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ABSTRACT

Power loss minimization and voltage stability improvement are important areas of power systems
due to existing transmission line contingency, financial loss of utility and power system blackouts.
Optimal allocation (i.e. siting and sizing) of Distributed Generation (DG) and Optimal Capacitor
Placement are the best ways to strengthen the efficiency of power system. In the present work, a
Evaporation-rate based water cycle algorithm has been taken into account to allocate capacitor banks
and DGs along the radial distribution network. The objective function is adopted to minify the
system power loss, to improve the system voltage profile and finally to carry out for power loss
reduction with economic point of view.

Firstly, capacitor placement is applied to standard IEEE buses. In the next stage, Distributed
Generations is incorporated in the standard IEEE buses, thirdly capacitor and DGs with unity pf are
incorporated simultaneously in the IEEE bus system and finally capacitor and DGs with controllable
pf are incorporated simultaneously in the IEEE bus system. Finally, practical distribution feeder
(i.e., New Chabahil Feeder and Daachhi Feeder) of Kathmandu valley will be taken to apply the
theoretically proven technique to reduce voltage drop and power loss. The overall accuracy and
reliability of the approach has been validated and tested on radial distribution systems with differing
topologies and of varying sizes and complexities.

The results shown by the proposed approach have been found to outperform the results of existing
heuristic algorithms found in the literature for the given problem. The test was performed for four
cases. Case I: placement of capacitors only, Case Il: Placement of DG only, case I1I: Placement of
DG (unity pf) and capacitors simultaneously, Case IV: Placement of DG (with controllable pf) and
capacitors simultaneously taking into consideration for technical objectives only, Case V: Placement
of DG (with controllable pf) and capacitors simultaneously taking into consideration for techno-
economic objectives. The power loss found with my thesis work is lower than that of with the
methodologies in the reference paper. For IEEE 33 bus system, power loss in case I, case Il, case
I11, case IV, and case V was 34.79%, 62.10, 90.23%, 92.04%, and 63.67 % of the base case
respectively. Similarly, for IEEE 69 bus system, power loss in case I, case I, case Ill, case IV, and
case V were 35.34%, 69.14%, 94.36%, 96.24%, and 35.53% of the base case respectively the power
loss. Moreover, the results for the practical systems (Daachhi feeder and New Chabahil feeder) are

supposed to have considerable upgradation in the Nepalese distribution system in the future for



lower power loss and better voltage profile. For Daachhi Feeder, power loss in case I, case I, case
[11, case 1V, and case V was 50.25%, 48.52%, 96.10%, 96.77%, and 70.95% of the base case
respectively. Similarly, for New-Chabahil Feeder, power loss in case I, case 11, case Ill, case 1V, and
case V were 37.46%, 63.54%, 97.10%, 98.23%, and 54% of the base case respectively the power

loss
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CHAPTER 1: INTRODUCTION

The power generation capacities around the world are to be expanded at skyrocketing speed to meet
out the increased load demand and thereby to avoid power blackouts which have significant
economic impact on developing countries. Moreover, the location of electricity generation is far
away from the consumer load. This poses huge challenge in electricity transportation over long
distance which ultimately leads to more power loss. Solution of above said problems to some extent
is achieved by the installation of shunt capacitors and Distributed Generators (DG) close to the load

center in the power system network.

The power flows in the distribution line causes high power loss, imposes voltage drop in the lines
and also account for poor power factor at the load ends. Reactive power compensation by Capacitor
allocation alone can improve the voltage profile and lower the power loss in the system. Cuckoo
Search Algorithm has been used as advanced metaheuristic algorithm so as to optimize the cost of
power loss improvement with the capacitor allocation in the system. [1] Utilities are facing various
problems regarding the power loss and voltage instability due to unbalanced load, sudden
fluctuations in the demand side and lack of proper planning. Capacitor placement in the distribution
system helps improve the power factor, bus voltage regulation, power and energy loss, increase
system capacity in addition to enhance the power quality. In distribution system to improve the
voltage regulation we required to minimize reactive power flow through the system. To overcome

these difficulties, we place the capacitor in distribution system.

The placement of capacitors in radial distribution systems is also provide power flow control,
improving system stability, power factor correction, voltage profile management and losses
minimization. The problem associated with capacitor placement is to determine the location of
capacitors where power loss is minimum and cost saving is maximum. A number of methods have
been proposed to solve capacitors placement problem. Like as combinatorial optimization
techniques of genetic algorithm, simulated annealing, Particle swarm optimization have been
applied to find the desirable and almost global optimal solution for capacitors placement problem.
In this research, Water Cycle Algorithm is used for the optimization since it is supposed to give
more exact and simple results compared to another algorithm [2].



Distributed generation units (also called decentralized generation, dispersed generation, and
embedded generation) are small generating plants connected directly to the distribution network or
on the customer site of the meter. In these recent years, the penetration of renewable and
nonrenewable distributed generation (DG) resources is increasing worldwide encouraged by
national and international policies aiming to increase the share of renewable energy sources and
highly efficient micro-combined heat and power units in order to reduce greenhouse gas emissions
and alleviate global warming. DGs also contribute in the application of competitive energy policies,
diversification of energy resources, reduction of on-peak operating cost, deferral of network
upgrades, lower losses and lower transmission and distribution costs, and potential increase of
service quality to the end-customer. DGs are available in modular units, characterized by ease of

finding sites for smaller generators, shorter construction times, and lower capital costs [3].

Nowadays, design of micro-grids in power system based on distributed energy resources has become
a very important aspect for management of the energy related issues and economic feasibilities. The
distribution system is mostly operated as radial because of its cheap and simplicity in operation. An
appropriate planning methodology must be carried out for incorporating shunt capacitors and DG
units into the distribution network to get the constructive benefits. The installation of these units at
non-appropriate places with improper sizing leads to negative consequences such as increase in

power loss, Poor system reliability and voltage instability state of the power system network. [4]

The combination of Capacitor and DG sources can mitigate such problems. In this context, the power
loss reduction using Capacitor and DG is an important aspect to be taken into account. But such
reactive and real power sources are to be optimally placed in the distribution system since improper
allocation may give increased system losses posing problems for proper operation of distribution
system. Hence choice of correct optimization technique i.e., Evaporation-Based Water Cycle

Algorithm used was important in this regard.



1.1 Objectives of the Project
The main objective of this thesis is to study is to minimize the distribution system power loss and
cost and improve voltage profile in IEEE buses and practical feeders of Nepal.

1.2 Scope

The basic scopes of this thesis are:
» Study the penetration of DGs and CBs to enhance the technical and economic issues of
distribution systems.
» Three technical objectives are satisfied that are: power loss reduction, voltage profile
improvement, and stability index enhancement
= Two economic issues are considered as minimizing the costs of generated power and CBs.
» Providing a controllable power factor strategy of DG for flexible operation of distribution
systems.
1.3 Outline of thesis
This thesis is organized in six chapters. Chapter 1 deals with the basic concept of distribution system
loss reduction techniques. The chapter deals with the discussion related to collaboration of DG and
capacitor so as to reduce the system loss. Brief review of literature review on loss reduction
techniques is presented in Chapter 2. The overall methodology, basic configuration and features of
Evaporation-Rate Based Water Cycle Algorithm is presented in chapter 3. Chapter 4 deals with the

system consideration, tools and software used in this thesis works. Chapter 5 presents the results and

discussion of the study and conclusion is discussed in chapter 6.

1.4 Problem Statement

Nepalese distribution system is currently having huge amount of technical and non-technical losses.
Even though, various researches have been done in the field of loss reduction, Nepalese system is
not having any amendments in this field. This is the major problem that needs to be addressed as

3



soon as possible. I hope this project to be done in the certain part of Nepalese distribution system
will provide some accurate results and provide us with the idea for the selection of the location and
size of the capacitors and Distributed Generation (DGs). Moreover, capacitor sizing and placement
problem is an important task for planning studies in distribution networks. This impact on voltage
regulation as well. The problem regarding DGs is that they are very costly. Hence it is very important
to do some research on the optimal placement of DGs in the system so as to reduce the loss, improve
the voltage profile, and so on. Nepal Electricity Authority (NEA) has released its guidelines at April,
2016 for interconnection of photovoltaic to distribution network. On February 2018, Ministry of
Energy released standard procedure for connection of alternative energy to existing grid. According
to the guideline, energy producers willing to sell energy for solar capacity above 500 watts may

apply to NEA for interconnection through net metering.

Because of the guidelines of MOE and NEA to incorporate alternative sources to the system, it can
be said that incorporating DG in the distribution system is not the choice for Nepalese System, but
it is the compulsion. Hence, it is very necessary to study the impact of DG addition to the system
power loss (both active and reactive power) and the power factor. The DGs IPPs mostly targets for
the DG which produce the real power but not the reactive power because of cost and loss constraints
for them. But it can be analyzed that addition of only active power to the system without reactive
power disrupts the power balance. As a result, system power factor turns to be very poor. Hence,
capacitor allocation in the DG incorporated system is only the option to improve the system power
factor. Following these ICIMOD- Khumaltar (92 kW) and CIAA- Tangal (514 kW) are already
installed and ready for integration in the distribution network while NMB Bank- Babarmahal
(50kW) is due for PPA with NEA. They are to be connected to the national grid now or later. Hence,
sufficient research is to be done for the optimal location of them so as to reduce the cost and the

power loss.



CHAPTER 2: REVIEW OF LITERATURE

2.1 Introduction:

In the paper [1] a cuckoo search optimisation-based approach has been developed to allocate static
shunt capacitors along radial distribution networks. The objective function is adopted to minify the
system operating cost at different loading conditions and to improve the system voltage profile. In
addition to find the optimal location and values of the fixed and switched capacitors in distribution
networks with different loading levels using the proposed algorithm. Higher potential buses for
capacitor placement are initially identified using power loss index. However, that method has proven
less than satisfactory as power loss indices may not always indicate the appropriate placement. At
that moment, the proposed approach identifies optimal sizing and placement and takes the final
decision for optimum location within the number of buses nominated with minimum number of
effective locations and with lesser injected VARs. The overall accuracy and reliability of the
approach have been validated and tested on radial distribution systems with differing topologies and
of varying sizes and complexities. The results shown by the proposed approach have been found to
outperform the results of existing heuristic algorithms.

Integration of distributed generation units (DGs) and capacitor banks (CBs) in distribution systems
aim to enhance the system performance. The paper [2] proposes water cycle algorithm (ER-WCA)
for optimal placement and sizing of DGs and CBs. The proposed method aims to achieve technical,
economic, and environmental benefits. Different objective functions: minimizing power losses,
voltage deviation, total electrical energy cost, total emissions produced by generation sources and
improving the voltage stability index are considered. Simulations are carried out on three distribution
systems, namely IEEE33-bus, 69-bus test systems, and East Delta network, as a real part of Egyptian
system. Research article [3] has mentioned that the integration of distributed generation (DG) units
in power distribution networks has become increasingly important in recent years. The aim of the
optimal DG placement (ODGP) is to provide the best locations and sizes of DGs to optimize
electrical distribution network operation and planning taking into account DG capacity constraints.
Several models and methods have been suggested for the solution of the ODGP problem.

The planning problem of simultaneous DG and capacitor bank placement in distribution network

was investigated from the local DISCO’s viewpoint based on minimum total cost over the planning



period considering several economic and technical factors and modeling the customers’ load types
and the feeder’s failure rate in [4] . After optimal DG and capacitor placement, the system energy
loss and risk level over the planning period were decreased noticeably, and also voltage profiles of
all the system buses at different load levels were improved. It was proven that considering different
feeder’s failure rate models in the simultaneous DG and capacitor placement planning problem can
notably affect the simulation results.

Steady increase in energy demand on distribution system due to natural growth of a service territory
or through stimulation of energy market is a big challenge to planning engineers so that the system
is adaptable without violating service quality. Load growth on system results into either extra
expenditure made towards the addition of new substation or expanding the existing substation
capacity. Due to power system deregulation and environmental concerns as well as technological
advancements, the Disco (Distribution Company) planners are forced to investigate expansion
planning through alternatives such as distributed generation (DG). Incorporation of distributed
generation is an important aspect in distribution system in view of loss reduction, reduction in
operating costs and improvement in voltage profile. It was estimated that distribution systems cause
a loss of about 5-13% of the total power generated. The cost due to energy losses is a major part of
the electricity bill. Restructuring in power systems encourage the penetration of more and more DG
at distribution level [5].

Power loss minimization and voltage stability improvement are important areas of power systems
due to existing transmission line contingency, financial loss of utility and power system blackouts.
Optimal allocation (i.e. siting and sizing) of Distributed Generation (DG) is one of the best ways to
strengthen the efficiency of power system among capacitor placement and network reconfiguration.
Power system operators and researchers put forward their efforts to solve the distribution system
problem related to power loss, energy loss, voltage profile, and voltage stability based on optimal
DG allocation. In this paper a comprehensive study is carried out for optimum DG placement
considering minimization of power/energy losses, enhancement of voltage stability, and
improvement of voltage profile. An attempt has been made to summarize the existing approaches
and present a detailed discussion which can help the energy planners in deciding which objective
and planning factors need more attention for optimum DG allocation for a given location or in a

given scenario. [6]



In [7] , authors present a novel approach based on cuckoo search (CS) which is applied for optimal
distributed generation (DG) allocation to improve voltage profile and reduce power loss of the
distribution network. The voltage profile which is the main criterion for power quality improvement
is indicated by two indices: voltage deviations from the target value which must be minimized and
voltage variations from the initial network without DG which must be maximized. The CS was
inspired by the obligate brood parasitism of some cuckoo species by putting their eggs in the nests
of other species. Some host birds can engage direct contest with the infringing cuckoos. For example,
if a host bird detects the eggs are not their own, it will either throw these alien eggs away. The CS
has been compared with other evolutionary algorithms such as genetic algorithm (GA) and particle
swarm optimization (PSO) and different cases have been investigated for indicating the applicability
of the proposed algorithm. The results indicate the better performance of CS compared with other
methods due to the fewer parameters which must be well tuned in this method. In addition, in this
method the convergence rate is not sensitive to the parameters used, so the fine adjustment is not
needed for any given problems.

In [8] , authors proposed the pioneering attempts to minimize power losses in radial distribution
networks and facilitates an enhancement in bus voltage profile by determining optimal locations,
optimally sized distributed generators and shunt capacitors by hybrid Harmony Search Algorithm
approach. The procedure travels to examine the robustness of the proposed hybrid approach on 33
and 119 node test systems and the result outcomes are compared with the other techniques existing
in the literature. The simulation results reveal the efficiency of the proposed hybrid algorithm in
obtaining optimal solution for simultaneous placement of distributed generators and shunt capacitors
in distribution networks.

