Investigation of Optimal Allocation of Wind DG in
Distribution System

A Dissertation submitted in fulfillment of the requirements for the Degree

of

MASTER OF ENGINEERING
in
Power Systems

Submitted by

Kavita Yadav
Regd. No. :801441014

Under the Guidance of

Ms. Manbir Kaur
Associate Professor, EIED

2016

Electrical and Instrumentation Engineering Department

Thapar University, Patiala

(Declared as Deemed-to-be-University u/s 3 of the UGC Act., 1956)

Post Bag No. 32, Patiala — 147004

Punjab (India)



DECLARATION

I hereby certify that the work which is presented in dissertation entitled, “Investigation of
Optimal Allocation of Wind DG In Distribution System”, in partial fulfillment of the
requirements for the award of the degree of Master of Engineering in Power Systems,
submitted to Electrical & Instrumentation Engineering Department of Thapar University,
Patiala is as au(hcmi_c record of my own work carried under the supervision of Ms. Manbir
Kaur. It refers others researcher's work which are duly listed in the reference section. The
Matter contained in this dissertation has not been submitted, neither in part nor in full to any
other degree to any other university or institute except as reported in text and references.

Place: ’Pcv\b&c\

Date: W |p» | v

KAV\"'\ "qﬁﬁ v

(KAVITA YADAYV)
Roll No.: 801441014

It is certified that the above statement made by the student is correct to the best of my

knowledge and belief.

Date: 1 o] \6

Countersigned b_’y/:y
N

(DR. RA R AGARWAL)

PROFESSOR & HEAD
EIED , THAPAR UNIVERSITY

\\/\au s e
(Ms. MANBﬁUT)/

ASSOCIATE PROFESSOR

EIED, THAPAR UNIVERSITY

" (DR.S.S. BHATIA)
PROFESSOR & DEAN
THAPAR UNIVERSITY



ACKNOWLEDGEMENT

| am grateful to the Electrical and Instrumentation Engineering Department for giving the
opportunity to execute this dissertation which is an integral part of the curriculum in M.E.
Power Systems at the Thapar University.

This work would not have been possible without the encouragement and able guidance of my
supervisor, Ms. Manbir Kaur. The enthusiasm and optimism by mam made this experience
both rewarding and enjoyable. Most of the novel ideas and solution found in this dissertation
are the result of our numerous stimulating discussions. The feedback and editorial comments
were invaluable for the writing of this thesis.

| would like to express my deep sense of gratitude toward Dr. Ravinder Agarwal, Professor
and Head, EIED, Thapar University, Patiala who has been a constant source of inspiration for
me throughout this work.

I would also like to thank all the faculty members of the department and my friends who have
directly or indirectly helped me in completion of my thesis.

KAVITA YADAV
(801441014)



ABSTRACT

Distributed Generation (DG) has gained more importance to meet the increased load demand.
Its integration in a distribution system in comparison to conventional system stacks numerous
potential benefits related to losses reduction, improvement in voltage profile, etc. Some of
the issues of distributed generation is its rating, technology, sizing, siting, mode of operation,
penetration level, etc. The thesis focuses on one of the issue that is optimal allocation of DG
unit as the placement of dg unit at non-optimal places leads to increase in system loss and
reduction in bus voltage profile. Alternative sources of energy based distributed generation
has one of the considerable benefit as environmental friendliness. Hence, allocation of
distributed generation units in proper place is an important aspect for maximizing the benefits
stated above. Analysis of distribution network using power flow study plays an important role
in the power system. The optimal location of wind based dg unit is determined using newton
raphson method for obtaining the voltage profile with the analytical approach. The analytical
expression used are based on exact loss formula. The proposed methodology has been tested
and validated on IEEE 14 bus and 33 bus distribution systems. Results are obtained for normal
load and with the increased load. The outcomes shows that by proper placement of wind based
dg unit at relevant bus location the real power losses are minimized and corresponding bus

voltages are improved.
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CHAPTER -1
INTRODUCTION

1.1 Overview
Since last decade, Distributed Generation (DG) emerges as an innovative technology as it
provides instant and clean electrical energy. It is situated on the customer side of the network
or within distribution networks. In simple terms it can be termed as small-scale electricity
agencies. DG can be defined as, [1]
“Distributed generation isconsidered an electrical source connected in a point very close
to/or customer site and small enough in comparison with the centralized power plants.”
Continuous growth of DG units is because of environmental concerns, advantages due to
integration with the traditional network and minimization in the capital investment due to
technological investment.
1.1.1 Benefits of DG unit
The growing needs of DG unit in a system is due to the following advantages mentioned
below:

(@) Flexibility in reliability needs,

(b) Flexibility in power quality needs,

(c) Environmental friendliness,

(d) Substitute for grid investments,

(e) Lesser installation time

(F) Easy start up.

1.1.2 Challenges of DG
Of the various benefits stated above certain challenges related to distributed generation are as
follows:
(a) Designing Issues: Requires efforts to redesign as there is change in pattern of power
low, voltage magnitude.
(b) Issue of network: Distribution network and transmission system have different design
purpose.
(c) Balancing of power: DSO should manage reactive generation due to intermittent
nature of some DG sources.
(d) Power Quality: Converters used to connect DG technologies as harmonics may be

generated further causing disturbances on the grid.



(e) Configuration Issues: The different in connection and also geographical constraints.
DG installation needs power converters, proper protection schemes, more capital costs

etc.

Major issues of Distributed Generator are its rating, technology, sizing, sitting, mode of
operation, penetration level, etc.[2]
1.2 Distribution System
For providing power to consumer a system known as distribution system is tie between
transmission system and consumer service. Figure 1.1 shows the system elements.
(a) Substation: Distribution system is fed through substation. It is of various designs.
(b) Distribution Transformers: Voltage level are step down to a level that is useful for
consumers.
(c) Feeders: A feeder connects the sub-station and area where power is distributed.
(d) Distributor: Transferring power between distributor to consumer centers through a
conductor. AB., BC., CD. and DA. in figure below are distributor.
(e) Service mains: Distributors and the consumer premises have cables in between are

service mains.

