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INTRODUCTION
[bookmark: _Toc458255][bookmark: _Toc130887373]Background2.5 cm


[bookmark: _Toc458256]Power distribution system is the last stage of the power delivery chain, which channel electrical energy from the transmission or grid supply system (GSS) network to consumers of electricity. Due to rapid increase in electricity demand, distribution feeders and transformers are getting more extensive, covering wide geographical areas and operating continuously with the expectation of being reliable, safe, and secured. 
[bookmark: _Toc130887374]Addressing Global Warming Through Weather Sensing Project (Example only for Societal/Global Issue)
Global warming is a major environmental issue that is having significant impacts on the planet. One of the key drivers of global warming is the release of greenhouse gases, which trap heat in the atmosphere and cause temperatures to rise. To address this issue, it is important to understand the changes in weather patterns and to track the levels of greenhouse gases in the atmosphere. This is where a weather sensing project can be a critical intervention. By monitoring weather conditions and tracking changes in temperature, humidity, and precipitation, a weather sensing project can provide valuable data that can be used to better understand the impacts of global warming on local and regional ecosystems. Additionally, by measuring greenhouse gas concentrations in the atmosphere, a weather sensing project can help identify sources of emissions and inform efforts to reduce them. Overall, a weather sensing project can be a powerful tool in the fight against global warming, providing crucial data and insights that can inform policy decisions and shape efforts to mitigate the impacts of climate change.
[bookmark: _Toc130887375]Problem Statement
[bookmark: _Toc458257]Power distribution feeders (and network) 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 TL as these parameters vary significantly from each feeders and networks. 
[bookmark: _Toc130887376]Project Objective
The main aim of this project is to propose a systematic and effective methodology to estimate system wide TL of MV distribution network with reasonable accuracy. Specifically, the objectives are as follows:
To develop a set of generic representative feeder (RF) model of the Malaysian MV distribution network for effective system wide energy flow and TL analysis.
To formulate an energy flow model (EFM) of a radial MV distribution network for effective estimation of the distribution of energy flow in each primary network components based on the actual recorded energy at TDIS, bulk energy, and MV feeders peak demand.
To develop an effective methodology to estimate system wide TL of MV distribution network based on EFM using RF model.

[bookmark: _Toc458260][bookmark: _Toc130887377]Scope of Project
The scope of this project are as follows:
1. Radial distribution network with balanced load condition.
1. RF that were developed cover the majority types of feeders found in the Malaysian MV distribution network, covering a typical urban, sub-urban and rural areas with different load distribution along feeders. 
1. The EFM are considered for voltage levels of 33kV and 11Kv. 
1. Investigation of load profiles of residential, commercial and industrial load segments to determine load factor (LF) and loss factor (LsF) were considered in the analytical models.


[bookmark: _Toc458264][bookmark: _Toc130887378]


