, the savings are quantified by subtracting post-retrofit usage,
including adjustment.
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Figure 6. Energy and cost consumption of University A in 2019.

For further analysis and adjusted baseline setup, regression analysis is used to identify
the strength of the effect that the independent variables have on the dependent variable.
Based on Equation (5), Y indicates the dependent variable affected by the independent
variables Xj, Xp, and X3. The three independent variables, namely, X;: the number of
working days, Xp: CDD and X3: occupancy, have a coefficient of 22,823, 448 and 8.42,
respectively. Meanwhile, Equation (6) calculates the y-intercept, a with the coefficient of
—37,625. Next, b, ¢, and d are the slopes that are calculated using Equation (7); and € is the
error. In addition, x, y, and n indicate the values of the independent variable, dependent
variable value, and number of values generated, respectively. Hence, the EPC model is
developed from the regression analysis based on Equation (8) to analyse and forecast future
revenues and expenses.

Y =a+bXj+cXp+dX3 + € 5)
X2 — X X
Ll YL ) 22 y ®)
ny x2— (L x)
b, C,d:nz Xy_zxz );y (7)
ny x*— (T x)
Y = — 37,625 + 22,823X;+448X,+-8.42X3+ € 8)

4. Results and Discussion

This section discussed the results based on the preliminary energy audit in University
A. The suitable energy conservation measures (ECMs) to be implemented and the respective
savings are discussed. Then, whether the energy performance contracting (EPC) agreement
between the energy service company (ESCO) and the building owner settled with the
agreement on the saving share percentage will be addressed. Next, the results based on
the regression analysis before and after the implementation of the ECMs will be discussed.
Lastly, the sensitivity analysis of different scenarios involving EPC models with various
profit sharing and return of investment (ROI) will be presented.

4.1. Energy Conservation Measures (ECMs) Suggestion and the Saving Analysis

ECM is a collection of certain implementation of equipment installation that intends to
reduce the facilities” on-site energy consumption [54]. It is implemented to achieve reduc-
tions in energy consumption (kWh) and ultimately cost savings for the stakeholders [62].
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For instance, the operation of an energy efficiency management for air-conditioning and
mechanical ventilation (ACMYV) system in commercial buildings has contributed to about
57% of the country’s total electricity consumption [68]. The lighting system consumes
approximately 25% of the electrical energy utilisation in buildings [69]. Therefore, this
section discussed the suggested ECMs of the energy performance contracting (EPC) project,
which will be implemented in University A.

4.1.1. Chiller Optimisation and Replacement

Based on the preliminary energy audit, only two chillers which are Chiller Plants 1
and 3 at University A were optimised because both chiller plants have less than 10 years
of operation. A CPC system will be implemented to optimise [70] as a dependable and
efficient CPC system that can help increase plant system efficiency by reducing electric
power consumption and avoiding the use of excessive energy to operate the existing chiller
plant [39,70,71]. This study measures the saving potential of the chiller optimisation using
a chiller optimiser system. The system will collect the data on the chiller operation and
execute the optimisation either automatically or manually. This study shows that the chiller
optimisation in University A saves up to 5.8% of energy and cost per annum. Based on the
recently published works conducted on the commercial building, the chiller optimisation
can save up to 15.4% of energy use [44,70-72].

Meanwhile, for chiller replacement, University A installed chillers with ice storage that
can be used to transfer the cooling demand of a building to off-peak hours. Ice is used to
store thermal energy as the system generates ice to store cooling at night and then discharges
it throughout the day to fulfil peak electrical demands [73]. The ice storage falls under the
cool thermal energy storage, together with chilled water storage and phase change storage
systems. The system has the potential to save up to 68.5% more energy and cost under
the tropical climate [74] compared with the conventional storage system with a payback
period of up to 6 years [75] and are affected by the climatic condition, electricity tariff
and energy storage strategies [76]. In University A’s case study, the present chiller storage
system is already an ice storage system; however, it requires greater efficiency and capacity
to increase its performance, and the overall coefficient of performance (COP) should be
reduced. Therefore, retrofitting two existing chillers from 350RT (day mode)/243RT (ice
mode) to higher efficiency and greater capacity system with 700RT (day mode)/469RT (ice
mode) saves up to 5.4% in energy consumption and its costl. Previous studies in Malaysia
had also shown that installing an energy-efficient chiller in a commercial building reduces
energy consumption by up to 40% [5,34].

4.1.2. Lighting Retrofitting

Based on the preliminary energy audit in University A, retrofitting lighting by re-
placing the current lighting with light-emitting diode (LED) lighting saves 9.4% of the
total energy consumption and cost. Previous research has established that retrofitting
lighting to LED-type lighting reduces the total energy consumption of a university build-
ing [10,11,22,26]. In comparison, Figure 7 presents the energy saving percentage by replac-
ing the existing lighting in university buildings with LED based on recently published
articles [17,20,24,26,27,77].

Another study conducted in a university building in Malaysia also shows similar
trends, in which they save up to 36-50% in energy consumption by installing LED lighting
compared with the conventional type of lighting [78,79]. These findings indicate that the
replacement of existing lighting (i.e., fluorescent or CFL lighting) to LED-type lighting
reduces the total energy consumption of a commercial building, especially a university
building, and its cost.
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Figure 7. Saving from lighting replacement to LED in university buildings—comparison of this study
with others [17,20,24,26,77].

