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In recent years, due to increasing demand and new facilities, University Teknikal Malaysia Melaka 
(UTeM)’s, electricity bills has increased to an average of approximately RM500k per month, which 
is substantial. Apart from energy consumed by the load, a certain proportion of these bills are 
contributed due to energy losses occurring in the network. Assuming 0.1% of these energy are 
contributed to energy losses monthly, reducing it could save UTeM approximately RM60,000 
annually. However, there are no known studies ever performed to investigate the actual amount of 
energy losses occurring in UTeM’s distribution network. Thus, the primary aim of this paper is to 
present a conceptual design for a technical losses (TL) assessment and monitoring system in UTeM. 
This system aimed towards providing UTeM the key information on the level, source and location 
of energy flow and losses in its existing power distribution network. The emphasis within this 
document is on recommending the proper design, data requirements, procedures, architecture and 
relevant functions which is practically implementable in a typical higher learning institutions which 
has its own power distribution network. It is anticipated that, the proposed system will serve as base 
information for UTeM to develop such system in the future. 
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1. Introduction 

 
In today’s modern society, energy efficiency are identified as key strategies to address 

growing issues in increasing fuel cost, market competition, tightening regulation, climate 
change and energy crisis due to depleting fossil fuel resources. The 2013 World Bank energy 
sector reports and identifies that, one of the most cost-effective ways to improve energy 
efficiency of existing power and energy sector by moderating demand for energy, adopting 
more efficient technologies and reducing waste of energy [1]. Thus, for strategic planning 
and development of energy efficient power delivery system, it is important to know the 
magnitude, location and sources of energy losses that occurs in the system. With 
comprehensive and accurate energy losses information, corrective and preventive solutions 
for energy losses reduction can be planned and executed correctly, and in a timely and 
effective manner.  

UTeM is one of the many higher learning institutions in Malaysia where its growing 

population and expansion of education activities have been one of the contributors for the 

increasing total demand for energy supply in the power delivery system in the state of 

Malacca, Malaysia. In recent years, due to new campus being built and increasing load 

demand, UTeM is spending approximately RM500,000 on its monthly electricity bills, as 

shown in Fig. 1. This value is considered substantial fraction to UTeM’s total expenditure, 

and is expected to increase in the near future. However, due to increasing operating cost and 

stringent/limited funding from the government, UTeM has to find ways to reduce its 
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operating cost, which includes looking into the potential of reducing energy cost by reducing 

energy usage and waste of energy. This paper proposes a conceptual design to assess and 

monitor losses of energy in an effort to promote energy efficiency as part of initiative to 

address issues in increasing energy cost.  

 
Fig 1: Energy consumption, peak demand  and bills for UTeM between Feb to July 2018 
 
For a strategic planning and development of an efficient energy system, it is critical for 

UTeM to firstly identify the relevant key regulatory or guideline in Malaysia related to energy 
efficiency movement. In this regards, one of the key regulatory framework which has been 
identified is the 2014 Malaysia National Energy National Energy Efficiency Action Plan 
(NEEAP). A comprehensive report of this plan can be found in reference [2].  

In general, NEEAP aims to ensure productive use of energy and minimize waste in order 
to contribute to sustainable development in all sectors in Malaysia. It  presents a strategy for 
a well- coordinated and cost-effective implementation of energy efficiency measures in the 
industrial, commercial and residential sectors, which will lead to reduced energy 
consumption and economic savings for the consumers and the nation.  

