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Abstract - The optimal power flow (OPF) problem
seeks to control the generation/consumption of
generators/loads to optimize certain objectives such
as to minimize the generation cost or power loss in
the network. It is becoming increasingly important
for distribution networks due to the emerging
distributed generation and controllable loads. The
project aims to study the performance of  9-bus
system by conducting various load flow studies. The
study of economics of power system is important for
optimum operation of the system . project deals with
both load flow studies and cost economics studies
which has been conducted.
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I INTRODUCTION

Power World Simulator is a power system
simulation package designed from the ground up to
be user-friendly and highly interactive. Simulator is
actually a number of integrated products. At its core
is a comprehensive, robust Power Flow Solution
engine capable of efficiently solving systems of up to
60,000 buses. This makes Simulator quite useful as a
stand alone power flow analysis package. Unlike
other commercially available power flow packages,
however, Simulator allows the user to visualize the
system through the use of full-color animated oneline
diagrams with full zooming and panning capability.
Moreover, system models may be modified on the fly
or even built from scratch using Simulator’s full
featured graphical case editor. Transmission lines
may be switched in or out of service, new
transmission or generation may be added, and new
transactions may be established, all with a few mouse
clicks. Simulator’s extensive use of graphics and
animation greatly increases the user’s understanding
of system characteristics, problems, and constraints,
as well as of how to remedy them.

1.1 PERFORMANCE OF
ECONOMICS

COST AND

The objective is to minimize the real and reactive
power losses in the system and to maximize the total
saving and cost of conducting material while

maintaining the acceptable voltage levels. It is
observed that the number of computations is more in
conventional method than genetic algorithm. Power
is the rate of flow of energy. Similarly, generating
capacity is the ability to produce power is itself a
flow. A megawatt (MW) of capacity is worth little if
it lasts only a minute just as a MW of power
delivered for only a minute is worth little. But a MW
of power or capacity that flows for a year is quite
valuable. The price of both power and energy can be
measured in RS/MWh, and since capacity is a flow
like power and measured in MW, like power, it is
priced like power, in RS/MWh. Many find this
confusing, but an examination of screening curves.

Il LITERATURE SURVEY

Simulator can model generators as not having a cost
model, or having either a cubic cost model or a
piecewise linear model. The cost model type you
choose determines the content of the remainder of
this dialog

Unit Fuel Cost

Fixed Costs (Costs At Zero Mw Output)

Cubic Cost Coefficients A, B, C, D

Piecewise Linear Table

Convert Cubic Cost To Linear

Measuring Power And Energy

S0P o0 oW

2.1 ECONOMIC DISPATCH

Economic dispatch is the method of determining the
most efficient, low-cost and reliable operation of a
power system by dispatching the available electricity
generation resources to supply the load on the
system. The primary objective of economic dispatch
is to minimize the total cost of generation while
honoring the operational constraints of the available
generation resources. Economic Dispatch is the
process of allocating the required load demand
between the available generation units such that the
cost of operation is minimized. There have been
many algorithms proposed for economic dispatch:
Merit Order Loading, Range Elimination, Binary
Section, Secant Section, Graphical/Table Look-Up,
Convex Simplex, Dantzig-Wolf Decomposition,
Separable Convex Linear Programming, Reduced
Gradient with Linear Constraints, Steepest
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2.2 CLASSIFICTION OF CHARGES

To deduce the power generation economics
effectively we should know the structure of annual
expenditure of the plant and the factors affecting
them. The total annual expenditure of the plant can
be classified into

» Fixed Charges
» Semi fixed Charges
» Running Charges

a model of this scenario that serves as the basis for
our analysis. The model incorporates power flow in 9
bus system which, considers a variety of devices
including distributed generators, transformers,
controllable loads and allows for a wide range of
control objectives such as minimizing the power loss

Working Summary
Readers wishing to gain only a working knowledge
of measurement units for use in later chapters
should understand the following.
Quantity Quantity units Price Units
Energy MWh $/MWh
Power MW S/MWh
Capacity MW $/MWh
Cost Symbol Cost Units
Fixed FC S/MWh
Variable vc $S/MWh
Average AC,= FC+cf < VC S/MWh
Average AC, = FC/cf +VC $/MWh
Ratio Symbol Units
Capacity factor cf none
Duration D none

a. Fixed Cost:

Fixed costs are not permanently fixed; they will
change over time, but are fixed in relation to the
quantity of production for the relevant period. For
example, a company may have unexpected and
unpredictable expenses unrelated to production, such
as warehouse costs and the like that are fixed only
over the time period of the lease.

b. Semi Fixed Cost:

These charges mainly depend on the installed
capacity of the plant and are independent of the
electrical energy output of the plant. These charges
include the following ,Interest on the capital cost of
the generating plant, transmission and distribution
network, buildings and other civil engineering works
etc.