4.1.3. Energy Management System (EnMS)

This study applied the EnMS strategies adopted from the ISO50001 standard based
on the management system model implemented by organisations worldwide. Despite
the fact that the building has exceeded the limit of 3 million kWh per month for six
consecutive months, there is no energy committee in place to address this issue. Therefore,
the implementation of EnMS in University A resulted in 5% energy saving annually. The
knowledge on energy efficiency throughout the organisation is critical to the success of
these energy conservation measures (ECMs). Energy efficiency can be promoted using
three instruments, namely, regulation, technical assistance and, recognition or incentives, to
encourage individuals to utilise energy efficiently [69,80]. Electricity saving of 30% can be
achieved from the implementation of indoor environment and energy management. Hence,
awareness on these aspects should be addressed [81]. Table 3 shows the EnMS strategies to
be implemented and trained for the targeted groups in University A.

Table 3. Group targeted EnMS strategies.

Group Target EnMS Strategies for Training

Management

Top Management

Awareness of Economic Potentials of Implementing EnMS

General Awareness and Implementation of EnMS based on Recognised

Standards
e  Middle Management e .
Energy Auditing in Practice
ACMYV System
hnical Chiller: Component Overview, Operating Principle and Maintenance
Technica Service, Plant Room Exercise
e  Facility Manager Ice Chiller: Operating System and Maintenance Service

Operation and Maintenance Crew

Energy Efficient Building Design and Planning

Energy Performance and Verification

Operational and Support

Operators, Clerical Personnel, Cleaners, Security

Lecturers and Students

Introduction to Energy Management

Energy Efficient Practice within Building Facilities
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In addition to the electrical efficiency in a building, water efficiency and indoor air
quality should also be emphasised in the EnMS to reduce the life cycle energy consumption
based on these aspects [66]. Another EnMS strategy implemented on the Universiti Teknikal
Malaysia Melaka (UTeM) campus is the development of Internet of Things (IoT) to the
digital energy metre to monitor the energy use of the campus [67]. With the collected
data, the created IoT-digital meter simplifies the energy saving measures. Meanwhile, the
energy consumption in the residential college of Universiti Teknologi Malaysia, another
big campus in Malaysia, decreased for four consecutive years under the implementation of
energy awareness on the campus [68]. The result of this study and previous works on EnMS
shows that the implementation of the ECM is significant in reducing energy consumption,
thereby saving more on cost and energy use.

4.2. Energy Use Performance

This section discussed the energy use performance in terms of energy-saving, avoid-
ance of energy used, the building energy index (BEI) of the building, and return of invest-
ment (ROI) based on the calculation in Equations (1) to (4) after the implementation of
energy conservation measures (ECMs). Table 4 tabulated the results of these energy use
performance indicators.

Table 4. Energy use performance from the proposed ECMs.

Estimate Saving Carbon Dioxide (CO3y)
No ECMs KWh RM o, Emission
Mitigation/Year
1. Chiller optimisation 1,321,306 643,476.02 5.8% 857,527.59
2. Chiller retrofit —upgrade 1,215,899 592,142.81 5.4% 789,118.45
chiller
3. Lighting retrofit 2,138,956 1,041,671.57 9.4% 1,388,182.44
EnMS 1,134,411 552,458.16 5.0% 736,232.74
Total 5,810,572 2,829,749 25.6% 3,771,061.22

Based on the discussion on each proposed ECM to University A in Section 4.1, Table 4
summarised the implementation results of energy and cost-saving and CO, mitigation.
The implementation of ECMs is expected to generate an estimated energy saving of 25.6%
in energy use to save 5 million kWh/year, RM 2 million per year, CO, mitigation equal to
3,771,061.22 kgCO, /year, and ROI of 4.2 years with 5% of interest rate.

In comparison, Table 5 shows the recently published works from 2017 to 2021 on
the implementation of ECMs in university buildings with the indicators used to evaluate
energy use. As a result, most of the studies conducted low-cost ECMs (i.e., replacement
with LED lighting, air-conditioning maintenance, and EnMS). For studies conducted under
Malaysian conditions, the proposed/implemented ECMs have the potential to save up to
30% of energy use and cost. Meanwhile, the values of the BEI indicator for the studied
university in Malaysia after the implementation of ECMs are lower than or slightly higher
than those of the national standard (i.e., M51525:2007) with a range of 76 to 135.31 kWh/ m?.
This finding indicates that a university, as a commercial building, has a high potential to
save up energy use through the implementation of ECMs. Furthermore, appointing ESCO
through the EPC is commendable.
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Table 5. Comparison of ECMs implementation in recently published works.
Energy and Cost
Location Proposed/Implemented ECMs Energy Use Performance Reduction BEI after ECMs Ref
13 P Indicators (%) (kWh/m?) ’
. Chiller optimisation . Energy saving
Malaysia . C‘hlllej‘r retroﬁt-—upgradmg o Cost-saving 5.6 93.55 This
: Ilg;gl\}/lltsmg retrofit . CO, mitigation study
° EnMS . Energy savin,
) . Air-conditioning . Cost—gs}é]lving 8
Malaysia maintenance tioati 30 76.12 [20]
Yy Lihti fitti LED . CO, mitigation
. ighting retrofitting to ° ROIL
type
; Energy savin,
. . Replacement into LED ® 8Y St 3
Malaysia lighting : Cost saving 4 X [28]
. Replacement into LED
lighting
. Maintenance and
. optimisation of the . Energy saving
Malaysia air-conditioning system . Cost-saving 10.2 135.31 [72,82]
. Sun-shading and
double-glazed windows
instalment
. Replacement into LED
lighting
. Replacement into the . Energy saving
Ghana energy-efficient . Cost of conserved 26.9 X [17]
air-conditioning system energy
. PV installation for street
lighting
. Replacement into lower
wattage of lighting bulb. . E ine b
L . Cooling demand reduction nelrgy savmgf l'y hti
Nigeria . The use of star rated electrical ]rjeliibaCement of lighting 9.9 X [24]
appliances wibs
. Energy efficiency awareness
o Energy saving
- . Replacement of LED lighting . Cost-saving X X
Nigeria . PV system installation . Payback period 7]
. CO, mitigation
. Replacement of LED lighting
. Retrofit air-cooling fans o Energy saving
: . Retrofit air-conditioning o Internal Rate of Return
Pakistan system (IRR) 60 X [26]
. Retrofit into energy-efficient . Payback period
PC
. Thermal insulation of main
pipelines in the basement
. PV panels installation
. Roof thermal insulation . Energy saving
Azerbaii . Installation of double-glazed . Cost-saving ) 56 X [12]
zerbafjan windows and metal-plastic . Payback period
frames . Net Present Value
. Renovation of heating system
and hydraulic balancing of
the thermostatic valves
. Daylight sensors instalment
. Replacement to a lower . Eneray savin
o vRvattlage or LE]?f gghtingd . Costgving &
Ethiopia . eplacement of damage . Payback period X X [11]
water fixtures . RgI