Energy efficiency improvement is a crucial parts of the energy sector development as the 
demand dictates the energy supply and fuel consumption. Savings on the demand side will 
reduce the energy losses due to distribution and transmission of power, losses in power 
generation plants, and the energy use associated with extraction and transportation of fuels. 
With this regards, NEEAP will be supported by 5 main thrusts that will drive the nation 
towards a sustainable energy path: 

 
Thrust 1: Establish an overall long-term national plan for energy efficiency 
Thrust 2: Strengthen Implementation Capacity to Promote Energy Efficiency 
Thrust 3: Create adequate and sustainable funding mechanism for energy efficiency 
Thrust 4: Implement Energy Efficiency Programs; and  
Thrust 5: Enable commercial finance institutions to support energy efficiency 
 
Studies have shown that, the Malaysian distribution network on average contributes to 

approximately between 5% to 10% of energy losses of its total energy input, mainly due to 
energy losses in distribution electrical feeders/cables and transformers.[3],[4]. Hence, it is 
crucially important to develop methodology and techniques that can provide clear insight into 
the level, contributors, sources and location of these energy losses in order to understand its 
technical, economic and environmental impact. Several studies have been found in literatures 
focusing on energy savings and conservations on buildings in higher learning 

= Energy consumption (kWh) = Peak demand (kW) 
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institutions.[5],[6]. However, there are no known studies ever found to investigate the amount 
of energy losses occurring in the power distribution network in the UTeM’s campus. 

This article aims to propose a conceptual design in which higher learning institutions could 
use as ground work towards building a real system to evaluate, assess and constantly monitor 
the energy losses in the network. It is anticipated that, implementing this conceptual design, 
accurate and comprehensive energy losses information can be achieved, and facilitate 
institute of higher learnings to achieve a more strategic/targeted approach in its energy 
management program. In other words, corrective and preventive solutions for energy losses 
reduction can be planned and executed correctly, and in a timely and effective manner. 

 
 

2. Energy losses in power distribution network 

2.1. Overview of energy losses 

 
The 2013 World Bank reported that, one of the most cost-effective ways to meet increasing 

demand, reduce operating cost and environmental impact is to improve energy efficiency of 
existing power delivery system is by reducing wastage of electrical energy [1]. This electrical 
energy waste or “losses” degrades the network performance and economic efficiency, 
resulting in higher cost of investment. The power distribution network serves to channel all 
energy produced from the generation system to the end-consumer/customer, which includes 
loads in buildings/dwellers all over geographic location. Electrical energy losses occur at all 
level of equipment, from generation to the end-consumer point. Within the distribution losses 
are what is commonly known as “Technical Losses” (TL) and “Non-Technical Losses” 
(NTL).  

Distribution TL refers to the natural and inherent energy loss resulting from resistance and 
current flow, primarily in distribution cables (or feeders), transformer windings, and 
transformer core. NTL is associated with the energy unaccounted for due to consumer 
pilferages, faulty energy meters and incorrect billing. Nevertheless, TL in distribution 
network account the highest due to its extensive equipment over large geographical area and 
higher current (due to the use of lower voltages). In general, energy losses (either TL or NTL) 
are quantified based on the difference between the amount of energy delivered to the 
distribution system, and the amount of energy consumed or billed to end customers, as shown 
in Equation 1. 

 

�� �%�  =  �	
��
�
	�������������
	�����
�	
��
�
	����� 100%             (1) 

Where: 
�����    = total energy losses  

�� !"# $ �   = energy delivered from the source (e.g. substation) to the load centers 
�%�&�'( �  = energy consumed and billed at each load centers 

2.2. Level and impact of distribution technical losses 

 
In Malaysia, the distribution network consists of equipment which utilizes feeders and 

transformers at voltage level of medium voltage (33kV, 11kV) and low voltage (0.4kV). Fig. 
2 (a), (b) shows 2 (two) type of typical distribution network configuration in Malaysia. In 
both type of network, energy flow from the transmission network is channeled to a network 
of large feeders and transformers over wide geographical area, before reaching the 
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aggregated load. Based on data from Malaysia’s power utility, Tenaga Nasional Berhad 
(TNB) Distribution division, the average TL for the network of the distribution network is 
approximately between 3% to 10% [4]. In comparison, several studies have shown that the 
average energy losses of a distribution network worldwide ranges between 5% and 10% of 
the total energy delivered [7],[8],[9].  

