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Abstract

Network losses represent a major cost in the delivery of electrical energy. As such
they need to be carefully managed. Economic and environmental concerns compel a
major focus of attention on any such waste of energy. A clear and accurate policy on
loss evaluation and costing is required to ensure that limited capital resources are
used to best advantage across the total power system. Distribution loss reduction is in
many cases cheaper than commissioning generation plants and fuel for supplying
losses over the life of a network. Distribution loss reduction requires a wide range of
measures, such as: operations, design, major development projects and network

reinforcements.

This study concentrates mainly on proposals for network reinforcements to the
Medium voltage distribution system. It is a known fact that about two thirds of feeder
losses arise in the first third of main feeder length. Re-conductoring or conversion of

such sections can be extremely cost effective.

The objective of this study is to identify and formulate proposals for network
reinforcement of the MY distribution system in order to:

(a) Operate at optimal level of losses
(b) Provide electricity in sufficient quantity and of acceptable quality
(c) Ensure efficient electricity distribution based on change of load

pattern of the large committed loads and general load growth.

This study has been carried out Il the MY distribution network of the Western
Province South-1 of the Ceylon Electricity Board. SynerGEE computer software has
been used to formulate the load flow study. The software model calculates the annual
network energy and peak power demand forecast. Required reports and charts
generated using the load flow with profile analysis. Load forecast is the primary

factor for formulation of network reinforcement proposals. The reinforcement
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proposals have been obtained for the years from 2009 to 2013 based on provincial
requirement on bottom up approach.

The implementations of network reinforcement proposals incur substantial costs to
the utility. With a view to lessen the burden on the utility, the network proposals
have been spread throughout the planning period in such a manner that those are
implemented exactly as and when necessary. This in turn stagger the investment and
helps smooth cash flow. Economic evaluation has been carried out to asses the costs
and benefits of the proposed investment. Calculations have been done based on data
obtained from the load flow. Results of the economic evaluation of this study are
satisfactory. However the performance figures are based on the load forecast and

timely implementation of the proposals as scheduled.

Benefits are two folds; quantifiable and unquantifiable. Benefits from improvement
of network voltage and supply reliability are difficult to quantify. The readily
quantifiable benefit is the reduction of power and energy losses. Only this benefit has

been considered for the analysis.

The techniques describes in this study allow a loss reduction strategy to be
formulated, based on experience of a typical segment of the network under
consideration. For planning purpose, the results of a well chosen pilot scheme can be
applied to the entire network; thus allowing the total cost of the scheme and the

resulting benefits to be evaluated.

Distribution system loss reduction presents an excellent opportunity for improved
energy efficiency. Loss evaluation both difficult and complex. Development of
policy and programme require both technical and judgemental analysis. This study

summarizes approachesto reduce losses in power distribution systems.
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Chapter 1

Introduction

1.1.  Background

In the present energy crisis, saving power has become a major problem at an
international level. Studies have shown that reduction of losses in the power network
is much more beneficial than the increase of generating capacities, and energy
cfficiency represents the cheapest resources of all. Nowadays, it is univocally
acknowledged that the reduction of losses - especially in the distribution networks
leads to power and energy cheaper than building new capacities of generation and
transmission. Energy efficiency is accepted by the specialists as the most available,
the least pollutant and cheapest resources of all. In fact, it has been established that 1

installed kW is four times more expensive than 1 saved kW [8].

The International Energy Agency publishes electricity statistics for a range of
countries. including data on transmission and distribution losses [5]. Although the
methodology behind their estimates is not entirely transparent, they are reported on a
consistent basis across the countries. Table 1.1 below summarizes transmission and

distribution losses for countries that may be compared to the UK.

" Country 1980 1990 1999 2000
Germany 53 5.2 5.0 5.1

laly 1104 7.5 171 7.0
Denmark 9.3 8.8 59 7.1

United States 10.5 10.5 7.1 7.1
Switzerland " 9.1 ' 7.0 75 74

France 6.9 9.0 8.0 7.8 ]
Sweden 9.8 7.6 8.4 9.1
Australia 11.6 8.4 9.2 9.1

United Kingdom 9.2 189 92 |94

Table 1.1 - Transmission and Distribution Loss % in Selected Countries
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Electrical losses are an inevitable consequence of the transfer of energy across
electricity distribution networks. The level of reported losses in any given year will be

influenced by number of factors, both technical and operational.

Many utilities suffer with high technical and non-technical energy losses. Expericnce
has shown that the optimal total power losses in the distribution network ranges
between 6 and 12 percent. Sample studies of a number of utilities showed, however.
that the secondary distribution network alone could have losses that exceed 12

percent.

1.2.  Distribution System Losses of the Ceylon Electricity Board (C.E.B)
The distribution network ol the CEB consists of about 24,000 km of 33kV/I1kV
lines, 95.000 km of low voltage lines (400/230V) and 19,700 distribution substations

which feeds about 4.0 million customers [3].