LITERATURE REVIEW
[bookmark: _Toc130887379]Introduction
In today’s modern society, energy efficiency is 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. Utilities and regulators are putting greater emphasis to find ways to reduce distribution TL as it represents key indicator of an energy efficient system. For strategic planning and development of energy efficient distribution network, it is important for utilities to develop effective methodology to correctly and efficiently evaluate the magnitude, location and sources of TL that occurs in the system. With comprehensive and accurate TL information, corrective and preventive solutions for TL reduction can be planned and executed correctly, and in a timely and effective manner.
[bookmark: _Toc130887380]Understanding [Global/Current Issue] in the Literature (Example only)
Through a review of the literature on climate change and weather sensing technologies, this section will explore the ways in which weather sensing projects can contribute to our understanding of global warming and inform strategies for mitigating its impacts. Research has shown that weather sensing technologies can provide valuable data on changes in temperature, humidity, and precipitation that are indicative of the impacts of global warming. For example, studies have used weather sensing data to demonstrate that average temperatures have been increasing over time, leading to more extreme weather events such as heat waves, droughts, and intense rainfall. Additionally, weather sensing technologies can be used to track greenhouse gas concentrations in the atmosphere, providing critical insights into the sources and distribution of emissions. By integrating weather sensing data with other environmental and socio-economic datasets, researchers and policymakers can better understand the complex interactions between climate change, human activity, and ecosystem health. As such, weather sensing projects have the potential to play a key role in addressing the global challenge of climate change.
[bookmark: _Toc130887381]Sample Subtopic Level 1
[bookmark: _Toc458266][bookmark: _Toc458267]The purpose of distribution feeder (cable or line) is to provide path for energy flow from GSS all the way to the distribution customer. Traditional distribution feeders (without DER) are usually operated in radial configurations - the energy flows uni-directionally from the GSS to the load. The feeders are typically categorized by its: (i) voltage level, (ii) conductor material, (iii) conductor size (cross sectional area), (iv) insulation type and (v) no of phases. These feeders scattered all over different supply zones. Hence, they are extensive and large in numbers. 
[bookmark: _Toc130887382]Sample sub- topic Level 2
In distribution feeder, electrical energy flows through multiple feeder sections to serve all connected loads. Sometimes, one or more line branches (or laterals) branch emanates from the main feeders. Each MV feeder and/or feeder section can be fairly short, on the order of a few or less than 1 km, or it can be as long as several tens of km, depending on the distance from the substation to the load point. 
[bookmark: _Toc130887383]Sample paragraph of subtopic level 3
The TL in distribution feeder is caused by heat generated due to current flow through feeder resistance. This are sometimes referred to as “I^2 R losses” (also known as “copper losses” or “joule losses”). The fact that this type of TL depends on the square of the current, means that demand profiles containing large peaks lead to significantly more TL than flat demand profiles, even if the average power usage is the same. 
[bookmark: _Toc130887384]This is just a sample of a very long subtopic level 2 title which consists of two  or more lines 
[bookmark: _Toc130887385]This is just a sample of a very long subtopic level 2 title which consists of two  or more lines 
[bookmark: _Toc130887386]This is just a sample of a very long subtopic level 3 title which consists of two  or more lines 
[bookmark: _Toc130887387]Sample of lists (PROBLEM ON A,B AND C)
[bookmark: _Toc458269]Sample of bullets:
Aaaa
Bbbbb
cccc
Radial 
Sample of a, b , c:
1. aaaa
1. bbbb
1. ccccc
Sample of i, ii, iii. 
1. aaaa
bbbb
ccccc
Investigation of load profiles of residential, commercial and industrial load segments to determine load factor (LF) and loss factor (LsF) were considered in the analytical models
[bookmark: _Toc130887388]A sample of small table
[bookmark: _Ref451958][bookmark: _Toc432904][bookmark: _Toc81920257]Table 2.1	This is a sample caption for table. Please push tab once after the table number before you type the caption.
	RF type
	Estimated total feeder 
TL  (MWh)
	Simulated feeder TL  (time series) (MWh)
	Difference (MWh)
	% Difference

	1
	11.45
	11.86722
	0.42
	3.51

	2
	13.23
	12.74151
	0.49
	3.87

	3
	8.66
	8.940972
	0.29
	3.19


[bookmark: _Toc458270][bookmark: _Toc130887389]A sample of figures
[image: ]
[bookmark: _Toc102510980]Figure 2.1	Transmission lines and a beautiful sunset
[bookmark: _Toc458271][bookmark: _Toc130887390]Sample formulas
	
	[bookmark: _Ref452285][bookmark: _Ref517257](2.1)

	
	[bookmark: _Ref517243](2.2)


[bookmark: _Toc458272][bookmark: _Toc130887391]Cross referencing Tables, Figures and Formulas
In paragraph, we demonstrate examples to cross reference tables, figures and formulas : 
Referring to Table 2.1
Referring to  (2.1)  and (2.2)
[bookmark: _Toc130887392]Sample of quotation
To insert a quote like this, use Quotation UTeM style. Please ensure all quotation are properly cited.
This is an example of a quotation format. It indicates its importance and validity. Introduction is the first part of a thesis and allows the readers to get the general idea of what your thesis is about. It also acquaints the readers with the thesis topic, explaining the basic points of the research and pointing the direction of your research.
To insert a quote like this, use Quotation UTeM style. Please ensure all quotation are properly cited.