In paper [9] work has been carried out to find out the optimal siting and sizing of distributed
generation in the radial distribution system, considering precise model for DG’s and in this work has
presented a new approach for optimum simultaneous distributed generation (DG) Units and
capacitors placement and sizing on the basis of voltage stability index for improvement in voltage
profile. The optimal locations of distributed power sources has been identified by means of voltage
stability index of the bus and optimal rating of the DG source are determined by using Genetic
Algorithm (GA). The results in [10] shows that in active distribution systems the benefits and

undesirable effects obtained by the installation or existence of DG and CB are directly related to the



locations of these devices in the network and their operation modes. Thus, paper presents a
methodology for the simultaneous CB and DG allocation, taking into account the presence of
stochastic DG. The system’s operational state is susceptible to DG operation, causing a large voltage
variation. The results presented show that the proposed methodology is very efficient in finding the
buses where CB and DG are to be allocated, as well as the control scheme of the switched CB and
DG dispatches, considering physical and operational constraints. Paper [11] presents the novelty of
the water cycle algorithm for solving the optimization problems in the least possible time and in the

most accurate way.

2.2 Why Distributed Generation?

In the last decade, technological innovations and a changing economic and regulatory environment
have resulted in a renewed interest for distributed generation. This is confirmed by the IEA (2002),
who lists five major factors that contribute to this evolution, i.e. developments in distributed
generation technologies, constraints on the construction of new transmission lines, increased
customer demand for highly reliable electricity, the electricity market liberalization and concerns
about climate change .We feel that these five factors can be further reduced to two major driving
forces, i.e. electricity market liberalization and environmental concerns. The developments in
distribution technologies have been around for a long time, but were as such not capable of pushing
the “economy as scale” out of the system. We doubt that distributed generation is capable of
postponing, and certainly not of avoiding, the development of new transmission lines: at the
minimum the grid has to be available as backup supply. The third element, being reliability, is at
this moment not an issue in the interconnected European high voltage system, although this may
change rapidly in the following years.

There is the increased interest by electricity suppliers in distributed generation because they see it
as a tool that can help them to fill in niches in a liberalized market. In such a market, customers will
look for the electricity service best suited for them. Different customers attach different weights to
features of electricity supply, and distributed generation technologies can help electricity suppliers
to supply to the electricity customers the type of electricity service they prefer. In short, distributed
generation allows players in the electricity sector to respond in a flexible way to changing market

conditions.



To conclude, importance of DGs can be written as:

Optimal DG allocation secures distribution system from unwanted events and allows the
operator to run the system in islanding mode [6].

DG helps bypass ‘‘congestion’ in existing transmission grids. DG could serve as a
substitute for investments in transmission and distribution capacity. DG can postpone the
need for
new infrastructure. Because of opportunities for integration in buildings, PV
development often occurs in the same location as demand.

Increased penetration of RES and other DG will help security of supply by reducing
energy imports and building a diverse energy portfolio.

Wide-scale use of RES will reduce fossil fuel consumption and greenhouse gas emissions
as well as noxious emissions such as oxides of Sulphur and nitrogen (SOx/NOX),
therefore benefiting the environment.

Highly efficient combined heat and power plants, and backup and peak-load systems are
providing increasing capacity. In addition, it enables the use of waste heat, improving
overall system efficiency.

On-site production reduces the amount of power that must be transmitted from
centralized plant, and avoids resulting transmission losses and distribution losses as well
as the transmission and distribution costs.

DG can provide network support or ancillary services. The connection of distributed
generators to networks generally leads to a rise in voltage in the network. In areas where

voltage support is difficult, installation of a distributed generator may improve quality of

supply [11].

2.3 Types of Distributed Generation:

The different types of traditional and nontraditional DGs are classified and described in [12] from

the constructional, technological, size, and power time duration pint of view. The DGs may also be

grouped into four major types based on terminal characteristics in terms of real and reactive power

delivering capability as described in [13].

The four major types are considered for comparative studies which are described as follows:



Type 1. This type DG is capable of delivering only active power such as photovoltaic, micro
turbines, fuel cells, which are integrated to the main grid with the help of converters/inverters.
However, according to current situation and grid codes the photovoltaic can and in sometimes are

required to provide reactive power as well.

Type 2: DG capable of delivering both active and reactive power. DG units based on synchronous

machines (cogeneration, gas turbine, etc.) come under this type.

Type 3: DG capable of delivering only reactive power. Synchronous compensators such as gas
turbines are the example of this type and operate at zero power factors.

Type 4: DG capable of delivering active power but consuming reactive power. Mainly induction
generators, which are used in wind farms, come under this category. However, doubly fed induction
generator (DFIG) systems may consume or produce reactive power i.e., operates similar to
synchronous generator. In this paper, the analysis of T1, T2, T3, and T4 for optimal size and location
is done on the basis of terminal characteristic of basic DGs in terms of their power delivering

capability.

In this thesis work, type 1 and type 2 DGs are taken into consideration.

2.4 Voltage Stability Index of Radial Distribution Networks:

With the increased loading and exploitation of the existing power structure, the probability of
occurrence of voltage collapse are significantly greater than before and the identification of the nodes
which prone to the voltage fluctuations have attracted more attention for the transmission and as
well as the distribution systems. For operating a power system in a safe and secure manner, all
insecure operating states must be identified well in advance to facilitate corrective measures to
overcome the threat of possible voltage collapse. When a power system approaches the voltage
stability limit, the voltage of some buses reduces rapidly for small increments in load and the controls
or operators may not be able to prevent the voltage decay. In some cases, the response of controls or
operators may aggravate the situation and the ultimate result is voltage collapse. So, engineers need

a fast and accurate voltage stability index (VSI) to help them monitoring the system condition.
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Mathematical model of the stability index

For a distribution line model, the quadratic equation which is mostly used for the calculation of the
line sending end voltages in load flow analysis can be written in general form as in reference paper
[14]:

[V(m1)| < §(m1) [V{(m2)| < 6(m2)

r(j)) +ix(j)

ml m2

P {m2}+4j Q (m2)

Sending end Receiving end

Figure 1: Figure showing the sending end and receiving end buses.

From the figure above, the following equation can be written:

V(m1)-V(mz2)

1(ij) = DTGy s 1)
..~ P(m2)-jQ(m2

1(ij)= %Z()m) .................................... )
where

jj = branch number,

m1 = sending end node,

m2 = receiving end node,

I(ij) = current of branch ij,

V(m1) = voltage of node m1,

V(m2) = voltage of node m2,

P(m2) = total real power load fed through node m2,
Q(m2) = total reactive power load fed through node m2.
Equating (1) and (2),

[V(m1)<Om1 - V(m2)< Omz2][V(m2)< -Omz2] = [P(m2) - jQ(m2)][r(j) - ix(j)] --oveeverrenrnnnnns 3)
Equating real and imaginary parts of (3), we get
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V(m1)*V(m2)cos(Bm1- Om2) - V(m2)% = P(m2)*r(jj) + Qm2)*x(jj) ...ovevvereenennnn. 4)
X(jj)*P(m2) - r(jj)*Q(m2) = V(m1)*V(m2)sin(Om1- Om2) ................... (5)

In radial distribution systems, voltage angles are negligible. So (Om1- Om2) = 0, and (4) and (5)
become

V(m1)*V(m2) - V(m2)2 = P(m2)*r(jj) + Qm2)*x(j) .-eevveeveenrannnn. (6)

x(jj) = r(j))*Q(m2)/ P(m2) ........ceevenen.. (7)

From (6) and (7),

[V(m2)]|4 - b(jj)|[V(m2)|2 +c(jj)=0 .....evvvnrnenn... (8)

where,

b(jj) = {|V(m1)|% - 2P(m2) r(jj) - 2Q(m2)x(j)} ....evevvn..n. 9)

c(Gj) = {IP? (m2)| +Q2(m2)H{r2(jj)+ x2(j)} --vevevrrrnrenn. (10)

The solution of eq. (2) is unique. That is

|[V(m2)| = 0.707 [b(jj)+ {b2(jj) - 4 c(Gi)}°>1°° .oorrrrinnen.. (11)

b2(jj) -4 c(jj)z0 .o (12)

From eqns. (9), (10) and (11) we get

{IV(m1)|?- 2P(m2) r(jj) - 2Q(m2) x(jj)}* - 4 {P?>(m2) +Q?(m2)}{ r(jj) +x*(jj)} = 0
After simplification we get,

{IV(m1)]4 } - 4{ P(m2) x(jj)-Q(m2)r(jj)}2 - H{P(m2)r(jj)+Q(m2)x(jj)}| V(m1)| }=>0

VSI(m2) = {|V(m1)[4 } - 4{ P(m2) x(jj)-Q(m2)r(jj)}2 - 4{P(m2)r(jj)+Q(m2)x(jj)}| V(m1)[}
....(14)

Where

VSI(m2) = Voltage Stability Index of node m2.

For stable operation of the radial distribution networks, VSI (m2) > 0. The node at which the value
of

the stability index is minimum, is more sensitive to the voltage collapse.



2.5 Evaporation-Rate Based Water Cycle Algorithm

The ER-WCA is based on the observation of water cycle process and how rivers and streams flow
into downhill towards the sea in nature. It was first introduced by authors [11] for solving
engineering optimization problems starting with Water Cycle Algorithm. They showed that the ER-
WCA is more able to find a wider range of solutions compared with the GA and PSO. ER-WCA
[15] begins with an initial population similar to other metaheuristic algorithms, this initial
population called the raindrops (RD). The values of the problem-controlled variables xi (PGi, QGi,
QCB total, and placement of DG and CB) can be formed as an array called “RD” for single solution.
This array can be defined as follows:

RD=[x1,x2,%X3,...,XN]...c..coeiiiiinn. (15)

RP matrix contains random solutions in iteration #1 as

RP:{X{(Z_]'ZI Npop and k=1:Ny b (16)

Then, a number of good streams (i.e. fitness function values close to the current best record) are

chosen as rivers, while the other streams flow into the rivers and sea.

Where, Npop and N are population size and the number of design variables, respectively. Each of the
decision variable values (x1, X2, . . ., Xn) can be represented as floating point number (real values) or
as a predefined set for continuous and discrete problems, respectively. The cost of a stream is

obtained by the evaluation of cost function (fitness function).

At the first step, Npop Streams are created. A number of Ns- from the best individuals (minimum
values) are selected as a sea and rivers. The stream which has the minimum value among others is
considered as the sea. In fact, N is the summation of number of rivers (which is defined by user)
and a single sea. The rest of the population (i.e., streams flow into the rivers or may directly flow to

the sea) are considered as streams.

Depending on magnitude of flow, each river absorbs water from streams. The amount of water

entering a river and/or the sea, hence, varies from stream to stream. In addition, rivers flow to the

13



sea which is the most downhill location. The designated streams for each rivers and sea are
calculated. The best RD is selected to be the sea, number of good RD is chosen to be the rivers and
the remainder RD are assumed to be streams that flow to the sea or the rivers. Equation below

calculates the streams that flow to a sea or a river depending on the flow intensity as

ff,

n

NSn=round{ T

*Npop} 021230 N (18)

Where, NS, is the number of streams which flow to the specific rivers and sea. As it happens in
nature, streams are created from the raindrops and join each other to generate new rivers. Some
stream may even flow directly to the sea. All rivers and streams end up in the sea that corresponds

to the current best solution.

A stream flows to the river along the path between them using a random distance (x). The same
concept is applied for flowing rivers to the sea, so the new position for the streams and rivers can be

given as
i . .
X tream=Xstream TTANAF U (Xiyer-Xiiroam ) -« eeeeeeevrrrrmmreeeeaennnnnnnn (19)

X =X by TANAF U (XheuXhiyer ) oo vvveeenereeeonieeeeeieeeeeieeeeeniens (20)

Where, 1 < U < 2 and the best value for U may be chosen as 2 and rand is an uniformly distributed
random number between zero and one. Equations above are for streams which flow into the sea and
their corresponding rivers, respectively. If the solution given by a stream is better than its connecting
river, the positions of river and stream are exchanged (i.e., the stream becomes a river and the river

becomes a stream). A similar exchange can be performed for a river and the sea.

The evaporation process operator also is introduced to avoid premature (immature) convergence to
local optima (exploitation phase) .Basically, evaporation causes sea water to evaporate as
rivers/streams flow into the sea. This leads to new precipitations. Therefore, we have to check if the
river/stream is sufficiently close to the sea to make the evaporation process occur. For that purpose,

the following criterion is utilized for evaporation condition.

|Xi sea-Xi river|<dmax, i=1,2,3,...... ONST-1 (21)
14



After each evaporation process, the value of dmax is as

di+1 max=dimax-(dimax/ max iteration )................oceereereereeneennnnn. (22)
Where, i is an iteration index.

In ER-WCA, some Rivers having low flow because of lesser Streams pouring into them have lower
potential to become the Sea, so they evaporate. The evaporation rate (ER) for Rivers is

calculated using:

_ Sum(NS

ER: n) *rand, D72, . NS . (23)

SI’

A large value for dmax prevents extra searches and small values encourage the search intensity near
the sea. Therefore, dmax controls the search intensity near the sea (i.e., best obtained solution). The
value of dmax adaptively decreases. dmax is @ small number close to zero. After evaporation, the
raining process is applied and new streams are formed in the different locations. Hence, in the new
generated sub-population, the best stream will act as a new river and other streams move toward

their new river. This condition will also apply for streams that directly flow to the sea.

Similarly, the best newly formed stream is considered as a river flowing to the sea. The rest of new
streams are assumed to flow into the rivers or may directly flow into the sea. The following equation
is used only for the streams which directly flow to the sea. It encourages the creation of streams
which directly flow to the sea in order to improve the exploration near the sea (the optimum solution)
in the feasible region for constrained problems.

ngﬁvamZXseaﬂLﬁ*rand( INVAL) . e (24)

where x is a coefficient which shows the range of searching region near the sea, rand is the normally
distributed random number. The larger u increases the possibility to exit from feasible region. The
smaller u leads the algorithm to search in smaller region near the sea. Its suitable value is set to 0.1.
Indeed, term v/ represents the standard deviation. The generated individuals with variance y are
distributed around the best obtained optimum point (sea). Therefore, the evaporation operator is
responsible for the exploration phase in the ER-WCA.

15



It should be noted that higher flow Rivers have lower evaporation rate and lower flow Rivers have
higher ~ evaporation rate.  Also, there are two  evaporations in each
cycle in ER-WCA — first of Rivers/Streams when reaching the Sea; second of Rivers having lower
flow because of lesser streams pouring into those rivers. In short, ER-WCA has an ability to

effectively search for the best solution in the global space.