Even though the total system losses in year 2000 was 21.4% over the last 8 years, the
system losses have come down by about one third and the present system losses now
stands at 14.98% (end of 2008)[1]. The total of the system losses of the CEB could be
separated into generation auxiliary losses, transmission losses and distribution losses.

The generation auxiliary losses are about 0.83% and the transmission losses now
stands at 2.58%. Hence the overall distribution losses as a percentage of gross

gencration are about 11.57%.

Percentage Loss
Generation 0.83
Transmission 2.58
Distribution 11.87
Total System L.osses \14.98

Table 1.2 System Losses of the CEB (Year 2008)
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The distribution system losses could again be divided into technical and non-technical

losses. Technical losses are due to the transformer losses, power losses in the medium

voltage network (33kV &11kV) and low voltage line losses. The non-technical losses
e die o dameleed sUpp(y connectons, (iicit apings, @ampering of meters, meter

errors, unauthorized street illuminations etc.

Total CEB System J

Losses
\_ 14.98%
Generation Losses ( Transmission Losses Distribution Losses
0.83% 2.58% 11.57%
A
[ |
| i |
Technical Losses Non-Technical [Losses
8.5‘)’7) }.07”(1

|

Unmetered Supply

illicit Tapping
Unauthorized Connections
Tampering of meters
Unaccounted street lights
Billing Errors

Meter Errors

MV Network Losses LV Network [Losses

2580 6.0%

Figure 1.2 -System Losses :( 2008)

1.2.1 MV Distribution Network and Losses

The 33kV medium voltage network of CEB is well spread over the island to reach the
rural areas and consists about 24,000 km of lines. Since the transmission system 1s
limited to certain load centers only, at certain times the connccted 33 kV lines

increasc the medium voltage line losses [3].
Over the last decade the electrification level of Sri Lanka has increased from 29 %% in

1990 to a level of 81 % at the end of year 2008 and the total number of consumers as

at end of 2008 is about 4.0 Million.
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Figure 1.2.1 Number of Consumers Vs Years

About 75 % to 80 % of population of Sri Lanka lives in rural areas and the 33 kV
network has been extended to greater distances to reach the rural population. thus
increasing the 33 kV line losses in the system. There had been a rapid cxpansion in
clectrification in rural areas to meet the government objective of at least reaching a
level of 75 % electrification by year 2006. As a result long lengths of 33 kV MV
lines have been constructed without new grid substations, interconncctions and
express lines being built.

Under these cireumstances, the MV distribution loss level still remains at 2.5 % and

heavy investments are needed to reduce this level.

1.2.2 LV Distribution Network and Losses

LV Technical losses are mainly due to long length of LV lines from the distribution
substations feeding the domestic and other retail consumers. In the past LV lines {rom
a distribution substation were extended to a distance of about 2.4 km. and in certain
instances even beyond. All LV extensions have been single phase construction and as
a result 50% or more LV lines in the CEB distribution system are single phase lines

contributing to high losses.
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Island wide study was carried out in the year 2004 to collect data on all distribution
substations and connected LV lines. The observations made from these studies are as
follows [3].

1 60% of the LV schemes in Sri Lanka are having low voltage below 10% of

the stipulated voltage of 230 V.

2 About 55% of the LV schemes have unbalanced 3 phase feeders.

3 The average voltage drop at the end of a L.V distribution line is about 15%.
Taking into consideration, the status of LV distribution network as stated above and
also based on certain studies carried out on rural electrification schemes, a reasonable

estimate for average LV losses in the CEB system is 6.0% of gross generation.

In order to improve the supply voltage and to arrest the LV distribution losses, a
decision has been taken to limit the LV 3 phase feeder distance to 1.8 km and to
construct only 3 phase lines. The voltage drop and the level of energy losses vary with
the distance of the 3 phase line from the distribution transformer and depend on the
consumer density. The graph below shows the variations at 1.4 km, 1.8km and 2.4 km

for rural schemes for different consumer densities.

—e— 15 Consumers/KM
25 Consumers/KM
.. 30 Consumers/KM

% Voltage Drop
o

Length (m)

rigure 1.2.2 — Percentage Voltage Drop vs. Line Length

The feeder distance, after detailed studies were limited to 1.8 km in rural areas as th

consumer density is low in RE schemes. However, the LV line distance in urban areas
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has to be below 1.0 km to maintain required voltage regulation and also to bring down
LV losses. It was agreed that this length would be limited to 1.8 km initially and once

that has been achieved, consider lowering this norm further tol.4 km. and beyond.

