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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 spreadsheet 

software are two fundamental tools for establishing a successful loss reduction 

strategy. 

The technical viability of proposed loss reduction strategies can be assessed bv 

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 assess the economic and financial viability of altemative options. 

The follmving empirical formulae are used commonly to estimate the annual energy 

losses. In these equations, constant losses associated with transformer cores arc 

accounted for separately fi·om the distribution line losses [I I]. 

L11 = 0.3A11 + 0.78A~ (/) 

where, L11 and A11 are represented by loss of load factor and annual load factor 

respectively. 

Ad = 8760 {L,1 P"' + 7;_ 1 ) 

\vhcre 4 P and T 'tre represented by annual eneroy loss peak t)Ower loss ~ ~ c/ , pf c/ L b " ( t ' ' 

and transformer core loss respectively. (The annual /ow/f(tctor is dcril'cd(iwn the 

loud duration cli/Tc o("rhc concerned nct\\·ork) 

(2) 

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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unifonnly at all husbars. The stochastic nature of load is not directly accounted for 

and the time-of-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 \\ ithin time 

intervals is ignored, and the enors may be large with stochastic loads such as in LV 

networks [20]. 

The majority of loss evaluations ditTerentiate 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 of this approach is that the TOU characteristic of 

the load loss energy is not considered. Generation costs vmy significantly between 

peak and off-peak periods. The use of average loss costs may result in large CJTors 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 eve1y 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, cetiain areas need high supply reliability etc. EtTective planning 

process therefore begins from distribution system. System requirements are then 

worked out in upward direction, from identification of distribution network 

reinforcements I 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; meeting the 

customer needs and techno-economic optimization. This is known as the 'bottom-up' 

approach in utility planning. In modern utility approach, this process is can·icd 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 tenn proposals. 
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Short tcnn proposals have been f01mulated, 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 pem1anent or tempormy solution to network 

problems. Short tenn proposals generally include the following improvements. The 

proposals arc expected to be completed during a period of one to two years [2]. 

11 kY to 33kY conversions 

MY line rcconductoring 

Short interconnection lines 

Temporary primmy substations 

Long term proposals have been identified, for reinforcement of MY network at macro 

/c\ el. These proposals include: 

MY lines and gantries 

MY lines (long lines) 

Enhancement of primary feeding facilities (Primary Substations) 

33 kV new grid substations 

3.4 Technical Loss Reduction Strategy for the MY Distribution network 

Technical loss reduction strategy for the MY 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 end 

\oltage. Even when good historic data are available, it is pmdcnt to cany out some 

measurements to verify this infonnation, thus increasing confidence in the resulting 

system model. 

The study has been carried out based on provincial MY network model of Western 

Province South l 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 I: Updating of mapping infonnation of the MY distribution network of Western 

Province South l of CEB. 

Step 2: Collection of load data, network data, feeder current, boundaty current etc. 
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Step 3: Computer modeling and network analysis of present system using SynerGEE 

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 possible 

options to derive optimal solution of system improvements using SynerGEE Electric 

computer software. 

Step 6: Formulation of short tcnn and long tenn proposals for the improvement of the 

MY 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 1mproveme 1 

Mapping network r=- nt 
analysis proposals 

Requireme 
nt based 
Demand 
Forecast 

Figure 3.4 Study steps at a glance 

3.5 SyncrGEE 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 arc 

built to ref1ect the actual construction of real power system equipment. 
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SynerGEE is very user-friendly and allows quick constmction and maintenance 

distribution models. The tools, utilities and features such as graphical editing tools are 

designed to get feeders modeled quickly and accurately. Data requirements arc clearly 

marked in dialog boxes and are kept to a minimum so that the models can be specified 

\Vith basic nameplate parameters. The device models and calculations used within 

SynerGEE conform to those methods accepted and depended upon. 

SynerGEE provides a user-friendly modeling interface designed to make modeling 

convenient and easy. Using advanced drag-and-drop capabilities, SynerGEE allows 

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

Sections arc used as the basic buildmg 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. lt is composed of an overhead or 

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

T!Jt:n.: arc no !Jinft.., to tlu: length ota section. or to the number olsections in a :-,ystem. 