The levels of distribution TL have significant repercussion on the utility’s economic and 
technical performance of the distribution system [10]. These waste of energy (or losses), 
causes the total energy flow to increase, hence, causing increased electricity bills of the 
customers. Some large consumers, which also includes higher academic institutions, may 
own a significant numbers of distribution components (feeders and transformers) which 
contributes to energy losses.  

Distribution TL also increases the overall operation cost of producing power and energy. 
Meanwhile, it also increases capital cost by having to increase some equipment power ratings 
to cater for the additional power losses. Distribution TL also adds to the cost of replacement 
and maintenance due to accelerated failure of component caused by excessive heating, and 
having to increase some component ratings to cater for the additional current [11]. A study 
reported that, TL adds 6~8% to the cost of electricity and 25% to the cost of power delivery 
[12]. Consequently, reducing TL increases system capacity, which then allow deferment of 
costly network expansion [13].  

 
 

 

 
(a) Single transformation type 

distribution network (132/11kV) 
(b) Double transformation type distribution 

network (132/33/11 or 275/33/11kV) 
 

Fig. 2 (a), (b): Two types of typical distribution network configuration in Malaysia 
 

In Malaysia, a study estimated that, based on the energy cost rate of 30 cents per kWh, a 
1% reduction of TL could result in annual savings of approximately RM200 to RM300 
million [4]. In the UK, the cost of distribution TL is estimated around £1 billion a year [7]. 
In the US in 2005, the TL in both transmission and distribution system accounts for 
approximately USD 1.9 billion [14]. A study also reveals that, in utilities with high loss level, 
each $1 invested on TL reduction leads to savings ranging from $10 to $15 [15]. In addition, 
a reduction of even a fraction of that percentage could translate into reducing tonnes of GHG 
emission of the energy is produced by fossil-fuel plant [7]. 

132/11kV 
transformer 

From TNB transmission 
network 

= aggregated 
load 

132/33kV or 275/33kV 
transformer 

From TNB transmission 
network 

= aggregated 
load 



J. Electrical Systems 15-3 (2019): 359-374 
 

 363

 With distribution energy losses being so significant, government and private companies 
are enforcing new policies to reduce energy losses and promote energy efficient distribution 
networks. For example, under the new IBR (Incentive Based Regulation), the cost impact 
contributed by energy losses now becomes one of the key performance indicator for 
determining the level of received financial incentives in TNB [16]. In addition, energy 
regulators also demands that the energy losses in the system must be quantified and 
investments made on system improvement be justified by verifiable loss reduction [17]. 
Therefore, these energy losses need to be quantified in order to facilitate either the power 
utilities or the customers in selecting the right/optimum selection of energy losses mitigation 
options and helps to justify its return on investment. 

2.3. Theoretical technical losses calculation in distribution feeders/cables and transformers 

 
Majority of energy losses, especially TL, found in distribution system are caused by losses 

in distribution feeders (or cables) and transformers as they are the two most extensively-
installed power equipment in the network. The TL in distribution feeder is caused by heat 
generated due to current flow through feeder resistance. This are sometimes referred to as 

“)*+ losses”. This means that, demand profiles containing large peaks lead to significantly 
more energy losses than flat demand profiles, even if the average power usage is the same.  

Typically, each feeder consists of different feeder sections, each with different length and 
current flow, as shown in Fig. 3. In general, feeder TL varies with different type, size and 
length of the feeder and the load connected at each end of feeder sections. The power losses 

(MW) of  the feeder at any time , can be described based on Equation 2 and Equation 3 [18]. 
The total TL for the entire feeder is then calculated as the sum of all TL in all feeder section 
using Equation 4.  