The development of the ER-WCA optimization process is illustrated by Figure below where circles,
stars, and the diamond correspond to streams, rivers, and sea, respectively. The white (empty) shapes

denote the new positions taken by streams and rivers.

o7

New Stream

Stream (a)

Parameters of ER-WCA:

i) Number of Population: The number of population decides how many solutions are generated
in one iterations i.e. raindrops in case of ER-WCA. It is better to have as many number of
population as possible, but to reduce the computation time, a suitable value should be chosen. In

this thesis work, number of population of 100 is chosen.
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i) Upper Boundary and Lower Boundary: Upper and lower boundary decide the boundary limits
for the solution generated by ER-WCA. For example, the lower boundary limit for capacitor
placement and DG placement is 1 and the upper boundary limit is the identification number
given to the last bus of the system. Similarly, the power factor assigned to DGs has lower
boundary of 0 and upper boundary of 1.

iii) Number of Rivers and Streams: In this thesis work, number of rivers and streams was chosen
to be 4. In general, that value of 2 to 10 gave satisfactory results and the solution converged

easily.
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CHAPTER 3: METHODOLOGY

The developed algorithm is first tested over the IEEE standard bus system so as to validate the results
as given in the reference papers. Then, the computer program will be manipulated so as to achieve

the accurate results in the distribution system of urban area.
The basic stages that carried out are as follows:

1. Objective function and the constraints for the project are evaluated.

2. Code was developed for the optimal allocation of capacitors only based on Evaporation-Rate
Based water cycle algorithm for IEEE 33, IEEE 69 bus system based on only technical
objective function.

3. Code was developed for the optimal allocation of DGs only based on Evaporation-Rate
Based water cycle algorithm for IEEE 33 and IEEE 69 bus system based on only technical
objective function.

4. Code was developed for the simultaneous optimal allocation of capacitors and DGs (with
unity pf) based on Evaporation-Rate Based water cycle algorithm for IEEE 33 and IEEE 69
bus system based on only technical objective function.

5. Code was developed for the simultaneous optimal allocation of capacitors and DGs (with
controllable pf) based on Evaporation-Rate Based water cycle algorithm for IEEE 33 and
IEEE 69 bus system based on only technical objective function.

6. Code was developed for the simultaneous optimal allocation of capacitors and DGs (with
controllable pf) based on Evaporation-Rate Based water cycle algorithm for IEEE 33 and
IEEE 69 bus system based on techno-economic objective function.

7. The results were analyzed so as to use the code in the practical system (i.e. New Chababhil
feeder and Daachhi Feeder) of Nepal.

The following procedures are to be followed so as to develop the metaheuristic algorithm (ER-
WCA).

Step 1: Loading distribution system data and defining the power limits of DGs and CBs in the
system.

Step 2: Identifying the ER-WCA parameters.
18



Step 3: Randomly initialize the set of RD (solution).
Step 4: Checking the system constrains for each solution.
Step 5: Determining the fitness function of each RD.
Step 6: Determining the best solution in the rain drops.

Step 7: Generating the new set of solutions.

Step 8: Repeating steps from 47 until stopping criteria or maximum iteration is satisfied.
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Choose the parameters of WCA and limits of controlled variables

l

Create random solutions (raindrops)

A

Calculate the fitness function of each rain drop

l

Eliminate the raindrops which don’t satisfy the constraints

|

Order the rain drops and classify it into streams, rivers and sea

Classify the streams according to the intensity of flow for each
river and sea according to equation 12

Modify rivers and streams solutions to approach its related sea or
river solutions according to equation 13 and 14

No

Are the evaporation
criteria satisfied?

Create the clouds and then start raining process
according to equation 17

A

Decrease the value of dmax according to equation 16

] |

No
Are the stopping

criteria satisfied ?

Figure 2: Flowchart for Evaporation-Rate Based Water Cycle Algorithm- based

optimization problem.
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3.1 Cases Studied:

For the proper analysis, four operational cases were studied using ER-WCA. It helps to understand

the adequacy of the proposed algorithm over other algorithms.

Case 1: Power loss minimization (fl1) by optimal placement of Capacitors only.
OF = minimize (f1)

The Streams contain 2n number of Raindrops, n being the number of Capacitors to be inserted into
the network. First n Raindrops store the bus location of Capacitors, and the second n Raindrops store

the kVar size of those Capacitors.
Case 2: Power loss minimization (f1) by allocating DGs that operate at unity PF.
OF = minimize (f1)

The Streams contain 2n number of Raindrops, n being the number of DGs to be inserted into the
network. First n Raindrops store the bus location of DGs, and the second n Raindrops store the MW

size of those DGs.

Case 3: Power loss minimization (f1) by allocating the combination of CBs, and DGs operating at

unity pf.
OF = minimize (f1)

The Streams contain 2m+2n number of Raindrops, m being the number of Capacitors, and n being
the number of DGs to be inserted into the network. First m Raindrops store the bus location of
Capacitors, next m Raindrops store the kVar size of Capacitors, next n Raindrops store bus location
of DGs, and
the next n Raindrops store the MW size of those DGs.

Case 4: Power loss minimization (f1), voltage profile improvement (f2), and minimum VSI

enhancement (f3) by allocating the combination of CBs, and DGs with adjustable power factor.
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OF = minimize (w1*fl + w2*f2 + w3*f3) where, wl, w2, and w3 are weighing factors of f1, 2,

and f3 respectively.

In this analysis, wl, w2, and w3 are taken as 0.5, 0.25, and 0.25 respectively. The Streams contain
2m+3n number of Raindrops, m being the number of Capacitors, and n being the number of DGs to
be inserted into the network. First m Raindrops store the bus location of Capacitors, next m
Raindrops store the kVar size of Capacitors, next n Raindrops store bus location of DGs, the next n
Raindrops store the MW size of DGs, and the last n Raindrops store the operating power factor of
those DGs. In this research work, maximum of three Capacitor banks, and three DGs were

incorporated in the distribution network.

Case 5: Power loss minimization (f1), and cost minimization (f4) by allocating the combination of

CBs, and DGs with adjustable power factor.
OF = minimize (w1*f1 + w2*f2) where, w1, w2 are weighing factors of f1, and f4 respectively.

In this analysis, wl, and w4 are taken as 0.75, and 0.25 respectively. The Streams contain 2m+3n
number of Raindrops, m being the number of Capacitors, and n being the number of DGs to be
inserted into the network. First m Raindrops store the bus location of Capacitors, next m Raindrops
store the kVar size of Capacitors, next n Raindrops store bus location of DGs, the next n Raindrops
store the MW size of DGs, and the last n Raindrops store the operating power factor of those DGs.
In this research work, maximum of three Capacitor banks, and three DGs were incorporated in the

distribution network.

3.2 Problem Formulation:

The objective functions (OFs), equality and inequality constraints are introduced for optimal

placement and sizing of DGs and CBs in distribution systems as follows:

A. Obijective Function

1) Technical Objective Function

The proposed method aims to achieve three types of technical OFs:
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a) Power Loss OF: The first one aims to minimize the distribution power losses (f1) that can
be expressed as:
£, ()= min X5 RFIL] e, (25)
b) Voltage Profile OF: The second technical OF aims to improve the voltage profile and

preserve better voltage profile.

vi-v P 2
£,(x)=min N, (m mm) ................. (26)

1 Vl

c) Voltage Stability Index (VSI): The third OF (f3) for voltage stability index (VSI) is:

£,(x)=min (VSIsz)) ........................... 27)
Where, VSI(m2) = {[V(m1)[4 } — 4{ P(m2) x(j)-Q(m2)r(jj)}2 - 4{P(m2)r(jj)+Q(m2)x(j) }
V(m1)[}

2) Economic Objective Function

The economical OF (f4) aims to minimize the power generation costs that can be calculated given

as:
f4 (X):min(CDGi+C5ub+CCB) .......................... (28)
At first, for DG,

Cpi,= 2000 (AFDFPDG.) v (29)

capital cost (%) *capacity (kW) *G,

A= ——————————— 30
lifetime(year)*8760*LF ( )

Where, G, = annual rate of benefit
LF = DG loading factor
Ppg, =Energy generated by DG.

_ Gy
n lifetime(year)*8760*LF

(31)

=1.3 (constant) taken from the reference paper [16] ..........cccooiviiiiiinnn
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b=0 &M cost ( )+fue1 cost(—) ...................................................... (32)

Cou= Tig% (P FPIGub). oo (33)

Where, P, =active power production at substation

Prg,, = cost of power generated at substation (taken 0.44 $/kWh from reference [17]
C=cost of electrical energy generation by each source

Similarly, for capacitor,

2R (@itCei* Q)

GBS morgrgg "o+ " e e e e (34)
1 . - . . . .
Where, ——————— acts as depreciation rate over its lifetime period.
lifetime*8760

¢; = fixed VAR source installation cost at bus i taken equal to 1000 from paper [18]
C.;=corresponding purchase cost taken equal to 30,000 $/MVar from paper [18]

Q_;=reactive power of existing VAR sources installed at bus i

Nc=reactive compensator bus
B. Constraints:

Equality Constraints: The constraints for power balance requirements:

Inequality Constraints: Maximum admissible generated power from DGs/CBs should not exceed

to permissible limitations of the distribution systems.

1) Generation Operating limits
PG <P GSPG™ e (37)
QGM'<QG.KQGM™ ...t (38)

2) Installed Capacitor limits
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3) Bus Voltage Limits
0.95<V;<1.05,1=1,2,3,....nbus ........ccoovvnennnnn. (40)

4) DG power factor limit
0.8SPFSL e (41)

3.3 Basic Stages:

Stage 1: At first, the objective function and the constraints for the problem was set. In this case,
objective function had been set in accordance to our requirement. This thesis focused on loss
minimization, voltage profile improvement and voltage stability of the system. Objective functions

were set according to the cases as mentioned previously.

Stage 2: In this stage, objective function was tested with the base case. Base case is the condition
without the addition of capacitor and DGs. Power loss, minimum voltage for the initial case was

determined.

Stage 3: In this stage, capacitors were incorporated to the test system (i.e. IEEE 33 bus system and
IEEE 69 bus system). Three capacitors were placed in the different buses of those system. Power
loss, minimum voltage for the initial case was determined and checked across the reference paper

results.

Stage 4: In this stage, DGs were incorporated to the test system (i.e. IEEE 33 bus system and IEEE
69 bus system). Three DGs were placed in the different buses of those system. Power loss, minimum

voltage for the initial case was determined and checked across the reference paper results.

Stage 5: In this stage, capacitors and DGs (with unity pf) were incorporated to the test system (i.e.
IEEE 33 bus system and IEEE 69 bus system). Three DGs and three capacitors were placed in the
different buses of those system. Power loss, minimum voltage for the initial case was determined

and checked across the reference paper results.
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Stage 6: In this stage, capacitors and DGs (with controllable pf) were incorporated to the test system
(i.e. IEEE 33 bus system and IEEE 69 bus system). Three DGs and three capacitors were placed in
the different buses of those system. Power loss, minimum voltage for the initial case was determined
and checked across the reference paper results.

Stage 7: In this stage, capacitors and DGs (with unity pf) were incorporated to the test system (i.e.
IEEE 33 bus system and IEEE 69 bus system). Three DGs and three capacitors were placed in the
different buses of those system. Power loss minimization and cost minimization are incorporated

objective function. Hence techno-economic objective function has been tested in this stage.

Stage 8 (Data collection and GIS plotting): Data was collected for the practical system of Nepal.
Daachhi and New Chabahil feeder under Baneshwor Distribution Centre were found worth testing
for capacitor and DG placement since these feeders are longer than other feeders and seem to have
more losses in comparison to others under that Distribution Centre. Data was collected with the help
of employees in that distribution Centre. Transformer location and size were plotted in the GIS
mapping and length of the line was achieved from Q-GIS software.

Stage 8: All the process from Stage 1- Stage 7 were repeated for these two practical feeders until

the fruitful results were achieved.
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CHAPTER 4: SYSTEM UNDER CONSIDERATION, TOOLS AND
SOFTWARE

4.1 System under Consideration:

The proposed ER-WCA was applied to four distribution systems. First, the tests were carried out on
IEEE 33-bus distribution system, and IEEE 69-bus distribution system. Then, the discussed
approach was applied to improve the performance of Daachhi feeder, and New-Chabahil feeder of
Kathmandu, Nepal. The total active power loss for the four distribution systems in the beginning
without any reinforcement was: 202.67 kW, 225 kW, 193.913 kW, and 197.026 kW.

|EEE 33- bus distribution system:
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23 24 25

Figure 3: IEEE 33-bus test distribution system
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IEEE 69- bus distribution system:
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Figure 4: IEEE 69 bus test distribution system
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Practical Nepalese System: Daachhi Feeder

Figure 5: Daachhi feeder of Nepalese Distribution System.
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Practical Nepalese System: New Chabahil Feeder
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Figure 6: New Chabahil Feeder of Nepalese Distribution System
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4.2 Software and Tools Used:

MATLAB was used for coding purpose so as to develop the program for calculating the power loss.
MATLAB is an abbreviation of ‘matrix laboratory’. It is a multi-paradigm programming language
and numerical computing environment which was developed by MathWorks. It allows plotting of
functions and data, matrix manipulations, implementation of algorithm, creation of user interfaces,
etc. MATPOWER tool associated with MATLAB software is used for the load flow analysis.
MATPOWER is a package of M-files for solving power flow, continuation power flow and optimal
power flow problems using MATLAB. It is intended as a simulation tool for researchers and
educators that is easy to use and modify. MATPOWER is designed to give the best performance
possible while keeping the code simple to understand and modify. As MATPOWER has its inbuilt
database system for IEEE test system, it gives very accurate results. Moreover, for the practical
system also the results are more accurate as MATPOWER considers numerical values with their
higher significant values. Hence, load flow has been easier and more accurate using MATPOWER

tool.

Q-GIS was used for plotting the map for two different feeders of Nepal. QGIS functions
as geographic information system (GIS) software, allowing users to analyze and edit spatial
information, in addition to composing and exporting graphical maps. Gary Sherman began
development of Quantum GIS in early 2002, and it became an incubator project of the Open-Source
Geospatial Foundation in 2007. Version 1.0 was released in January 2009. In 2013, along with
release of version 2.0 the name was officially changed from Quantum GIS to QGIS to avoid
confusion as both names had been used in parallel. All the required data was found using this
software after locating the distribution transformers along with their capacity associated with those

feeders.
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CHAPTER 5: RESULTS AND DISCUSSION

To make the program as interactive as possible, it has been set to consult the user for the number of

capacitors and DG to be placed, maximum capacity of DG and capacitor, minimum source power

factor that should be maintained, feeder to be taken, number of iterations, base voltages and the cases

to be checked. This can be presented as follows:

AEEEEEEELLAA R R R Laaaas OTART OF THE PROGEOM # & & A A A A A f A A LA L LA REER

B o o o o o o o o o o o o o o o o o o o o o o R

Consider the following options:

[4] ENTEER 4 for MOLTICEJECTIVE OPTIMAL PLACEMENT AND SIZING OF CB=/DG=.
(DE= are operated with controllakle PF, )
three Technical Ckhjectives are considered.}
[5] ENTEER 5 for MOLTICEJECTIVE OPTIMAL PLACEMENT AND SIZING OF CB=/DG=.
(D= are operated with controllakle PF,
Technical and Economic Chjectives are optinized.)}

How many Iterations? (Mininpum of 200 reconmended) : 300

(a2} Enter 1 for IEEE 33 Bus system
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How many Iterations? (Minimom of 200 reconmended): 300

(2} Enter 1 for IEEE 33 Bus system
(b} Enter 2 for IEEE &9 Bus system

[c} Enter any other number for importing an MS5-Excel file with Customized Bus system

Enter your choice: 1

How many Capacitor Banks? (Default is 3.): 3

Maximum capacity of Capacitor Bank in EVAERE ? (Default is 1000.): 1500
Minimum Bus Voltage at any Bus (in per unit) ? (Default is 0.50 pua.}:
HNo input was given. Default wvalue 0.9%0 per unit was taken.