<« Service

mains

Distributor / ~\

S

Feeder

D

Figure 1.1 Distribution system



1.3 Literature Review

Various researchers analyzed impact of DG in system, wind generation effect in system,
various solution and methodologies for obtaining the optimal location are discussed.

N. S. Rau et al [1] discussed installation of DG that leads power losses reduction and voltage
profile improvement. The method proposed illustrates that proper placement that will have
positive effects.

Laxmi Srivastava et al. [2] have elaborated the DG types.

Thomas Ackermann [3] investigated issues and aims of distributed power in competitive
electricity markets.

M.H. Nehrir et al. [4] has investigated wind power DG addition to a distribution system
resulting reduction in system losses for normal loads.

Keane et al [5] discussed a linear programming based method and discusses technical
constraints. Result showed that siting is an important factor.

Mahat et al. [6] analyzed methodology for proper location of DG and used exact loss formula.
The solution methodology was efficient as losses calculation were faster.

Victor et al. [7] formulaated an expression for variations in system losses with different levels
of DG penetration. Also showed that the variation of losses is a function penetration level of
DG.

Tring et al. [8] Developed relation of real power and voltage for voltage stability. ABCD
parameters of distribution line through a grid is formulated.

Rajesh Katyal [9] provided detailed analysis of Indian wind grid code.

Fariba Shavakhi Zavareh et al. [10] provided information about wind generators impact on
quality of power.

Mahmoud ebadian et al. [11] analyzed impact of wind farm on grid and their effect with
regards to the inability of reactive power generation. The test is performed using IEEE 9 bus
system.

I. S. Naser et al. [12] presented an analysis about impact of wind generation with different
penetration levels on IEEE30-bus network. For investigating wind energy VCPI, is used.
Federico Milano [13] presented time domain simulations using static and dynamic continuous
power flow technique networks for higher penetration of wind.

Kun yang et al. [14] carried an analysis to express the effect of wind generation with different
levels of penetration on voltage profile on network. Results showed that effect of the different
wind penetration level can affect favorably as well as unfavorably in the requirement of

reactive power as well as voltage profile of system.



Sayed M. Sayeed et al. [15] studied voltage stability and transient stability of electric power
system performed with determining the optimum location and rating of wind turbine. Test
was performed on IEEE 9 bus system.

Willis [16] suggested 2/3 rule to determine DG size and placement on system with uniform
load. Illustrated that a DG unit if placed at 2/3 distance out on the feeder reduce system losses.
K. N. Miu et al.[17] investigated scheme of a switch placement for minimizing system losses
by DG placement with single and multiple number of DG units.

Nabavinaki et al. [18] suggested a method for proper location of DG units. The improvement
in voltage profile and enhancement of power transfer capacity were handled through
implementation of compensators and larger DG.

Kumar et al. [19] suggested optimization approach that is nonlinear with reduce fuel cost in
electricity market with DG placement.

Atwa et al. [20] analyzed a method to determine optimally mix fuel of all DG types for energy
losses reduction in system. But lack accuracy problem for higher quality solution.

Bansal et al. [21] obtained size and corresponding p.f. of various DG units and validated in
different systems with size variation and complex. Outcome yielded that method had less
computational time in comparison with exhaustive load flow method.

Singh et al. [22] suggested multi-location dg problem to reduce active power losses in system.
The results found in this method showed that with proper DG placement had better voltage
of buses.

Harrison et al. [23] discussed strategy of managing active network that control voltage, p.f.
C.J.Dente et al. [24] demonstrated the influence of voltage step limits with DG connected.
The constraints of voltage steps were incorporate with flow of power for obtaining capacity
of network.

Khodr et al. [25] discussed probabilistic approach in finding proper place of DG for change
in hours. The methodology had been used in real systems for validation and demonstrates
efficiency of method.

Goswami et al. [26] Discussed methodology based on nodal pricing variant as well as
invariant loads. Analysis was for single and DG in multiple numbers. The results showed DG
unit in smaller size better in comparison to the larger DG unit size.

Safigianni et al. [27] suggested methodology with modification in the network structure for

multiple number of DG units location.



Akorede et al. [28] suggested an effective method for DG location in system. The fuzzy
controller was used that reducing chance of GA convergence. Outcomes yielded that DG is
proper alternative compared to substations upgradations.
Abu-Mouti and El-Hawary [29] discussed an optimization approach for size, location and
power factor of DG. Comparison was done with other techniques.
Moradi and Abedini [30] formulated an approach with evolutionary method to find location
of DG units.
Khatod et al. [31] presented technique based on EP for DG units. Results analyzed the
importance of smaller size dg units compared to larger dg units.
Garcia and Mena [32] proposed an algorithm for the locating DG units. Evolutionary
algorithm has been used with comparison to other algorithms.
Dehghanian et al. [33] analyzed approach based on multi objective where DG influences in
placement were considered.
Sajjadi et al. [34] proposed technique where connection of DG units and capacitors have
losses decrement and voltage stability was taken as objective function.
Mithulananthan et al. [35] presented expressions for sizes and locating DG units. With
analyzing time varying demand. The result showed that proposed method is sufficient for loss
reduction.
Mistry and Roy [36] proposed an approach with constriction factor for DG units connected.
Results showed integration with multiple number of units reducing system losses.
Karimyan et al. [37] presented scheduling technique for sizing of DG unit in system. Feeder
loads were increased with increased in size of dg units. The results analyzed that proper dg
placement had reduction in active and reactive power losses.
Choudhury [38] discussed DG placement for reduction in loss and better voltage profile in
system also effect of loads change along with voltage and frequency were considered.
1.4 Gap of the Study
Different works explained in literature survey about the placement of DG in a system but the
extended work on this topic that marked as gap of the study is given below:

e A detailed analysis of the performance done on the normal load and varying load.

e The technique used is analytical approach as different techniques like GA gives near

results but being computationally demanding and slow in convergence.



1.5 Objective
The main objective is to obtain optimum location of wind based DG unit with magnitude of
voltage of the buses within limits and reduction in power losses.
1.6 Scope of the work
e To implement the Newton Raphson method for obtaining the voltage magnitude and
angles.
e Obtaining the voltage magnitude with varying load.
e Wind DG placement on different buses for maintaining voltages within limits and
reduction in losses.
e Detailed analysis of the performance of these methods carried on IEEE-14 & 33 bus

systems for explaining effectiveness of the proposed techniques.

