
INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
K. A. Qaid et al., Vol.13, No.3, September, 2023 

 

Modelling and Sizing a Grid-connected PV-Battery 

System Using DIgSILENT for Powering UTeM 

Main Campus  
 

Khaldon Ahmed Qaid* , Wei Hown Tee* , Chin Kim Gan*‡ , Pi Hua Tan**  

 

* Faculty of Electrical Engineering, Universiti Teknikal Malaysia Melaka 

**AFRY Malaysia Sdn. Bhd., Kuala Lumpur, Malaysia 

(khaldon603@gmail.com, weihowntee@gmail.com, ckgan@utem.edu.my, tan.pi-hua@afry.com) 

 

‡ Corresponding Author; Chin Kim Gan, Faculty of Electrical Engineering, Universiti Teknikal Malaysia Melaka, Jalan Hang 

Tuah Jaya, 76100 Durian Tunggal, Melaka, Tel: +60 62701310, ckgan@utem.edu.my.  

 

Received: 26.03.2023 Accepted:29.05.2023 

 

Abstract- Universities encounter challenges stemming from the escalating electrical bills attributed to the substantial energy 

consumption of their expansive buildings. This serves as a clear impetus for universities to transition to renewable energy 

technologies, which offer the advantages of cost-effective operation and minimal environmental footprint. This paper presents 

the design of a grid-connected photovoltaic (PV) system with battery storage to fulfil the electricity consumption needs of 

Universiti Teknikal Malaysia Melaka (UTeM) main campus. The objective is to reduce grid dependency, lower electricity costs, 

and minimize carbon dioxide (CO2) emissions. The system was modelled and simulated using DIgSILENT software. Load 

demand and energy consumption data were extracted from the Tenaga Nasional Berhad (TNB) electricity bill, while the PV 

profile and irradiance data were obtained from the UTeM solar laboratory. Based on the findings, it has been determined that a 

12 MWp PV system, coupled with a 25.8 MWh battery, represents the optimal solution for satisfying the total electricity demand 

of UTeM's main campus. The installation of this system is projected to result in estimated monthly electricity bill savings of 

MYR 422,611 for UTeM. Furthermore, the proposed system offers a significant environmental benefit by potentially reducing 

CO2 emissions by up to 1,507,520 kg per month. The findings of this study can inform decision-makers in implementing a cost-

effective and environmentally friendly energy solution for UTeM's main campus. 

Keywords University microgrid, grid-connected, DIgSILENT, solar PV, battery. 

 

Nomenclature 

ADEC Average Daily Energy Consumed 

FiT Feed-in Tariff 

ICPT Imbalance Cost Pass-Through Tariff 

KWTBB Renewable Energy Fund 

PSHs Peak Sun Hours 

PR Performance Ratio 

PV Photovoltaic 

QDS Quasi Dynamic Simulation 

SST Sales and Services Tax 

TNB Tenaga Nasional Berhad 

UTeM Universiti Teknikal Malaysia Melaka 

1. Introduction 

Public universities in Malaysia have recently faced a 

decline in funding. Specifically, the budget allocated to higher 

education institutions in Malaysia witnessed a decrease from 

MYR 15.78 billion in 2015 to MYR 13.37 billion in 2016. 

However, there has been a slight increase in the subsequent 

years, with the budget rising to MYR 14.50 billion in 2022 

[1][2]. Consequently, the Ministry of Education in Malaysia 

has urged educational institutions to prioritize energy 

conservation efforts [3]. Moreover, administrators at local 

universities in Malaysia are expressing concern over the 

substantial monthly electricity bills arising from inefficient 

use of energy. These universities are currently incurring an 
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annual energy cost exceeding 10 million ringgits, which is 

increasingly becoming a significant financial burden [4]. In 

addition to the budget cuts, there is a notable drive in Malaysia 

to foster environmental consciousness and encourage the 

adoption of practices aimed at reducing carbon emissions. 

This emphasis on environmental consciousness is further 

motivated by the fact that Malaysia's carbon emissions 

reached approximately 253,270 kt in 2019. Consequently, 

there is an urgent need to implement and adopt more eco-

friendly methods to effectively tackle environmental 

challenges and mitigate the adverse impact of carbon 

emissions on the environment [5][6]. To achieve sustainable 

green energy growth and reduce carbon emissions by up to 

45% by 2030, Malaysia has identified and formulated several 

strategic plans [7][8]. Concurrently, Malaysia recognizes solar 

PV systems as a primary energy source due to their lower 

operational costs and the abundant solar irradiance available 

in the country [9]. This proposal suggests that solar energy has 

This proposal highlights that solar energy possesses the 

potential to offer an affordable and sustainable power source, 

making it a promising solution to meet the energy 

requirements of the country [10]. Studies have been carried 

out by researchers for integrating solar PV with battery bank 

systems into the grid to reduce the load demand peak [11] and 

to reduce customer electricity bills [12]. Solar PV-battery 

systems, including both grid-connected and off-grid systems, 

are widely recognized as the most easily installed and 

accessible type of renewable energy system for providing 

universities with sustainable energy solutions. 