 

 
Fig. 3:  One line diagram of a radial feeder  
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�"
����,/�$

     = TL in feeders of the Cth feeder section 

�"
����,/�$5,<,=>6  = total feeder TL 

)"            = current flowing of the Cth feeder section 
-"             = real power of the Cth feeder bus/load point 
D"            = voltage of the Cth bus 
+"          = total resistance of the Cth feeder section 
C           = feeder section/bus number/load point 
E            = total number of feeder section / busses 
�         = the time period of interest 

 
Like distribution feeders, transformers also contributes to a significant portion of the TL 

in power distribution network [19],[20],[21],[22],[23]. In general, for a transformer operating 
at constant voltage and frequency, the transformer TL can be divided into two components, 

usually described as : (i) core losses or fixed losses (or no-load losses, NLL), and (ii) )*+  
losses (or load/variable losses/copper losses, LL). Core losses are inherent and occurs in the 
transformer core, 24 hours a day once voltage is applied to the transformer regardless of the 

loading on the transformer, and they can even exceed the )*+  losses [22],[24]. Meanwhile, 
transformer )*+ losses are losses that vary according to the loading of the transformer which 
is caused by the load current flowing in the primary and secondary windings [25]. The higher 

the loading, the higher the )*+ losses in the transformer winding. Transformers TL model 
are well established in numerous literatures, such as found in [21],[26] ,[27]. The transformer 
TL calculations are shown in Equation 5 to 10.  
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�RS = M3NUV
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	                         (10) 

 
Where: 
C     = index of transformer, and  C = 1, … , E 

E     = total number of transformers 

-"
F��,9G   = no-load loss (core losses) of the Cth transformer  

H��$I9 �,"      = no-load loss for the Cth transformer 

DIXX!" �,"  =average voltage applied of the Cth transformer  

D$I9 �,"   = rated voltage of the Cth transformer  

-"
��,9G             = peak power loss of the Cth transformer 

��$I9 �,"        = load losses ()*+ losses )of transformer 

YDZX IM,"  = load of the Cth transformer at system coincident peak 

YDZ$I9 �,"   = base kVA rating of the Cth transformer 

-"
����,9G   = total peak power losses of the Cth transformer  

�"
����,9G

   = peak energy losses of the Cth transformer 

�RS    = transformer capacity factor of the Cth transformer 

YDZ8[
!�I�  = actual load of transformer 
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YDZ8[
$I9 �  = rated load of transformer 

�     = period of interest in hours 
 

3. A brief review of existing strategy and approach to determine technical losses in  

distribution network 
 

Typical power distribution feeders and transformers stretches over extensive geographical 
areas and have a myriad of characteristics associated with different voltage levels, circuit 
lengths, installed transformation capacity, number of load points, circuit construction types 
(e.g., underground, aerial, mixed) and load segments served. This poses great challenges to 
analyze the power and energy flow, including energy losses as these parameters vary 
significantly from each feeders and networks. 

Generally, the definitive and straightforward approach to determine energy losses in 
distribution system is based on the energy metering data [28]. Energy losses can be calculated 
as the difference between the energy input at the upstream substation (source) and the sum 
of the power that is delivered to the downstream or destination nodes in the same period, as 
shown in Equation 11. This is also known as the “energy balance/difference” method 
[29],[30]. The main advantage of using this approach is that it does not require voluminous 
operational and network data as well as complex and sophisticated computational model to 
calculate total distribution TL. However, the disadvantage is, it requires high cost to install 
expensive energy meters at all input and output point of each feeders and transformers. 
Typically, only one meter is installed at each source (e.g. substation) and multiple meter are 
installed at each load point (e.g. end-consumer premise), hence, detail TL contributed by each 
feeders and transformers cannot be determined.  
 

�!��� = ���'$% − ∑ �� �9"&I9"�&5C6∀�    (11) 

 
Where: 
 
�!���      = TL in the distribution network 

���'$%         = total energy delivered to the distribution network measured at source  
�� �9"&I9"�& = energy measured at the multiple destination meters 
C      = the ith destination energy meter 
 

To address this issue, distribution TL are then normally calculated based on various 
computational model using known circuit parameters and various technique. It creates a 
model of the network which one can estimate the current and forecast future energy losses 
by changing the input data, based in the theoretical formulation (such as presented earlier). 