1.3 Technical Losses in the Distribution Network

The reason for the technical loss 1s due to following one or more [6]:

. I’R losses or heat loss

J High peak load current

o Un-optimized location of transformers

. Lengthy single-phase lines

o Phase imbalance

) Sparking at loose joints

o Low power factor at oft peak hours

. Overloading of LT lines

) High harmonics

. Low quality of insulators and conduetors
. Low quality earthing at consumer premises

The technical losses of the distribution network are 8.5% of the gross generation. The
technical losses are divided into two categories as follows;

1. MV Technical Losses

2. LV Technical Losses
MV technical losses are 2.5% and LV technical losses are 6.0% of the gross

generation in the year 2008.

1.4 Technical Loss Reduction Measure

The long term objective of the loss reduction programme is to reduce distribution
system losses to half their present level. Our load is continuing to grow at a rate of
about 7 percent per annum. It has traditionally doubled over 15 years. Therefore.
holding losses at their present level in kWh terms over this period will achieve this

objective.
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Distribution system loss reduction requires a wide range of measures spanning a large
number of mostly small projects. An overall programme is required to integrate the
effort and deploy available capital as cffectively as possible. Specific and measurable
targets are required to ensure progress. We have short term and long term
programmes. These details targets in specific areas, such as operational sectionalizing,
additional investment in major developments to optimize loss savings, ctc. Additional
capital requirements and loss savings are estimated, to re-deploy some capital from

generation to network development

The optimal losses level of a distribution network would depend on many factors

including:
* Long run marginal cost of capacity and energy
* Discount rate
* Capital cost of equipment
* Existing loading
* Load growth rate
ES

Cost of power and energy losses

These factors affect the optimal specification and design of the components used in
distribution systems. The optimal losses level of a distribution network will be the
accumulated optimal losses levels of these components. There are number of principal

measures that can be taken to reduce the losses in a distribution system. These

include;
* MYV network reinforcements
* Installing capacitors on primary lines to correct the power factor to
95% or better
* Replacing the high impedance power transformers
* Managing the distribution transformer load
* Reduce the primary conductor loading
* Reduce the secondary conductor loading

In general, the principles of optimal component size and loading are based on
evaluation of the operational costs over a number of years, the capital cost of
equipment, and any benefit associated with the different options. Analysis using

software models allows the effectiveness of various solutions to be evaluated.
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1.4.1 MV Network Loss Reduction Measure

The medium voltage network of any power system needs further strengthening and
expansion to cater the increasing clectricity demand as well as to overcome the
weaknesses of the existing MV system. These strengthening and expansions are

generally known as network reinforcements.

The MV network reinforcements are needed in timely manner depending on the
demand growth of the power system. The proposals for network reinforcements are
broadly classified as short term proposals and long term proposals. The short term
proposals are those which need to be implemented within the first two years of the
planning horizon, where as the long term proposals are those which are to be

implemented during the rest of the planning period.

Capacitors are widely used in distribution system for voltage regulation and power
factor improvement [13]. Capacitor banks are usually placed near load to provide
reactive power locally. The reduced amount of reactive power flowing on distribution
lines between the capacitor and the source allows lower current and improve power

factor. Thus line losses are smaller and voltage becomes higher at the load.

1.4.2 LV Loss Reduction Measure

In order to overcome the above problems, it was decided to add new distribution
transformers to the system and to convert the loaded single phase feeders to three
phases. Provision of new distribution transformers will reduce the transformer
loading, LV feeder distance and feeder loading while the conversion of single phase
lines to 3 phases will improve the line end voltage and the unbalance situation of LV

feeders, which cause low voltage.

It is necessary to distribute load evenly across the three phases in order to have a
better system performance. As a part of this work, decision must be made about how
single and two phase laterals are connected. For example a single phase lateral could
be connected to either phase A, B, or C of the main feeder. Making decisions as to
how the laterals should be connected is referred to as lateral phase balancing design.
Lateral phase balancing will also referred to as just “phase balancing (PB).” PB

determines phasing modifications that will produce a more efficient system (i.c.
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system with less loss). In addition to eftficiency, PB affects the performance, peak load

and the cost of the power delivery system.

It is common to find electric utilities that did not record the phasing information ot the
laterals in the system. This 1s a major deficiency because such information on the way
laterals are connected is vital for any systematic study and analysis of power flows

and voltages on power system components.

However, this problem can be tackled. Ultilities usually record voltage, current, power
factor or real/reactive power measurements taken at some important three phase
locations. Furthermore, information associated with loads connected to the laterals is
likely to be available. Thus one can use these load and measurement data to determine

the unknown phases.

In an electrical distribution system that operates radially, every segment of the system
gets its power from only one substation with a unique path from it to the associated
substation. This path involves feeders, switches, transformers, etc. Almost always the
distribution system has more than one substation and a substation in the system has
more than one feeder. This multi-substation, multi-feeder design means that for a
segment in the system there might be more than one option regarding from what

substation or feeder to obtain power.