1.7 Organization of Work

This thesis has been organized into six chapters:

Chapter 1 includes DG benefits, key issues of DG, explained works carried out by different
researchers, objective along with gap of study.

Chapter 2 discusses about distributed generation its definition, different types of DG,
classification of Wind turbine and its modeling.

Chapter 3 explains about the needs of optimum location of DG, its benefits in system and its
impact on the voltage profile and location and sizing issue of DG on power losses.

Chapter 4 discusses the methodology used, algorithm of the proposed method.

Chapter 5 analyze the results and discussion in detail about the performance of the system
being used.

Chapter 6 is summarize as conclusion of the results and it also includes future scope.



CHAPTER -2
DISTRIBUTED GENERATION

2.1 Introduction

DG refers to small scale power generation that are near to consumers or nearby distribution
system. Often DGs are named as distributed resources (DR). But DR is purported to
technologies that are not generating. [3] The categorization of DG based on the ratings is

exemplified in figure 2.1.

Distributed
Generation
(Classes)
[ | l |
Micro Small Medium Large
~|W < 5kW SkW < 5SMW SMW < 50MW SOMW <300 MW

Figure 2.1: DG classification
2.2 Benefits of DG

DG unit integration have numerous advantages that are stated below:

e They are connected nearer to consumer side and helps in reducing losses of
transmission.

e Increased load growth needs more generation i.e., met by DG units without increasing
conventional generators generation.

e DGs are smaller in size and devices with better flexibility with easy installation.

e Each unit of DG can be functioned individually with not at all affecting operation
failure of other unit’s. Generation can made more or less with the addition or removal
of DG unit in the system.

¢ Reduces the need of capacitors and voltage regulators with lesser cost of maintenance

e Without any external source of electricity easy to start DG.



2.3 Types of Distributed Generation

DGs are of different types as exemplified in figure.2.2 [1]

2.3.1Conventional Generator

Output of micro turbine ranges from (25- 500) KW. Made from truck turbochargers or APUs.
Often referred as combustion turbines. Accounting about the advantages of Microturbinesis

compact size, light weight, fewer emissions, and the lower capital.

Conventional Genarator }’—/{ Micro turbine 1
Electromechanical
Devices Fuel Cells ‘
. Batteries |
Storage Devices
Flywheels l

Photovoltaic Cells ‘

Distributed Generation
(Types)

Non — Conventional
Generator

Renewable Devices

Wind Turbine ]

Figure 2.2: Types of DG
2.3.2 Non-Conventional Generator

This types of generators include electromechanical, renewable and storage device.

Q) Electrochemical Devices: FC generate electricity through electrochemical
processes converting chemical energy to thermal energy. The capacity of fuel cells
ranges from 5 kW to 5 MW. It provides clean power.

(i) Storage Devices: These device are flywheels, batteries that are charged and it’s
used is when required. Storage with other DG types reduce demand during peak
load. For protection from overcharge batteries have a charging controller which
when full charge disconnects the charging process.

(i)  Renewable Devices: These are mainly photovoltaic and Wind turbines. Solar
radiation are used for generating energy. Wind generator generates electricity

using wind power.



2.4 Wind based Distributed Generation
Wind source have gained more importance as DG sources. Wind has enhanced both stand-
alone and grid-connected configurations. A detailed analysis with addition of wind source to
system. [46] Generally, on weak parts of the systems wind power generated have positive
effects.
2.4.1 Benefits of wind power
Wind source have numerous advantages that includes,

» Cleaner and unending source

» Local financial development

» Standard and scalable technology

» Minimize dependability on conventional fuels

2.5 Wind Turbine Classification
The classification of wind turbines are on the basis of their constructional feature and on the
basis of their speed.
Constructional feature
e Horizontal Axis Wind Turbine
e Vertical Axis Wind Turbine

Wind speed
e Fixed Speed Wind Turbine
e Variable Speed Wind Turbine

2.5.1 Horizontal Axis Wind Turbine

HAWT is shown in figure.2.3 where on tower top lies main shaft of rotor. Gearbox
convertslow rotation into faster rotation. Blades are made rigid in order to avoid so that didn’t
droved by higher wind speed. Also, the considerable distance are maintained to place the
blades.



A\
Figure 2.3: Horizontal Axis wind turbine
2.5.2 Vertical Axis wind turbine
VAWT is shown in figure.2.4, rotor shaft are vertically arranged. And due to this arrangement
to be effective the turbine need to be pointed into the wind. On the sites with highly variable

wind speed this types of wind turbines are used as this can utilize winds from each directions.

As generator and gearbox are close to ground so, easy for maintenance.

R |

Figure 2.4 Vertical axis wind turbine

2.5.3 Fixed speed wind turbine

Schematic diagram is shown in figure 2.5. Generators are connected to grid directly. For
reducing inrush current during start up a soft starter is used. The reactive power demand is

reduced by a reactive power compensator.

10



Wind
WRSG/
- PMSG/
=) Network
-
e SOFT
STARTER P
—
- ;
- Full Capacity Transformer
Power Converters

Y

CONVERTER REACTVE

CONTROLLED POWER

VARIABLE COMPENSAT-
RESISTANCE OR

Figure 2.5 Fixed speed wind turbine

The speed of wind is made constant to the grid, for which wind turbulence will result variation
in power affecting grid power quality. Advantage of a fixed speed wind turbine is that it is,
simple in construction and due to which the investment cost is minimum.

2.5.4 Variable speed wind turbine

Power electronic equipment are used to control generator that makes it possible to control
rotor speed. The power fluctuations due to variable wind speed are absorbed by change in
rotor speed. Another advantage to be mention is that wind turbines varies the reactive
generation which controls the grid voltage. The major disadvantage is that power electronics

sensitive factor to faults or change in switch.