UTeM is a technical public university located in Melaka, 

Malaysia. In recent years, the expansion of buildings and the 

growth of educational activities at UTeM have led to an 

increased total demand for energy supply. Consequently, this 

has led to a rise in the monthly electricity bills for the 

university. UTeM is currently incurring a monthly electricity 

bill of over MYR 600,000 [13]. This substantial amount 

represents a significant portion of the university's overall 

expenses, and it is anticipated to further increase in the near 

future. Given the rise in electricity costs and the limitation of 

government support, UTeM is compelled to seek a solution to 

effectively reduce its electricity bills. One of the proposed 

solutions involves minimizing energy costs by reducing 

reliance on the main power grid and instead prioritizing the 

utilization of renewable energy sources [14]. Furthermore, the 

university has set ambitious goals to significantly decrease its 

overall energy consumption and strive towards meeting up to 

100% of the campus' energy needs through the utilization of 

on-site renewable energy resources. 

Several universities have conducted numerous studies to 

assess the feasibility of implementing microgrids powered by 

solar PV systems to electrify their campuses. A 

comprehensive review was conducted, referencing microgrid 

installations on university campuses worldwide [15]. For 

instance, a stochastic modelling approach using kernel density 

distributions was applied to real data obtained from a 34kWp 

on-grid PV system installed at the campus of the Federal 

University of Goias in Brazil [16]. In Nigeria [17], a hybrid 

off-grid PV-diesel system was designed specifically for a 

postgraduate hall of residence located at the University of 

Ibadan in Ibadan, Oyo State. In Saudi Arabia [18], a technical 

evaluation was performed to assess the effectiveness of a 7.0 

kW hybrid PV/Wind on-grid power system. The system was 

installed on the rooftop of the engineering building at the 

Islamic University of Madinah. In Turkey [19], a research 

study was conducted to evaluate the feasibility of 

implementing a solar PV system with the aim of reducing peak 

power consumption at Bahcesehir University's finance 

campus. The study considered both the technical and financial 

aspects of the implementation. At Okinawa Institute of 

Science and Technology in Japan [20], a virtual environment 

was created utilizing Internet of Things technology for DC-

based PV-battery microgrid systems within the campus. 

Furthermore, an experimental study was conducted on the 

Tagajo campus of Tohoku Gakuin University, where a hybrid 

microgrid system was installed and examined [21]. In 

Indonesia [22], Semarang State University employed a 

combination of deep learning techniques and unmanned aerial 

vehicle-based aerial photography to forecast the solar energy 

potential of rooftops. This assessment also accounted for the 

subsequent reduction in CO2 emissions. 

Numerous investigations have been carried out in 

Malaysia to explore the financial and environmental 

advantages of various campus microgrids. These studies have 

primarily focused on the sizing and design of different 

components within microgrid systems. For instance, Khan et 

al. [23] have developed a grid-connected microgrid for 

Universiti Kuala Lumpur. This microgrid incorporates PV 

panels and battery storage to fulfil the campus's electricity 

requirements while reducing dependence on the main power 

grid. Jefry and Zambri [24] developed a demand response 

program integrated with PV energy to effectively reduce the 

energy consumption of the highest-consuming buildings at 

Universiti Tun Hussein Onn. In [25], a preliminary 

investigation was conducted to evaluate the power potential of 

PV panels at the campus of the International Islamic 

University Malaysia. In [26], a feasibility study was carried 

out to examine the viability of utilizing small-scale PV panels 

for lighting purposes at the Universiti Teknologi MARA, 

Sarawak campus. The study considered factors such as 

operation and maintenance costs to assess the feasibility of the 

project. In [27], Krishna et al. proposed a comprehensive 

design for on-grid PV panels intending to reduce electricity 

consumption at Taylor's University Malaysia campus. The 

study presented in [28] assesses the financial and ecological 

aspects of implementing PV panels with a capacity of 1 MW 

for electrifying the campus of Universiti Malaysia Pahang. In 

[29] a thorough evaluation was conducted to assess the 

performance of grid-connected PV panels installed on the 

campus of Monash University in Malaysia. Tan and Chow 

[30] conducted a comparative analysis between the Feed-in 

Tariff (FiT) and net metering schemes to reduce the overall 

electricity consumption at UCSI University Malaysia campus. 