Switching operations are used to transfer load from one feeder to another while
keeping the system radial. In doing so, system losses are reduced and load balancing
can be achieved. Reconfiguration is the process of altering the topological structures
of distribution feeders by changing the open/close status of the sectionalizing and tic

switches.

During emergency situations such as fault conditions and equipment failures,
transferring load and or reconfiguring the system is then performed to isolate the
problem arca while retaining service to as many customers as possible. This type of
action is known as restoration, but is based upon reconfiguration. The reconfiguration

tool will affect the reliability, peak load and cost of power delivery system.
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1.5 Non-Technical Losses and Reduction Measure
Non-technical losses, sometimes referred to as commercial losses. are those

associated with:

o Faulty meters

. Uneven revenue collection

° Tree touching

. Pilferage and theft

. Inadequate metering and billing

Such losses manifest themselves in a mismatch between generated and sold energy
that cannot be accounted for by the technical loss component. Reduction of non-
technical losscs will contribute directly to the revenue reccivable. The present total
distribution losses are at 11.57% and of which 8.5% is attributed to technical losses.

Hence the non-technical losses of the CEB system are estimated at 3.07%.

As non-technical losses are substantial amount of distribution losses, measures have

already been taken to bring down non-technical losses to an acceptable level.

Meters are being installed at distribution substations. This will facilitate to carry out
an energy audit every month to assess the energy delivered and energy billed. If large
discrepancies of energy delivered to energy billed are shown, the electricity scheme

should be investigated to find any possible losses or theft [12].

1.6 Metivation

Network losses are a major issue for power utilities, particularly on distribution
networks. The scale of losses on distribution system is documented in CEB statistics.
11.57 percent of the power input at time of system peak is dissipated as distribution
system loss [4]. These are significant quantities of energy in national term. The cost of
such losses is very high. Measures to be taken to reduce these loss rate to about half of
this level in relative term over the next 10 years or so.

The outcome of this project will identify and formulate CEB - Western Province
South I medium voltage distribution network’s, reinforcement proposals for the

years 2010, 2011, 2012 and 2013 in order to operate at minimal level of losses  to
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provide electricity in sufficient quantity and acceptable quality based on change of

load pattern of the large committed loads and general load growth.
In addition, the production of additional energy has a significant environmental
impact. It is estimated that, a reduction in losses of | percent might contribute to 4

percent of reduction in Carbon dioxide emission.

Furthermore. the transportation of additional energy would huge investment in

necessary infrastructure development.
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Chapter 2

Problem Statement

2.1 Identification of the problem

Energy losses are intrinsic to the process of power utility. Some of the energy flowing
through the eclectricity networks is dissipated as heat in the conductors  and
transformers in the system. Such loss of energy clearly needs to be controlled and
minimized as far as possible [7]. It is not practically possible neither cconomically
viable to eliminate encrgy losses totally. This optimal level is the threshold point

where the value of the energy saved goes below the cost of further loss reduction.

Today both public and private scctor power companies to reduce the technical and
commercial losses during distribution to reduce the rising energy shortage. Power
sector had made substantial progress in recent years, distribution services o be
modernized and made consumer sensitive. The power reform programmes would be
further strengthened. Procedures should be adopted by the government to provide

incentives to utilities to encourage reducing their losses [26].

The importance of reducing losses in the power system is well known. This aspect
receives topmost priority. Additional investment in the distribution system to reduce
power losses would have a high rate of return and is absolutely necessary and should

be given high priority [6].

Reduction of technical losses in the MV distribution network, which are due to
inadequacies in the components and performance of the distribution system. will
result in an improvement in better voltage quality to the consumers and higher sales
[2]. The evaluation of technical losses should be based on information from system
records and site measurcments associated with the system. The purposc of the
information gathering stage is to construct a model of the system in its existing state,

showing sources of power supply and load distribution.

The study is aimed at finding the ways and means of management of electricity

distribution for improving system efficiency to ascertain the customer satisfaction.
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Minimum system loss, maximum supply availability, minimum cost of operation and

maintenance and maximum customer satisfaction are identified as Key parameters.

2.2 Objective of the study

The objective of this project is to identify and formulate proposals for network
reinforcement of the MV distribution system in order to design in such a way to
operate at optimal level of losses and to provide electricity in sufficient quantity and
of acceptable quality to ensure efficient electricity distribution based on change of

load pattern of the large committed loads and general load growth.

2.3 Importance of the study
The proposals provided in this study are essential for the reduction of MV distribution

losses and provide the following advantages (00.

e Adequate grid substation capacity will be made available for the network.

e Satisfactory level of voltage will be maintained in the MV network.

e Network configuration will be improved to provide adequate facilities to
operate the network at a reasonable level of reliability.

e The proposed network development would also provide the basis for the
cxpansion of  Electricity distribution network to support rural
electrification and for the industrial development. Power related projects
proposed by the ministry of National Planning, Industrial estates proposed
by the Ministry of Industries, BOI and UDA have been considered in this
studies.