[bookmark: _Toc130887393]Sample of Figure in landscape orientation
[image: ]
[bookmark: _Toc102510981]Figure 2.2	Transmission lines and a beautiful sunset

[bookmark: _Toc130887394]Sample of Table in landscape orientation
[bookmark: _Toc81920258]Table 2.2	Validation of TL estimation with time series load flow simulations based
 on results obtained from local power utilities
	No. 
	Parameter A
	Parameter B
	Parameter C
	Parameter D
	Parameter E

	1
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.
[bookmark: _Toc130887395]Sample of table when it takes more than 1 pages
[bookmark: _Toc81920259]Table 2.3	Example of a very long table which takes up more than one page. Please make sure the title of table is repeated at each page and this caption is centered
	Name
	Year
	Income
	Location
	Gender

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


[bookmark: _Toc130887396]Citations and References
Style of reference is IEEE. The template will number citations consecutively within brackets [1]. The sentence punctuation follows the bracket [2]. Refer simply to the reference number, as in [3]—do not use “Ref. [3]” or “reference [3]” except at the beginning of a sentence: “Reference [3] was the first ...”
Number footnotes separately in superscripts. Place the actual footnote at the bottom of the column in which it was cited. Do not put footnotes in the abstract or reference list. Use letters for table footnotes.
Unless there are six authors or more give all authors’ names; do not use “et al.”. Papers that have not been published, even if they have been submitted for publication, should be cited as “unpublished” [4]. Papers that have been accepted for publication should be cited as “in press” [5]. Capitalize only the first word in a paper title, except for proper nouns and element symbols.
For papers published in translation journals, please give the English citation first, followed by the original foreign-language citation [6]. Use reference manager software, e.g. Mendeley, One note etc.
[bookmark: _Toc130887397]Summary 
Since TL in distribution system represents a considerable economic impact to the utilities, its assessment, evaluation and reduction is highly critical. Accurate determination of TL in distribution networks would be useful for improving the economic efficiency of electric power systems. The problem is, analyzing accurate and detail energy flow and the associated TL for system wide and large distribution network typically requires extensive network and load data and rigorous calculation effort. None of the published literatures has successfully determines what is the “real/exact” value of the distribution’s TL. Hence, TL are often times estimated using various estimation approach. The goal often time sought for utilities is that, the method is effective, practically viable, require minimal resources, and yet, capable to produce reasonably accurate results. Until today, due to these problems, there is no universal and commonly agreed method for TL estimation in distribution network. 
[bookmark: _Toc458273][bookmark: _Toc130887398]