The comparison focused on the installation of PV panels to 

achieve this goal. In [31], Yassim et al. conducted a feasibility 

study using HOMER to determine the optimal size and cost-

effective configurations for an on-grid PV system that can 

effectively power the UTeM main campus. Optimal battery 

energy storage system sizing in the DIgSILENT programming 

language was developed in [32] to reduce power losses in the 

tested system with optimal operation costs. The 
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aforementioned studies focused on the design and 

implementation of microgrids within university campuses, 

aiming to assess their effectiveness in meeting electricity 

requirements. These investigations considered various factors, 

including energy efficiency, cost-effectiveness, and ecological 

impact, to evaluate the overall performance of the microgrid 

systems. 

This paper aims to utilize DIgSILENT software to model 

and size an on-grid PV system integrated with a battery bank. 

The objective is to provide the main campus of UTeM with a 

reliable and fully renewable energy source. By accurately 

simulating the system, the study intends to determine the 

optimal configuration and sizing of the PV system and battery, 

ensuring efficient energy generation, storage, and utilization 

within the campus. The primary objective of this scheme is 

twofold: to reduce the electrical bill of the university and to 

minimize the level of CO2 emissions in the city. By 

implementing the proposed system, the university aims to 

achieve significant cost savings in its electricity expenditure 

while simultaneously making a positive impact on the 

environment by reducing carbon dioxide emissions. The 

proposed method was implemented by utilizing solar 

irradiance data obtained from the PV laboratory station, as 

well as the monthly energy consumption data gathered from 

the university’s electricity bill. These inputs were crucial in 

accurately modelling and simulating the performance of the 

PV system, allowing for an informed analysis of the system's 

energy generation and consumption patterns. It is important to 

note that this study did not consider losses and FiT costs in its 

analysis. The rest of the paper is structured as follows: Section 

2 provides a brief overview of UTeM's location, load profile, 

and solar resources, as well as the basic mathematical models. 

Section 3 elaborates on the proposed methodology and system 

configuration, accompanied by the case study description. The 

findings and discussions are presented in Section 4. Section 5 

includes the concluding remarks of the research. 

2. Assessment and Analysis 

2.1. Load Demand 

The initial stage of the proposed method entails 

formulating a mathematical model to accurately calculate the 

load demand. Typically, the load demand and energy 

consumption of the UTeM main campus can be obtained by 

monitoring the main energy meter and reviewing the utility 

bills. The average daily energy consumed (ADEC) can be 

calculated by equation (1). 

𝐴𝐷𝐸𝐶 =
𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑖𝑛𝑔 𝑖𝑛 𝑚𝑜𝑛𝑡ℎ

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠 
  (1) 

In January 2018, the total energy consumption of the 

UTeM main campus amounted to 1,412.975 MWh, with the 

highest peak demand of 4.653 MW occurring on January 4th 

of that year [13]. Fig. 1 shows the energy consumption data 

recorded every 30 minutes by UTeM's main energy measuring 

device on January 4th, 2018. Thus, the total energy consumed 

in MWh can be calculated by equation (2). 

𝐿𝐸 =
1

2
∑ 𝐿𝑃𝑖

𝑛=48
𝑖=1     (2) 

Where LE is the total load energy consumed MWh for one 

day. LPi is the load profile in time i for the same day. 

 

Fig. 1. UTeM load profile. 

As illustrated in Fig. 1, the energy demand exhibits a peak 

during the daytime, aligning with the operational hours of 

UTeM from 8:00 to 17:00. During this time, the load 

represents approximately 70% of the total daily energy 

demand. Conversely, during the night hours, the load 

requirement decreases, constituting only 30% of the daily 

energy demand. 

2.2. Solar PV System Calculation 

The main campus of UTeM is situated in Durian Tunggal, 

Alor Gajah District, within the state of Melaka. Its 

geographical coordinates are approximately 2.313965°N 

latitude and 102.319872°E longitude. Melaka is renowned for 

its warm and humid climate, characterized by high 

temperatures and humidity levels ranging between 80% and 

90%. Throughout the year, temperatures on the campus 

exhibit a range of 22°C to 33°C, with a median daily 

temperature of 26.5°C. The monthly solar irradiance in 

Melaka is estimated to range between 400-600 MJ/m2, with 

higher radiation during the northeast monsoon season and 

lower radiation during the southwest monsoon season. In this 

study, the irradiance levels were recorded at intervals of 30 

minutes using the UTeM solar laboratory station. Daytime in 

Melaka typically begins at 07:30 and lasts until 19:30, aligning 

with the standard sunrise and sunset timings for the city [33]. 

Fig. 2 presents the solar PV profile for a sunny day, 

demonstrating the variation of solar power generation during 

the day. The research objective is to design a PV system 

capable of generating enough energy to meet the daily energy 

requirements of UTeM. Thus, the maximum energy output 

from the PV panels to satisfy the campus's peak demand and 

energy consumption can be mathematically expressed as 

shown in equation (3) [34]. 