Wind WRSG/
- PMSG/
:: > Network
— =!.‘
* l
— s
- Full Capacity Power ransformer
- Converters

Figure: 2.6 Variable speed wind turbine

2.6 Wind Turbine Modeling
Explained the mathematical model of wind turbine along with the power characteristics.

11



2.6.1 Model of wind energy
Wind turbines production of electricity is due to wind power that helps generator to rotate.

K.E. is extracted by wind turbine from blades. Wind power is given by,

1
I:)Wind = E IOAV3 (2.1)
Where

p is air density (1.225 kg/m?3),
A is area of blade and

v is the wind speed.
As all K.E. are not pull out from the wind mean air would stand still. Wind turbine reduces

speed and it extracts a fraction of Py, expressed as power efficiency coefficient (Cp).

0.6

P h,
™~

0.5 \

K

L~

=
ha

Blada efficiency, L,
=
o .
~d

e
=

.o
oD 0.2 0.4 0.5 0.8

Figure 2.7: Power coefficient vs speed ratio

The power coefficient (Cp) basically describes the efficiency and values varies between 0.3-

0.45. Therefore, power output turbine is given by,

1
I:)Wind = E pAVSCp (2.2)

It can be observed from figure 2.7 that maximum efficiency of rotor is 59.3%, known as the

Betz efficiency.

2.6.2 Power Characteristics of Wind Turbine
Figure 2.9 shows the operating mode of wind turbine,

12
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Figure 2.8 Operating mode of wind turbine

The Py is the mechanical power being generated and vy is the wind speed. At Vcinturbine
operates. At V, turbine produces nominal power equal to the rated output. At Vcou turbine is
allowed to operate before being shut down. In order to prevent the damage from excessive
wind the turbine must be stopped above the cut-out speed.

The variation of wind power output with wind speed is expressed in equation (2.3).

-

0, V<V,

1,
EAVGC’ Vein <Vy <V

Il
/-

Pw
(2.3)

0, V>V

cou

No power is generated at wind speeds that is below cut in speed; at wind speeds between
rated speed and cutout speed the output power is same as the rated power of the generator;
above cut out speed the turbine is shut down. For, delivering the power to grid at different
wind speeds, there is need to properly control the wind generator with variable speed

operation when the speed of wind reaches beyond the rated speed.

13



CHAPTER -3
OPTIMAL LOCATION OF DISTRIBUTED GENERATION

3.1lIntroduction

The major issue is to minimize losses as maximum measure of power generated is squared as
losses. 70% of losses occurs in distribution side and 30% of losses occurs in transmission
lines. In order to enhance the overall proficiency there is need to belittle losses. The measure
being taken for minimization of system losses in distribution side: [46]

(a) Compensation of reactive power

It is generally employed at load side or substation. With the compensation of the Var the
current flow will be minimum that will leads to reduction in power losses.

(b) Feeders Reinforcement

In distribution system, power is stepped down and then fed to distribution transformer
through feeders. If the feeder length is more it will lead to increment in power loss and high
voltage regulation. In this a large feeder is divided into smaller feeders such that the losses in
the existing feeder will minimized.

(c) Conductors grading

With the increase in the resistance of conductor leads to increment in losses. As resistance
is proportional on length and area of cross — section of conductor hence needs proper section
of the size of conductor. In conductors grading technique, the replacement of conductor is
accessed by current carrying capacity of the conductor.

(d) Network reconfiguration

This method is normally used for low voltage distribution system with the basic key of
operation is switching operation. In this tie switch is closed in order to transfer the load from
one feeder to another. Allows balancing of loads, voltage profile improvement, losses

reduction, etc.

14



(e) Placement of Distributed Generation

DG allocation techniques are employed in interconnected systems where distributed
resources  are available that can be either renewable sources i.e. wind, solar, biomass etc.
or no - renewable sources that is diesel engine, micro turbine. Allocation of these in improper
place have negative effect on system loss costs, etc.

Among the following placement of dg units have gained more importance for enhancing the
power quality, reliability and system security. Along with generating active power also
provides services like voltage regulation. With the minimization of losses accompanies easier
utilization of fossil fuel and will led to reduced emission of air pollutant and greenhouse
gasses. [41] DG connection needs to consider its type, number, capacity, optimal location,
network connection etc. Needs appropriate evaluation of DG impact in network operation
characteristics.

3.2 DG units - types

DGs have their own characteristics. Subjected to active and reactive power generation
capabilities categorized as: [42]

Type - 1: Can inject only active power. Photo voltaic, fuel cell, micro turbine comes in this
category. The units can increased the MWh profit but did not support the voltage profile
improvement in the system.

Type - 2: Capable of injecting both active and reactive power such as voltage source converter
based dg unit, dg unit based synchronous machine.

Type - 3: Inject active power but consume reactive power and also supports in voltage profile
improvement. Induction generator based wind farms are categorized as type 3.

3.3 Placement of DG

Number of studies indicate the selection of location of DG in non — optimal place leads to
maximize system losses as compared to system without DG. Hence, with the optimum
location of DG utilities have an advantage of system loss reduction with better voltage profile
[6]

Various issues are faced by power system such as high loss, poor power quality and low
reliability apart from meeting the increased load demand day by day and in all that issues DG
is considered as one of the viable option. More, than that standard and smaller size DG will
allow system planner to integrate it in lesser time in comparison to conventional solution.

Proper DG location can be consider as optimum compensation of active power as capacitor
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placement for reactive power compensation. Unlike capacitor placement DG placement has
emerged relatively new.

3.4 Location and sizing issues

Figure 3.1 shows variation in the power loss with the change in size of DG.

vl DC umit ot bus 6
=t DG umit at bus .’OJ

ol

’ '
N L e T N YT T T .. “esnv

Ploss (MW)

|
4

g A L L
§

DG size

Figure 3.1: loss v/s DG size

From figure shown above it can be stated that for bus, with increase in DG capacity there is
reduction in losses but as size is increased more system losses and more increased in size
leads overshooting of losses found in base case. Utmost the size be within the boundary of
distribution system.

If an effort is made to integrate DG of higher capacity with intention of power exportation
beyond the substation will lead higher system losses. Hence, undoubtedly size of distribution
system plays key role in the placement. The losses is mainly due to reason that it was initially
deign so that flow of power is via sending end to load and there is gradual decrement of sizes
of conductor. Hence, use of higher size will result excess flow of power in the conductors of

smaller sized that will lead to increase in system losses.
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CHAPTER -4
SOLUTION METHODOLOGY

4.1 Introduction

The proper siting and sizing of wind unit leads to loss minimization with voltage within limits.
The proposed method of location of wind-based unit is discussed. The wind- DG comes in
type - 3. The bus is treated as load buses where it is connected. In this methodology load flow
analysis calculated for two times, one for the base case that is without and with DG placement

to obtain final solution.