In general, manually computing TL at each time period using theoretical formulations 
require rigorous effort and resources. Nevertheless, there are also other wide variations of 
methods to compute TL and they are well established. For example, the loss factor method 
are widely used in power utilities since decades [8],[31],[32]. Numerous statistical approach 
are also found in reference[33], [34],[35] and [36]. Also, heuristic approach are also found to 
compute losses such as fuzzy logic [37], heuristic load characteristics [29], stochastic 
simulation [38], data mining clustering approach [36], artificial neural network (ANN) 
[39],[40] and fuzzy recognition [37]. Research works in [3], [41], [42] also proposed an 
analytical and efficient approach for estimating energy losses of a large distribution network 
using combination of load flow, representative feeder and statistical technique. 

Of all methods surveyed, the use of load flow simulations (which is based on analytical 
and iterative method) are still widely preferred by utilities and researchers as there are many 
readily-available off the shelf load flow software packages users can choose from 
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[43],[44],[45].The main advantage of using load flow-based energy losses calculation is that, 
it uses iteration processes of the TL calculation formulas show above, which eliminates 
rigorous effort to individually measure and calculate the voltage, current and energy flow in 
each and every component of the network using complex non-linear equations. The accuracy 
of the energy losses obtained using load flow simulation is generally very high and more 
realistic and limited only by the accuracy of input data and the tolerance of the iterative 
procedures. This study will adapt this approach. However, this approach is suitable for 
reasonable network size, depending on how much the user is willing to invest (time, resources 
and effort).  

In Malaysia, initiatives to study, investigate and monitor TL in power distribution network 
can be found such as in reference [4], where a web-based monitoring system were developed 
by the distribution division and TNB Research Sdn. Bhd to estimate, analyze, report and 
monitor the monthly TL occurring in the system. This project, although still ongoing 
improvements, are one of the key projects highlights in TNB where for the first time, the 
distribution TL are analyzed in greater detail, in terms of its exact locations and levels. The 
results have been used by the TNB network engineers and planner for better strategic TL 
mitigation action. 

In summary, there are numerous ways that to assess distribution TL, depending on how 
much the power utilities are willing to allocate their resources. However, at times where cost, 
resources and availability of network data is a major constraint, some power utilities or 
customers just have to make use of whatever data is available, as long as the methodology 
can be easily/efficiently deployed and yield reasonably accurate results.  It has therefore 
become necessary to carefully develop a conceptual design prior to executing the method , 
such  that the system can be effectively and practically implemented and expanded to handle 
future requirements. The next section shall present a conceptual design, of such system for  
UTeM’s power distribution network. 

 

4. Proposed conceptual design for TL assessment and monitoring system for UTeM 

4.1. Identifying the TL assessment system key potential benefits  

One of the key important consideration of developing of this system is to firstly identify 
the key benefits of this system, especially to UTeM as the main stakeholder of the system. 
The followings lists summarizes and briefly explains the key potential benefits of this system 
based on the different perspective:  

1. Financial and strategic planning: The information obtained from this system can 
be used by the development office to monitor and perform planning and forecasting 
of energy footprint and losses. This will assists UTeM towards a more strategic and 
targeted-approach of mitigating TL in the system and to justify the investment made 
to improve the network.  

2. Academic: The proposed system is expected to be used as part of learning 
information portal for lecturers to use as class materials in the subjects which related 
to numerous energy-related courses such as electrical system, energy efficiency and 
energy management. 

3. Research : This system will foster further research such as on the area of electrical 
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engineering, distribution system planning, energy efficiency, sustainable energy 
development as well as research on technologies in reducing and mitigating these 
losses from the field of electrical system, which may also include materials-related 
research area.  

4. Society: This system will provide a platform and benchmark to other universities 
and the society in general on the need to have greater awareness on the importance 
of having a sustainable energy and energy efficiency, particularly on our energy 
usage and delivery system. In the end, this will brings towards contributes towards 
a sustainable development of the university and nation in general.  