5.00 
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𝑃𝑉𝑠𝑖𝑧𝑒 =
𝐿𝐸

𝑃𝑆𝐻𝑆 𝑋 PR %
    (3) 

 

Fig. 2. UTeM PV system profile. 

where PVsize is the solar PV system power size in MW. 

Peak sun hours (PSHs) play a critical role in determining the 

maximum solar irradiation received by a solar array within a 

day. In Melaka City, the PSHs are approximately 4.8 hours 

[35]. Assuming a performance ratio (PR) of 80% for the PV 

panels, the maximum power generation of the PV panel array 

in megawatts (MW) can be calculated using the peak watt 

(Wp) value [36]. Furthermore, the study considers the 

influence of efficiency and variability in solar energy 

production throughout the day [37]. The total energy 

generated by the PV panels, measured in MWh, is calculated 

using equation (4). 

𝑃𝑉𝐸 =
1

2
∑ 𝑃𝑉𝑃𝑖  𝑛=48

𝑖=1     (4) 

Where PVE is the solar PV energy in MWh and PVi is the 

solar PV profile in time i for 24-hour recorded every 30 

minutes. 

2.3. The Battery Bank Sizing 

To ensure continuous power supply from the PV panel 

system even during adverse weather conditions and at night, it 

is essential to store energy in rechargeable battery banks 

during peak sunlight hours. Batteries are widely preferred for 
their durability, cost-effectiveness, accessibility, and 

compatibility with PV systems, making them the most used 

option. The study quantifies the energy capacity of the battery 

in MWh, considering multiple factors including total load, 

efficiency, discharge depth, nominal voltage, and required 

autonomy days. Autonomy days play a critical role as they 

determine the number of consecutive cloudy days for which 

the battery must store sufficient energy to meet the total load. 

Typically, a standard of three days is considered for autonomy 

days, ensuring that the battery can sustain the total load during 

prolonged periods of cloudy weather. It is recommended to 

oversize the battery energy capacity from 1.5 to 3 times to 

ensure sufficient energy storage and mitigate the risk of under 

sizing [38]. The study utilizes a mathematical model 

represented by equations (6) and (7) to accurately determine 

the optimal size of the battery storage based on the specific 

load demand and characteristics of the PV system [39]. The 

battery profile is expressed as equation (5). 

𝐵𝑎𝑡𝑝(𝑖) = 𝑃𝑉𝑃(𝑖) − 𝐿𝑃(𝑖)    𝑖 ∈ {1,2, … , 𝑛} (5) 

where BatP(i) is the battery profile, PVP(i) is the PV array 

profile and PL(i) is the load profile. The battery profile is 

obtained by subtracting the load profile from the PV profile, 

ensuring that any surplus energy generated by the PV panels 

during peak hours is effectively stored in the battery. This 

stored energy can then be discharged during the night or 

periods of limited sunlight, such as cloudy weather, to ensure 

a continuous and reliable power supply. The battery stored 

energy and size can be represented as 

𝐵𝑎𝑡𝐸 = ∑ │𝑛=48
𝑖=1 𝐵𝑎𝑡𝑝(𝑖)│   (6) 

𝐵𝑎𝑡𝑆 = 𝑀𝑎𝑥(𝐵𝑎𝑡𝑝(𝑖))   (7) 

where BatE is the battery energy in MWh, BatPi is the 

battery profile and BatS is the battery size in MW which equals 

the maximum of the battery profile. This ensures that both the 

energy stored in the battery and the size of the battery system 

are accurately represented and optimized for efficient 

operation. 

2.4. TNB Tariff Rates for Electricity in Universities 

Educational institutions and universities in Malaysia are 

classified as commercial buildings due to their operational and 

functional nature. According to the pricing provided by TNB, 

the current rates for the medium voltage general commercial 

tariff (Tariff C1) in Malaysia are MYR 30.3 per kW for the 

maximum monthly demand and MYR 0.365 per kWh for the 

total energy consumed. Additionally, a monthly minimum 

charge of MYR 600 is applicable [40]. The Imbalance Cost 

Pass-Through Tariff Rebate (ICPT) offers a discount of MYR 

0.20/kWh for each energy consumed [41]. Furthermore, the 

electricity bill includes a charge for the Renewable Energy 

Fund (KWTBB), which contributes to supporting the FiT 

mechanism. UTeM falls under the C1 Tariff category and is 

eligible for the rebate. The calculations also include the 

Malaysian Sales and Services Tax (SST). The following 

equations outline the calculations for determining the 

electricity bill for UTeM. 