4.2 Computational Procedure

For obtaining the optimum location of the wind DG the methodology used includes the
following steps:

1 Run load flow without wind DG.

2. Compute the voltage profile, angles and losses of the system.

3. Increment in load in step of 10% to obtain weakest buses.

4. Load flow analysis to obtain voltage profile after DG placement

5. Compute losses after placement of DG.

6. Find bus with minimum loss.

7. End process.

4.2.1 Flow Chart of the proposed method
Figure 4.1 illustrates flow chart of the method for obtaining optimum location of wind DG
unit in system with the objective of voltage within the limits and loss reduction for normal

load and varying loading conditions
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Figure 4.1 Flow chart.

4.3 LOAD FLOW ANALYSIS

4.3.1 Purpose of Load-flow Studies

The load flow calculation is mainly done to obtain steady-state analysis of system.by checking
if voltages are in limits under normal state or contingency conditions. To find if there is any
need to add more generation, capacitive, or inductive VAR support. Also necessary to plan

in advance, economic schedule, power exchange.

4.3.2 Newton Raphson Method

The load flow solution must satisfy the following non-linear algebraic equations
f.(V,0)=0 4.1)
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At each bus except slack bus real and reactive power needs to be evaluated

f(V,0)=P°-P(V,5)=0 Forall PQ and PV buses (4.2)

f.(V,8)=Q -Q(,5)=0 Forall PQ buses 4.3)

The computational procedure for Newton Raphson method is as follows [45]:

1. Read bus data, line data, IT (number of iterations), € (tolerance in convergence).

2. Ybus formation.
3. Initially, |Vm| (m=NV+1... NB) and di (m=2,3,..., NB)
4. Iteration count setto R = 0;

5. Compute Pk, APk using

AP, =P’ -P (m=23,....,nb)

Compute Qk, AQk using

nb
Qk = vavn [Gmn Sin(5m - 5n) - an COS(5m - 5n )]
=1

AQk =ka _Qk

6. If max AP (Mm=2,3,....,nb)and |[AQk| (m=nv+2, nv+3... nb) < ¢ then GOTO step 15

7. Compute Jacobian matrix elements

Whenm=n
oP, )
——k-_Q-B_ V
mm 85m Qk mm “'m

mm m mm - m

P
N, =v T _p.g v
oV

m

‘]mm :% = Pk —GmmeZ

o5,

oQ
L =V —X=Q -B_ V>
mm m avm Qk mm ''m
Whenm # n

oP, .

H = = =V V. [G,,sin(6, —35,)-B,, cos(s, —3,)]
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oP, :
N, =V, ﬁ =V V,[G,, cos(5, —&,) + B, sin(5,, — 3,)]

_

‘]mn -
05,

=V V. [-G, cos(s, —o,)—B,, sin(s, —9,)]

L :VK % :VmVn [Gmn Sin(é‘m - 5n) - an COS(é‘m - 5n )]

mn
n

AV
8. Compute Ag, (m=2,3,....,nb) and v =

LH NJ i\f _{AP}
N

9. Modify 6., andV,,,

(m=nv+1Lnv+2,...,nb) using

o, =0,+A5, (M=23,...,nb)

V, =V, + AVVm V, (m=nv+1nv+2,...,nb)

m

10 Set bus count m=2

11. If PQ bus then check limits of V, and set according
vV, =V if V., <vm
Vo=V f Vo >y
12 If PV bus then compute Q, and check the limits of Q, and set accordingly
Q=Q™ if Q=Q™
Q =Q™ ifQ =Q™

If limits are violated then PV bus is converted temporarily into PQ bus using

V nb nb AV
AV, =" AQ, - D J A8, - > L, —"

L n=2 n=nv+1 Vn
n#l

mm

And specified voltage magnitude of PV bus is updated as
V. =V +AV_
13. Increment bus count, m = m+1

If m<nb then GOTO step 11
14. Advance the count R=R+1
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If r <R then GOTO step 5 and repeat
15. Active and reactive power computation of slack bus

nb
Pl = Zvlvn [Gln 008(51 - 5n) + Bln Sin(51 - 5n )]

n=1
nb .
Ql = Zvlvn [Gln Sm(51 - §n) - B1n COS(51 - 5n )]
n=1
16. Stop.
4.4 Calculation of losses by analytical approach
To have reduction in losses by proper allocation of wind- DG unit in system. The objective
function can be modeled mathematically as
N
Min SIoss = Z I:)Ioss + Qloss (44)
i=1
Exact real power loss is given by
N N
Ploss = Z [aik (P| R +QQ )+ bik (Q| R +PQ )] (4.5)
i=1 k=

i =1

Where, ay = i *[c08(3, — 3,)]

ivk

R
b, = —* *[sin(5. — o,
ik VV [I ( i k)]

ik
Exact Reactive power loss is given by

N N

Qloss = chik(PiPk +QiQk)+dik (Q| R - Ple) (4.6)

i=1 k=1

X
Where, C, =—% *[cos(S, — o,
VY [cos(5; —6,)]

i'k
Gy = N )
Rikand Xix are obtained from the Z bus matrix
Zyy =Ry + ink (4.7)
Where,
Pi Qi, are active and reactive power flow at bus i in kW and kVAR
Pk, Qkare active and reactive power flow at bus k in kW and kVAR
Rik Xik are resistance and reactance of line connecting i and k' bus
21



Viand Vi are bus voltage magnitude at bus i and bus k respectively
oiand ok are bus voltage angle at bus i and bus k respectively
4.4.1 Operational Constraints
Objective function is to satisfy the operational constraints they are
@) Equality Constraints
(b) Inequality Constraint

(1) Equality constraints

Active and Reactive power balancing constraints are in relation to power flow equation that
are nonlinear

The power balance constraints is formulated as follows

PDGk = PDk + Pk (4.8)
QDGk = QDk + Qk (4.9)
Where,

Ppck, active power generation by DG placed at bus k.
Qpack, reactive power generation from DG placed at bus k

(i) Inequality Constraints

Inequality Constraints lies between acceptable limits to satisfy the objective function.
As there is dependency of voltage with reactive power. Hence, the operating voltage profile

of each bus should be within the limits.