¢. Running Cost

The running charges is one of the most important
parameters while considering the economics of
power generation as it depends upon the number of
hours the plant is operated or upon the number of
units of electrical energy generated. It essentially
consists of the following costs.In case of a thermal
power plant, power generation economics includes
the cost of feed water for the boiler, like the cost of
water treatment and conditioning

11l MODELLING & SIMULATION
This paper studies the optimal power flow (OPF)
problem in distribution networks, which includes
cost economics of 9-bus system following we present

or generation cost, which are described in turn.

3.1 TEST DATA FOR ANALYSIS OF SYSTEM

3.1.a.Bus Data

Bus

Number| Name ;;:e Nom Kv| FU Volt E';;l,; ?Dni]e L;;‘ri :{D‘: E{:t BE[;\::'
1 | 1|1 |18 1 |18 0 7207 | 953
2 2|1 |18 1 | 138|174 85 | -3659
3 | 3] 1 |18 1 | 138 |-1121 163 | -3633
4 | 4 | 1 | 138 |103226[142452)-23.71
§ | 5 | 1 | 138 |103086[142259|-2432| 90 | O
6 | 6 | 1 | 138 |102575[141553| -1655
7 | 7| 1 | 138 |102634[141435-2113| 100 | O
g | 2| 1 [m38] 1 |14162]-2113
9 | o | 1 [138| 1 |1425|-5a2{150( o

3.1.b.Branch Data
Bus From To R X B
Number Number

1 4 1] 0576 1]
2 2 o 0.0625 o
3 & 0 0.0586 0
4 5 0.017 0.092 0.158
5 Y .01 0.085 0.176
& & 0.039 0.17 0.358
7 7 0.0119 0.1008 0.209
8 8 0.0085 0.072 0.149
g 2 0 0.0625 0
10 El 0.032 0161 0.306
11 4 .01 0.085 0.176
3.1.c. Generator Data
Generator
Number of| Name of
Bus Bus ID Status | Gen MW | Gen Mvar
1 1 1 Closed 72.07 8,53
Closed 85 -36.59
Closed 163 -36.33

3.1.d. Generator Cost Data
Generator | Bus | Area | Starting | Shut | Quadarticfunction
1o no cost down | coefficients cost

cost i B C
1 (4 1560 |0 150 |5 |0d1
2 |B 2000 |0 600 |12 | 0.085
3 |[C 3000 |0 335 |1 | 01225
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3.2 ELECTRIC MODEL
3.2.1 SINGLE LINE DIAGRAM
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Fig.1 single line diagram for test data

IV SIMULATION RESULTS

4.1 STABLE SYSTEM
4.1.a Bus data

4.1.c Generator data

e — suns‘ ol mm‘ m‘ux AR ) | e ook o P
fis

| 0 O BEI LMYE L0 I %00 i 10l
lon Oel 16500 2197 LONOOYES YO0 OO N0 W00 Cbic 10l
Joon Oel 1000 2000 LOBMOYES VSO0 OOAD 0 MO0 Cic 10l

Fig: Generator Data For Stable System

4.2 SYSTEM WHEN GENERATOR 1 IS
OPENED
Simulation results when generator 1 is opened
4.2.a. Bus data

Nk | e ‘mm‘ Yl ‘ it ‘ ] ‘m[mn‘ Ly ‘mm‘ mm‘mm M"Jmh‘mu mn‘

Suista W | Mar
1 it 1 B0 0N B e m w wowm 1
1l 11 1 R0 1000 Dm0 48 Wi IR w o 1
¥ kH 1 B0 100 300 LS L.t wow 1
A i 1 B0 0N B e wowm 1
9 55 | T S S 1 [ 1 mw w 1
_§ 1] 1 B0 U Bm A8 wow 1
1 11 1 R0 5 %GR N9 WM 0 wow 1
_§ 8 | 0 oy mw w 1
9 9 1 R0 0D BRIE 60 15N 0 w o 1
Fig: Bus Data When Generator 1 Is Opened

4.2.b. Branch data

From Number| From ame | Tohumber | Toame | Crot| Status Imﬁ Ymr| R X B LimMVAR | LimHYAB | Lim MVAC

b

_ 11 44 1 Oed e W 000000 057500 0.00000 0 (1] 0
_1 88 21 1 Oed e W 000000 006250 0.00000 0 (1] 0
_ 3 33 66 1 Oed e W 000000 005860 0.00000 0 (1] 0
_ 4 4 55 1 Oed e W 001700 00%00 05800 0 (1] 0
_ 5 4 99 1 Oed e W 001000 008500 07600 0 (1] 0
_ b 55 66 1 Oed e W 003500 017000 035800 0 (1] 0
_ 1 11 1 Oed e W 001190 010080 020900 0 (1] 0
_ 8 11 L1] 1 Oed e W 000850 007200 014300 0 (1] 0
_9 88 99 1 Oed e W 003200 016100 030600 0 (1] 0