𝐶ℎ𝑎𝑟𝑔𝑒 = (𝑘𝑊ℎ x 0.365) + (𝑘𝑊 x 30.3)           (8) 

𝐼𝐶𝑃𝑇 = 𝑘𝑊ℎ x 0.0152     (9) 

𝐾𝑊𝑇𝐵𝐵 = 𝐶ℎ𝑎𝑟𝑔𝑒 x 1.6%   (10) 

𝐵𝑖𝑙𝑙 = (𝐶ℎ𝑎𝑟𝑔𝑒 − 𝐼𝐶𝑃𝑇) x 𝑆𝑆𝑇 + 𝐾𝑊𝑇𝐵𝐵 (11) 

2.5. CO2 Emission Calculation 

In this study, a CO2 emission rate of 0.741 kg/kWh on 

average is used [35]. The reduction in CO2 emissions is 

defined by equation (12). 
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𝐶𝑂2 = 𝑃𝑉𝑘𝑊ℎ x 𝑅𝑎𝑡𝑒𝐶𝑂2   (12) 

where PVkWh refers to the electricity generated by the PV 

panels, while RateCO2  represents the quantity of CO2 emitted 

per kWh produced by these PV panels, measured in kilograms 

[42]. 

3. Proposed System Configuration and Case Study 

Description 

The proposed system, illustrated in Fig. 3, comprises a PV 

panel, battery bank, and UTeM load connected to the main 

grid. The network was modelled and simulated using the 

DIgSILENT software and its built-in Quasi Dynamic 

Simulation (QDS) tool. Table 1 presents the configuration of 

the proposed network elements, including PV panels and 

batteries, as well as the simulation of six different cases 

representing various weather conditions and days using the 

QDS tool. For each case, simulations were conducted for a 

duration of 24-hour to analyze the distribution of power 

throughout the day. The technical data utilized in the 

simulations was obtained from the TNB electrical bill and 

UTeM solar laboratory. Fig. 4 illustrates the flowchart 

outlining the step-by-step procedure for implementing the 

proposed technique. The simulation process in DIgSILENT 

can be summarized as follows. Initially, the load demand for 

a single day was determined by utilizing the electricity bill 

data, as represented by equation (1). This calculation allowed 

for a comprehensive understanding of the overall energy 

consumption pattern. Subsequently, the load profile and PV 

profile were collected for various scenarios, encompassing 

both weekend and workday load profiles, as well as sunny or 

cloudy PV profiles. The load profile was derived using 

equation (2), while the PV profile was established based on 

equation (4). 

After obtaining the load and PV profiles, the necessary 

sizes of the PV panels and battery bank were calculated. 

Equations (3, 6, and 7) were employed to determine the 

optimal PV size, considering the maximum load demand and 

solar irradiance levels. Similarly, the battery size was 

determined by considering the PV size and desired storage 

capacity. In cases where the PV energy generation aligned 

with the load demand, any surplus energy was utilized to 

generate a battery profile, as dictated by equation (5), allowing 

for a comprehensive understanding of the charging and 

discharging patterns of the battery. Upon collecting and 

calculating all the required input data, the proposed UTeM 

networked system was modelled in DIgSILENT, 

incorporating the load demand, PV size, and battery size. 

Subsequently, a load flow simulation was executed within 

DIgSILENT to ensure the system operated within desired 

voltage and power limits. Following this, the QDS simulation 

was conducted, considering the time series behaviour of the 

system and accounting for the variation in load and PV 

profiles throughout the day. The QDS yielded detailed results 

pertaining to power generation, energy flows, and other 

pertinent parameters. Finally, the obtained results from the 

QDS simulation were extracted and analyzed, encompassing 

aspects such as energy consumption, PV generation, and 

battery utilization. By following this comprehensive 

simulation process in DIgSILENT, it was possible to gain 

valuable insights into the performance and optimization of the 

proposed UTeM networked system. 

 

Fig. 3. Single-line illustration of the proposed grid. 

Table 1. Simulation scenarios, load profile and PV profile 

condition of each case 

Case Grid  PV Battery 

Load 

profile 

condition 

PV profile 

condition 

Base 

case 
Yes No No Workday - 

1 Yes Yes No Workday Sunlit day 

2 Yes Yes Yes Workday Sunlit day 

3 Yes Yes Yes Weekend Sunlit day 

4 Yes Yes Yes Workday Cloudy day 

5 Yes Yes Yes Weekend Cloudy day 
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Fig. 4. Implementation step for the proposed technique. 

4. Result and Discussion 

A comprehensive design and modelling of PV panels with 

a battery system were carried out specifically for the UTeM 

main campus to achieve the goals of minimizing electricity 

bills and reducing CO2 emissions. To simulate various 

scenarios, the QDS tool was employed to run six cases. These 

cases involved diverse configurations of network components, 

including the grid, PV panels, and battery. The purpose of 

these simulations was to accurately model the behaviour and 

performance of the system under different conditions and 

evaluate its effectiveness in meeting the objectives. 

Additionally, variations in days, including both workdays and 

weekends, as well as different weather conditions such as 

cloudy and sunny, were considered. The base case involved 

simulating the system's performance before the installation of 

the PV panels, serving as a reference point for comparison. 