Minimumn Source Power Factor 7 (Default is 0.20 pu.):

Mo input was given. Default walue 0.20 was taken.

Created initial population and formed sea, rivers, and streamns
Sea Formed

Rivers Formed

Etreans Formed

Designated streams to rivers and sea

Figure 7: Options given to user in the computer program
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5.1 For 33 Bus System:

Summary of the results obtained for the 33-bus system is illustrated as follows:

Voltage Magnitudes

Bus-Voltage Comparision
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Figure 8: Case I- Bus voltage profile before and after capacitor allocations to the system
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Bus-Voltage Comparision
T T T

—=— Before

B 097 ® _
g ||I | |III
S pouBl \ | \
o ] | |
= | |
L L, |
ﬂé 0.95 b\m | &
k=
=

)
=}
o
T
'
i

ijl
0931 o ]
XO‘@_&VJ \*'9-'—_,..5_\ ]

1] 5 10 15 20 25 30 35
Bus Number

Figure 9: Case I1- Bus voltage profile before and after DG allocation to the system
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Figure 10: Case I11- Bus voltage profile before and after simultaneous placement of capacitors and DG (unity pf)
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Figure 11: Case IV- Bus voltage profile before and after simultaneous placement of capacitors and DG
(controllable pf)-for only technical objective function
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Table 1:Summary of results of IEEE 33 bus system

IEEE 33 BUS SYSTEM AF\’CETLIJEIY'II'ESD REFERENCE PAPERS RESULTS
Case | (only capacitors) ER-WCA BFOA PSO
Minimum voltage 0.938 (32) 0.9361 0.92 (18)
Active Power loss (KW) 132.173 144.04 132.48
Reactive Power loss (KVar) 88.331
Loss reduction (%) 34.79 31.72 34.63

0.9 (2), 0.45 (7),
Placement ?2%8 1(%)2%()(9?&4 0773 833 08206 (30), (()2-4;?(31), 0.3 (15), 0.45
Case Il (only DGs) ER- WCA BFOA FWA
Minimum voltage 0.971 (29) 0.9645 0.968
Active Power loss (KW) 76.807 98.3 88.68
Reactive Power loss (KVar) 53.014
Loss reduction (%) 62.10 53.41 56.25

Placement

0.604 (14), 1.228
(6), 0.686 (31)

0.6335 (17), 0.0908 (18),
0.9470 (33)

0.589 (14), 0.189 (18),
1.014(32)

Case I11 (Capacitors and

DGs with unity pf ER- WCA BFOA GA
simultaneously)

Minimum voltage 0.985 (13) 0.9783 0.971
Active Power loss (KW) 19.799 41.41 71.25
Reactive Power loss (KVar) 15.499

Loss reduction (%) 90.23 80.37 64.85

Placement capacitor

0.194 (32), 0.393
(13), 0.869 (30)

0.1632 (18), 0.5410 (30),
0.3384 (33)

0.3 (15), 0.3 (18), 0.3
(29), 0.6 (30), 0.3(31)

Placement DG

0.728 (14), 1.486

0.5424 (17), 0.1604 (18),

0.25 (16), 0.25 (22), 0.5

(3),1.01 (30) 0.8955 (33) (30

ACHIEVED ACHIEVED
IEEE 33 BUS SYSTEM RESULTS IEEE 33 BUS SYSTEM RESULTS

. Case V (Capacitors and
g?:&}{(é%iﬁ?gﬁ;;gﬁ DGs with controllable
simultaneously) for only SEUEA ?efcshlrr:yftlatc%nneggsi::y) oy SEUEA
technical objectives S
objectives

Minimum voltage 0.990 (13) Minimum voltage 0.957 (33)
Active Power loss (KW) 16.126 Active Power loss (KW) 73.64
Reactive Power loss 13.169 Reactive Power loss 57.933
Loss reduction (%) 92.04 Loss reduction (%) 63.67

Placement capacitor
(MVAR)

0.194 (32), 0.333
(25), 0.708 (30)

Placement capacitor
(MVAR)

0.333 (14), 0.827 (30),
0.161 (33)

Placement DG (MW)

0.796 (14), 1.712
(3), 0.999 (30)

Placement DG (MW)

0.524 (2), 1.31 (3), 2.229
4

power factor of DGs

0.905, 0.961, 0.995

power factor of DGs

0.906, 0.915, 0.989
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Discussion on Results for 33 bus system:

1) Case I: This is the case for only capacitor placement. The real power loss, reactive power loss,
loss reduction percentage and minimum voltage that was obtained are 132.173kW, 88.331
KVar, 34.79%, and 0.938 p.u. whereas in the reference papers results using Bacterial Foraging
Optimization Algorithm (BFOA) [19] they were 144.04 kW, 31.72%, and 0.9361 p.u
respectively and using Particle Swarm Optimization Algorithm (PSO) [20] they were 132.48
kW, 34.63%, and 0.92 p.u respectively. The result obtained shows the optimal value for CB
location are at bus 13 with CB capacity of 378 KVar, bus 24 with capacitor capacity of 544KVar,
and bus 30 with capacitor capacity as 1036 KVar. Whereas, result that is in the reference papers
are given as in the table 1. From these results, it can be analyzed that power losses, power factor
and minimum voltage are nearly as that of reference paper. Hence, results are satisfactory with
respect to the reference paper.

i) Case Il: This is the case for only DG placement. The real power loss, reactive power loss, loss
reduction percentage and minimum voltage that was obtained are 76.807 kW, 53.014 KVar,
62.10 %, and 0.971 p.u. whereas in the reference paper [19] using BFOA they were 98.3kW,
53.41%, and 0.9645 p.u respectively and using Fireworks Algorithm (FWA) [21] , they were
88.68 kW, 56.25%, and 0.968 p.u respectively. The result obtained shows the optimal value for
DG location are at bus 14 with DG capacity of 604kW, bus 6 with DG capacity of 1228 kW, bus
31 with DG capacity as 686 kW. It gives total of 2518kW. Whereas, result that is in the reference
paper for DG placement are shown in the table. From these results, it can be analyzed that power
losses has decreased and minimum voltage have increased than that of reference paper. Hence,
results have improved from the program that has been used for the thesis.

iii) Case IllI: This is the case for capacitor and DG (unity pf) placement. The real power loss,
reactive power loss, loss reduction percentage, and minimum voltage that was obtained are
19.799 kW, 15.499 KVar, 90.23%, and 0.985 p.u. whereas in the reference paper using BFOA
[19]they were 41.41 kW, 80.37 %, and 0.9783 p.u respectively and using Genetic Algorithm
(GA) [22], results were 71.25 kW, 64.85%, and 0.971 p.u respectively. The result obtained shows
the optimal value for capacitor location are at bus 32 with capacity 194 KVar, bus 13 with
capacity 393 KVar, bus 30 with capacity 869 KVar and DG location are at bus 14 with DG
capacity of 728kW, bus 3 with DG capacity of 1486 kW, bus 30 with DG capacity as 1010 kW.
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Whereas, result that is in the reference paper are given as in the table. Results can be analyzed

as the power losses got decreased significantly with the program used.

iv) Case IV: This is the case for capacitor and DG (controllable pf) placement taking into

consideration only technical objectives. The real power loss, reactive power loss, loss reduction
percentage, and minimum voltage that was obtained are 16.126 kW, 13.169 KVar, 92.04%,
0.990 p.u. respectively. The result obtained shows the optimal value for capacitor location are at
bus 32 with capacity 194 KVar, bus 25 with capacity 333 KVar, bus 30 with capacity 708 KVar
and DG location are at bus 14 with DG capacity of 796 kW (0.905 pf), bus 3 with DG capacity
of 1712 kW (0.961 pf), bus 30 with DG capacity as 999 kW (0.995 pf).

Case V: This is the case for capacitor and DG (controllable pf) placement taking into
consideration techno-economic objectives. The real power loss, reactive power loss, loss
reduction percentage, and minimum voltage that was obtained are 73.64 kW, 57.933 KVar,
63.67%, 0.957 p.u. respectively. The result obtained shows the optimal value for capacitor
location are at bus 14 with capacity 333 KVar, bus 30 with capacity 827 KVar, bus 33 with
capacity 161 KVar and DG location are at bus 2 with DG capacity of 524 kW (0.906 pf), bus 3
with DG capacity of 1310 kW (0.915 pf), bus 4 with DG capacity as 2229 kW (0.989 pf).
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5.2 For 69 Bus System:

Summary of the results obtained for the 69-bus system is illustrated as follows:
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Figure 13: Case I- Bus voltage profile before and after allocation of capacitors to the system
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Figure 15: Case llI- Bus voltage profile before and after simultaneous placement of capacitors

and DG (unity pf)
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Voltage Magnitudes
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Table 2: Summary of results for IEEE 69 Bus

ACHIEVED
IEEE 69 BUS SYSTEM RESULTS REFERENCE PAPERS RESULTS
Case | (only capacitors) ER-WCA GSA PSO
Minimum voltage 0.932 (62) 0.952 0.934
Active Power loss (KW) 145.49 145.9 152.48
Reactive Power loss (Kvar) 67.798
Loss reduction % 35.34 35.16 32.23
Placement capacitor (MVAr) 0.425 (53), 0.312 (18), 0.15 (26), 0.15 (13), (})'gélli((Gslg))’O 365
p 1.205 (61) 1.050 (15) 0
Case Il (only DGs) ER-WCA CVsI GA
Minimum voltage 0.979 (64) 0.968 (27) 0.969
Active Power loss (KW) 69.428 83.18 88.5
Reactive Power loss (Kvar) 34.962
Loss reduction % 69.14 63.03 60.67
1.719 (61), 0.526 (11),
Placement DG (MW) 0.380 (1) 1.895 (61) 1.9471
Case 111 (Capacitors and
DGs with unity pf ER-WCA DICA
simultaneously)
Minimum voltage 0.985 (66) 0.979
Active Power loss (KW) 12.681 17.2
Reactive Power loss (Kvar) 10.012
Loss reduction (%) 94.36 92.36
. 0.023 (34), 1.5 (36),
Placement capacitor (MVAr) 1.298 (61) 0.35 (11), 0.25 (20)
0.380 (64), 1.309 (61),
Placement DG (MW) 0.795 (12) 2.25
ACHIEVED IEEE 33 BUS ACHIEVED
IEEE 33 BUS SYSTEM RESULTS SYSTEM RESULTS
Case V (Capacitors
Case IV (Capacitors and and DGs with
DGs with controllable pf ER-WCA controllable pf ER-WCA
simultaneously) for only simultaneously) for
technical objectives techno-economic
objectives
Minimum voltage 0.987 (61) Minimum voltage 0.931 (64)
Active Power loss (KW) 8.455 '(A}f\t/'\y)e Power loss 145.066
Reactive Power loss (Kvar) 6.501 523;?)\/6 Power loss 67.249
Loss reduction (%) 96.24 Loss reduction (%) 35.53

Placement capacitor (MVar)

0.568 (49), 0.267 (18)

Placement capacitor
(MVAR)

1.237 (61), 0.337
(66), 0.266 (18)

Placement DG (MW)

0.864 (66), 1.244 (2),
2.073 (61)

Placement DG (MW)

2.281 (2), 2.066
(3), 2.281 (4)

Power factor of DGs

0.932,1, 0.815

Power factor of DGs

1, 0.945, 0.959
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Discussion on Results for 69 bus system:

i) Case I: This is the case for only capacitor placement. The real power loss, reactive power loss,
loss reduction percentage and minimum voltage that was obtained are 145.49kW, 67.798 KVar,
35.34 %, and 0.932 p.u. whereas in the reference papers results using Gravitational Search
Algorithm (GSA) [23] they were 145.9 kW, 35.61%, and 0.952 p.u respectively and using
Particle Swarm Optimization Algorithm (PSO) [24] they were 152.48 kW, 32.23%, and 0.934
p.u respectively. The result obtained shows the optimal value for CB location are at bus 53 with
CB capacity of 425 KVar, bus 18 with capacitor capacity of 312 KVar, and bus 61 with capacitor
capacity as 1205 KVar. Whereas, result that is in the reference papers are given as in the table 2.
From these results, it can be analyzed that power losses, power factor and minimum voltage are
nearly as that of reference paper. Hence, results are satisfactory with respect to the reference
paper.

i) Case Il: This is the case for only DG placement. The real power loss, reactive power loss, loss
reduction percentage and minimum voltage that was obtained are 69.428 kW, 34.962 KVar,
69.14 %, and 0.979 p.u. whereas in the reference paper using Combined Voltage Stability Index
(CVSI) [25] they were 83.18 kW, 63 %, and 0.968 p.u respectively and using GA [26], they were
88.5 kW, 60.67 %, and 0.969 p.u respectively. The result obtained shows the optimal value for
DG location are at bus 61 with DG capacity of 1719 kW, bus 11 with DG capacity of 526 kW,
bus 18 with DG capacity as 380 kW. Whereas, result that is in the reference paper for DG
placement are shown in the table 2. From these results, it can be analyzed that power losses have
decreased and minimum voltage have increased than that of reference paper. Hence, results have
improved from the program that has been used for the thesis.

iii) Case Il1: This is the case for capacitor and DG (unity pf) placement. The real power loss,
reactive power loss, loss reduction percentage, and minimum voltage that was obtained are
12.681 kW, 10.012 KVar, 94.36 %, and 0.985 p.u. whereas in the reference paper using Discrete
Imperialistic Competition Algorithm (DICA) [27] they were 17.2 kW, 92.36 %, and 0.979 p.u
respectively. The result obtained shows the optimal value for capacitor location are at bus 34
with capacity 23 KVar, bus 36 with capacity 1500 KVar, bus 61 with capacity 1298 KVar and
DG location are at bus 64 with DG capacity of 380 kW, bus 61 with DG capacity of 1309 kW ,

bus 12 with DG capacity as 795 kW .Whereas, result that is in the reference paper are given as
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in the table 2. Results can be analyzed as the power losses got decreased significantly with the

program used.

iv) Case IV: This is the case for capacitor and DG (controllable pf) placement taking into

consideration only technical objective function. The real power loss, reactive power loss, loss
reduction percentage, and minimum voltage that was obtained are 8.455 kW, 6.501 KVar,
96.24%, 0.987 p.u. The allocation of capacitors is at bus 49, and bus 18 with capacity 568 KVar,
and 267 KVar respectively and DG allocations at bus 66, bus 2, bus 61 with capacity 864 KW,
1244 KW and 2073 KW respectively. Hence, the results that were achieved have lower power
loss, higher power factor and minimum voltage. The location of DGs and capacitor are given on
the table.