4.2. Identifying UTeM’s stakeholder’s key requirement specifications/desired functions 

The stakeholder requirements play major roles in systems engineering, as they form the 
basis of system requirements activities, operation, maintenance  and identifying the desired 
properties of the final system. Based on a brief survey in UTeM, several key stakeholders 
and their requirements for the system are and their desired requirement for the system are as 
shown in Table. 1. Nevertheless, these findings are only preliminary findings and further 
discussions need to be conducted with each stakeholders in order to identify the detail desired 
functions, requirements, system performance, cost, impact assessment and technical 
specification  of the system. However, these requirements are also not finalized as it also 
need to be further analyzed, evaluated and prioritized in terms of numerous perspective such 
as lifecycle cost, cost-benefit analysis, practicality, and risk assessment analysis, before the 
final system requirements is proposed. 

Table 1: List of UTeM’s stakeholders and desired functions 

Stakeholders  Key requirements specification/desired functions 

UTeM’s top management and 
Facility Development Office 

• Integrate smoothly with the system without any interruption 
to other electrical system 

• Be easily maintained and operated 

• Easily accessed using web-based system 

• Serve as tool to plan and justify for TL mitigation actions 

• Evaluate TL in all MV and LV equipment in UTeM.  

Centre for Strategic, Quality and 
Risk Management 

• Provide useful information and serve as tool for promoting 
awareness of sustainable energy and energy efficiency 
campus. 

Faculty of Electrical Engineering 
• Provide useful technical data for academic and research 

activities in electrical engineering related field 

Faculty of Information And 
Communications Technology 

• Provide useful technical data for academic and research 
activities in information and communication related field 

Center  of Research and Innovation 
• Can be used as platform to foster more research and 

innovation activities 

• Capable to be patented or commercialized 

Knowledge and Communication 
Services Centre (IT infrastructure 
management office) 

• The system should be capable to monitor system health 

• Minimal impact on UTeM’s data traffic and bandwidth 
requirement 
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4.3. Energy flow model in UTeM’s Distribution network 

 
In order to design the system, it is important for designers to identify the detail electrical 

network configuration, specifications as well as the energy flow of the existing distribution 
system in UTeM. As shown in Fig 4, UTeM’s main energy supply flow from the TNB’s grid 
supply system via 33kV feeders to the main distribution substation (“Pencawang Pembahagi 

Utama” or PPU). At PPU, 2x33/11kV transformers reduced the voltage down to 11kV level. 
The existing PPU is equipped with only one energy meter to register the total amount of 
active and reactive energy consumed by the load connected to the network, which then 
translates to the total monthly electricity bills. The same energy meter also register the 
aggregated peak power demand and power factor at the interface point. 

From the PPU, the total energy is then distributed among all 11kV feeders to each load 
points through different feeder sections before reaching the 11/0.4kV transformers. The total 
energy flow through each 11/0.4kV transformers represents the energy consumed by one 
entire building in UTeM. There are approximately 10 large buildings, which includes 
classrooms, admin buildings, etc. The energy at the transformer is then distributed to myriads 
of LV cables at the main switch board (MSB).  

At each stage of energy flow, a portion of the energy inflow (Ein) are lost at each feeder 
sections as well at each 11/0.4 kV transformers. The remaining or outflow energy (Eout ) 
flows out from the equipment to the next equipment until it reaches the load. It is  important 
to recognize that, the total energy billed to UTeM are inclusive of the TL contributed by all 
feeders and transformers in the network. 
 

 
Fig. 4: General energy flow diagram of a radial feeder in UTeM 

 
In this paper, the network is assumed to operate in a radially operated mode, e.g. energy 

flow in unidirectional way, from the source to the load. Also, the normally off point at each 
feeder end are assumed open at all times, which means that, each feeder serves it downstream 
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load without any feedback from other feeders. From previous sections, there are many ways 
to calculate energy losses, depending on what are the data available, practicality and the tools 
available. Since UTeM’s network are considerably small, the use of load flow software is 
considered the best option. In this paper, Digsilent Powerfactory software is proposed as it 
has the capability to model the network and perform quasi dynamic calculation of energy 
losses with ease, plus other advance functions such as integration with Google Maps etc. The 
next section shall presents a concept and proposed approach of the system to determine and 
monitor TL  in 11kV and 11/0.4kV transformers in the UTeM’s netwtork. 