H /zen a section is 11/:.,,! added !l1e section length is calculated based on the map r/cw'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. SyncrGEE 

considers one, two and three phase lines with and without a neutral rctum, and can 

handle bare overhead lines as well as cables. 

3.6 Load Allocation 

Loads in SynerGEE arc 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 '"nonnal'' loads in the system, often represented by the 

capacity of the distribution transfonners. Usually, distributed load in a model 

represents a good averaging of system loading, but does not represent pinpoint 

accuracy. section by section. 

Spot loads arc 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 infonnation about and would not be represented by 

distributed load [ 15]. 

Load allocation adjusts all distributed loads on a feeder so that the total load into a 

feeder aCter 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 dete1mined by mnning a load flow 

analysis, then looking at the difference between the specified feeder demand values 

and actual power into the feeder. This mismatch is divided among the sections and 

phases [ 1 7]. 

Robust and efficient power flow 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 arc 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. 
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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 is not to 

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

made to the feeder. 

The steps of this iterative process are listed below: 

Remove all distributed loads from feeder 

'"' Run balanced or by-phase load-flow 

3 6S' = Sspcciticd - S' mtu li.Tdcr 

4 Add 6 S' to feeder distributed loads 

5 If 16 S'l >Tolerance, go back to Step 2. 

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

analysis is used. The distribution of 6 Si among sections depends on allocation 

factors for each section [15] 

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 transfotmer demands in different 

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

* 

* 

* 

By-phase allocation This analysis uses a by-phase load flovv. 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 t1ow. It allocates load by phase. By-phase loads are 

detennined 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 kV A. 

Balanced allocation- This option uses balanced load t1ow 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 fom1ats[ 15]: 
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* 

Amps and power factor 

kW and kVAR 

kV A and power factor 

k W and power factor 

The demands are stored in the database as kW and kV AR values. The values arc 

convcJtcd to the various fonnats in the Demands dialog using the nominal voltage of 

the feeder or substation transformer. Therefore, if the feeder or substation transfonncr 

nominal voltage is changed, the demands specified in Amps, pf will also be changed. 

Power systems sometimes have multiple solutions that are numerically achievable. To 

avoid 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: 

LT 
F,1 ~S1 ~L+G1 +C1 

Dt 
(3) 

Here. L7 denotes initial estimate of the total load to allocate and r:, the specified 

feeder demand. S,, L, G1 , C1 and D, respectively represent the estimated spot load, 

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

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

discussed above. 

This factor conesponds 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 transfom1ers, the substation transformer demands are 

recognized as occmTing on the secondary of the transfonner. After allocating and 
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viewing a load flow report, the power into the primary side will not match the 

demands. The power out of the substation transformer should match the specific 

demands. 

3. 7 Load Flow Analysis 

Load flow analysis calculates current flows, voltage drops, losses and loading of lines, 

equipment, switches and protective devices. If a substation is selected, all feeders of 

the substation are analyzed as well as the substation transformers, buses, equipment 

and switches. There are no limits on the number of sections that can be included in 

load flow analysis. The calculated results for each section or substation bus are saved 

in the database, and a detailed report is produced. These reports can be viewed, saved, 

and printed [15]. 

The load flow engine is object-oriented, driven by a robust algorithm used to enforce 

Kirchhoff's laws between object representing power system devices. The objects 

respond to various messages supplied by the load-flow algorithm. They contain the 

complicated and highly nonlinear models for various types of distribution equipment 

such as voltage regulators, transformers and switched capacitors. 