Case V: This is the case for capacitor and DG (controllable pf) placement taking into
consideration techno-economic objectives. The real power loss, reactive power loss, loss
reduction percentage, and minimum voltage that was obtained are 145.066 kW, 67.249 KVar,
35.53 %, 0.931 p.u. respectively. The result obtained shows the optimal value for capacitor
location are at bus 61 with capacity 1237 KVar, bus 66 with capacity 337 KVar, bus 18 with
capacity 266 KVar and DG location are at bus 2 with DG capacity of 2281 kW (1 pf), bus 3 with
DG capacity of 2066 kW (0.945 pf), bus 4 with DG capacity as 2281 kW (0.959 pf).
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5.3 For Daachhi Feeder:

Summary of the results obtained for the Daachhi Feeder is illustrated as follows:
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Figure 19: Voltage profile before and after allocation of capacitors
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Bus-Voltage Comparision
—&— Before
—— After |

0.995

0.29r

“

wJ

]

o
T

0.28r

08751

Woltage Magnitudes

0.e7r

0.865

0.88

D_g 55 1 1 1 1 1
0 10 20 30 40 50 G0

Bus Number

Figure 20: Case II- Bus voltage profile before and after allocation of DGs only
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Table 3: Summary of the results of New-Chababhil Feeder and Daachhi Feeder of Kathmandu valley

Results for New -

Results for Daachhi

Cases Chababhil Feeder Feeder
Case | (only capacitors) ER-WCA ER-WCA
Minimum voltage 0.971 (50) 0.971 (39)

Active Power loss (KW)

121.282

98.028

loss reduction %

37.46%

50.25%

Placement capacitor (MVAr)

1.277 (30), 1.195 (12), 1.5
(42)

1.161 (46), 1.038 (16), 1.5
(26)

Case Il (only DGs) ER-WCA ER-WCA
Minimum voltage 0.978 (52) 0.980 (53)

Active Power loss (KW) 70.706 101.434

loss reduction % 63.54% 48.52%

Placement DG (MW)

0.925 (33), 0.948 (27),
2.868 (21)

1.643 (43), 0.985 (16),
0.537 (36)

Case 111 (Capacitors and DGs

with unity pf simultaneously) SR S
Minimum voltage 0.998 (7) 0.994 (48)

Active Power loss (KW) 5.628 7.676

Loss reduction (%) 97.10% 96.10%

Placement capacitor (MVAr)

1.026 (40), 1.5 (42), 0.792
(33)

0.982 (46), 1.5 (33), 1.05
(16)

Placement DG (MW)

1512 (44), 1.7 (17), 1.75
(30)

1.074 (46), 1.54 (26), 1.01
(16)

Case 1V (Capacitors and DGs
with controllable pf

. ER-WCA ER-WCA
simultaneously) for only
technical objective function
Minimum voltage 0.998 (50) 0.996 (22)
Active Power loss (KW) 3.439 6.357
Loss reduction (%) 98.23% 96.77%

Placement capacitor (MVAR)

0.452 (27), 0.461 (19),
0.559 (47)

0.577 (41), 0.419 (8),
0.896 (22)

Placement DG (MW)

1.411 (12) ,1.699 (30),

1.757 (45) ,1.269 (16),

2.531 (22) 0.828 (36)
Power factor 0.878, 0.864, 0.945 0.87,0.84,0.85
Case V (Capacitors and DGs
V\_/lth controllable pf ER-WCA ER-WCA
simultaneously) for techno-
economic objectives
Minimum voltage 0.976 (50) 0.979 (43)
Active Power loss (KW) 91.154 57.244
Reactive Power Loss (KVar) 91.685 30.933
Loss reduction (%) 54% 70.95%

Placement capacitor (MVAR)

0.578 (47), 1.499 (42),
1.272 (30)

1.007 (16), 1.101 (46), 1.5
(26)

Placement DG (MW)

0.554 (2), 3.322 (4), 1.994
©)]

0.388 (3) ,1.406 (2), 2.331
(4)

Power factor

1, 0.988, 0.97

0.8,1,0.996
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Discussion on Results for Daachhi Feeder:

i) Case I: This is the case for only capacitor placement. The real power loss, reactive power loss,
loss reduction percentage, and minimum voltage that was obtained are 98.028 kW, 52.971 KVar,
50.25%, and 0.971 p.u. The capacitor placement and sizes are given as in the table. From these
results, it can be analyzed that power loss reduction, and minimum voltage are improved than
that of base case tremendously.

i) Case Il: This is the case for only DG placement. The real power loss, reactive power loss, loss
reduction percentage, and minimum voltage that was obtained are 101.434 kW, 54.812 KVar,
48.52%, and 0.980 p.u. The DG placement and sizes are given as in the table. The power loss,
and minimum voltages are improved than that of base case tremendously.

iii) Case Il1: This is the case for capacitor and DG (unity pf) placement. The real power loss,
reactive power loss, loss reduction percentage, and minimum voltage that was obtained are 7.676
kW, 4.148 KVar, 96.10%, and 0.994 p.u. Hence, the results that were achieved have lower power
loss, higher power factor and minimum voltage than that of base case. The location of DGs and
capacitor are given on the table 3.

iv) Case IV: This is the case for capacitor and DG (controllable pf) placement taking into
consideration only technical objectives. The real power loss, reactive power loss, loss reduction
percentage, and minimum voltage that was obtained are 6.357 kW, 3.435KVar, 96.77 %, and
0.996 p.u. Hence, the results that were achieved have lower power loss, higher power factor and
minimum voltage than that of the base case. The location of DGs and capacitor are given on the
table 3.

v) Case V: This is the case for capacitor and DG (controllable pf) placement taking into
consideration techno-economic objectives. The real power loss, reactive power loss, loss
reduction percentage, and minimum voltage that was obtained are 57.244 kW, 30.933 KVar,
70.95 %, and 0.979 p.u. Hence, the results that were achieved have lower power loss, higher
power factor and minimum voltage than that of the base case. The location of DGs and capacitor

are given on the table 3.
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5.4 For New-Chabahil Feeder:

Summary of the results obtained for the New-Chabahil Feeder is illustrated as follows:
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Figure 24: Voltage profile before and after allocation of capacitors
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Figure 25: Case Ill- Bus voltage profile before and after simultaneous
placement of capacitors and DG (unity pf)
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Figure 28: Bus voltage profile before and after simultaneous placement of
capacitors and DG (controllable pf)-for only technical objective function

0.995

0.98 r

0.985

0.96

0.975

0.97 r

Voltage Magnitudes

0.965

0.96

0.955 |

Bus-Voltage Comparision

—=— Before
—#F— After

Wmmm

0.95

1

0

Bus Number

60

Figure 27: Case V- Bus voltage profile before and after simultaneous placement of
capacitors and DG (controllable pf)-for techno-economic objective function

53



Discussion on Results for New Chabahil Feeder:

i) Case I: This is the case for only capacitor placement. The real power loss, reactive power loss,
loss reduction percentage, and minimum voltage that was obtained are 121.282 kW, 121.99
KVar, 37.46%, 0.971 p.u. The capacitor placement and sizes are given as in the table. From these
results, it can be analyzed that power losses and minimum voltage are improved than that of base
case tremendously. The location of DGs and capacitor are given on the table 3.

i) Case Il: The real power loss, reactive power loss, loss reduction percentage, and minimum
voltage that was obtained are 70.706 kW, 54.812 KVar, 63.54%, 0.978 p.u. The DG placement
and sizes are given as in the table. The power loss, and minimum voltages are improved than
that of base case tremendously. The location of DGs and capacitor are given on the table 3.

iii) Case Il1: This is the case for capacitor and DG (unity pf) placement. The real power loss,
reactive power loss, loss reduction percentage, and minimum voltage that was obtained are 5.628
kW, 5.661 KVar, 97.10 %, 0.998 p.u. Hence, the results that were achieved have lower power
loss, and minimum voltage than that of base case. The location of DGs and capacitor are given
on the table 3.

iv) Case IV: This is the case for capacitor and DG (controllable pf) placement taking into
consideration only technical objectives. The real power loss, reactive power loss, loss reduction
percentage, and minimum voltage that was obtained are 3.439 kW, 3.459 KVar, 98.23 %, 0.998
p.u. Hence, the results that were achieved have lower power loss, and minimum voltage than
that of the base case. The location of DGs and capacitor are given on the table 3.

v) Case V: This is the case for capacitor and DG (controllable pf) placement taking into
consideration for techno-economic objectives. The real power loss, reactive power loss, l0oss
reduction percentage, and minimum voltage that was obtained are 91.154 kW, 91.685 KVar, 54
%, 0.976 p.u. Hence, the results that were achieved have lower power loss, and minimum voltage

than that of the base case. The location of DGs and capacitor are given on the table 3.
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CHAPTER 6: CONCLUSION AND FUTURE WORKS

6.1 Conclusion

In this thesis work, optimal allocation of capacitors and DGs was implemented using Evaporation
Rate based Water Cycle Algorithm (ER-WCA). To meet the objectives, a computer program was
developed in MATLAB software using MATPOWER toolbox. This research analyzed the results of
the five cases namely allocating capacitors only (Case 1), allocating DGs only (Case 1), allocating
capacitors and DGs (unity pf) simultaneously (Case Il), allocating capacitors and DGs (controllable
pf) for technical objectives only (Case V), and allocating capacitors and DGs (controllable pf) for
techno-economic benefits (Case V). The power loss minimization, voltage profile improvement,
voltage stability enhancement and cost reduction have been achieved with the help of the allocations.
The results obtained in this thesis work using ER-WCA were better than the results found in the
reference papers.

For IEEE 33 bus system, power loss in case I, case I, case Ill, case IV, and case V was 34.79%,
62.10, 90.23%, 92.04%, and 63.67 % of the base case respectively. Similarly, for IEEE 69 bus
system, power loss in case I, case Il, case Ill, case 1V, and case V were 35.34%, 69.14%, 94.36%,
96.24%, and 35.53% of the base case respectively.

The method discussed in this thesis work was applied to two practical systems of Kathmandu valley
(Daachhi feeder and New Chabahil feeder) which needed upgradation for reducing power loss and
improving voltage profile. For Daachhi Feeder, power loss in case I, case I, case Ill, case 1V, and
case V was 50.25%, 48.52%, 96.10%, 96.77%, and 70.95% of the base case respectively. Similarly,
for New-Chabahil Feeder, power loss in case I, case 11, case 11, case IV, and case V were 37.46%,
63.54%, 97.10%, 98.23%, and 54% of the base case respectively the power loss.

In conclusion, the active and reactive power losses were reduced and voltage drop was minimized
for different standard IEEE bus systems and two practical distribution systems of Nepal. Thus, this
thesis work has addressed the technical and economic criteria for capacitor and DG placement.
Hence, objectives of this thesis work have been effectuated.
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6.2 Future works

This research can be further extended to meet the limitations that are realized while carrying out this
thesis. This thesis only presents the idea for the possible best allocation of capacitors considering
the system always run at the full load. But, the load in the system is not always constant. Hence, for
such variable load, other type of compensator like static VAR compensator can be placed in the
future research.

The optimization of optimal allocation of DGs and capacitors can be done using other optimization
techniques and may make the comparison with the result of the above ER-WCA technique based on
other features like time elapsed for the best outputs.

Since this thesis considered only Type 1 and Type 2 DGs, in further works other DGs like Type 3
and Type 4 DGs can be considered.
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APPENDIX A

Result Windows
1. RESULT WINDOWS FOR IEEE 33-BUS SYSTEM

a) Case II: Placement and sizing of Capacitors

WA R R RRR R RR R R BB RRRR R R R RRCRDRRRR R R R RR R RRRRRCR R BB R R RRRRRRRRRRR R KRR RRR
AR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R

Bl el e e e e e ol e e o o el e el el ol ol e Rl
AAAAAAAAAAAAAAA A A AAA R A A A AR A A AR A AR AAAAAAAARAAAAAARAARAAARARAA AR ARA AR

YOU CHOSE FLACEMENT ANWD SIZING OF CAFACITOR BANHS.

Location of Cepacitors is at Buses: 30 13 24

Bize of Capacitors is: 1036.68656 3T75.63528 S44.2116 EVar each.

Bus Voltages are:
Zus Mo. 11 Voltage [(pu)
1 1
2 0.558
3 0.527
4 0.587
5 0.59:3
& 0.59549
7 0.92
b= 0.5978
a 0.553
10 0.53
11 0.564
1z 0.992
13 0.977
14 0.562
15 0.5963
1la 0.558




i7 Q.962
1z 0.554
13 0,957
20 0,55
21 0.5954
22 0,545
23 0,952
24 0,945
25 0.945
26 0,945
27 0,947
23 0,943
29 0.947
30 0.942
31 0,594
32 0.938
33 0.938

Minimam kus wvoltage is 0.932 pu at 32 kus

Fower Losses are:

Botive Fower Loss = 132.173 KW.

Rezactiwve Fower Loss = Z2.331 kVar.

Fower Factor = 0,595

CZOZLTIVE FUMCTICH for the kest solution = 132,173

The kest scliution was found i

For Zaze Ccase:

Minmipuamw kbus wvoltage was 0.9
Lotlive power losz was Z20Z.e77 K.
5

Zezctive power loss was 13

]

13 g

141

Fower Factoxr was 0.24%9

o oat 12

KVar.
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b) Case II: Placement and sizing of DGs

Tne size of DEs is: 0.803921 1 D.EZE35
The locations of DEs is at Suses: 14 & 31
Sus YVoltages sre:

Zu= MNo. 11 Voltage (gua)

[T T
I N

[
ook

Minimam bus wvoltage is 0.971 pu at 29 bus.
Fower Lozses are:
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Zeotive Power Loss = TE.307 kW.

Reactive Power Loss = 53.014 kVar.
Power Factor = 0.43

OBJECTIVE FUNCTICHN for the best solution = T&.307.

The best solution was found in Iteration No. 18&.




c) Case IlI: Simultaneous placement of capacitors and DGs (unity pf)

—————————————— CALCULRTICNS COMPLET
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YCU CHCSE CPTIMAL FPLACEMENT RND SIZING CCHEINATICH OF CEs/DGs

Location of capacitors is at Buses: 32 13 30

Size of capacitors is: 194.1242 393.299 269.1957 kVar each.
The size of DGs is: O.72Z6E 1l.4886 1.0107 MW each
The locations of DGs is at Buses: 14 3 30

Bus Voltages are:
Bus No. Il Voltage (pa)
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Minimom bus woltage is O.%85 pu at 13 bus.
Power Losses are:

Rctive Power Loss = 19,7599
Feactive Power Loss = 15.499 kVar.
Power Factor = 0.51

CBJECTIVE FUNCTICHN for the kest solution = 19,799,

The bkest solution was found in Iterationm No. 252.
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d) Case IV: Simultaneous placement of capacitors and DGs (Controllable pf) —only

technical objective function

RRRRRRRRRR R R RRRRRRRRRR R R RREERRR R R R RRR AR AR R R RR R R R R R R R R AR R R AR R R R AR R R
YCU CHCSE MULTICZJECTIVE COPTIMAL PLACEMENT AMD SIZING OF C2s/DG=.
(D5 zre operated with controllzkbie FBF,)
three Technical Chjectives are considered.)