4.4. Proposed approach and system architecture for UTeM’s technical losses assessment 
monitoring system. 

 
This section shall present a proposal of a conceptual design for UTeM’s energy losses 

evaluation and monitoring system using centralized and systematic approach to evaluate and 
monitor energy losses for UTeM. As shown in Fig 5, the system comprises of several tables 
in the database management system, which located in the main database server. Table 2 
summarizes the type of data required in the proposed conceptual design of the system, which 
consists of both network data and load data of the distribution network in UTeM.   

 

 
Fig. 5.  Functional diagram of UTeM’s TL assessment and monitoring system. 

 
From Fig. 5, the function of the main database server is to collect data from the technical 

specifications as shown in Table 2. The main database server is integrated with user system 
interface (dashboard). The collection of information gathered consists of equipment’s type, 
location, size and network topology. The 15-minutes daily load data is calculated and updated 
on the user system interface (dashboard) and daily energy consumption profile from each 
building is extracted and displayed at the official website. Fig. 6 shows the proposed 
architecture of network and physical topology for realizing the conceptual design of UTeM’s 
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TL system.  For this architecture, Wi-Fi technology is proposed to be used since this 
technology is available in UTeM’s environment and convenient to be used in the respective 
distance. The expected outcome of the architecture produces system modeling and 
simulation, and analysis of TL will take place. 

Fig. 7 shows a proposed work flowchart of the development work for the TL assessment 
system. In this proposed design,  the user will perform regular load flow simulation and loss 
analysis on a monthly basis in order to find the trend of losses throughout a specific period 
of months as well a specific load area. Statistics and trends analysis on TL of the respective 
distribution network/supply zone provide important inputs to strategic and targeted approach 
for loss mitigation planning. For example, based on a case study presented in reference [3] 
shows that, using trend analysis, UTeM could  perform loss projection  analysis as well as 
economic study in order to justify whether a mitigation action planned is can be economically 
justified. The results of the study is shown in Fig 8 and Fig 9. Fig 8 demonstrates how the 
monthly technical loss results can be used to determine energy savings projection with and 
without certain network augmentation project. Meanwhile, Fig 9 demonstrates on finding the 
break-even points between the energy loss savings versus the annuitized cost of the proposed 
network augmentation project.  

 
Fig 6:  A general illustration of network and physical architecture for UTeM’s energy 

losses assessment and monitoring system 
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Fig. 7.  Flowchart of the working procedure for UTeM’s monthly energy losses assessment 

and monitoring system 

 

 
Fig. 8.  A sample energy losses projection and what-if analysis with and without network 

augmentation at different peak demand 
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Fig. 9.  A sample economic (break-even) analysis of network augmentation (add new 

feeder) to reduce TL of a distribution network 

 

 

5. Conclusion 

 

Knowing that reducing distribution TL represent a significant cost saving, it is therefore 

important for UTeM’s decision maker to be able to effectively evaluate the level of TL in its 

network. This paper presents a proposal of a conceptual design of UTeM’s TL assessment 

and monitoring system which aims to determine, assess, evaluate and monitor the level of 

energy flow and TL occurring in the feeders and transformer in UTeM’s 11kV network. The 

proposed conceptual design serves as a groundwork stage to ensure productive use of energy 

and minimize energy waste (or losses), hence, to contribute for sustainable energy and 

development.  

This proposal utilizes the existing as well the need to install few new infrastructures which 

will prepare researchers to design the system to perform more advance functions in the future. 

The proposed conceptual design described in this paper are good examples of what can be 

done within the academic community for acting towards achieving energy efficient power 

distribution system and sustainable development and greater awareness of the needs for 

sustainable energy, energy efficiency and, eventually, sustainable development.  
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