Distribution system loss reduction presents an excellent opportunity for improved
energy cfficiency. Economics and environmental pressures now compel a major focus
of attention on such losses. Loss evaluation can be both difficult and complex.
Development of policy and programmes requires a lot of both technical and

judgmental analysis.
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Chapter 3

Methodology

3.1 Network Analysis Approach

A variety of computer aided tools are available to perform data manipulation, load
flow analysis. power loss assessment, fault level calculation and appraisal of loss
reduction measures. Power system analysis software package and spreadshect
software are two fundamental tools for establishing a successful loss reduction

strategy.

The technical viability of proposed loss reduction strategies can be assessed by
performing a range of analysis for various operating scenarios before and after the
implementation of the measures. The difference in power losses obtained from the
load flow studies can be used to calculate the annual energy losses, which can then be
used to asscss the economic and financial viability of alternative options.
The following empirical formulae are used commonly o estimate the annual energy
losses. In these equations, constant losses associated with transformer cores are
accounted for separately from the distribution linc losses [11].

L, =034, +0.784 (1)
where, L, and A, are represented by loss of load factor and annual load factor
respectively.

A, = 8760(L, P, +T,) (2)
where, A4,, P, and T, are represented by annual energy loss, peak power loss
and transformer core loss respectively.  (7The annual load factor is derived from the

load duration curve of the concerned network)
The loss load factor is extensively used to calculate the average distribution loss based

on the maximum loss (at peak load). The accuracy and suitability of the LLF

methodology is limited as it is assumed that the loads are homogenous and vary
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uniformly at all busbars. The stochastic nature of load is not directly accounted for

and the time-otf-usc (TOU) characteristic of the load is not known [20].

Consumer load profiles are used for load calculation. However, the loss calculations
arc based on the mean load during each time interval. The load variance within time
intervals is ignored, and the errors may be large with stochastic loads such as in LV

networks [20].

The majority of loss evaluations difterentiate between no-load and load losses and no-
load and loss costs are typically based on base- load and peak-load generation costs
respectively. The major limitation ot this approach is that the TOU characteristic of
the load loss energy is not considered. Generation costs vary significantly between
peak and oftf-peak periods. The use of average loss costs may result in large errors as
the load shapes in individual distribution networks can vary significantly from that of

the total generation system [20].

3.2 Bottom Up Approach

Distribution networks extend to every geographic location covered by the utility
providing final connection between the utility and the customer. They are therefore
considered the most suitable system to capture localized customer requirements,
demand and growth patterns etc. For example, demand growth will be different in
different areas, certain areas need high supply reliability ctc. Effective planning
process therefore begins from distribution system. System requirements are then
worked out in upward direction, from identification of distribution network
reinforcements / expansions, substation augmentation & new substations to meet
these distribution system requirements, and transmission line development to meet
substation requirement, all of which converging on final objectives; mecting the
customer necds and techno-cconomic optimization. This is known as the 'bottom-up'
approach in utility planning. In modern utility approach, this process is carried out

through computer aided network modeling and analysis tools [16].

3.3 Short and Long Term Proposals

The proposals of the study consist of short term proposals and long term proposals.
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Short term proposals have been formulated, during the study in order to satisfy the
requirements arising out of the micro area development and could be implemented in
a shorter period of time as either permanent or temporary solution to network
problems. Short term proposals generally include the following improvements. The
proposals are expected to be completed during a period of one to two years [2].

- 11kV to 33kV conversions

- MV line reconductoring

- Short interconnection lines

- Temporary primary substations

Long term proposals have been identified, for reinforcement of MV network at macro
level. These proposals include:

- MV lines and gantries

- MV lines (long lines)

- Enhancement of primary feeding facilities (Primary Substations)

- 33 kV new grid substations

3.4 Technical Loss Reduction Strategy for the MV Distribution network

Technical loss reduction strategy for the MV distribution network can be devised by
first establishing the existing losses. The information gathered from system records
for the load flow models should include power demand, power factor and sending cnd
voltage. Even when good historic data are available, it is prudent to carry out some
measurements to verify this information, thus increasing confidence in the resulting

system model.

The study has been carried out based on provincial MV network model of Western
Province South [ of CEB, which constitute Dehiwala, Ratmalana and Kalutara CEB
distribution areas using SynerGEE Electric computer software. The sequence of steps

followed in this study is as follows.
Step 1: Updating of mapping information of the MV distribution network of Western

Province South [ of CEB.

Step 2: Collection of load data, network data, feeder current, boundary current etc.

Page 16 of 62

5 s A



Step 3: Computer modeling and network analysis of present system using SyncrGEE
Electric computer software.

Step 4: Load forecast based on provincial requirements and trend based on a bottom
up approach.

Step 5: Future system analysis based on forecasted loads and evaluation of possiblc
options to derive optimal solution of system improvements using SynerGEE Electric
compulter software.