Use of socket outlets with
ON/OFF switches
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Furthermore, the average BEI for Malaysia is 269 kWh/ m? [83]; however, the rec-
ommended BEI should not be more than 135 kWh/m? in accordance with the national
standard, M51525:2007 [64]. Moreover, in Figure 8, this study shows a positive performance
in terms of the BEI value after the implementation of ECMs through the EPC, in which the
BEI value reduces by 74% compared with the baseline BEIL In addition, the BEI after EPC is
lower than the MS1525:2007 standard and LEO building. University A has the potential
to stand on par with LEO, Diamond, and GEO buildings, which are green buildings in
Malaysia.

140 MS1525:2007 _ _ _BEE13S e e
120 125.76
100
= 100
E 93.55
= 80 85
=
= 60
o 65
o
40
20
0 >
Baseline After EPC LEO building  Diamond building  GEO building
(University A) (University A)

Figure 8. BEI comparison between this study with MS1525:2007 standard and green buildings in
Malaysia.

5. Energy Performance Contracting (EPC) Recommendation and Sensitivity Analysis

This study adopted the share savings model (SSM) of EPC model. Based on the
analysis of the preliminary energy audit and the proposed ECMs, Table 6 shows the saving
value based on the quantum sharing between the ESCO and University A as the building
owner for 6.7 years with a shared saving ratio of 95% for ESCO and 5% for University
A after the implementation of the proposed ECMs. The baseline electricity consumption
and the bills per annum are 22,688,226 kWh/year and RM 11,051,414.66, respectively. The
ESCO guaranteed 25.6% of annual savings to University A with the aggregated unit tariff
of RMO0.487 /kWh, which resulted in 5,672,057 kWh in electricity consumption reduction
and RM 2,762,291.76 / year saving.

Table 6. Annually and accumulated saving values earned by quantum sharing between ESCO and
University A.

Accumulated Saving Value for

Party Quantum Sharing Ratio (%) Saving Value per Year (RM) 6.7 Years (RM)

ESCO 95 2,624,177.17 17,581,987.04
University A 5 138,114.59 925,367.75

Total 100 2,762,291.76 18,507,354.79

A sensitivity analysis of different quantum sharing ratios between the ESCO and
University A is conducted, and the result is presented in Figure 9 which shows that the
saving value of ESCO is inversely proportional to that of University A when the quantum
sharing ratio is increasing for ESCO.
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Figure 9. Annual saving value from the sharing quantum ratio of ESCO and University A.

As this study employed the SSM EPC model, the ESCO assumed the technical and
credit risk (of the client), which can be advantageous to the client because it eliminates the
need for upfront capital expenses, with recurring payments to the ESCO depending on the
realised savings. As a result, the project would be incognito leverage [84]. In the Asian
market, the adopted EPC models are diverse between SSM or guaranteed saving model
(GSM) EPC models, which are influenced by the national policies and accounting rules.
For the SSM model adopted in the Asian market, the quantum sharing ratio for ESCO is
more than 75%. The determination of the sharing quantum ratio between the ESCO and
the client (i.e., the building owner is competitive as to which parties that decide the ratio
affect the result in saving the energy of the building). Under the EPC project, both parties
enjoy the profits from the energy saving [85]. The client will extract all of the surpluses
from the EPC project if the client sets an overall energy cost reduction target rather than
a benefit-sharing ratio. If the client sets the sharing ratio higher than the ESCO, then the
client will reap more benefits from the saving; however, the ESCO may not offer better
services. In contrast, when the ESCO, rather than the client, determines the benefit sharing
ratio, then ESCO will take all the surpluses from the EPC project whilst constantly reducing
the overall energy usage.

6. Conclusions

In conclusion, University A shows a positive performance in terms of energy and
cost savings, building energy index (BEI), return of investment (ROI), and carbon dioxide
(CO,) emission when the energy performance contracting (EPC) model developed using
the regression analysis to determine the saving potential in a commercial building is imple-
mented. From the EPC model with energy service company (ESCO)/University, a quantum
sharing ratio of 95%/5% forecasts the energy saving from the proposed energy conserva-
tion measures (ECMs), chiller optimisation and replacement, lighting retrofit, and EnMS.
University A was estimated to save 25.6% energy use, which reduced 5,672,057 kWh in
electricity consumption, saved RM 2,762,291.76 / year, CO, mitigation equal to 3,771,061.22
kgCO, /year, and ROI of 4.2 years with 5% of interest rate. The BEI reduces by 74% and
becomes 93.55 kWh,/m?2/ year lower than the recommended BEI of the National standard
MS1525:2007. In the EPC model, which adopted the share savings model (SSM) EPC model
with the minimum of 75% ESCO sharing ratio, a sensitivity analysis of the five quantum
sharing ratios shows that the saving value of ESCO is inversely proportional to that of
University A as the client when the quantum sharing ratio for ESCO is increasing with a
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range of ESCO: RM 2,071,718.82 to RM 2,624,177.17, and University A: RM 690,572.95 to
RM 138,114.59. Both parties benefitted from the energy savings under the EPC project.