METHODOLOGY
[bookmark: _Toc130887399]Introduction
[bookmark: _Toc458275]In general, accuracy and effectiveness are considered the two conflicting requirements of any TL evaluation model for the power utility. Here, accuracy refers to how close the estimation result is to the “real” TL values. Typically, the more accurate the model, the higher resources it requires (i.e. computation effort and time, amount of data and cost). Meanwhile, effectiveness refers to the ability of the model to estimate TL with the least resources but, with reasonable loss of accuracy. 
[bookmark: _Toc130887400]Selecting and Evaluating Tools for a Sustainable Development (Example only)
In designing and implementing a weather sensing project with a focus on sustainability, it is important to carefully select and evaluate the tools and technologies that will be used to collect and analyze data. This involves a range of methodological considerations, such as assessing the accuracy and reliability of sensors, evaluating the compatibility of different tools and software, and considering the environmental impacts of the project. Additionally, it is important to consider the social and economic implications of the project, such as ensuring that the data is accessible and understandable to diverse stakeholders and considering the costs and benefits of different tool selections. To support these methodological considerations, there are a range of approaches that can be used, such as conducting field tests to evaluate sensor accuracy, using open source software to promote transparency and accessibility, and conducting life cycle assessments to evaluate the environmental impacts of the project. By carefully selecting and evaluating tools for a weather sensing project, researchers and practitioners can ensure that their projects are effective, sustainable, and impactful.
[bookmark: _Toc130887401]Methodology
This thesis presents a new and integrated analytical approach to estimate TL of MV distribution network. The essence of the approach used in this project is centered on the concept of EFM and RF.  The selected approach is based on quantitative type, which aims to develop analytical model to calculate and analyze the TL on  MV distribution network component (i.e. MV feeders and transformers). The method (design) is experimental, which utilizes empirical modelling and statistical approach. Subsequently, Figure 3.1 shows the research design of this thesis. 
[image: ]
[bookmark: _Ref488165511][bookmark: _Toc497937665][bookmark: _Toc498519335][bookmark: _Toc516650759][bookmark: _Toc102510982]Figure 3.1	TL estimation general process flow
[bookmark: _Toc130887402]Experimental setup
This thesis presents a new and integrated analytical approach to estimate TL of MV distribution network. The essence of the approach used in this project is centered on the concept of EFM and RF.  The selected approach is based on quantitative type, which aims to develop analytical model to calculate and analyze the TL on  MV distribution network component (i.e. MV feeders and transformers). The method (design) is experimental, which utilizes empirical modelling and statistical approach. Subsequently, Figure 3.1 shows the research design of this thesis. 
[bookmark: _Toc130887403]Parameters
Video provides a powerful way to help you prove your point. When you click Online Video, you can paste in the embed code for the video you want to add. You can also type a keyword to search online for the video that best fits your document. To make your document look professionally produced, Word provides header, footer, cover page, and text box designs that complement each other.
[bookmark: _Toc130887404]Equipment
Video provides a powerful way to help you prove your point. When you click Online Video, you can paste in the embed code for the video you want to add. You can also type a keyword to search online for the video that best fits your document. To make your document look professionally produced, Word provides header, footer, cover page, and text box designs that complement each other.
[bookmark: _Toc130887405]Limitation of proposed methodology
Video provides a powerful way to help you prove your point. When you click Online Video, you can paste in the embed code for the video you want to add. You can also type a keyword to search online for the video that best fits your document. To make your document look professionally produced, Word provides header, footer, cover page, and text box designs that complement each other.
[bookmark: _Toc130887406]Summary
This chapter presents the proposed methodology in order to develop a new, effective  and integrated approach in estimating large scale/system wide TL of medium voltage (MV) network. The primary focus of the proposed methodology is in accomplishing a simple, less rigorous and effective estimation in such a way that it would not cause a significant loss of accuracy of the results. The methods also intended to use the generally available and limited data of the network and load from the power utilities. The ultimate intend of the method is not to obtain highest accuracy, but, for efficiency, easy to use and manipulate and practicality of deployment on a large scale distribution network. 
[bookmark: _Toc458278][bookmark: _Toc130887407]