Location of capacitors is at Buses: 32 25 30

Size of capacitors is: 154.4303 333.564 TO1.78287 kVar each.
The gize of DGs is: 0O.79625 1.7124 1.0003 MW each

The optinal pf for the DGs is: 0.590583 0.596131 0,.%551% each
The locations of DGs is at Buses: 14 3 30

Bus Voltages azxre:

Eus Ho. 11 Voltage (pu)
1 1
s 1
3 1
4 0.5959%
o 0,855
& 0.9596
T 0.897
g 0.557
el 0,995

10 0,952

11 0,955

1z 0,994
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Fower Losses are:

waw kbus woltage is 0,990 pu at 15 kbus.

motive Power Loss = lo.1Zg KW.
Reactive Fower Loss = 13.189% kVax
Fower Factox = 0.50

CZIECTIV

FUMCTICH for the kest solution = 2.0Z6.

1]
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e) Case V: Simultaneous placement of capacitors and DGs (Controllable pf) —

techno-Economic objective function

ARk Ak kR A A R A AR A A A A Rk AR A A R A A R A kR kA R b Rk kR A S Ak ARk Ak bk kRS A b A S Wk k k&

77777777777777 CALCULATIONS COMPLETED

EEEEERE LR RTREE T LR LEEEEELAEL LT RELTLL AL T TN LATL LRI NALLLL L RS T A TL AT AEL L oL,
R i R R I R R I S R I R e i I e B
YOU CHOSE MULTIOBJECTIVE OPTIMAL PLACEMENT AND SIZING OF CBs/DGs.
(DGs are operated with controllable EF,
Technical and Economic Cbjectives are optimized.)

Location of capacitors is at Buses: 14 30 33

Size of capacitors is: 333.991 627.3612 161.76865 kvar each.
The size of DGs is: 0.52419 1.31 2.229 MW each

The optimal pf for the DGs is: 0.90622 0.91594 0.98516 each
The locations of DGs is at Buses: 2 3 4

Bus Voltages are:

Bus No. Il Voltage (pu)
1 1
2 1
3 1
4 1
5 1
] 0.59%6
7 0.597
g 0.5995
] 0.5585
10 0.9%
11 0.963
12 0.5685
13 0.587
14 0.961
1= n_coo2
15 0.582
1é 0,877
17 0.598
18 0.%72
1% 0.875
20 0.5%68
21 0.872
22 0.%6e8
23 0.87
24 0.587
25 0.56
26 0.5%63
27 0.
28 0.%e3
25 0.%e7
30 0.56l
31 0.%6
32 0.5658
33 0.657
Minimum bus voltage is 0.557 pu at 33 bus.
Power LosSses are:
Lotive Power Loss = 73.640 kW.
Reactive Power Loss = 537.9%33 kvar.
Fower Factor = 0.92




2. RESULT WINDOWS FOR IEEE 69-BUS SYSTEM

a) Case I: Placement and sizing of capacitor banks:

____________________________________________________________________ 1s 0.985
—————————————— CRLCULATICNS CCMFLETED e 20 1
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 21 1
""""""""""""""""""""""""""""""""""""""""""""""" zz 0.994
R R R R R R R R R R R AR LR R R R LK R R R R R R R R R R R AR R R AR AR R AR AR AR AR R R R R A o3 0.554
YOU CHCSE PLACEMENT AND SIZING COF CAPRCITCR SANHS. ;: 2:;22
28 0.%E5
Location of Capacitors is at Buses: 53 18 &l 27 0.92
-1 0.9599
Size of Capacitors is: 425.454687 312 .31705 1205.7886 kKVar each. s O'ffs
Bus Voltages are: 50 O'fdf
Bus No. 11 Voltage (pua) 31 0.932
___________________________________ 3z 0.9739
1 1 33 0.59599
5 1 34 0.4a949
3 1 35 Q.98
4 1 38 0.3976
3 1 37 0.3539
6 1 g 0.a77
= 0.993 39 0.3739
s 1 40 0.5974
5 1 41 0.399%
10 1 2 0.973
11 0,993 43 0.578
12 1 44 0.5878
13 1 45 0.972
14 0.999 46 0.9398
15 0.9%8 47 0.558
18 1 =1 0.978
17 1 449 .99
18 0,995 50 0.947
51 0.98%9
52 0,944
53 0.968
54 0.94
55 0,968
5& 0.935
57 0.968
58 0,934
5g 0.%68 ICH for the kest socluticn = 145,430,
e 0.5934
gl 0,987
&2 0.a33 Tne kest solation was found in Iteration MNo. 2989
63 0.5967
4 0.932 For Zase case:
63 92367 mam kas voltage was 0.20% pa at &5 kus.
66 0.987 Lctive power loss was Z25.001 kKW,
87 v.o67 eactive power loss was 102,185 kVar.
8% 0.5987 ower Factor was 0,321
69 0.967
Minimum kbus wvoltage is 0.932 pu at &2 bEuas.
Fower Losses are:
Lotive Power Loss = 145.490 EW.
Reactive Power Loss = &7.798 KVar.
Fower Factor = 0.98
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b) Case II: Placement and sizing of DGs:
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—————————————— CRLCUOLATICHMS CCOMPLETED e
=]
20
S N N N S S N N I S S N 21
ke e
YCOU CHOSE PLACEMENT and SIZING CF DGs.
Ze
The size of DGs is: 1.718 0.52887 0.33021 MW each.
Z9
The locations of DGs is at Buses: 61 11 118 30
Bus Voltages are: 31
Bus No. 11 Voltage (pu} 32
——————————————————————————————————— 33
1 i 34
2 1 35
3 1 k1
4 1 37
5 i 3B
@ 1 33
7 1 40
b+t i 41
bl i 42
10 1 43
11 0,887 44
1z i 15
13 i 4a
14 0,995 47
15 0.3994 g
1& 1 E]
17 1 50
51 0.551
52 0.59284
53 0.551
54 0.983
55 0.891
56 0.5982
57 0,891
58 0,982
558 0.9%9
&0 0.5981
61 0.9%
62 0.38
63 0.99
64 0.97%
65 0.399
113 Q.59
&7 0.5%
6g Q.588
65 0,588
Minimuom bus woltage is 0.%75% pu at &4 bus.
Power Losses are:
Lotive Power Loss = 65.428 EW.
Reactive Power Loss = 34.962 kVar.
Power Factor = (.42
CBJECTIVE FUNCTICN for the best solution = &9.423F.




c) Case IlI: Simultaneous placement of capacitors and DGs (unity pf)

—————————————— CRLCULATICNS COMPLETED e 17 1
____________________________________________________________________ 1z 0.555
____________________________________________________________________ 15 J.887
L e e T i N e U T T N e e T e e e e T i e T U e U e T L e U T e T i e i 20 1
RRR R R R R R RRR R R R R RR R AR R R R R AR R R R R R R R R R R R R R R R R R R R R R R R R R R R AR R R R R R 21 l
YOU CHCOSE CPTIMAL PLACEMENT ZMND SIZING CCMEBEINATION OF CEs/DGs 22 0,994
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 23 J.5587
24 1
Location of capacitors is at Buses: 34 36 6l 25 0,999
SJize of capacitors is: Z23.35%%69% 1500 12535.201% kVar each. 26 0,597
27 0,996
The size of DGs is: 0.33021 1.3087 0.7948 MW each 28 0.89%
The locations of DEs is at Buses: 64 €1 12 25 0.899
30 Q.597
= b -
Bus Voltages are: 31 0.597
B 7 1
Sus Ho. I Voltage (pua) 32 0.996
___________________________________ 33 0.99%
1 1
34 0.5959
2 1
35 a.597
3 : 36 Q.997
Q.2a7
4 1
5 1 7 a.993
: N g 0.997
7 1 35 J.559&8
5 1 40 d,5994
5 1 41 Q0,993
10 1 4z a.997
11 0,959 43 dJ.996
1z 1 44 dJ.5%98
13 1 45 0.5951
14 0.95% 46 Q.5995
15 Q.,597 47 0,898
1& 1 4z dJ.5398
43 0.928
50 0.938
51 0.938
52 0.998
53 0.987
54 0.939%
55 0.937
56 1
57 0.388
S8 1
53 0.936
&80 1
&1 0.9Z6
62 1
63 0.936
64 0.59%
&5 0.9Z6
(13 0.935
&7 0.935
63 0.985
&3 0.985
Minipumr kus woltage is 0.9%925 pu a2t &6 kus.
Fower Losses are:
Active Power Loss = 12.681 kW.
Reactive Fower Loss = 10.012 kVar.
Fower Factor = 1.400
CEJECTIVE FUNCTICH for the kest solution = 12.681.
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d) Case IV: Simultaneous placement of capacitors and DGs (Controllable pf) —only

technical objective function

—————————————— CALCULATICNS CCMPLETED e 14 a.
- - - - 15 aQ
- - - === 16
T T R 17
O 1z B
YOU CHOSE MULTICBJECTIVE OPTIMAL PLACEMENT AND SIZING CF CBs/DGs. 13 a
[(DEs are operated with controllakle PF,) 20
three Technical Ckjectives are considered.) 21
””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””” 22 a.
23 0.959
Location of capacitors is at Buses: 4% 2 18 22 0.59%
Size of capacitors is: SEE.E2T73 aQ 2E7.4907 kVar each. - .
25 0.899
26 0.999
The size of DGs is: 0.36376 1.244 2.0731 MW e=ack 57 q. g
The optimal pf for the DGs is: 0.%3232 1 0.8149% each J.858
The locations of DGs is at Buses: 6 2 el
0.959
Bus Voltages are: O'f?f
Bus No. B Voltage (pua) 0.888
o o 0.989
1 1 0.999
2 1 0.959
3 1 0.959
4 1 0.938
5 1 0.899
& 1 g 0.999
- 1 39 1
8 1 k1] Q.
a 1 41 Q.
10 1 42 0.
11 0,959 43
1z 1 44 aQ
13 1 45 Q
£ UL 99
47 0.95%9
48 0.9%&6
49 Q.99
50 0.855
51 0.989
52 0.959
53 0.398%9
54 1
55 0.989
56 1
57 0.988
58 1
58 0.988
&0 0.95%9
61 0.987
62 0.958
&3 0.887
&4 0.987
&85 0.987
&6 0.3987
a7 0.987
68 0.987
&89 0.987
Minimuam bus wvoltage is 0.987 pu at &6l bus.
Fower Losses are:
Aotive Power Loss = 5.455 KW.
Reactive Power Loss = &.501 kVar.
Fower Factor = 0.20
CBJECTIVE FUNCTICH for the best solution = 4.284.
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e) Case V: Simultaneous placement of capacitors and DGs (Controllable pf) —techno-

Economic objective function

R R R R R R A R R R R R AR R R R RS R R L 14 0.585
A R K A 15 0.986
16 1
—————————————— CALCULATIONS COMPLETED 17 1
18 0.955
19 0.985
L e B e e e R T i i e 3 e S A I i S I 20 l
Rk kA Rk Kk kR ko kA K KRk Ak k k Rk kR Ak ko ko kR bk ko gk ko kR 21 1
YOU CHOSE MULTICBJECTIVE OPTIMAL PLACEMENT AND SIZING OF CBs/DGs. 22 0.594
(DGs are operated with controllable PF, 23 0.964
Technical and Fconomic Chjectiwves are optimized.) 24 0.5%9%
25 0.59%
Location of capacitors is at Buses: 61 66 18 26 0.9%385
Size of capacitors is: 1237.0914 337.93661 266.02235 kVar each. 27 0.98
28 0.595%
The size of DGs is: 2.2813 2.08585 2.2813 MW each 29 0.99%
30 0.984
The optimal pf for the DGs is: 1 0.94526 0.85%85 each 31 0.o8z
32 0.57%
The locations of DGs is at Buses: 2 3 4 13 0.995
Bus Voltages are: 34 0.9%95
Bus No. 11l Voltage (pu) 35 0.979
36 0.97¢6
1 . 37 0.999
2 1 38 0.5%76
43 i 39 0.97%
40 0.974
5 1
41 0.958
° ! 42 0.973
7 ! 43 0.979
g 1 :
o 1 44 0.9%76
10 1 45 0.5%72
11 0.993 48 0.958
12 1 47 0.556
13 1 48 0.576
49 0.969
30 0.547
51 0.969
52 0.944
53 0.968
54 D.94
55 0.968
56 0.835
57 0.968
58 0.934
59 0.968
60 0.934
61 0.967
62 0.932
63 0.967
64 0.931
65 0.967
€6 0.867
67 0.967
68 0.967
69 0.967
Minimum bus voltage is 0.9%31 pu at 64 bus.
Power LosSses are:
Zctive Power Loss = 145.066 kW.
Reactive Power Loss = 67.249 kVar.
Power Factor = 0.88%
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3. RESULT WINDOWS FOR DAACHHI FEEDER

a) Case I. Placement and sizing of capacitor banks:

20 0.976
21 0.574
e 0,579
ARA A AR A A AR A AR AR AR AR A A AR A AR A AL R A ALK Z3 o.97s
AEALEAALE LA A AL LA A LA LA LA AL LA AL AA A LA A AL A A LA A A LA AL AL AL A A AL A AR AR AR LK 24 0.977
YOU CHOSE PLACEMENT AND SIZING OF CAPACITOR BANKS. 23 0.576
MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM Z6 0.976
27 0.974
Location of Capacitors is at Buses: 46 16 26 28 0.973
29 0.577
Size of Capacitors is: 11£1.2052 1038.2371 1500 kVar each. 30 0.a7
Bus Voltages are: 31 Q.4975
Bus Ho. 11 Voltage (pu) 2 0.973
——————————————————————————————————— 33 0.573
1 1 34 a.876
2 0.5835 35 .87z
3 0.55% E1 0.975
4 0.588 T 0.5973
E 0.523 Z2 0.973
& 0.5986 39 .97z
T 0.978 40 0.975
2 0.882 41 0.5974
] 0.978 2 0.873
10 0.98 43 Q.972
11 0.975 44 0.974
1z 0.358 45 0.871
13 0.578 46 0.974
14 0.575 47 0.574
1% 0.5975 43 0,971
1& 0.8975 45 0.974
17 0.978 50 0.974
18 0.878 51 0,972
15 0.978 z 0.a74
53 0.872

Minimum bus woltage is 0.971 pu at 45 bus.
FPower Losses are:

Active FPower Loss = 98.0Z2% KW.

Reactive Power Loss = 52.971 kVar.

Power Factor = 1.00

CEBJECTIVE FUNCIICH for the kest solution = 933.02

£n

The kest solurtion was found in Iteration MNo. €5.

For Base case:

Minimum kus wvoltage was 0.957 pu at 53 kus.
Leotive power loss was 197.026 KW.

Beactiwve power loss was 106.467 kKVar.