Author Contributions: Data curation, Z.H.M.M; supervision, N.A.L.; validation, M.A.I. and M.A.M.T,;
writing—original draft preparation, ZH.M.M. and N.A L.; writing—review and editing, N.A.L.,
M.M.J. and N.A.A.A; visualization, M.M.]. and N.A.A.A. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by Universiti Kebangsaan Malaysia, Dana Impak Perdana
(DIP-2019-025).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Data is contained within the article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Buildings—Topics—IEA. Available online: https:/ /www.iea.org/topics/buildings (accessed on 11 October 2022).

2. Cai, X;; Zhou, C.; Zhou, L.; Xu, Q. A Bibliometric Analysis of Energy Performance Contracting Research from 2008 to 2018. Peer]
2019, 2019, €7992. [CrossRef]

3. Hwang, G.H,; Saar, C.C.; Chen, G.K. Energy Performance Contract (EPC) in Malaysia and Other Countries; IPM: Johor, Malaysia, 2019.

4. Gurcan, O.; Agenis-Nevers, M.; Batany, Y.M.; Elmtiri, M.; Le Fevre, F,; Tucci-Piergiovanni, S. An Industrial Prototype of Trusted
Energy Performance Contracts Using Blockchain Technologies. In Proceedings of the 2018 IEEE 20th International Conference on
High Performance Computing and Communications, 16th International Conference Smart City, 4th International Conference
Data Science and Systems (HPCC/SmartCity/DSS), Exeter, UK, 28-30 June 2018; pp. 1336-1343. [CrossRef]

5. Imran, M.S.; Rahman, N.M.A.; Mohamed, R. Energy Performance Contracting Initiative in Malaysian Public Hospitals. Int. J.
Integr. Eng. 2020, 12, 234-245. [CrossRef]

6.  Sukumaran, D.; Duraikannan, S.; Thiruchelvam, V.; Abdulla, R.; Mei, D.L.C.; Susaipan, Y.S.L. Energy Audit Using Deep Data
Analytics for Building Energy Conservation Measures. Solid State Technol. 2020, 63, 899-910.

7. Oyedepo, S.0O.; Anifowose, E.G.; Obembe, E.O.; Khanmohamadi, S. Energy-Saving Strategies on University Campus Buildings:
Covenant University as Case Study; Academic Press: Cambridge, CA, USA, 2021; ISBN 9780128205921.

8. Li, K,; Sun, Y,; Robinson, D.; Ma, J.; Ma, Z. A New Strategy to Benchmark and Evaluate Building Electricity Usage Using Multiple
Data Mining Technologies. Sustain. Energy Technol. Assess. 2020, 40, 100770. [CrossRef]

9.  Ghadji, Y.Y.; Baniyounes, A.M. Energy Audit and Analysis of an Institutional Building under Subtropical Climate. Int. ]. Electr.
Comput. Eng. 2018, 8, 845-852. [CrossRef]

10. Chan, M,; Arriola, E.; Cuevas, R.; Reyes, J.G. Development of an Energy Audit Working Procedure for an Academic University
Office Building in the Philippines. ASEAN Eng. J. 2021, 11, 88-95. [CrossRef]

11. Adame, B.O,; Salau, A.O. Energy Efficiency Analysis and Energy Conservation Measures for Ethiopian Universities: Introducing
Green Campus Initiative. In Proceedings of the 2021 IEEE PES/IAS PowerAfrica, Nairobi, Kenya, 23-27 August 2021; pp. 31-34.
[CrossRef]

12.  Samira, A.; Nurmammad, M. Multi-Disciplinary Energy Auditing of Educational Buildings in Azerbaijan: Case Study at a
University Campus. IFAC-PapersOnLine 2018, 51, 311-315. [CrossRef]

13.  Oyedepo, S.O,; Dirisu, J.O.; Fayomi, O.S.L; Essien, E.E.; Efemwenkiekie, U.K. Energy Evaluation and Conservation Strategies for
a Nigerian Private College Facilities: Case Analysis of Energy Audit of Covenant University. AIP Conf. Proc. 2019, 2190, 020080.
[CrossRef]

14. Ascione, F; Borrelli, M.; De Masi, R.F; De’Rossi, F.; Vanoli, G.P. Energy Refurbishment of a University Building in Cold Italian
Backcountry. Part 2: Sensitivity Studies and Optimization. Energy Procedia 2019, 159, 2-9. [CrossRef]

15. Mangave, V.; Naik, S.; Pawar, A.; Pophale, S.; Shankreappgol, L. Energy Audit of Sanjay Ghodawat University. Int. ]. Res. Eng.
Sci. Manag. 2020, 3, 3-7. Available online: https://www.ijresm.com/volume-3-issue-6-june-2020/ (accessed on 4 January 2023).

16. Ascione, E; Borrelli, M.; De Masi, R.F; De'Rossi, F; Vanoli, G.P. Energy Refurbishment of a University Building in Cold Italian
Backcountry. Part 1: Audit and Calibration of the Numerical Model. Energy Procedia 2019, 159, 10-15. [CrossRef]

17.  Opoku, R.; Adjei, E.A.; Ahadzie, D.K.; Agyarko, K.A. Energy Efficiency, Solar Energy and Cost Saving Opportunities in Public
Tertiary Institutions in Developing Countries: The Case of KNUST, Ghana. Alexandria Eng. ]. 2020, 59, 417-428. [CrossRef]

18.  Alhammali, A.A.; Shamsudin, S.A.; Mohammed, K.K,; Tee, B.T.; Al-Issa, H.A. Indoor Environment and Energy Consumption
Analysis for a University Academic Building. IOP Conf. Ser. Earth Environ. Sci. 2019, 373, 012017. [CrossRef]