The first three cases were specifically designed to demonstrate 

the influence of the system's maximum load, PV array, and 

battery power on monthly bill savings and CO2 emissions 

reduction. The remaining three cases involved the utilization 

of different load and PV profiles to further examine the 

system's performance. The subsequent sections provide a 

more detailed discussion of the results for each case.  

4.1. Results of DIgSILENT Simulation  

➢ Base Case  

In this case, the entire load of UTeM's main campus was 

supplied solely by power from the main grid. The load profile 

used in this case corresponds to a workday, specifically 

January 4th, 2018. The load was divided into two sections 

based on time. The first section encompassed the university's 

working hours from 7:30 to 19:30. During this time, various 

appliances, computers, and air conditioners were in operation, 

resulting in a load peak of 4.653 MW at 16:00. The second 

section represented the night-time period from 19:30 to 7:30, 

during which the energy consumption was reduced. Only 

corridor lamps, streetlights, and a few appliances were 

operational during this time, as shown in Fig. 5. Table 2 

provides an overview of the energy consumption for this case. 

The total load was recorded as 4.6 MWp, with a total energy 

usage of 65.1 MWh supplied entirely by the main grid. 

 

Fig. 5. Time series simulation result for the base case. 

➢ Case 1  

In this case, the PV panel was connected to the UTeM 

system without a battery bank. Fig. 6 illustrates the time series 

simulation for 24-hour, demonstrating the energy supply from 

the PV panels to the UTeM load between 7:30 and 19:30, 

depending on the level of solar irradiance. Between 10:00 and 

15:00, the PV panels generated sufficient power to meet the 

campus's energy demand, resulting in an additional 25.8 MWh 

of surplus energy exported to the grid. At 13:00, the solar PV 

system reached its peak power output of 12.0 MWp, allowing 

for a maximum power export of 7.4 MWp to the grid. 

Meanwhile, the load at 16:00 was approximately 4.6 MWp. 

During the night-time period, the load was solely supplied by 

the grid, as the PV panels do not generate electricity in the 

absence of sunlight. The results showed that during the 

irradiance peak in the daytime, the PV panels exported 25.8 

MWh of surplus power to the grid. This surplus power can 

contribute to reducing UTeM's electricity bills by allowing the 

university to sell the excess energy back to the main grid. 

Table 2 presents a summary of the power (MWp) and energy 

(MWh/day) for the network components, including the UTeM 

load and the solar PV panels. It is worth noting that the solar 

PV energy generation matched the load energy consumption, 

which amounted to 57.6 MWh. This indicates that the solar 

PV system successfully provided enough energy to meet the 

demand of UTeM's load during the specified period. 

5.00 
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Fig. 6. Time series simulation result for Case 1. 

➢ Case 2  

In this case, the main campus network of UTeM was 

connected to a PV system with a battery bank. The PV system 

supplied power to the UTeM campus from 7:30 to 19:30, with 

the peak irradiance observed between 12:00 and 13:00. The 

load fluctuated between 4.0 MW and 4.5 MW from 9:30 to 

15:30, and the surplus generation during this time was utilized 

to charge the battery. The battery reached its peak power 

output of 7.379 MWp when the solar PV panels produced their 

maximum output of 12.0 MWp at 13:00. The stored power in 

the battery was subsequently utilized to supply the UTeM load 

during the evening period. Significantly, there was no energy 

import from the grid throughout the entire day, resulting in a 

substantial reduction in power consumption and the associated 

electricity bill. Table 2 provides a summary of the power and 

energy values (in MWp and MWh/day) for the UTeM load, 

PV panels, and battery bank. The results in Fig. 7 demonstrate 

that the PV system successfully met all of the campus's energy 

requirements during the day and also stored an additional 25.8 

MWh of energy in the battery storage for later use during the 

evening hours. The solar PV energy output matched the 

energy consumption of the load, which was 57.6 MWh, 

illustrating the system's capability to fulfil the campus's 

energy requirements while simultaneously reducing CO2 

emissions. 

 

Fig. 7. Time series simulation result for Case 2. 