Limits of bus voltage
Bus voltage limit is given by

V, . <V, <V,

kmin —

(4.10)

max

Where,
Vi min@nd Vi max are minimum and maximum voltage respectively.

Vi is the voltage in k" bus.
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Capacity of DG

The capacity of DG is given as follows
I:)Dkain < I:)DGk < I:)DGk max

Where,

Pockminand Ppckmax are minimum and maximum generation in kW

(4.11)
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CHAPTER 5
RESULTS

5.1 INTRODUCTION
In this chapter analysis is being done for proper location of wind DG unit. Test systems are
IEEE - 9 bus, IEEE - 14 bus and IEEE - 33 bus systems for investigation of study.
In first case test performed on IEEE 9 bus system in PowerWorld simulator and hit and trial
methodology has been used to find the optimum location in 9 bus system.
In second case NR is used to obtain initial voltage and angle. The losses are calculated with
the exact loss equationformulated in sections 4.3 and 4.4. Weakest buses, are obtained by
increasing the loads in steps, which is, 25% load increment for IEEE 9 bus and 10% increment
for IEEE 14 and 33 systems. With that priority list can be formed instead of performing
analysis on all the buses. It will save the computational time as the DG will be connected at
the buses that are more sensitive.
In order to arrive at the optimum bus location the following system parameters are
investigated:

Q) Steady-state voltage magnitudes and angle at each bus.

(i)  Real power losses.

The outcomes are yielded for the following cases:
Q) Performance of the system without wind DG unit with normal load and increased
loading conditions.

(i) Performance of the system with wind DG unit.

5.2 Test system I: IEEE 9 bus

5.2.1 Performance of the system without installation of wind generator

IEEE 9 bus test system is shown in figure 5.1 consisting of three generator bus, three load
buses and nine transmission lines. The data of the system is listed in appendix — A.

Total Real Power Loading: 259 MW

Total Reactive Power Loading: 73.5 MVAr
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Figure 5.1 IEEE 9 bus single line diagram

The load flow analysis on the test system is performed with variation in load demand from

25% to 100%. The result obtained is tabulated in table 1.

Table 5.1 Voltage profile of the buses

Bus No. Normal load 25% load increase
Voltage Angle Voltage Angle
1 1.040 0.0 1.040 0.0
2 1.025 0.9280 1.025 0.363
3 1.025 0.4665 1.025 -0.85
4 1.025 -0.2217 1.016 -0.469
5 0.995 -0.398 0.977 -0.860
6 1.012 -0.3368 0.997 -0.799
7 1.025 -0.3720 1.017 -0.198
8 1.015 -0.728 1.002 -0.552
9 1.032 0.1907 1.02 -0.357
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Bus No. 50% load increase 100% load increase
Voltage | Angle Voltage Angle
1 1.040 0.0 1.040 0.0
2 1.025 -0.236 1.025 -0.1263
3 1.025 -0.675 1.025 -0.17446
4 1.002 -0.726 0.971 -0.1134
5 0.95 -0.1345 0.908 -02062
6 0.975 -0.1260 0.924 -0.2100
7 1.00 -0.802 0.984 -0.1843
8 0.986 -0.1216 0.949 -0.2413
9 1.01 -0.949 0.99 -0.2021

*

voltage are in p.u. and angle in deg

5.2.2 Performance of the system with wind generators at different locations with

Vip.u,)

varying load conditions

The wind generators are connected at load buses that is at bus no 5, 6 and 8 and the change

in voltage profile in the buses is shown. As this buses were found to be weakest buses. In

order to obtain the optimal location for wind generator for varying loading conditions.
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Figure 5.2 Voltage profile with WG at bus 5
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Figure 5.4: Voltage profile with WG at 8™ bus

It was observed from figures 2, 3 and 4 that voltage profile of the buses are better when the
wind generator was connected at the bus 5 wherein, connected at buses 6 or 8. In order to
enhance the voltage stability, the best location of wind turbine is the weakest bus which
contains the largest load and that is bus 5.

5.2.3Network with wind generator with variation in wind power and load in a day at
different penetration level

Increased in load demand up to 150% and wind source penetration is being investigated and
results are depicted in figures 5 and 6. It can be analyzed from figure 5 and 6 that the system

is within the limit at lower wind penetration.
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Figure 5.6: Voltage at different buses with higher penetration level

5.2.3 System losses

Active power losses were calculated with and without wind generator at different locations

and it is found that it is minimum when connected at bus 5.

Table 5.2 Active Power Losses

Cases Active power loss (MW)
Without WG 4.6
WG at bus 5 4.5
WG at bus 6 4.7
WG at bus 8 51

It can be derived from the graphs and tabulated results that the voltage profile obtained at bus
5 is more prominent than it is at bus 6 and bus 8 at different loading condition. The voltage

profile of the buses are in limit at lower penetration level than higher penetration levels.
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Losses are also minimum when connected at bus number 5. Location of wind generator at
Bus 5 can be considered as the optimum choice. It can thus be concluded that optimum
location and penetration level of wind generator are to be consider for a better system voltage

profile.

5.3 Test system I1: IEEE 14 bus

5.3.1 Performance of the system without installation of wind DG

Standard IEEE-14 bus system is shown in figure 5.7 consisting of six generator bus, nine load
buses and twenty lines. The generator buses are 1, 2, 3, 6 and 8 with the slack bus connected
to node 1.

Total Real Power Loading: 259 MW

Total Reactive Power Loading: 73.5 MVAr

Figure 5. 7: IEEE 14 bus single line diagram
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Table 5.3 Voltage profile and angle of the buses for normal and increased load

Normal load 10% load increment
Bus No.