19. Busaeri, N.; Hiron, N.; Dwi Giriantari, I.A.; Ariastina, W.G.; Swamardika, I.B.A. Green Campus Establishment Through Carbon

Emission and Energy Efficiency Control. In Proceedings of the 2021 International Conference on Smart-Green Technology in
Electrical and Information Systems (ICSGTEIS), Sanur, Bali, Indonesia, 28-30 October 2021; pp. 106-111. [CrossRef]


https://www.iea.org/topics/buildings
http://doi.org/10.7717/peerj.7992
http://doi.org/10.1109/HPCC/SmartCity/DSS.2018.00222
http://doi.org/10.30880/ijie.2020.12.09.028
http://doi.org/10.1016/j.seta.2020.100770
http://doi.org/10.11591/ijece.v8i2.pp845-852
http://doi.org/10.11113/aej.v11.16669
http://doi.org/10.1109/PowerAfrica52236.2021.9543461
http://doi.org/10.1016/j.ifacol.2018.11.308
http://doi.org/10.1063/1.5138566
http://doi.org/10.1016/j.egypro.2018.12.009
https://www.ijresm.com/volume-3-issue-6-june-2020/
http://doi.org/10.1016/j.egypro.2018.12.010
http://doi.org/10.1016/j.aej.2020.01.011
http://doi.org/10.1088/1755-1315/373/1/012017
http://doi.org/10.1109/icsgteis53426.2021.9650356

Sustainability 2023, 15, 1430 17 of 19

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Zailan, R.; Che Kar, M.T. Energy Audit: A Case Study in FTK Building Universiti Malaysia Pahang. Int. J. Eng. Technol. Sci. 2018,
5,91-101. [CrossRef]

Lariosa, L.; Carcasona, E.A. Energy Performance Assessment of an Academic Building by Energy Audit and Thermography. In
Proceedings of the International Conference on Technological and Social Innovations, Cebu City, Philippines, 12—14 September
2018.

Liu, Q.; Ren, J. Research on the Building Energy Efficiency Design Strategy of Chinese Universities Based on Green Performance
Analysis. Energy Build. 2020, 224, 110242. [CrossRef]

Merabtine, A.; Maalouf, C.; Al Waheed Hawila, A.; Martaj, N.; Polidori, G. Building Energy Audit, Thermal Comfort, and IAQ
Assessment of a School Building: A Case Study. Build. Environ. 2018, 145, 62-76. [CrossRef]

Evuti, AM.; Baba, YM.; Adeyemi, K. A Study of Energy Demand and Consumption in University of Abuja, Nigeria. IOP Conf.
Ser. Earth Environ. Sci. 2020, 476, 012087. [CrossRef]

Bourdeau, M.; Guo, X.; Nefzaoui, E. Buildings Energy Consumption Generation Gap: A Post-Occupancy Assessment in a Case
Study of Three Higher Education Buildings. Energy Build. 2018, 159, 600-611. [CrossRef]

Latif, M.H.; Ahmed, T.; Khalid, W.; Anis, M.; Mahmood, T. Energy Audit, Retrofitting and Solarization in Educational Institutes
of Pakistan: An Effective Approach towards Energy Conservation. In Proceedings of the 2019 International Conference on
Engineering and Emerging Technologies (ICEET), Lahore, Pakistan, 21-22 February 2019. [CrossRef]

Pangilinan, B. Lighting and Ventillation Audit of the College of Industrial Technology Building. SSRN Electron. |. 2018, 1-9.
[CrossRef]

Masoud, M.A.; Ramli, N.A.; Shariah, A. Energy Audit of Building System by Using Smart KWh Calculator and Building
Simulation. Test Eng. Manag. 2020, 83, 8192-8199.

Vaka, M.; Walvekar, R.; Rasheed, A K.; Khalid, M. A Review on Malaysia’s Solar Energy Pathway towards Carbon-Neutral
Malaysia beyond Covid’19 Pandemic. J. Clean. Prod. 2020, 273, 122834. [CrossRef]

Dezfouli, M.M.S,; Sopian, K.; Kadir, K. Energy and Performance Analysis of Solar Solid Desiccant Cooling Systems for Energy
Efficient Buildings in Tropical Regions. Energy Convers. Manag. 2022, 14, 100186. [CrossRef]

Energy Commission. Malaysia Energy Statistics Handbook 2017; Energy Commission: Putrajaya, Malaysia, 2018.

Energy Commission. National Energy Balance 2018; Energy Commission: Putrajaya, Malaysia, 2020.

Malaysia’s Update of Its First Nationally Determined Contribution. Available online: https:/ /www#4.unfccc.int/sites /ndcstaging/
PublishedDocuments/MalaysiaFirst/MalaysiaNDCUpdatedSubmissiontoUNFCCCJuly2021final. pdf (accessed on 28 January
2022).

Abd Rahman, N.M.; Lim, C.H.; Fazlizan, A. Optimizing the Energy Saving Potential of Public Hospital through a Systematic
Approach for Green Building Certification in Malaysia. J. Build. Eng. 2021, 43, 103088. [CrossRef]

Dahlan, N.Y.; Mohamed, H.; Kamaluddin, K.A.; Abd Rahman, N.M.; Reimann, G.; Chia, J.; lham, N.I. Energy Star Based
Benchmarking Model for Malaysian Government Hospitals—A Qualitative and Quantitative Approach to Assess Energy
Performances. J. Build. Eng. 2022, 45, 103460. [CrossRef]

Chaphekar, S.N.; Mohite, R.A.; Dharme, A.A. Energy Monitoring by Energy Audit and Supply Side Management. In Proceedings
of the 2015 International Conference on Energy Systems and Applications, Pune, India, 30 October—1 November 2015; pp.
178-183.