IE:JII Section: 01 - 1 21 6248 ICI E3 

~_lj~_j 
Sect l Cnfg l Dlst I Sr:>ot I Ext I Mise I Coord 

Result 
_,., Amp Reserve 0 0 
_,., MAl Fl 0 . 0 0 . 0 0 . 0 0 . 0 
_,., SAl D I 0 . 0 0.0 0 . 0 0 . 0 
_,., SAl Fl 0 . 0 0.0 0.0 0 . 0 
~ Ph-Ph --- --- --- 0 . 0 
~ Max LG --- --- --- 0.0 
~ MinLG --- --- --- 0.0 
~ 3 Phase --- --- --- 0 . 0 
_,., Volts Into 1 92. 8 11 92.8 11 92. 8 II 92.8 
_,., Volts 0 ut 1 92.8 11 92.8 11 92. 8 II 92.8 
_,., Amps Into 1 1 1 1 
_,., Pet pf 98. 0 98.0 98. 0 98.0 
_,., kvar Load 0 0 0 0 
_,., k'vv" Load 0 0 0 0 

• NomkV --- --- --- 33.00 
_,., k var Loss -1.3 -1.3 -1 . 3 -3. 8 
_,., k'vv" Loss 0 . 0 0.0 0 . 0 0.0 
""" Volt D rap 0 . 0 0.0 0 . 0 0 . 0 

""" kV ar Into 3 3 3 10 ~..:1 

< -- ----- Jl!! I _> 

Table 3.7 -Results of a section after load flow study 
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Table 3.7 is a specimen which shows the results of a section after a load flow analysis. 

Highlighted figures are the voltages in and out of the section. 