Step 6: Formulation of short term and long term proposals for the improvement of the
MV distribution network.

The following block diagram illustrates the approach of the overall study at a glance.

Peak load

data
Computer Provincial Network
aided MV Study improveme

Mapping »| network ” —> nt
analysis proposals

Requireme

nt based

Demand

Forecast

Figure 3.4 Study steps at a glance

3.5 SynerGEE Electric Computer Software

SynerGEE Electric is a software package designed to aid in the simulation, analysis
and planning of power distribution feeders, networks and substations [15]. The
package is a modular collection of tools built on a by-phase simulation engine. The
simulation engine is based on an object-oriented design consisting of highly detailed
models for power system devices such as lines, transformer banks, regulator banks.
switched capacitors, active generators and others. The models for these devices are

built to reflect the actual construction of real power system equipment.
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SynerGEE 1s very user-friendly and allows quick construction and maintenance
distribution models. The tools, utilities and features such as graphical editing tools are
designed to get teeders modeled quickly and accurately. Data requirements are clearly
marked in dialog boxes and are kept to a minimum so that the models can be specitied
with basic nameplate parameters. The device models and calculations used within

SynerGEE conform to thosce methods accepted and depended upon.

SynerGEE provides a user-friendly modeling interface designed o make modeling
convenient and easy. Using advanced drag-and-drop capabilities, SynerGEE allows

users o create models quickly that accurately depict the actual distribution system.

Sections are used as the basic building blocks of the distribution system model. A
section represents an electrical path between two end points (nodes), and can usc

vertices to simulate geographic attributes. 1t is composed of an overhead or

underground conductor segment and perhaps a group of devices and /or load models.

There are no limits (o the length of a section. or to the number of sections m a systen.

W hen a section is first added. the section length is calculated based on the map view's
current unit of measure setting. If it connects to an existing section, it inherits the
phase configuration, conductor type, phase spacing, load connection value and

equivalent height above ground attributes of the adjacent section.

SynerGEE has been designed to provide an outstanding line model without
complicated data requirements. It captures the effects of electric and magnetic field
coupling by using the full set of Carson’s equations and its methods. SynerGEE’s by-
phase impedance and admittance calculations and reduction techniques can handle
coupling between conductors, and between conductors and the earth. SynerGEE
considers one, two and three phase lines with and without a neutral return, and can

handle bare overhead lines as well as cables.

3.6 Load Allocation
Loads in SynerGEE are represented by the standard real and reactive components, kW
and kvar. at the section level. Once properly set up, load handling is generally straight

forward and intuitive . SynerGEE identifies two basic types of loads:
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Distributed loads are the “normal™ loads in the system, often represented by the
capacity of the distribution transformers. Usually, distributed load in a model
represents a good averaging of system loading, but does not represent pinpoint

accuracy, section by section.

Spot loads are special, stable loads assign in addition to distributed load. A spot load
often represents a predictable and substantially large load, such as an industrial
customer, have accurate information about and would not be represented by

distributed lToad [15].

Load allocation adjusts all distributed loads on a teeder so that the total load into a
feeder after a balanced or by phase analysis matches the feeder demands specified in
the feeder dialog. Individual section loads are calculated based upon the feeder
demands. The value of these distributed loads is determined by running a load flow
analysis, then looking at the ditference between the specified teeder demand values
and actual power into the feeder. This mismatch is divided among the sections and

phases [17].

Robust and efticient power tlow solution method must be able to model features of

distribution system with sufficient accuracy [24],[25].

The following items should be noted.
The sections without kVA values (or kWh if selected allocation based on

(kWh) do not receive portions of the allocated loads.

Losses are included in the allocation since the SynerGEE load-flow analysis is

used during each iteration.

Capacitors and generators increase the amount of load that is allocated since

they, in fact, supply real and reactive values of power to the feeder.

<D
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Once a state of convergence is reached, if resulting distributed loads for each

section are to replace the existing ones in the database. If the response 1s not 10

replace the database loads, a report is generated but no permanent changes are

made to the feeder.

The steps of this iterative process are listed below:

1 Remove all distributed loads from feeder

1o

Run balanced or by-phasc load-flow

3 NS = Sspcciﬁcd - Si into feeder
4 AddAS'to feeder distributed loads
5 1fIA S| > Tolerance, go back to Step 2.

If balanced allocation is selected, balanced analysis is used. Otherwisc, by-phase

analysis is used. The distribution of A S' among sections depends on allocation

factors for cach section [135]

SynerGEE supports three allocation models. They are by-phase allocation using by-

phase demands, by-phase allocation using total demands and balanced allocation.

These options are designed to facilitate the various levels of detail in feeder models,

phasing and feeder load meter readings [15].

Load allocation can treat the feeder and substation transformer demands in ditferent

ways. It can also base its analysis on balanced or by-phase load flow.