Power Factor was 0.708




b) Case II: Placement and sizing of DGs:

—————————————— CALCULATICHNS CCMPLETED —————— o

RORROR AR R R R ROR AR R R R R AR R R R R R R R R R AR R R R R R R R R R R R R R AR R R R R R R R R R W R R R R A WA A

et
L]
un
tn

[ R
Mmook

[

LYA T Y B T B o T B T 4 I T BV d ]

0.98
1 Q.98
2 0.92
z 0.98
2 Q.98
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN 23 0.985
24 0,524
25 0,554
The size of DBs is: 1.6431 0.9851 0.53795 MW each. 26 0.334
27 0.583
28 0.983
The locations of DEs is at Euses: 43 16 36 25 0.32E83
Bus Voltages are: 30 0.954
Zus Mo. i1 Voltage (pua) 31 C0.524
32 0.983
1 1 33 0.583
2 0.5959% 34 0.5583
3 0,955 0.584
4 0,991 0,984
5 0,955 0,983
& Q.99 0.983
7 0.935 0.554
2 0,937 0,924
5 0,985 0.983
10 0,928 0.983
11 0,934 0.983
1z 0.936 0.983
13 0.935 0,983
14 0,924 0.983
15 0,933 0.982
16 0,924 0.923
17 2.93% 0.582
50 0,982
51 0.921
LY 0.932
53 0,98

Minimom kus woltage is 0.920 pu at 53 kus.
Fower Losses are:

Lctive Fower Loss = 101.4349 KW.

Reactive Power Loss = 54.312 kVar.

Power Factor = 0.20

CZJECTIVE FUMCTICH for the kest solution = 101.434.

The kest solution was found in Iteration Mo. Z32.

For Zase case:

Mir
Letive power loss was 197.026 EW.

imam kbus woltage was 0.557 pu et 53 kus.

Reactive power loss was 106.467 kVar.
Power Factor was 0.70OE




c) Case IlI: Simultaneous placement of capacitors and DGs (unity pf)

—————————————— CALCULATICNS CCMPLETED -

Minimam kbuas woltage is 0.99%4 pu at 42 kbuas.
Fower Losses are:

Active FPower Losz = 7.&878 EW.

Bezctive PFower Loss = 4,142 kKVar.

Fower Factor = 0.53

CEJECTIVE FUNCTICH for the kest solution = T7.676.

The kest scolution wass found in Iteracion Mo. 173.

Minipum kus woltage was 0.957 pua at 53 kuas.
Lotive power loss was 197,026 KW.

Beactive power loss was 106.487 kKVar.

Fower Factor was 0,705

16 0.998
““““““““““““““ T 17 0.998
———————————————————————————— - 18 0.99%
R 19 0'999
R 20 0.999
YCU CHCSE CPTIMAL PLACEMENT ZND SIZING CCMBINATICH CF CBs/DGs 21 0.999
””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””” 22 0.997
23 0.999
Location of cepacitors is at Buses: 46 33 16 24 0.998
Size of capacitors is: 922.62679 1500 1055.4264 kKWVar each. 25 0.999
26 0.999
The size of DEs is: 1.0746 1.5477 1.0051 MW each 27 0.999
The locations of DGE2 iz at Buses: 46 2g 16 28 1
29 0.998
Bus Voltages are: 30 0.997
Sus Ho. I Voltage (pu) 31 0.999
___________________________________ 32 1
1 1 33 1
s 1 34 0.998
3 1 35 0.996
4 Q.999 36 0.999
5 0. 99s 37 1
[ 0.99% 38 1
T 0,992 39 0.995
3 0,993 40 0.999
a Q.993 41 1
10 Q.99 42 1
11 0,992 43 0.995
1z 0.992 44 1
13 0,999 45 0.995
14 Q.99 46 1
15 0,992 47 0.999

43 0,954

449 1

50 0.559

51 a.59:s

52 2,989

53 Q.558




d) Case IV: Simultaneous placement of capacitors and DGs (Controllable pf) —only

technical objective function:

e — 1 0,998
—————————————— CRLCULATICNS COMFLETED o 14 7.59595
____________________________________________________________________ 15 0.3933
____________________________________________________________________ 16 0.5998
T L T 17 0.587
B R 18 0.557
. o rrm e - P - ——— - o aa7
YOO CHOSE MULTICSJECTIVE COPTIMAL PLACEMENT RMD SIZING COF C2s2/DG=2. 1 0.5987
(DE=2 sxe opersted with contr skles EF,) 20 0.89%

three Technical Chjectives are considered.) 21 0.555
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN jedes 0.5%98
23 0,837

Location of cepacitors is at Buses: 41 2 2z 24 0.598
Size of capacitors is: §TT.1019 41%,6475 $96.30%4 kVar each. 23 0.558
Za 0.3933

- : : . a7 gag
Tne sizge of DSs is: 1.757 27 O.95a
Tne optimal pf for the DG ezch ) 1
The locations of DGs is & 23 0.358
30 0.933

31 0,993

Zus Voltages are:

Zus No. ] Voltage (pu) 32 1
___________________________________ 33 1
1 ) 34 0.9%8
el 1 35 1
3 1 36 0.55%
4 0,958 7 1
) 0,508 32 1
3 0.992 35 1
7 0,992 400 dJ.559
= .88 41 1
E 0.953 4z 1
10 0.587 43 0.5955
11 0.983 44 1
1z =t 45 0.999
13 0.585 k1 1

o
-1
]
I
v
o

43 a.

™
[
I
i)
= o

S0 Q.
51 a.
52 Q.
53 a.52

w00
W
wWoen

]
o0

Minimum kus woltage is 0.9%%8 pu at 22 kus.
Fower Losses are:
57 kW.

fctive Power Loss = ©.3
Reactive Power Loss = 3.435 kVar.

i

Fowexr Factor = 0,9

CEJECTIVE FUNCTICN for the best solution = 3.183.

The best solution was found in Iteration No. 300.

Minimuom kbus woltage was 0.357 pu at 53 kus.
Botive power loss was 197.026 kW.

Reactive power loss was 106.467 kWVar.

Fowexr Factor was 0.702

75



e) Case V: Simultaneous placement of capacitors and DGs (Controllable pf) —techno-

Economic objective function:

B A AR A s

______________ CRALCULATICONS CCMPLETED

e o o o o ko
e R ok R ok Rk ok R o
YOU CHOSE MULTIOBJECTIVE OPTIMAL PLACEMENT AND SIEING CF CBs/DGs.
[(DGs are operated with controllable FF,
Technical and Economic Chijectives are optimized.)

Location of capacitors is at Buses: leé 46 26

S5ize of capacitors is: 1007.%304 1101.3668 1500 kvar each.
The size of DGs is: 0.3883 1.4065 2.331 MW each

The optimal pf for the DGs is: 0.80015 1 0.99625 each

The locations of DGs is at Buses: 3 2 4

Bus Voltages are:

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

[ T e e Y e B e Y e R T Y e N Y e Y o e Y Y s Y e Y s T e e B e Y ]

[an T e I e R e R e Y e N e Y e Y ]

Bus No. || Voltage (pu)
1 1
2 1
3 1
4 0.985
5 0.9l
6 0.994
7 0.%86
g 0.%89
9 0.%86
10 0.%88
11 0.%83
12 0.5%88
13 0.%86
15 0,681
50 0.951
s1 0.58
52 0.981
33 0.%8

Minimum bus voltage is 0.97% pu at 43 bus.
Power LOsses are:

Bctive Power Loss = 57.244 kW.

Reactive Power Loss = 30.%33 kVar.

Power Factor = 0.8%

OBJECTIVE FUNCTION for the best solution = 11894067.844.

The best solution was found in Iteration No. 124.

For Base case:

Minimum bus voltage was 0.%57 pu at 53 bus.
Lctive power loss was 197.026 kW.

Reactive power loss was 106.467 kivar.

Power Factor was 0.708
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4. RESULT WINDOWS FOR NEW-CHABAHIL FEEDER

a) Case I: Placement and sizing of capacitor banks:

D

w0
==

=1 @

s}
)
-

1w
=]

BB R RD LD ORI ORI OB R LD
LE U I T B " B B S ]
w0
-3
]

Q.

a.

.

Q.

a.
YOU CHCOSE PLACEMENT AND SIZING OF CAPACITOR BANES. .9
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN 0.9

a.

Location of Capacitors is at Buses: 30 12 42 [

] Q.

Size of Capacitors is: 1277.5042 11495.5072 1500 kVar esach. 30 0.

Bus Voltages are: 31 a.

Bus No Il Voltage (pu) 32 0.

_________________ 33 Q.

1 1 34 a.

2 Q0.998 35 .

3 0.9%9g 36 0.

4 0.994 37 Q.

5 0.994 38 Q.

=] 0.994 38 a.

7 0.988 40 a.

g 0.988 41 a.

] 0.9 42 a.

10 0.936 43 Q.

11 0.9%¢8 44 0.

iz 0.924 45 Q.

13 0.984 46 Q.

14 0.923 47 a.

15 0.984 48 a.

18 0.923 43 a.

17 0.981 50 .

8 0.921 51 Q.

19 0.98 52 a.

53 0.971

Minimum bus woltage is 0.871 pu at 50 bus.
Power Losses are:

Letive Power Loss = 121.282 kW.

Reactive Power Loss = 121.990 kVar.

Power Factor = 1.00

QOBJECTIVE FUNCTICN for the best solution = 121.282.

The best solution was found in Iteration No. 83.

For Base case:

Minimum bus wvoltage was 0.550 pu at 37 bus.
Lotive power loss was 193.913 kW.

Reactive power loss was 155.043 kVar.

Power Factor was 0.797




b) Case II: Placement and sizing of DGs:

The size of DGs is: 0.32508 0.9452%9 Z2.8687 MW e=ach.

The locations of DGs is at Buses: 33 27 21
Bus Voltages axre:

. 885
.8E85
. 954
L8E3

L2982
L8EB1
.881
LBEL
L8811
L2981
0.98
Q.98
0.5981

o
£

L8
.G8E
.82

)
1

L9
. 9E
.95

OO0 0 000000000000 0o000
L]
[&4]
L]

o
=

.85
0,979

[ T I s I e O Y - Y . O o e i

Sus Mo. I Voltage [(pu)
1 1
2 0.9497
3 0.936
4 0.995
=) 0.9585
& 0.9485
7 0.939
2 0.949
o 0.98%
1a Q.988
11 0.988
12 0.987
13 0.987
14 O.98E
15 0.987
1& 0.926
17 0.98
51 o.a79
52 0.978
53 0.5878

Minimum bus wvoltage is 0.9272 pu at 52 bus.
Power Losses are:

Bctive Power Loss = T70.706 kEW.

Reactive Power Loss = T1.118 kWVar.

Power Factor = 0.20

CBJECTIVE FUNCTICH for the best solution = T0.T706.

The best sclution was found in Iteration Ho. 300.

For Base case:

Minimuom bus wvoltage was 0.550 pu at 37 bus.
Active power loss was 153.513 kNW.

Reactive power loss was 155.043 kVar.

Power Factor was 0.797
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c) Case IlI: Simultaneous placement of capacitors and DGs (unity pf)

Minimuam bus woltage is 0.998 pu at 7 bus.
Power Losses are:

Lctive Power Loss = 5.628 kW.

Reactive Power Loss = 5.66l kEvVar.

Powsr Factor = 0,57

CBJECTIVE FUNCTICN for the best solutionm = 5.628.

The best solution was found in Iteration Mo. 299.

For Base case:

Minimum bus woltage was 0.950 pu at 37 bus.
Leotive power loss was 193,513 kW.

Beactive power loss was 185.043 kVar.

Fower Factor was 0.797

—————————————— CALCULATIONS COMPLETED - 17 0.99%
. 2 0.998
o 1% 0,993
R R R e e e e e e e e e e R 20 0-958
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARARAR AR R RK AR AR 21 0-999
YOU CHOSE OPTIMAL PLACEMENT AND SIZING COMBINATION OF CBs/DGs 2z 0.99%
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 23 0,998
24 0,999
Location of capacitors is at Buses: 40 42 33 Z5 0,959
Size of capacitors is: 1026.644 1500 792.03612 kVar each 26 0,998
27 0,559
The size of DGs is: 1.5126 1.7003 1.7495 MW each 25 0,999
The locations of DGs is at Buses: 44 17 30 24 0,999
30 0,998
Bus Voltages are: 31 0,999
Bus No. 11 Voltage (pu) a3z 0,599
3 2 EE5 33 0,999
1 1 34 0.99%
2 0.999 a5 N
z g'zzz 36 0.998
: 37 1
a B 2 0,999
s 9887 35 0.5953
7 0.998
40 0,998
8 0.998

] 0.998 41 1
- ——. 42 0,998
11 0.998 43 1
12 0.998 44 1
13 0.as8 45 0,998
14 0.998 48 0,998
15 0.998 7 1
16 0.998 43 0,559

45 0.599%

50 0.5998

51 0.998

52 0.998

53 0.998
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d) Case IV: Simultaneous placement of capacitors and DGs (Controllable pf) —only

technical objective function:

CALCULATIONS COMPLETED

EEEEEEEE R EEEEE R LR E R LR LR LERL LR LR T RLL AL ERLAE AL LR E AL E RN LR LR AL AL L

I i o i o o T o i i i T T T i T i T o o i o i o i o i o i ol i o i e o i
YOU CHOSE MULTIOBJECTIVE OPTIMAL PLACEMENT AND SIZING OF CBs/DGs.
(D55 are operated with controllable FF,)

three Technical Objectives are considered.)

Location of capacitors is at Buses: 27 19 47

1le
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

0
0
[ = A S ST SR S S N SE R SR S

w o
w0 w0
wown

Size of capacitors is: 452.8213 461.5512 559.859%6 kvVar each.
The size of DGs is: 1.4112 1.6995 2.5331 MW each
The optimal pf for the DGs is: 0.87886 0.86414 0.94511 each
The locations of DGs is at Buses: 12 31 22
Bus Voltages are:
Bus No. 11 Voltage (pu)
1 1
2 0.4%9%
3 0.99%
4 0.999
5 0.4%9%
] 0.99%
7 0.59%
g8 0.56%
] 0.99%
10 1
11 1
12 1
13 1
14 1
15 1
51 0.998
52 0.998
53 0.998

Minimum bus voltage is 0.998 pu at 50 bus.
Power Losses are:

Active Power Loss = 3.439 kw.

Reactive Power Loss = 3.459 kVar.

Power Factor = 0.80

The best solution was found in Iteration No.

For Base case:

Minimum bus voltage was 0.950 pu at 37 bus.
Active power loss was 193.913 kW.

Reactive power loss was 195.043 kvar.
Power Factor was 0.797

OBJECTIVE FUNCTION for the best solution = 1.725.

300.
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e) Case V: Simultaneous placement of capacitors and DGs (Controllable pf) —techno-

Economic objective function:

R R R R R SR R R R R

AEKEEEEEREREREEEREEEEEREREEEEE R EEELEERLEEEEEREERELEERLEEELEEELEEELEREEEKEREEEL

______________ CRLCULATIONS CCMPLETED

AKEEEEEREREREEREEEEEREEREEEEE R EEELEEREEEEEREERELEEREEREEEEEEELEER LR L KR LKLY
E i T R I I I R O S S S i O O e
YOU CHOSE MULTIOBJECTIVE OPTIMAL PLACEMENT AND SIZING OF CBs/DGs.