➢ Case 3  

This case expands on the power components of Case 2, 

incorporating a distinct load profile for January 21st, 2018, 

which corresponds to a weekend. Despite the reduced load 

demand, the PV profile remains consistent with a sunny day, 

similar to the base case. With minimal usage for lights and 

appliances, the load remained relatively constant throughout 

the day, reaching a peak of 1.2 MWp at 13:00. As shown in 

Fig. 8, the QDS findings indicate that the solar photovoltaic 

system's maximum power output reached 12 MWp, 

significantly exceeding the demand throughout the 24-hour 

period. During the daylight hours (7:30 to 19:30), the PV 

system effectively supplied energy to the campus while 

simultaneously charging the battery during the peak PV hours 

from 10:00 to 15:00. The power output during this time 

reached a maximum of 7.3 MWp. During the night-time 

period, the battery efficiently supplied power to the load, 

ensuring a continuous supply of electricity. Additionally, any 

excess power stored in the battery during the day was reserved 

for use on the following day, further optimizing the system's 

performance and enhancing its overall efficiency. During the 

period from 8:00 to 17:00, the PV system had surplus power 

that exceeded the campus's demand. This excess power was 

exported to the main grid, with a peak export of 3.3MWp 

occurring at 13:00. By selling this excess energy to the grid, 

UTeM has the opportunity to benefit from discounts or have 

the value of the exported power deducted from its electricity 

bill. This arrangement allows UTeM to optimize its energy 

usage and potentially reduce overall electricity costs. Table 2 

provides a comprehensive overview of the daily power and 

energy consumption for the UTeM load, solar PV system, and 

battery bank. It is important to note that the sizes of the PV 

and battery components were consistent and maintained 

identical values throughout all cases. As a result, their energy 

values remained unchanged across the different scenarios. 

This demonstrates the stable and consistent performance of the 

PV and battery system, irrespective of variations in load 

profiles or weather conditions.  

15.00 15.00 
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Fig. 8. Time series simulation result for Case 3. 

➢  Case 4  

In this particular case, the load profile represents a typical 

workday, reflecting the energy consumption pattern during 

business hours. On the other hand, the solar PV profile used in 

this scenario simulates a cloudy day, resulting in a reduced 

maximum generated power of only 9.6 MWp. This limited 

power output from the PV system was not sufficient to meet 

the peak load demand of 4.6MW for the campus. As a result, 

approximately 75% of the load demand had to be supplied by 

the main grid. The lower solar PV generation on a cloudy day 

impacted the system's ability to fully meet the energy 

requirements of the campus, highlighting the importance of 

considering varying weather conditions in the design and 

operation of PV systems. Due to the limited energy generation 

from the PV system on the cloudy day, it was not enough to 

fully charge the battery bank. As a result, the grid had to 

supply power to meet the load demand during the night-time 

period when the PV system was not generating electricity.  

Fig. 9 presents the results obtained from the QDS 

simulation, showing the total power in MW and energy in 

MWh required by the load at different times. It is evident that 

the combined power and energy output from both the main 

grid source and the PV panels matches the load demand 

throughout the 24-hour period. Table 2 provides information 

on the maximum power output of the PV panels and battery 

bank for this particular case. It is noteworthy that the solar PV 

energy generated amounts to 39.1 MWh, which is lower than 

the energy consumed by the load, which is 65.1 MWh. 

Consequently, the shortfall of energy from the PV panels led 

to the import of 34.9 MWh of energy from the grid to meet the 

total energy demand of UTeM. In summary, this case 

highlights the impact of cloudy weather on the output of solar 

PV panels, resulting in increased dependence on the grid to 

meet the energy needs of the campus. The total energy demand 

of the campus should align with the combined energy 

production of the PV panels and the main grid, with the battery 

bank potentially not being fully charged in such conditions. 

 

Fig. 9. Time series simulation result for Case 4. 

➢ Case 5 

In this specific case, the solar PV and load demand 

profiles demonstrate distinct energy production and 

consumption patterns. While the load profile represents a 

typical weekend day, the PV profile used in this case is based 

on a cloudy day, indicating lower energy production from the 

solar PV system. Interestingly, despite the cloudy weather, the 

energy produced by the solar PV system on this particular day 

was still sufficient to meet the load demand typically observed 

on a weekend day as shown in Fig. 10. Any surplus power 

generated was stored in the battery bank to be utilized during 

the night-time load. Table 2 shows that there was exported and 

imported energy from the grid in this case. The generated 

energy from the PV system was sufficient to meet the load 

demand with extra power exported to the grid. The solar PV 

system in Case 5 has a power output of 9.6 MWp, indicating 

the maximum power generated by the PV panels. The 

corresponding solar PV energy is 14.4 MWh, representing the 

total energy produced by the PV system. The battery in this 

configuration is charged with a power of -1.2 MWp and 

corresponding charge energy of -14.7 MWh. The battery also 

discharges with a power of 1.8 MWp, contributing to the 

discharge energy of 8.9 MWh. The grid export power in this 

case is -6.8 MWp, indicating that excess power is being 

exported back to the main grid. The corresponding grid export 

energy is -19.2 MWh, representing the total energy exported 

from the system. On the other hand, the grid import power is 

0.7 MWp, signifying the amount of power being imported 

from the grid to meet the system's energy demand. The grid 

import energy is 1.2 MWh, which represents the total energy 

imported from the grid. The UTeM load, representing the 

energy consumption of the system, is 1.2 MWp in terms of 

power and 26.0 MWh in terms of energy. 