*

By-phase allocation - This analysis uses a by-phase load flow. It
allocates load by phase and uses the by-phase demands to proportion
values.

By-phase allocation, use total demand — This option still uses a by-
phase load flow. It allocates load by phase. By-phase loads are
determined from the ratio to by-phase information to the feeder total.
Feeder or substation demands are shifted to be proportional to the total
by-phase allocation parameters such as kWh or kVA.

Balanced allocation - This option uses balanced load flow analysis. It
allocates evenly across all phases of a line. It also totals feeder and

substation transformer demands.

SynerGEE allows demands to be specified in the following formats[15]:
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Amps and power factor
* kW and kVAR
* kVA and power factor

kW and power factor

The demands are stored in the database as kW and kVAR values. The values are
converted to the various formats in the Demands dialog using the nominal voltage of
the feeder or substation transtormer. Therefore, if the feeder or substation transformer
nominal voltage is changed, the demands specitied in Amps, pf will also be changed.
Power systems sometimes have multiple solutions that are numerically achievable. To
avold reaching an unrealistic solution, the initial load flow used on the feeder model is
simplified. An initial estimate of the total load to allocate is found using the following
equation:

F, -8, -L+G, +C,
- D

L

7
!

Here, L, denotes initial estimate of the total load to allocate and F, the specified
feeder demand. 8, L .G, ,C, and D, respectively represent the estimated spot load,

losses. generated injection, capacitor injection and initial distributed load to allocate.

This initial cstimate of distributed load is spread out using the allocation factors

discussed above.

This factor corresponds to the ratio of the section’s by-phase kVA values to the by-
phase total values for the entire feeder. A section must have connected kVA values in

order to pick up allocated load.
This factor corresponds to the ratio of the section’s by-phase kWh values to the by-

phase total kWh values for the entire feeder. A section must have kWh values in order

to pick up allocated load.

When allocating on substation transformers, the substation transformer demands are

recognized as occurring on the secondary of the transformer. After allocating and

T
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Por all the cases. Benefit/Cost Ratio was less than 1. Theretore it is not economically
feasible to conswruct 400kV transmission network configuration with compare to

220KV transmission network configuration.
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Chapter 7

Conclusion and Recommendation

7.1 Conclusion
The objective of this study is to identify and formulate proposals for network
reinforcements of the MV distribution network in order to:

(a) Operate at optimal level of losses

(b) Provide electricity in sufficient quantity and acceptable quality

(c) Ensure etficient electricity distribution based on change of load pattern of

the large committed load and general load growth
The results of the study is subject to the limitation that future demand growth has
been estimated assuming that the growth occurs uniformly over the selected zone for
any given category of consumers (i.e. domestic, industrial or commercial). The other
limitation is the inaccuracies in input data, mainly those used to obtain the load
pattern. As these data were manually recorded an error of about10% is estimated due

to time mismatch and human crrors in reading and recording.

The techniques described in this study allow a loss reduction strategy to be
formulated, based on experience of a typical segment of the network under
consideration. The benefit is that loss reduction measures can be targeted to have the
most impact on the system. For planning purpose, the results of a well chosen pilot
scheme can be applied to the entire network, thus allowing the total cost of the

scheme and the resulting benetits to be evaluated.

Distribution feeders usually have a tapering load distribution along their length.
Experience shows that about two third of losses on these feeders arises in the first
third of the main feeder length. Small projects may be undertaken solcly to reduce
these losses. The most significant of these measures include reconductoring heavily
loaded feeder sections. Reconductoring is really viable mainly for overhead networks.
It could be viable for underground circuits only when the cable 1s ducted and can be
easily removed. It is generally not viable to replace direct buried circuits solely for

loss reduction.
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The expected performance ot the MV network achievement figures are based on the

load forecast and timely implementation ot the proposals as scheduled.

One of the primary objectives of this study is to design the MV network to operate at
optimal level of losses and to ensure an efficient power distribution system. From the
results of the study it was observed that percentage power loss has been reduced from

3.0 to 2.3 percent and energy loss from 2.0 to 1.2 percent.

Upgrading the network capacity is achieved by reinforcing the network with new grid
substations, MV lines ctc., so that the network shall be able to supply the increased
power demand, maintaining the proper voltage levels at minimum losses.
Implementation of network reinforcement proposals of this study would ensure
adequate level of upgrading of the overall network capacity to the future demand
cffectively and efticiently.

Proposals are made with reliability considerations to the attention in feeding

arrangements during power failures.

Distribution system loss reduction presents an excellent opportunity for improved
cnergy efficiency. Economic and environmental pressures now compel a major focus
of attention on such losses. Loss evaluation can be both difficult and complex.
Development of policy and programme requires a lot of both technical and
Judgmental analysis. This study summarizes approaches to reduce losses in power

distribution system.