(DGs are operated with controllable PF,
Technical and Economic Objectives are optimized.)

Location of capacitors is at Buses: 47 42 30

Size of capacitors is: 578.08877 1459.55589 1272.5425 kVar each.
The size of DGs is: 0.55386 3.3218 1.9938 MW e=ach

The optimal pf for the DGs is: 1 0.98882 0.97005 each

The locations of DGs is at Buses: 2 4 3

Bus Voltages are:

Bus No. Il Voltage (pu}
1 1
2 1
3 1
4 1
5 0.999
3 0.999
7 0.5593
] 0.992
9 0.992
10 0.991
11 0.99
12 0.988
13 0.988
50 0.976
51 0.976
52 0.976
53 0.976

Minimum bus voltage is 0.976 pu at 50 bus.
Power Losses are:

Active Power Loss = 91.154 kW.

Reactive Power Loss = 91.685 kVar.

Power Factor = 0.86

OBJECTIVE FUNCTION for the best solution = 11894093.261.

The best solution was found in Iteration No. 185.

For Base case:

Minimum bus voltage was 0.950 pu at 37 bus.
Active power loss was 193.913 kW.

Reactive power loss was 195.043 kVar.

Power Factor was 0.797

14
15
16
17
15
15
20
21
22
23
24
25
26
27
28
259
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
43
45

. 988
. 988
. 987
.956
.985
.985
. 984
.9582
.9582
.9582
. 981
.9582
.9582
.981
. 981
.9582
.9582
.981
0.98
0.9881
0.975
0.98
. 981
.97%9
.97%9
.981
.981
.97%9
.9581
.97%9
.97%9
.981
.9581
.97%9
.978
.979

s s Y s s o s s o s Y s e s e T o s s

Lo s s S s s s o s s s o Y s Y e R o
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APPENDIX B

System Data

IEEE test system:
IEEE 33 Bus System
Bus data Branch Data

1 0 0 1 2 0.0922 0.047

2 100 60 2 3 0.493 0.2511

3 90 40 3 4 0.366 0.1864

4 120 80 4 5 0.3811 0.1941

5 60 30 5 6 0.819 0.707

6 60 20 6 7 0.1872 0.6188

7 200 100 7 8 0.7114 0.2351

8 200 100 8 9 1.03 0.74

9 60 20 9 10 1.044 0.74
10 60 20 10 11 0.1966 0.065
11 45 30 11 12 0.3744 0.1238
12 60 35 12 13 1.468 1.155
13 60 35 13 14 0.5416 0.7129
14 120 80 14 15 0.591 0.526
15 60 10 15 16 0.7463 0.545
16 60 20 16 17 1.289 1.721
17 60 20 17 18 0.732 0.574
18 90 40 2 19 0.164 0.1565
19 90 40 19 20 1.5042 1.3554
20 90 40 20 21 0.4095 0.4784
21 90 40 21 22 0.7089 0.9373
22 90 40 3 23 0.4512 0.3083
23 90 50 23 24 0.898 0.7091
24 420 200 24 25 0.896 0.7011
25 420 200 6 26 0.203 0.1034
26 60 25 26 27 0.2842 0.1447
27 60 25 27 28 1.059 0.9337
28 60 20 28 29 0.8042 0.7006
29 120 70 29 30 0.5075 0.2585
30 200 600 30 31 0.9744 0.963
31 150 70 31 32 0.3105 0.3619
32 210 100 32 33 0.341 0.5302
33 60 40




IEEE 69-Bus System

Bus Data

Branch Data

1 0 0 1 2 [0.0000312 | 7.487E-05

2 0 0 2 3 10.0000312 | 7.487E-05

3 0 0 3 4 | 9.359E-05 | 0.0002246

4 0 0 4 5 10.0015661 | 0.0018343

5 0 0 5 6 | 0.0228357 0.01163

6 0.0026 0.0022 6 7 10.0237778 | 0.0121104

7 0.0404 0.03 7 8 [0.0057526 | 0.0029325

8 0.75 0.054 8 9 0.003076 | 0.0015661

9 0.03 0.022 9 10 ]0.5109948 | 0.0168897
10 0.028 0.019 10 11 | 0.1167988 | 0.0038621
11 0.145 0.104 11 12 | 0.4438605 | 0.0146685
12 0.145 0.104 12 13 ] 0.0642643 | 0.0212135
13 0.008 0.0055 13 14 | 0.0651378 | 0.0215254
14 0.008 0.0055 14 15 ]0.0660113 | 0.0218124
15 0 0 15 16 | 0.0122664 | 0.0040555
16 0.0455 0.03 16 17 10.0233598 | 0.0077242
17 0.06 0.035 17 18 | 0.0002932 | 9.983E-05
18 0.06 0.035 18 19 | 0.0204398 | 0.0067571
19 0 0 19 20 | 0.0131399 | 0.0043425
20 0.001 0.0006 20 21 ] 0.0213133 | 0.0070441
21 0.114 0.081 21 22 | 0.0008735 0.000287
22 0.0053 0.0035 22 23 ] 0.0099267 | 0.0032819
23 0 0 23 24 | 0.0216065 | 0.0071439
24 0.028 0.02 24 25 |0.0467195 | 0.0154422
25 0 0 25 26 | 0.0192731 | 0.0063703
26 0.014 0.01 26 27 | 0.0108064 | 0.0035689
27 0.014 0.01 3 28 | 0.0002745 | 0.0006738
28 0.026 0.0186 28 29 | 0.0039931 | 0.0097644
29 0.026 0.0186 29 30 [0.0248198 | 0.0082046
30 0 0 30 31 0.00438 | 0.0014475
31 0 0 31 32 |0.0218998 | 0.0072375
32 0 0 32 33 | 0.0523473 0.001757
33 0.014 0.001 33 34 10.1065664 | 0.0352268
34 0.0195 0.014 34 35 [0.9196659 | 0.0304039
35 0.006 0.004 3 36 | 0.0002745 | 0.0006738
36 0.026 0.0186 36 37 10.0039931 | 0.0097644
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37 0.026 0.0186 37 38 ]0.0065699 | 0.0076743
38 0 0 38 39 |0.0018967 | 0.0022149
39 0.024 0.017 39 40 ]0.0001123 0.000131
40 0.024 0.017 40 41 | 0.0454405 | 0.0530898
41 0.0012 0.001 41 42 10.0193417 | 0.0226048
42 0 0 42 43 | 0.0025581 | 0.0029824
43 0.006 0.0043 43 44 0.000574 | 0.0007238
44 0 0 44 45 10.0067946 | 0.0085665
45 0.0392 0.0263 45 46 | 5.615E-05 | 7.487E-05
46 0.392 0.0263 4 47 10.0002121 | 0.0005241
47 0 0 47 48 | 0.0053096 | 0.0129964
48 0.079 0.0564 48 49 10.0180814 | 0.0442425
49 0.3847 0.2745 49 50 ]0.0051287 | 0.0125471
50 0.3847 0.2745 8 51 0.00579 | 0.0029512
51 0.0405 0.0283 51 52 10.0207081 | 0.0069505
52 0.0036 0.0027 9 53 | 0.0108563 0.005528
53 0.0043 0.0035 53 54 10.0126657 | 0.0064514
54 0.0264 0.019 54 55 0.017732 | 0.0090282
55 0.024 0.0172 55 56 0.017551 | 0.0089409
56 0 0 56 57 10.0992041 | 0.0332989
57 0 0 57 58 0.048897 | 0.0164092
58 0 0 58 59 10.0189798 | 0.0062767
59 0.1 0.072 59 60 | 0.0240898 | 0.0073124
60 0 0 60 61 |0.0316642 | 0.0161285
61 1.244 0.888 61 62 0.006077 | 0.0030947
62 0.032 0.023 62 63 | 0.0090469 | 0.0046046
63 0 0 63 64 | 0.0443299 | 0.0225799
64 0.227 0.162 64 65 | 0.0649506 | 0.0330805
65 0.059 0.042 11 66 | 0.0125534 | 0.0038122
66 0.018 0.013 66 67 | 0.0002932 | 8.735E-05
67 0.018 0.013 12 68 0.046133 | 0.0512487
68 0.028 0.02 68 69 ]0.0002932 | 9.983E-05
69 0.028 0.02
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Practical Distribution feeders:

Daachhi Feeder

Bus Data

Branch Data

1 0 0 1 2 | 0.0236024 0.012754

2 0 0 2 3 | 0.0214567 0.011594

3 0.07 0.07141428 2 4 0.3433071 0.185512

4 0 0 4 5 | 0.4298491 0.232276

5 0.035 0.03570714 5 6 0.557874 0.301457

6 0.07 0.07141428 6 7 | 0.0286089 0.015459

7 0.035 0.03570714 7 8 | 0.3154134 0.170439

8 0 0 8 9 | 0.0693766 0.037489

9 0.07 0.07141428 8 10 | 0.1695079 0.091596
10 0.07 0.07141428 8 11 0.012874 0.006957
11 0.14 0.14282857 11 12 | 0.3404462 0.183966
12 0 0 12 13 | 0.0121588 0.00657
13 0.07 0.07141428 12 14 | 0.0829659 0.044832
14 0 0 14 15 | 0.0135892 0.007343
15 0.07 0.07141428 14 16 | 0.0650853 0.03517
16 0.14 0.14282857 16 17 | 0.0336155 0.018165
17 0.07 0.07141428 16 18 0.019311 0.010435
18 0.14 0.14282857 18 19 0.032185 0.017392
19 0.21 0.21424285 4 20 | 0.0572178 0.030919
20 0.07 0.07141428 20 21 | 0.2074147 0.11208
21 0.07 0.07141428 21 22 | 0.0715223 0.038648
22 0.21 0.21424285 22 23 | 0.0600787 0.032465
23 0.14 0.14282857 23 24 | 0.2646325 0.142999
24 0.07 0.07141428 24 25 0.278937 0.150728
25 0.112 0.11426285 22 26 | 0.1351772 0.073045
26 0 0 26 27 | 0.0851115 0.045991
27 0.105 0.10712143 26 28 | 0.0550722 0.029759
28 0 0 28 29 | 0.0121588 0.00657
29 0.07 0.07141428 28 30 | 0.4741929 0.256238
30 0.07 0.07141428 30 31 | 0.3204199 0.173144
31 0.035 0.03570714 31 32 | 0.1301706 0.07034
32 0.07 0.07141428 26 33 | 0.1308858 0.070726
33 0 0 33 34 0.032185 0.017392
34 0.21 0.21424285 34 35 | 0.4277034 0.231117
35 0.07 0.07141428 35 36 | 0.2446063 0.132177
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36 0.14 | 0.14282857 36 37 | 0.0522113 0.028213
37 0.07 | 0.07141428 37 38 | 0.2996785 0.161936
38 0.035 | 0.03570714 38 39 | 0.1680774 0.090823
39 0.035 | 0.03570714 39 40 0.291811 0.157685
40 0.07 | 0.07141428 33 41 | 0.0371916 0.020097
41 0.035 | 0.03570714 41 42 | 0.0450591 0.024348
42 0.07 | 0.07141428 42 43 | 0.0615092 0.033238
43 0 0 43 44 | 0.0464895 0.025121
44 0.2205 0.224955 43 45 | 0.1594948 0.086186
45 0.14 | 0.14282857 45 46 | 0.0214567 0.011594
46 0 0 46 47 0.067231 0.036329
47 0 0 47 48 | 0.0565026 0.030532
48 0.14 | 0.14282857 47 49 | 0.1909646 0.103191
49 0.14 | 0.14282857 49 50 0.038622 0.02087
50 0.0175 | 0.01785357 46 51 | 0.1594948 0.086186
51 0.07 | 0.07141428 51 52 | 0.5936352 0.320781
52 0.14 | 0.14282857 52 53 0.105853 0.057199
53 0.07 | 0.07141428
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New-Chabahil Feeder

Bus Data

Branch Data

1 0 0 1 2 0.079576 0.08004

2 0.128 0.096 2 3 0.008232 0.00828

3 0.08 0.06 3 4 0.03087 0.03105

4 0.16 0.12 4 5 0.008575 | 0.008625

5 0 0 5 6 0.018179 | 0.018285

6 0.08 0.06 5 7 0.132398 0.13317

7 0.16 0.12 7 8 0.012691 | 0.012765

8 0 0 8 9 0.08232 0.0828

9 0.16 0.12 8 10 0.035329 | 0.035535
10 0.08 0.06 10 11 0.025039 | 0.025185
11 0.08 0.06 11 12 0.041503 | 0.041745
12 0 0 12 13 0.016807 | 0.016905
13 0.16 0.12 13 14 0.025039 | 0.025185
14 0.16 0.12 12 15 0.015435 | 0.015525
15 0 0 15 16 0.060368 0.06072
16 0.08 0.06 15 17 0.057624 0.05796
17 0 0 17 18 0.043561 | 0.043815
18 0.16 0.12 17 19 0.020923 | 0.021045
19 0.24 0.18 19 20 0.040474 0.04071
20 0.24 0.18 20 21 0.062426 0.06279
21 0 0 21 22 0.014749 | 0.014835
22 0 0 22 23 0.045962 0.04623
23 0 0 23 24 0.032585 | 0.032775
24 0.04 0.03 24 25 0.127596 0.12834
25 0.04 0.03 23 26 0.037387 | 0.037605
26 0.24 0.18 26 27 0.074088 0.07452
27 0 0 27 28 0.019894 0.02001
28 0.16 0.12 28 29 0.069972 0.07038
29 0.16 0.12 29 30 0.014749 | 0.014835
30 0 0 30 31 0.022981 | 0.023115
31 0 0 31 32 0.019894 0.02001
32 0.16 0.12 31 33 0.100842 0.10143
33 0.2 0.15 33 34 0.178703 | 0.179745
34 0.2 0.15 34 35 0.009947 | 0.010005
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35 0.08 0.06 35 36 0.068257 | 0.068655
36 0.08 0.06 34 37 0.14063 0.14145
37 0.08 0.06 30 38 0.056595 | 0.056925
38 0.16 0.12 38 39 0.083349 | 0.083835
39 0.08 0.06 27 40 0.027783 | 0.027945
40 0.16 0.12 40 41 0.082663 | 0.083145
41 0.08 0.06 22 42 0.018522 0.01863
42 0.16 0.12 42 43 0.040817 | 0.041055
43 0.16 0.12 43 44 0.037387 | 0.037605
44 0.2 0.15 44 45 0.053165 | 0.053475
45 0 0 45 46 0.04116 0.0414
46 0.08 0.06 45 47 0.046305 | 0.046575
47 0.288 0.216 47 48 0.010633 | 0.010695
48 0.08 0.06 48 49 0.021952 0.02208
49 0.08 0.06 48 50 0.047677 | 0.047955
50 0.08 0.06 21 51 0.043561 | 0.043815
51 0.2 0.15 51 52 0.021952 0.02208
52 0.16 0.12 52 53 0.059339 | 0.059685
53 0.16 0.12
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