Wang, X.; Huang, C.; Cao, W. Energy Audit of Building: A Case Study of a Commercial Building in Shanghai. In Proceedings of
the Asia-Pacific Power and Energy Engineering Conference (APPEEC), Chengdu, China, 28-31 March 2010. [CrossRef]

Jadhav, V,; Jadhav, R.; Magar, P; Kharat, S.; Bagwan, S.U. Energy Conservation through Energy Audit. In Proceedings of the 2017
International Conference on Trends in Electronics and Informatics (ICEI), Tirunelveli, India, 11-12 May 2017; pp. 481-485.
Manoharan, P.; Venkat, M.P,; Nagarathinam, S.; Vasan, A. Learn to Chill- Intelligent Chiller Scheduling Using Meta-Learning
and Deep Reinforcement Learning. In Proceedings of the 8th ACM International Conference on Systems for Energy-Efficient
Buildings, Cities, and Transportation, New York, NY, USA, 17 November 2021; pp. 21-30. [CrossRef]

Zheng, Z.; Xie, D.; Pu, J.; Wang, E. MELODY: Adaptive Task Definition of COP Prediction with Metadata for HVAC Control and
Electricity Saving. In Proceedings of the e-Energy 2020: The 11th ACM International Conference on Future Energy Systems, New
York, NY, USA, 18 June 2020; pp. 47-56. [CrossRef]

Zheng, Z.; Chen, Q.; Fan, C.; Guan, N.; Vishwanath, A.; Wang, D.; Liu, F. Data Driven Chiller Sequencing for Reducing HVAC
Electricity Consumption in Commercial Buildings. In Proceedings of the e-Energy 2018—The Ninth International Conference on
Future Energy Systems, New York, NY, USA, 12 June 2018; pp. 236-248. [CrossRef]

Vu, H.D.; Chai, K.S.; Keating, B.; Tursynbek, N.; Xu, B.; Yang, K; Yang, X.; Zhang, Z. Data Driven Chiller Plant Energy
Optimization with Domain Knowledge. In Proceedings of the 2017 ACM on Conference on Information and Knowledge
Management, New York, NY, USA, 6 November 2017; pp. 1309-1317. [CrossRef]

Sala-Cardoso, E.; Delgado-Prieto, M.; Kampouropoulos, K.; Romeral, L. Predictive Chiller Operation: A Data-Driven Loading
and Scheduling Approach. Energy Build. 2020, 208, 109639. [CrossRef]

Wan Md Adnan, W.N.; Yenita Dahlan, N.; Musirin, I. Artificial Neural Network Optimization in Prediction Baseline Energy
Consumption to Quantify Energy Savings in Commercial Building. In Proceedings of the 2020 11th IEEE Control and System
Graduate Research Colloquium (ICSGRC), Shah Alam, Malaysia, 8 August 2020; pp. 393-397. [CrossRef]


http://doi.org/10.15282/ijets.v5i2.1400
http://doi.org/10.1016/j.enbuild.2020.110242
http://doi.org/10.1016/j.buildenv.2018.09.015
http://doi.org/10.1088/1755-1315/476/1/012087
http://doi.org/10.1016/j.enbuild.2017.11.062
http://doi.org/10.1109/CEET1.2019.8711848
http://doi.org/10.2139/ssrn.3197456
http://doi.org/10.1016/j.jclepro.2020.122834
http://doi.org/10.1016/j.ecmx.2022.100186
https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/MalaysiaFirst/MalaysiaNDCUpdatedSubmissiontoUNFCCCJuly2021final.pdf
https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/MalaysiaFirst/MalaysiaNDCUpdatedSubmissiontoUNFCCCJuly2021final.pdf
http://doi.org/10.1016/j.jobe.2021.103088
http://doi.org/10.1016/j.jobe.2021.103460
http://doi.org/10.1109/APPEEC.2010.5448746
http://doi.org/10.1145/3486611.3486649
http://doi.org/10.1145/3396851.3397689
http://doi.org/10.1145/3208903.3208913
http://doi.org/10.1145/3132847.3132860
http://doi.org/10.1016/j.enbuild.2019.109639
http://doi.org/10.1109/ICSGRC49013.2020.9232655

Sustainability 2023, 15, 1430 18 of 19

45.

46.

47.
48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Huang, S.; Zuo, W.; Sohn, M.D. A New Method for the Optimal Chiller Sequencing Control. In Proceedings of the 14th Conference
of IBPSA, Hyderabad, India, 7-9 December 2015; pp. 316-323.

Yu, EW.; Chan, K.T. Optimum Load Sharing Strategy for Multiple-Chiller Systems Serving Air-Conditioned Buildings. Build.
Environ. 2007, 42, 1581-1593. [CrossRef]

Li, Z.; Huang, G.; Sun, Y. Stochastic Chiller Sequencing Control. Energy Build. 2014, 84, 203-213. [CrossRef]

Alonso, S.; Moran, A.; Prada, M.A.; Reguera, P; Fuertes, J.J.; Dominguez, M. A Data-Driven Approach for Enhancing the
Efficiency in Chiller Plants: A Hospital Case Study. Energies 2019, 12, 827. [CrossRef]

Chen, Y.; Zheng, Y.; Samuelson, H. Fast Adaptation of Thermal Dynamics Model for Predictive Control of HVAC and Natural
Ventilation Using Transfer Learning with Deep Neural Networks. In Proceedings of the 2020 American Control Conference
(ACC), Denver, CO, USA, 1-3 July 2020; pp. 2345-2350.