Voltage Angle Voltage Angle
1 1.06 0.0 1.06 0.0
2 1.045 -0.0871 1.025 -0.1223
3 1.01 -0.2225 0.98 -0.297
4 1.0132 -0.1788 0.9824 -0.2607
5 1.0166 -0.1529 0.988 -0.22
6 1.07 -0.2521 1.04 -0.3561
7 1.0457 -0.231 1.017 -0.3297
8 1.08 -0.231 1.06 -0.3297
9 1.035 -0.2587 0.999 -0.3661
10 1.029 -0.2624 0.9972 -0.3723

1.0461 -0.2593 1.013 -0.3682
11
12 1.0533 -0.267 1.02 -0.3771
13 1.0466 -0.2676 1.0127 -0.3782
14 1.0193 -0.2805 0.9813 -0.3983

* voltage are in p.u. and angle in deg



Table 5.4 Voltage profile and angle of the buses with increased load

20% load increment 30% load increment
Bus No. Voltage Angle Voltage Angle

1 1.06 0.0 1.06 0.0
2 1.015 -0.1457 0.995 -0.1986
3 0.96 -0.3531 0.96 -0.4739
4 0.964 -0.3152 0.9325 -0.4194
5 0.9717 -0.2674 0.9399 -0.3571
6 1.04 -0.445 1.02 -0.5842
7 1.0029 -0.4055 0.978 -0.5274
8 1.05 -0.4055 1.04 -0.5274
9 0.9859 -0.4528 0.9578 -0.5834
10 0.9856 -0.4647 0.9573 -0.595
11 1.0072 -0.4628 0.9826 -0.6017
12 1.017 -0.4737 0.9918 -0.626
13 1.0071 -0.4742 0.9808 -0.6235
14 0.9669 -0.495 0.9362 -0.6454

*yoltage are in p.u. and angle in deg
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5.3.2 System performance with installation of Wind DG
With installation of wind - DG unit the change in voltage profile on the increased loads is
given
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Figure 5.8: voltage with and without wind DG with 10% loads increment
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Figure 5. 9: voltage with and without wind DG with 20% load increment
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Figure 5. 10: voltage with and without wind DG with 30% load increment
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Table 5.5 Reactive power in bus with and without wind DG

Bus No | Reactive Power without wind- | Reactive Power With wind-

DG DG

1 17.5297 16.8281

2 31.5787 26.1725

3 20.6127 18.6297

4 3.9 3.9

5 -1.6 -1.6

6 18.8908 17.0354

7 0 0

8 26.305 23.6116

9 -16.6 -16.6

10 -5.8 -5.8

11 -1.8 -1.8

12 -1.6 -1.3

13 -5.8 -2.5

14 -5 -2

5.3.2 Losses with the wind DG located at different location
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Figure 5.11: Active power line losses

33



15.7
13.7
11.7
8.7
7.7
5.7
37
1.7

-0.3
1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 16 17 18 1% 20

— W itHout wind DG with wind DG

Figure 5.12: Reactive power line losses

It can be resulted from the table and figures given above that the system voltage profile are
within the limits with the installation of wind DG unit and losses are minimized when wind

DG unit was connected at bus 14.
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5.4. Test system I11: IEEE 33 BUS

5.4.1 Performance of 33 Bus System without Installation of Wind Dg:
Standard IEEE-33 bus system is shown in figure 5.13

Total Real Power Loading: 3715 kW

Total Reactive Power Loading: 2300 kVAr

I 5 N

M6 1820 2 42 2

1 204 6 920517 192 282527 2%04NWNBD

54 1 1013

Figure 5.13: IEEE 33 BUS single line diagram

Before installation of a wind dg unit on the optimal location the voltage profile and angles is

obtained. The voltage profile of the system is tabulated in Table 5.6
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Table 5.6 Voltage profile of the buses

Bus Normal load 10% Load increment
No. Voltage Angle Voltage Angle
1 1.00 0 1.00 0
2 0.9916 0.0444 0.9907 0.057
3 0.9791 0.0532 0.9742 0.1501
4 0.9676 -0.0193 0.9586 0.1501
5 0.9595 -0.1909 0.9468 0.0308
6 0.9496 -0.5958 0.9267 -0.31
7 0.9496 -0.5958 0.9209 -0.3714
8 0.9496 -0.5958 0.9178 -0.363
9 0.9428 -0.5636 0.8994 -0.2253
10 0.9334 -0.6699 0.8782 -0.2231
11 0.9317 -0.6734 0.8749 -0.1938
12 0.9304 -0.6884 0.8724 -0.174
13 0.9282 -0.6125 0.8702 -0.087
14 0.918 -0.588 0.8888 -0.0624
15 0.9218 -0.4794 0.8638 0.0461
16 0.9186 -0.3551 0.8606 0.1704
17 0.914 -0.2231 0.8545 0.3024
18 0.913 -0.2231 0.854 0.3024
19 0.9901 0.0831 0.9892 0.0957
20 0.9846 -0.0674 0.9838 -0.0548
21 0.9831 -0.1205 0.9822 -0.1079
22 0.9831 -0.1205 0.9822 -0.1079
23 0.9779 0.1033 0.973 0.2002
24 0.9779 0.1033 0.973 0.2002
25 0.9779 0.1033 0.973 0.2002
26 0.9492 -0.5732 0.9263 -0.2874
27 0.9487 -0.5417 0.9258 -0.2559
28 0.941 -0.5278 0.9181 -0.242
29 0.9348 -0.6833 0.9119 -0.3975
30 0.9299 -0.6844 0.907 -0.3986
31 0.9187 -0.79 0.8958 -0.5042
32 0.9177 -0.9049 0.8948 -0.6191
33 0.9177 -0.9049 0.8948 -0.6191

* voltage in p.u. and angle in deg
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Figure 5.14 voltage profile with increased load

Above figure shows the voltage profile variation and few buses wew found to be weakest

buses as more sensitive to change with the increase in load.