Fig: Branch Data When Generator 1 Is Opened

4.2.c.Generator data

e | e mu‘mw w‘v&m ‘mmj‘mm‘wm‘w‘mm sndum!-t‘mh ksl
Gushie W |

0 oM D W W wom 1
1o BN LM B A 1 ny wom 1
o DU DI 4R R wom 1
T BN UM DS B wom 1
I o U B ER SN W Wom 1
T o UM M T wom 1
1 DN UMD M N oW W wom 1
ou BN U T 4R wom 1
EEE BNOUK DM WD N W wom 1

Fig: Bus Data For Stable System

4.1.b Branch Data

fromunbe Frombene | Tolunber | Tohane cm‘sm-s fch |t wm‘mm‘mm A | Sl | MLoss | Moaross

Derice Linit(Hax)
Tie

4 1t “ 1 Ol e W #5019 @8 W 0 0 B
3 1] 11 1 Ozed lne W -1650 13 1636 [T} (1) 1) 13
_ 3 33 66 1 COed e L] 1500 RIAY 1524 (1) (1} (I} 1361
A 44 55 1 Cosed Lne W0 52 48 457 [T} (1) M -uB
_§ 2] 3] 1 Ozed lne W B 44 B4 [T} (1) w15
_ 55 66 1 COed e L] -1051 14 154 (1) (1} 48 -16%
_ 1] 11 1 Cosed Lne W0 04 164 445 [T} (1) s a0l
_ B 11 1] 1 Ozed lne W -508 k1 (1) [T} (1) I Ny

L) 1] 99 1 COed e L] 1049 -6 13 (1) (1} M -ux

Fig: Branch Data For Stable System

et hmdh‘ D ‘m‘ G ‘mm‘wdt‘m‘m W] o | i Mml|mmdd|m&dr‘
B
D11 1 gm0 WIS WS W0 S MNGk
1 G MK LD LN S L0 DN MO0 MNGE 00
3B 1 G NNOCST LNNS S L0 N0 SN MANGE

Fig: Generator Data When Generator 1 Is Opened

4.3 SYSTEM WHEN GENERATOR 1 AND 2 ARE

OPENED
Simulation results when
4.3.a.Bus data

generator 2 is opened are
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Fig: Bus Data When Generator 1 And 2 Are

Opened
4.3.b.Branch data

From Number| FromMame | ToMumber | ToReme cm‘ Status | Branch | Mimr| R I B [LmMVAA | LimHYAB | LimHVAC

Device:

Tie
1 11 4 1 Cosed e W 000000 057600 (.000D0 00 1] [
_1 88 11 1 Cosed e W 000000 006250  (.00000 00 1] [
_! 33 (13 1 Cosed e W 000000 005860  (.0000 00 1] [
_4 i 55 1 Cosed e W 001700 009200 (015800 00 1] [
_E i 99 1 Cosed e W 001000 008500 (17600 00 1] [
_6 55 (13 1 Cosed e W 003900 047000 035800 00 1] [
_] 66 1 1 Cosed e W 001190 010080 020900 00 1] [
_8 11 [1] 1 Cosed e W 000850 007200  (0.14%00 00 1] [
_5 88 99 1 Cosed e W 003200 046200 030600 00 1] [

Fig: Branch Data When Generator 1 And 2 Are
Opened
4.3.c.Generator data

lonberl Ialmﬂm‘ D m‘ G ‘mﬁwm‘w‘m M| B | i ‘mm(‘mw‘mw‘
bs
T 1 1 pe W 00E B W G0 KO0 WGk W
S 1 el M LN B D ML WO MNGE O
EEEEEE IR T AR

Fig: Generator Data When Generator 1 And 2 Are
Opened

4.4 SYSTEM WHEN GENERATOR 2 AND 3 IS
OPENED
Simulation results when generator 2 and 3 is

opened
4.4.a.Bus data

ik | b ‘mu‘ ol ‘ Wi ‘MM ‘HEM‘MHI ‘Mm‘ o~ ‘mm e Jlﬂﬁh‘mﬂ‘fmh

sl 1 | e

T 0 1 meowe o ome mw mow 1
EEEEEE RN oo mow 1
EE IR R R W mow 1
FEEE R Wow
FEEEE RN mow 1
FEE R mow ot
EEEEEE RN mow 1
FEEE TR mow 1
IR mow ot

Fig: Bus Data When Generator 2 And 3 Is Opened

44b B_F.a“Ch data

from lumber| From hame | Tollmber | Tollame | Crout| Statws | Branch |Mmr| R X § |UmMVAA | LimHYAR | LimMVAC
Device
Tne