Gao, Y,; Ruan, Y,; Fang, C.; Yin, S. Deep Learning and Transfer Learning Models of Energy Consumption Forecasting for a
Building with Poor Information Data. Energy Build. 2020, 223, 110156. [CrossRef]

Hooshmand, A.; Sharma, R. Energy Predictive Models with Limited Data Using Transfer Learning. In Proceedings of the e-Energy
2019—The Tenth ACM International Conference on Future Energy Systems, New York, NY, USA, 15 June 2019; pp. 12-16.
[CrossRef]

Desai, U.; Patel, J.; Patel, J.; Rana, A.; Vora, D. Electrical energy audit in a Uka Tarsadia University—A case study. In Proceedings
of the 2017 International Conference on Trends in Electronics and Informatics (ICEI), Tirunelveli, India, 11-12 May 2017; pp.
86-89.

Dahlan, N.Y,; Shaari, M.S.; Putra, T.A.N.T.; Mohd Shokri, S.M.; Mohammad, H. Energy and Environmental Audit for Bangunan
Menara Seri Wilayah and Bangunan Kastam, Putrajaya: Analysis and Recommendations. In Proceedings of the 2013 IEEE
Conference on Clean Energy and Technology (CEAT), Langkawi, Malaysi, 18-20 November 2013; pp. 500-505. [CrossRef]
Mathur, A.; Muthukumaraswamy, S.A. On the Enhancement of Building Energy Conservation Using Energy Auditing. In
Proceedings of the 2017 International Conference on Intelligent Sustainable Systems (ICISS), Palladam, India, 7-8 December 2017;
pp. 720-724. [CrossRef]

Giang, N.D,; Ichinose, M.; Sasaki, R.; Tokuda, E. High-Rise Buildings in Hanoi, Vietnam. Build. Perform. 2017, 8, 25-38.

Adam, S.; Ahmad, M.1.; Wira, M.; Shafiei, M.; Hassan, H.A.; Baharum, F.; Taib, S.; Hussin, N.F.; Adnan, N.Z.; Amir, M.; et al.
Implementation of Energy Performance Certification (EPCert) Scheme for Government Buildings in Melaka. In Proceedings of
the 3rd National Conference on Knowledge Transfer, Penang, Malaysia, 30 November—1 December 2016.

MyGOV—Malaysia Information Climate. Available online: https://malaysia.gov.my/portal/content/144 (accessed on 17
December 2022).

Cowan, J.; Pearson, R.; Sud, 1. Procedures for Commercial Building Energy Audits; American Society of Heating, Refrigerating and
Air-Conditioning Engineers: Atlanta, GA, USA, 2004; ISBN 9781931862202.

Mathur, A.; Muthukumaraswamy, S.A.; Varela, L. Investigation and Analyses of Energy-Efficient Technologies for HVAC and
Lighting Systems via Energy Auditing Processes. In Proceedings of the 2018 International Conference on Smart Grid and Clean
Energy Technologies (ICSGCE), Kajang, Malaysia, 29 May-1 June 2018; pp. 186-190. [CrossRef]

Henrik, R.J. Energy Performance Contracting Guidebook; Building Sector Energy Efficiency Project (BSEEP): Kuala Lumpur, Malaysia,
2017.

Xia, X,; Zhang, ]. Mathematical Description for the Measurement and Verification of Energy Efficiency Improvement. Appl. Energy
2013, 111, 247-256. [CrossRef]

Den Heijer, W.L.; Grobler, L.]. The Role of Measurement and Verification in Eskom Integrated Demand Management’s Performance
Contracting Initiative. In Proceedings of the 8th Conference on the Industrial and Commercial Use of Energy, Cape Town, South
Africa, 16-17 August 2011; pp. 12-16.

David, M.; Dahlan, N.Y. Development of Visual Basic Based GUI for Option a Energy Savings of IPMVP. In Proceedings of the
2014 IEEE 4th International Conference on System Engineering and Technology (ICSET), Bandung, Indonesia, 24-25 November
2014. [CrossRef]

Singh, J.; Velu, V,; Shafeek, M.A.; Nirmal, U. A Review on Building Energy Index (BEI) in Different Green Government Buildings
(GGBs) in Malaysia. Mjsat 2021, 1, 46-56.

Cosmas, C.A.; Dahlan, N.Y. Development of Visual Basic GUI for Option C Energy Saving of IPMVP. In Proceedings of the 3rd IET
International Conference on Clean Energy and Technology (CEAT) 2014, Kuching, Malaysia, 24-26 November 2014. [CrossRef]
SMA Technology Solar AG. CO2 Factor. Available online: https://files.sma.de/downloads/SMix-UEN091910.pdf (accessed on 6
March 2021).

Ministry of Environment and Water. Malaysia Third Biennial Update Report to the UNFCCC; Ministry of Environment and Water:
Putrajaya, Malaysia, 2020.

Lim, C. Energy Consumption Control of an Air-Cooled Chiller from the Use of an Automatic ON/OFF Timer System: A Real
Case Study of the Penang State Mosque. J. Kejuruter. 2020, 32, 131-139.

Singh, H.; Seera, M.; Mohamad Idin, M. A. Electrical Energy Audit in a Malaysian University—A Case Study. In Proceedings
of the 2012 IEEE International Conference on Power and Energy (PECon), Kota Kinabalu, Malaysia, 2-5 December 2012; pp.
616-619. [CrossRef]


http://doi.org/10.1016/j.buildenv.2006.01.006
http://doi.org/10.1016/j.enbuild.2014.07.072
http://doi.org/10.3390/en12050827
http://doi.org/10.1016/j.enbuild.2020.110156
http://doi.org/10.1145/3307772.3328284
http://doi.org/10.1109/CEAT.2013.6775684
http://doi.org/10.1109/ISS1.2017.8389267
https://malaysia.gov.my/portal/content/144
http://doi.org/10.1109/ICSGCE.2018.8556644
http://doi.org/10.1016/j.apenergy.2013.04.063
http://doi.org/10.1109/ICSEngT.2014.7111788
http://doi.org/10.1049/cp.2014.1508
https://files.sma.de/downloads/SMix-UEN091910.pdf
http://doi.org/10.1109/PECon.2012.6450288