~ 
Section: MM14380838899 a Ei I 

~~~J 
Sect Cntg I Oist • S!id . Ext l lulsc . COMI Results ] 

Result I AIPB I B!tlC I ClrA 
~~Reserve 62 62 62 
I MAIFI 0.0 0.0 0.0 0.0 
I SAIDI 0.0 0.0 0.0 0.0 
I SAIFI 0.0 0.0 0.0 0.0 
f. Ph·Ph ... 0.0 
tl. Max LG ... . .. ... 0.0 
tl. Min LG ... . .. 00 
tl. 3 Phase ... ... . .. 0.0 
I Vols lnto 98.6 98.6 98.6 98.6 
I VolsOut 98.3 98.3 98.3 98.3 
l~slnto 133 133 133 133 
I Pct pf 95.1 95.1 95.1 95.1 
l kvarload 0 0 0 0 
l kW Load 0 0 0 
• Nom kV ... . .. ... 33.00 

Figure 3.7 (a) Load Flow Results 

The radial load-flow engine of SynerGEE has many advantages over the traditional 

Gauss- Seidel and Newton-Raphson method for two reasons. First, SynerGEE does 

not rely on a matrix representation or an abstract mathematical representation of the 

power system. This allows the model of a power system to simply be a collection of 

device models. Furthermore, there is no limit to the size of system synerGEE can 
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model. Analysis can also be run directly from the database. The second advantage is 

that it can make coupled three-, two-, or one phase representation of power lines and 

power equipment. Unbalanced loading, long single phase laterals, ungrounded 

systems, non-symmetrical transformer banks, mutual coupling, eatth return and 

device controller actions can all be modeled in a manner consistent with the actual 

construction and physical behavior of these devices. These advantages make 

SynerGEE a powerful tool for the simulation and analysis of power distribution 

systems. 

In most situations, balanced analysis will produce results representing a single line 

model of the distribution system. Loads are averaged over the phases of the associated 

line section. Currents are averaged at section intersections. 

To achieve the balanced analysis, SynerGEE follows the following steps. 

* Loads are averaged over the phases in each sections. 

* The SynerGEE by-phase engine is used to analyze the system. 

* The resulting flows and voltages are vectorially averaged over valid 

phases 

In a balanced system, the voltage drop calculation can be expressed vectorially as 

follows: 

1 v -v --zi ctr - .'Ire 2 into (4) 

Here, Vc,r and V"c denote the voltages at the center and source, Z the impedance 

and [into the current entering the line section. 

Equation no (4) shows how the voltage in the centre of the section is found from a 

line's source voltage, its impedance, and the current entering the line section. Losses 

are calculated for the sections and devices by the analysis. These losses are 

determined from the difference in the complex power into the device and the complex 

power out of the device. Values of complex power S are calculated using the 

necessary voltage and current values. The power into a phase of a grounded section, 

for example, is calculated as equation no (5). 

sinto = k. vinto .[into (5) 

where, Sinto is the value of complex power into a phase of a grounded section, k a 

constant and vinto is the voltage value. 
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Values for the various voltages and currents associated with a line, its load, and 

attached devices are maintained in the temporary database during analysis. SynerGEE 

load flow analysis is performed using only voltages and currents. Nonlinear loads are 

linearized during each iteration. The values of power flow are calculated after the load 

flow solution has been reached. This supports a very robust and precise calculating 

engine within SynerGEE. 

The continuous and emergency ratings of conductors are used to calculate percentage 

loading and exception coloring. These values are taken from the manufacturer's data. 

The values are used for comparison of conductor loading for the analytical outputs. 

The solution of radial power systems is found using methods of network flows based 

on walks along directed in and directed out trees having arcs composed of the devices 

on sections such as power lines, regulators and transformers. Each section is 

connected radially so that it has one predecessor and possibly multiple descendants. 

There are two types of walks, an inward walk and an outward walk. 

An inward walk is achieved by starting at the end component and passing inward so 

that every device is passed over before its predecessor. An outward walk is achieved 

by starting at the source that is either the substation or feeder and passing outward so 

that every section's predecessor is passed over before the section itself. These walks 

can be shown in the following simple feeder. Sections on the feeder are labeled with 

letters. 

G 

~ 

...____ 

[j~ 
~ \ 

[] 
~ 

Figure 3.7 (b) Sample of feeder 
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The first iteration step involves load flow outward propagation. The purpose of the 

outward propagation is to transmit the fixed voltage specified at the feeder or 

substation source through each of components of the feeder. When a device is 

recognized along the outward walk, it subtracts its voltage drop from its predecessor's 

voltage to get a voltage at its outward end. This voltage is then available to be used as 

source voltage by the device's descendants when they are recognized during the 

remining of the walk. 

This outward propagation process is used to emulate Kirchhoff's voltage law. At the 

conclusion of the propagation, the sum of the voltages and voltage drops around any 

path of the feeder is zero. 

The second step of the iteration process involves load flow inward propagation. 

During the outward propagation, values of current are held constant and information 

about voltage is transmitted outward along the feeder. During the inward propagation, 

voltage values are held constant and information about current is transmitted inward 

along the feeder using inward walk. 

This process of propagating load current inward toward the feeder's source is used to 

satisfy Kirchhoff's current law. At the completion of the propagation, the total 

current into either the inward or outward end of any device is zero. 

The third step of the iteration process includes linearization. The processes outlined in 

step I and 2 above are linear processes. That is nonlinear operations on or between the 

state variables of current and voltage is never performed during the inward or outward 

propagations. 

During the linearization step, however, currents and voltages obtained from the most 

recent inward and outward propagation are used to perform a number of operations. 

Some of these operations are listed below. 

Compound loads are evaluated with the most recent component voltage. The 

load current archived from the linearization step is maintained and used to 

represent the load during the inward propagation of the feeder. The current 

remains constant until the next linearization step. 
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Active devices such as switched capacitor controllers and regulator LTC' s are 

activated. Regulators may change taps and switched capacitor modules may be 

tripped or closed. 

Devices may report back the change in state from the last linearization step 

due to the last iteration of inward and outward propagations. This determines 

if the state of the feeder is satisfactorily near the load flow solution. 

The steps outlined in the previous sections are invoked during each iteration of the 

load flow analysis. The diagram below demonstrates how the load flow steps fit 

together within iterations to detetmine the solution of a feeder. 

Mward 
opaganat ion to pass 

<ryUfCe voltage through 
.~mponent models and 
1eir respecti ve drops 

'~ward 

opaganat ion to 
load and other 

.JITents inward to 
1.1rce. 

figure 3.7 (c)-Load - flow diagram 

Have all Components 
remained stationary during 
last iterations 

Determine value of load current 
based on components voltages. 
Recognize controllers for 
regulators, capacitors, and other 
divides. 
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