5.4.3 Voltage variation with the installation of wind-DG
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Figure 5.15: voltage profile variation with and without wind DG
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5.4.4 Improvement in System performance
With the wind DG the losses are calculated at all the buses and it was found that there is
reduction in losses with the installation of wind DG unit
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Figure 5.16: Power loss of the 33 bus distribution system

System voltage are within limits with the installation of wind DG unit and losses are
minimized when wind DG unit was connected at bus 12. Also voltage profiles are more
appropriate when connected at bus 12 in comparison to other buses. Thus, bus number 12 can

be considered as the optimum bus location for the wind DG unit.
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CHAPTER 6
CONCLUSION AND FUTURE SCOPE

6.1. Conclusion
The wind energy impact on power system particularly on voltage of buses and losses of the
system was discussed. It is observed that placement of wind DG unit at improper places leads
to increase in power loss and poor voltage. Wind DG unit is modeled as load bus. The Newton
raphson method was used for performing load flow analysis with loss calculation. The
conclusion drawn are mentioned below:
e The magnitude of voltage and system losses are taken as a main concern and the
change in system performance is observed in a system.
e Loads were increased on a steps to obtain the system performance for obtaining the
weakest buses, that is, the buses are more sensitive to a change in load.
e With the weakest buses it will restrict the solution space to a few buses
simultaneously reducing the computational time.
e Voltage profile improvement in the buses when wind power was connected with
increased loading condition and voltages were found to be within the limits.

e System losses were minimum with location of wind based DG unit properly chosen.

6.2 Future Scope
The works that can be carried further are stated below:
e Integration of wind DG with other DG types.
e Method proposed in work with integrated in test system with larger size for its
cogency and effective.

e Various power loss minimization methods that can be incorporated.
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APPENDIX A

IEEE 9 BUS SYSTEM
Table A.1: Line data — IEEE 9 bus system

Line Impedance Half line charging
Line No. From Bus ToBus Resistance | Reactance Susz:sr;tf;mce
(p.u) (p.u)
1 1 4 0.0000 0.0576 0.0000
2 4 5 0.0100 0.0850 0.0880
3 5 7 0.0320 0.1610 0.0153
4 4 6 0.0170 0.0920 0.0790
5 6 9 0.0390 0.1700 0.1790
6 7 2 0.0000 0.0625 0.0000
7 7 8 0.0085 0.0720 0.0745
8 8 9 0.0119 0.1008 0.1045
9 9 3 0.0000 0.0586 0.0000
Table A.2: Load data — IEEE 9 bus system
BUS Generation Load Voltage
Number Real Power | Reactive Power | Real Power Reactive Power (p.u.)
(MW) (MVar) (MW) (MVar)
1 163 6.65 0.0 0.0 1.04
2 85 -10.8 0.0 0.0 1.025
3 72 27 0.0 0.0 1.025
4 0.0 0.0 0.0 50 1.0
5 0.0 0.0 125 50 1.0
6 0.0 0.0 90 30 1.0
7 0.0 0.0 0.0 0.0 1.0
8 0.0 0.0 100 35 1.0
9 0.0 0.0 0.0 0.0 1.0
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APPENDIX B
IEEE 14 BUS SYSTEM

Table B.1: Line data — IEEE 14 bus system

Line Impedance Half line
Line From To charging | Transformer
No. Bus Bus Resistance (p.u.) Reactance (p.u.) | Susceptance Tap
(p.u.)
1 1 2 0.01938 0.05917 0.0264 1
2 2 3 0.04699 0.19797 0.0219 1
3 2 4 0.05811 0.17632 0.0170 1
4 1 5 0.05403 0.22304 0.0246 1
5 2 5 0.05695 0.17388 0.0173 1
6 3 4 0.06701 0.17103 0.0064 1
7 4 5 0.01335 0.04211 0.0 1
8 5 6 0.0 0.25202 0.0 0.932
9 4 7 0.0 0.20912 0.0 0.978
10 7 8 0.0 0.17615 0.0 1
11 4 9 0.0 0.55618 0.0 0.969
12 7 9 0.0 0.11001 0.0 1
13 9 10 0.03181 0.08450 0.0 1
14 6 11 0.09498 0.19890 0.0 1
15 6 12 0.12291 0.25581 0.0 1
16 6 13 0.06615 0.13027 0.0 1
17 9 14 0.12711 0.27038 0.0 1
18 10 11 0.08205 0.19207 0.0 1
19 12 13 0.22092 0.19988 0.0 1
20 13 14 0.17093 0.34802 0.0 1
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APPENDIX C

IEEE 33 BUS SYSTEM

Table C.1 Line data — 33 bus system

Branch Number Sending-end Receiving-end | Resistance (Q2) Reactance (Q)
1 1 2 0.0922 0.0470
2 2 3 0.4930 0.1511
3 3 4 0.4660 0.1864
4 4 5 0.3811 0.1941
5 5 6 0.8190 0.7070
6 6 7 0.1872 0.6188
7 7 8 0.2144 0.2351
8 8 9 1.0300 0.7400
9 9 10 1.0440 0.7400
10 10 11 0.1966 0.0650
11 11 12 0.3744 0.0238
12 12 13 1.2680 1.1550
13 13 14 0.2416 0.7129
14 14 15 0.2910 0.5260
15 15 16 0.5463 0.5450
16 16 17 1.1890 1.7210
17 17 18 0.8320 0.5420
18 2 19 0.0640 0.1565
19 19 20 1.4042 1.3554
20 20 21 0.4095 0.4784
21 21 22 0.7089 0.9373
22 3 23 0.4512 0.3083
23 23 24 0.8980 0.7091
24 24 25 0.8960 0.7011
25 6 26 0.2030 0.1034
26 26 27 0.2842 0.1447
27 27 28 1.0590 0.9337
28 28 29 0.8042 0.6006
29 29 30 0.5075 0.2585
30 30 31 0.9744 0.9630
31 31 32 0.2105 0.3619
32 32 33 0.5410 0.5302
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Table C.2 Load data — 33 bus system

Node Number Real Power (MW) Reactive Power (MVar)
1 0.0 0.0
2 100 60
3 90 40
4 120 80
5 60 30
6 60 20
7 200 100
8 200 100
9 60 20
10 60 20
11 45 30
12 60 35
13 60 35
14 120 80
15 60 10
16 60 20
17 60 20
18 90 40
19 90 40
20 90 40
21 90 40
22 90 40
23 90 50
24 420 200
25 420 200
26 60 25
27 60 25
28 60 20
29 120 70
30 200 600
31 150 70
32 210 100
33 60 40

Base k\VV=12.66 and Base MVVA= 100
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