15.00 12.0 
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Fig. 10. Time series simulation result for Case 5. 

4.2. Results of Electricity Bill and CO2 Emission Calculations 

The calculations for both the cost of electricity and the 

amount of CO2 emissions are exclusively performed in the 

first three cases. The summary of electricity bills for various 

configurations is presented in Table 3. In Case 1, the monthly 

saving for the grid-PV configuration is MYR 43,903.72. 

However, in Case 2, the grid-PV-battery configuration 

provides a significantly higher monthly saving, which is 

nearly 10 times larger than the saving provided by the grid-PV 

configuration. From a monthly perspective, the electricity bill 

reduction is more significant with the grid-PV-battery 

configuration in Case 2, resulting in a reduction of 58.9% 

compared to the base case. In comparison, the grid-PV 

configuration in Case 1 achieves a reduction of 6.1% in the 

electricity bill. This significant reduction in the electricity bill 

with the grid-PV-battery configuration in Case 2 is primarily 

attributed to the utilization of a battery. The battery allows for 

the storage of excess energy generated during peak hours with 

high solar irradiance. This stored energy can then be utilized 

to support the load during periods when there is no solar 

irradiance available. The integration of PV-battery panels in 

Case 2 leads to the highest level of CO2 emission avoidance, 

with a monthly reduction of 1,507,520.7 kg compared to the 

base case. This significant reduction in CO2 emissions is 

attributed to the ability of the PV-battery system to generate 

and store renewable energy, thereby reducing the reliance on 

fossil fuel-based power sources. By utilizing clean and 

sustainable energy, the system minimizes the carbon footprint 

associated with electricity consumption, making it an 

environmentally friendly solution. The integration of battery 

storage enables efficient management of energy flow, 

ensuring optimal utilization of renewable energy and further 

reducing the need for conventional power generation, which 

results in a substantial reduction in CO2 emissions. 

12.0

0 
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Table 2. Summary of power and energy results for the six cases  

Case 

No. 

Grid PV Battery Load 

Import Export 
(MWp) (MWh) 

Charge Discharge 
(MWp) (MWh) (MWp) (MWh) (MWp) (MWh) (MWp) (MWh) (MWp) (MWh) 

Base case 4.6 65.1 - - - - - - - - 4.6 65.1 

1 3 25.8 -7.4 -25.8 12.0 57.6 - - - - 4.6 65.1 

2 1.4 7.5 0 0 12.0 57.6 -7.4 -25.8 3.0 25.8 4.6 65.1 

3 0 0 -3.3 -9.0 12.0 57.6 -7.4 -35.9 1.2 13.2 1.2 26.0 

4 4.5 34.9 -5.1 -8.9 9.6 39.1 0 0 0 0 4.6 65.1 

5 0.7 1.2 -6.8 -19.2 9.6 14.4 -1.2 -14.7 1.8 8.9 1.2 26.0 

Table 3. Summary of electricity bill and CO2 emission for different configurations 

Case No. 

Energy consumption 

tariff Charge  

(MYR) 

Maximum 

demand charge  

(MYR) 

Total bill 

(MYR) 

Monthly savings 

(MYR) 

CO2 emission 

(kg) 

CO2 avoidance 

(kg) 

Base case 515,735 140,985 716,469 0 1,507,520 0 

1 506,912 118,170 672,565 43,903 597,450 910,070 

2 173,119 99,990 293,858 422,611 0 1,507,520 

5. Conclusion 

This study highlights the potential benefits of 

implementing an on-grid PV panels system with a battery 

bank to meet the electricity demand of UTeM's main campus. 

The research utilized load calculations based on the TNB 

electricity bill and practical sizing considerations to determine 

the appropriate size of the PV panels system combined with 

the battery bank. Through the simulation and modelling 

conducted in DIgSILENT software using actual load and PV 

profiles, the study evaluated six operational scenarios to assess 

their suitability for different load and solar PV profiles. The 

results demonstrate that the installation of a 12 MWp PV array 

with a 25.8 MWh battery bank provides optimal performance 

for meeting the entire electricity demand of UTeM's main 

campus. The proposed system offers significant advantages, 

including monthly electricity bill savings of MYR 422,611 

and a substantial reduction of 1,507,520 kg in CO2 emissions. 

These findings provide valuable insights for decision-makers 

at UTeM, showcasing the potential for implementing an 

environmentally friendly and cost-effective energy solution 

for the campus. By emphasizing the potential for electricity 

bill savings and CO2 emission reductions, UTeM can 

prioritize the adoption of clean and renewable energy sources 

while simultaneously achieving financial benefits. This study 

can serve as a guideline to inform UTeM and other institutions 

seeking to implement similar energy solutions, supporting 

their transition towards sustainability and reduced 

environmental impact. 
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