Sustainability 2023, 15, 1430 19 of 19

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Karami, M.; Wang, L. Particle Swarm Optimization for Control Operation of an All-Variable Speed Water-Cooled Chiller Plant.
Appl. Therm. Eng. 2018, 130, 962-978. [CrossRef]

He, D.; Xiong, Q.; Zhang, X.; Dai, Y.; Jiang, Z. A Decentralized, Flat Sructured Control System for Chiller Plants. Appl. Sci. 2019, 9,
4811. [CrossRef]

Tahir, M.Z.; Jamaludin, R.; Nasrun, M.; Nawi, M.; Baluch, N.H.; Mohtar, S. Building Energy Index (BEI): A Study of Government
Office Building in Malaysian Public University. |. Eng. Sci. Technol. 2017, 12, 192-201.

Arcuri, B.; Spataru, C.; Barrett, M. Evaluation of Ice Thermal Energy Storage (ITES) for Commercial Buildings in Cities in Brazil.
Sustain. Cities Soc. 2017, 29, 178-192. [CrossRef]

Awang, N.A.; Kamar, HM.; Kamsah, N. Energy Saving Potential of an Air-Conditioner—Ice Thermal Storage (AC—ITS) System.
J. Adv. Res. Fluid Mech. Therm. Sci. 2017, 31, 1-10.

Rismanchi, B.; Saidur, R.; Masjuki, H.H.; Mahlia, TM.I. Energetic, Economic and Environmental Benefits of Utilizing the Ice
Thermal Storage Systems for Office Building Applications. Energy Build. 2012, 50, 347-354. [CrossRef]

Rahgozar, S.; Dehghan, M.; Pourrajabian, A.; Haghgou, H. Economic Feasibility of Ice Storage Systems for Office Building
Applications: A Climate Sensitivity Analysis. |. Energy Storage 2022, 45, 103712. [CrossRef]

Birkha Mohd Alj, S.; Hasanuzzaman, M.; Rahim, N.A.; Mamun, M.A.A_; Obaidellah, U.H. Analysis of Energy Consumption and
Potential Energy Savings of an Institutional Building in Malaysia. Alexandria Eng. ]. 2021, 60, 805-820. [CrossRef]

Firdaus, A.; Abdullah, M.R.; Ahmad, N.A ; Firdaus, A.; Azfahani, N. Energy Savings Through the Application of Building
Information Modelling (Bim): A Pilot Study. J. Islam. 2021, 6, 191-200.

Hussin, M.Z.; Shukor, S.EA.; Sin, N.D.M.; Yusof, Y.; Nor, M.ZM.; Rahman, N.H.A. Integration of LED-Based Lighting in
Academic Buildings for Energy Efficiency Considerations. Bull. Electr. Eng. Inform. 2021, 10, 93-100. [CrossRef]

Ahmad, S.A.; Hassan, M.Y.; Abdullah, H.; Rahman, H.A.; Majid, M.S; Bandi, M. Energy Efficiency Measurements in a Malaysian
Public University. In Proceedings of the 2012 IEEE International Conference on Power and Energy (PECon), Kota Kinabalu,
Malaysia, 2-5 December 2012; pp. 582-587. [CrossRef]

Ibrahim, S.H.; Julaihi, F; Baharun, A.; Koesmeri, D.R.; Nawi, M.N.M. Investigating the Performance of Indoor Environment and
Energy Management Implementation System in Office Building. Ekoloji 2018, 27, 87-94.

Tahir, M.Z.; Nawi, M.N.M.; Zulhumadi, F. Strategy for Energy-Efficient Office Building of Public University in Malaysia: Case
Study. Int. ]. Sustain. Constr. Eng. Technol. 2021, 12, 100-109. [CrossRef]

Ramli, N.A; Fairuz, M.; Hamid, A.; Gimang, H.; Richard, A. Energy Efficiency Measures on Two Different Commercial Buildings
in Malaysia. J. Build. Perform. 2019, 10, 17-29.

IEA ESCO Contracts—Energy Service Companies (ESCOs). Available online: https://www.iea.org/reports/energy-service-
companies-escos-2/esco-contracts (accessed on 18 March 2022).

Zhou, W.; Huang, W.; Zhou, S.X. Energy Performance Contracting in a Competitive Environment. Decis. Sci. 2017, 48, 723-765.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1016/j.applthermaleng.2017.11.037
http://doi.org/10.3390/app9224811
http://doi.org/10.1016/j.scs.2016.12.011
http://doi.org/10.1016/j.enbuild.2012.04.001
http://doi.org/10.1016/j.est.2021.103712
http://doi.org/10.1016/j.aej.2020.10.010
http://doi.org/10.11591/eei.v10i1.2513
http://doi.org/10.1109/PECon.2012.6450281
http://doi.org/10.30880/ijscet.2021.12.01.010
https://www.iea.org/reports/energy-service-companies-escos-2/esco-contracts
https://www.iea.org/reports/energy-service-companies-escos-2/esco-contracts
http://doi.org/10.1111/deci.12239

	Introduction 
	Context and Motivation 
	Methodology 
	Case Study Background 
	Preliminary Energy Audit 
	Measurement and Verification (M&V) 
	Energy Use Performance from the Implementation of Energy Conservation Measures (ECMs) 
	Regression Analysis 

	Results and Discussion 
	Energy Conservation Measures (ECMs) Suggestion and the Saving Analysis 
	Chiller Optimisation and Replacement 
	Lighting Retrofitting 
	Energy Management System (EnMS) 

	Energy Use Performance 

	Energy Performance Contracting (EPC) Recommendation and Sensitivity Analysis 
	Conclusions 
	References