RESULTS AND DISCUSSIONS
[bookmark: _Toc130887408]Introduction
[bookmark: _Toc458280]This chapter presents the results and analysis on the development of a set of RF and the loss characteristics for the Malaysian distribution. Then, the RF are used with EFM equations to establish a methodology to estimation system wide TL for MV distribution system. Case studies are performed to demonstrate the applicability of the proposed system wide TL estimation method. The case study is based on a real utility scale MV distribution network in Peninsular Malaysia. The two (2) MV distribution network selected for the case study located at two different location of areas served, which are: (i) urban area, (ii) rural area. It is important to note that, these case study aims at illustrating the proposed methodology, regardless of the locations of area served by the network. TL of both network is estimated using the proposed approach over a 30-day period. The results are validated based on the time series simulation results of the RF as well as the TL estimation results provided by TNB.
[bookmark: _Toc130887409]Results and Analysis
Insert your content here.
[bookmark: _Toc130887410]Summary
[bookmark: _Toc458281]This chapter presented case studies to demonstrate applicability of the proposed system wide TL estimation method. The case study is based on two (2) real utility scale MV distribution network found in Peninsular Malaysia. The two (2) MV distribution network selected for the case study serving two different location of areas, which are: (i) urban, (ii) rural. TL of both networks is estimated using the proposed approach over a 30-day period. Using standard off-the-shelf spreadsheet software, the TL formulations (presented in Chapter 3) are programmed to calculate the 30-day TL of the network. Two (2) case studies of a sample MV network in Malaysia shows the total losses are found in the range between 1% and 4%, which are in reasonably accurate as they are in close agreement compared with TL calculation data obtained from TNB. Validation of feeder TL estimation model by comparing with time series load flow simulations on feeder by feeder basis shows less than 5% error. In addition, TL results obtained based on the proposed approach shows consistency with changes in the feeder characteristics, and yield reasonably accurate results. 

[bookmark: _Toc458283][bookmark: _Toc130887411]


CONCLUSION AND RECOMMENDATIONS 
[bookmark: _Toc130887412]Conclusion
[bookmark: _Toc484182403][bookmark: _Toc458287]This thesis presents a method for estimating a system wide TL in MV distribution systems for large distribution network. The proposed methodology is effective and robust in order to obtain good results utilizing only fairly accurate information and with a minimum network measurement information. The proposed analytical approach of using RF to estimate TL in MV network (with unidirectional power flow) at system wide level could adopted to perform TL estimation for different types and configurations of MV distribution network and components. Two (2) case studies of a sample MV network in Malaysia shows the total losses are found in the range between 1% and 4%, which are in reasonably accurate as they are in close agreement (average difference of less than 10%) with a loss estimation data obtained from TNB. Validation of feeder TL estimation based on time series load flow simulations shows less than 5% error.
Overall, the research presented in this thesis has succeeded in making a contribution to understanding the importance of effective and practical system wide estimation methodology of TL of large distribution network. The presented method utilizes reasonable type and amount of data input, using simple mathematical manipulations and requires less rigorous calculations, yet, capable to produce quick, credible, representative and reasonably accurate results. Furthermore, the work carried out has involved the development of methodologies which allow the quantification and evaluation of distribution TL and the cost savings of adding new or augmenting new infrastructure in order to justify and prioritize any investment to reduce TL in distribution network. It therefore lays a basis on which the suggested future research can be built.
[bookmark: _Toc130887413]Potential for Commercialization (Example only)
Weather sensing projects have significant potential for commercialization, particularly as demand for climate data and environmental monitoring continues to grow. There are a range of applications for weather sensing technologies in various sectors, such as agriculture, energy, transportation, and urban planning. For example, weather data can be used to optimize crop yields and reduce water usage in agriculture, inform renewable energy production and distribution, optimize transportation routes and schedules, and support urban planning and development. In addition to these applications, weather sensing projects can also generate revenue through data licensing and partnerships with private sector organizations. However, it is important to balance the potential for commercialization with the need to ensure that weather data is accessible and usable for diverse stakeholders, particularly in the context of addressing the global challenge of climate change. As such, weather sensing projects with a focus on sustainability and equitable access have the potential to generate significant economic benefits while also promoting environmental and social well-being.
[bookmark: _Toc130887414]Future Works
[bookmark: _Toc458288]For future improvements, accuracy of the TL estimation results could be enhanced as follows:
1. Wider range of possible RF characteristics, e.g. different conductor type, different type of load distribution, construction type (e.g. underground, overhead), load density, maturity, customer mix/type and other topology.
1. Include study to find a better and accurate value of load and loss factor.
1. Extend the RF model to include estimation of TL of Low Voltage (LV) network by the establishment of LV representative feeders in the system. 
Including the TL reduction due to capacitor bank installed in the network as well consideration of DER.
Consider effect of unbalance and harmonic to TL.
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