7.2 Recommendation

Distribution loss 1s quite high in rural areas. Theretore urgent improvement measures
arc to be taken to reduce this loss. The main problem of the rural distribution system
is its large number of low load consumers distributed over a large arca. This is a
consequence of the habitat pattern of the region where the distance between
homesteads 1s comparatively large. Another problem is that the length of LV lines far
outweighs the length of MV lines. For optimum loss reduction, the MV to LV ratio
must be 1:1. Another factor is the lengthy single phase lines that also contribute for

the I'R loss.
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7.2.1 Optimization of Distribution System

The optimum distribution system is the economical combination of medium voltage
lines, distribution transformers and low voltage lines which depend on the location,
load density, diversity of the system and the capital cost. These factors vary from area
to area. Lower the MV/LV line length ratio, the higher will be the voltage drop and
the line loss. To reduce this loss and improve voltage, MV/LV line length ratio should

be optinmized.

This calls for decentralization, wherein the high capacity transformers (viz 160 KVA,
250 KVA) are replaced by low capacity (100 KVA), which would result in optional
placement of transformers, thereby reducing distribution loss through optimization of

MV/LV line length ratio.

Morcover, in the existing system it i1s seen that the LV lines are extending up to
kilometers of length with the transformer at one end. In this condition, the transformer
position is to be shifted to the centre of the distribution load. This will improve

regulation and at the same time reduce losses.

7.2.2 Loss Management Policy

The policy on losses is to manage them as a real distribution cost. 1t is required to
balance the system development so as to minimize the total cost of supply to the
customers and thereby to optimize economic efficiency. This means that losses are
considered as a cost in decisions affecting the system, for example in the sizing of

new circuits, network development projects, operational sectionalizing, etc.

The cost of reducing losses is balanced with the long term cost of supplying them.
The policy shall recognize that a kW of network losses is equivalent to committing a
kW of generation, transmission and distribution system, over the long term.
Adjustments are of course made for load diversity and the compounding effect of
losses up through the power system, a kW of distribution losses itself causes further

losses upstream.

In costing losses the long run marginal cost of supply shall be used. This is

differentiated into capacity or plant (per kW) and energy or fuel (per kWh)
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components. It is recommended to use a capitalization period of 25 ycars and a
discount rate of about 10% for economic analysis. The capacity cost of losses is
quickly recovered from an investment in loss reduction. The upstream capacity is
released straight away and in most cases is quickly utilized. The energy cost is spread

out over time and 1s gradually recovered.

There shall be an active Demand Side Management programme to encourage end use
efficiency. The tariffs shall be based on the long run marginal cost of supply. The
economic benefits of end use efficiency shall reasonably and accurately be reflected
to the customers. The effect of this programme will be reflected in the growth rates

used.

7.2.3 Loss Reduction Programme
Loss reduction guidelines shall be formulated to assist in implementing loss reduction
policy in the planning and in the design stages. The technical loss component of the
distribution loss can be reduced considerably by adopting system improvement
measures such as:

(1) MYV network reinforcement

(11) Capacitor placement in MV distribution network

(111)  Conversion of single phase line to three phase line

(iv)  Balancing of lines

(v) Phase prediction and phase reconfiguration etc.
Replacement of faulty energy meters would further reduce the non-technical loss. The

energy consumption tendency is higher if the meter is faulty.

Extensive briefing and training are required to win the attention and support of a large
number of people at every level in the distribution function. Load and network
databases have to be streamlined to facilitate annual audits of system loss levels and

annual reviews of optimal sectionalizing on the major networks.
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7.3 Further Research Areas
Distribution loss reduction requires a wide range of measures.
e Network reinforcements
¢ Operations
¢ Design
¢ Major development projects
7.3.1 Network Reinforcements

This topic has already been discussed in the report. Other research areas are:

7.3.2 Operations

Optimal sectionalizing of networks, balancing of loads across feeders and transformer
switching are the cheapest measures for reducing losses. These can be complicated
cxercise, but simple formulae can be used to realize most of the benefits. The degree
to which losses can be reduced by these measures is small. However all opportunities

must be availed of to optimize network efficiency.

7.3.3 Design

Loss reduction can be achieved by optimal sizing of new equipment being added to a
power system. This relates to selecting sizes to minimize the total cost of supply
rather than selecting the minimum equipment rating to accommodate the load in
question. The main issue here is economic sizing of conductors and transformers and

MV/LV line construction.

7.3.4 Major Projects

The most significant means of reducing distribution system losses is through major
development projects. These are undertaken for a number of reasons. The primary
reason is usually to provide additional capacity to supply major new load. Other
reasons include relieving load congestion, improving standby capacity or improving
quality of supply. These projects usually target heavily loaded networks and cause
significant reduction in losses. Such loss reductions, though usually not the primary
reason for development, provide substantial benefits and help to justify the project

capital expenditure.
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