1 ]t i 1 Cosd e W 00000 07600 00000 ] 1] 1]
_1 88 11 1 Ol e W 000000 006250 0.00000 ] 0 0
3 i3 1 1 Cosd e W 00000 0360 00000 ] 1] 1]
4 4 1 1 Ol e W 00170 00900 015800 ] 0 0
5 4 9 1 Ol e W 001000 008500 047500 ] 1] 1]
_b 55 1] 1 Ol e W 003%0 017000 035800 ] 0 0
1 1] 1 1 Ol e W 00190 010080 020500 ] 1] 1]
_ B i 1] 1 Ol e W 00080 047200 014300 ] 0 0
1 88 9 1 Ol e W 003200 046100 030600 ] 1] 1]

Fig: Branch Data When Generator 2 And 3 Is

Opened

4.4.c.Generator data

mmf‘mm‘ D ‘Sﬁhﬂ ‘ =] ‘mm‘m‘m‘m W] ‘ M ‘mm‘mw‘mfm‘

s
D11 pa W WU TS0 DD HRN SE0G 00
b1 Od MK WLMS B L0 DN NN SENGE G
Y1 Ol S S WS B U0 DNN W MMOUE 1

Fig: Generator Data When Generator 2 And 3 Is

Opened

4.5 SYSTEM WHEN GENERATOR 1 AND 3 ARE
OPENED
Simulation results when generator 1 and 3 is

opened are
4.5.a.Bus data
Vbt | Vame (Al | MomkY | PUVok | VokT) (Aoe{D]| o |Loahar | Genh | Gen e (St (St At S| e hom
s e, M| M
1 1 1 BN s w3 4e w o wm 1
1 1 1 AN Lo s 0w LU Y] wm 1
3 3 1 B0 o mmo a9 w o wm 1
A 4 1 B0 s m o 4 wwm 1
1 55 1 [0 L E T 1 R ] wwm 1
_ 1] 1 - 115 ) X W 1
_ 1l 1 R0 OV DESM BE O W0 W 1
_ 1] 1 U411 X3 ) W 1
| 9 1 [0 S S . . R | wm 1
Fig: Bus Data When Generator 1 And 3 is Opened
4.5.b.Branch data
ber| From Name | Toumber | ToName |Crait| Status | Branch | Yirmr R X B Lim MVAA | Lim MVAB | Lim MVAC
Device
Type
1 i1 4 1 COosed Lee W 000000 057500 0.00000 00 1] 00
_ 1 88 11 1 COosed Lee W 000000  0.06250  R.00000 00 1] 1]
_ 3 33 [1] 1 COosed Lee W 000000  0.0860  0.00000 00 1] 00
_ 4 H 55 1 COosed Lee W 001700 0.0%00 15800 1] 1] (1]
_ 5 4 99 1 COosed Lee W 001000 008500 Q17600 00 1] 00
_ 55 66 1 Oosed lme 0 003500 017000 035800 (1] [} (1]
_ 1] 11 1 COosed Lee W 001190 010080 020900 00 1] 00
_ 8 11 L1} 1 Oosed lme 0 000850 007200 (14300 (1] [} (1]}
_ Y 88 99 1 COosed Lee W0 003200 016100 030500 0 1] 1]
Fig: Branch Data When Generator 1 And 3 is
Opened
4.5.c.Generator data
Number of Neme offus| Areallame | Zoneliame| 1D Stabus HW Hvar HiA SHW | SHvar | DistStatus | DistMW | Disthhvar
s ofload | ofload It | Inpat
1 55 1 1 1 Chosed 1500 00 1500 15 100 Cosed (1] [}
_1 11 1 1 1 Chosed 1000 00 10000 10000 100 Cosed (1] (1]}
3 99 1 1 1 Chsed 150 [ L[ V1 i) 000 Chosed (1] (1]}
Fig: Generator Data When Generator 1 And 3 is

Opened
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V COST ANALYSIS

5.1 OPERATING COST :
The factors influencing power generation at
minimum cost are operating efficiencies of
generators, fuel cost, and transmission losses. The
most efficient generator in the system does not
guarantee minimum cost as it may be located in an
area where fuel cost is high. Also,if the plant is
located far from the load center, transmission losses
may be considerably higher and hence the plant may
be overly uneconomical. Hence,the problem is to
determine the generation of different plants such that
the total operating cost is minimum. The
operating cost plays an important role in the
economic scheduling and are discussed here.
The input to the thermal plant is generally measured
in Btu/h, and the output is measured in MW. A
simplified input-output curve of a thermal
unitKnown as heat-rate curve .
Converting the ordinate of heat-rate curve from Btu/h
to Rs/h results in the fuel-cost cure. In all practical
cases, the fuel cost of generator | can be represented
as a quadratic function of real power generation

Ci=0i+BiPisviDi’
An important characteristic is obtained by plotting
the derivative of the fuel-cost curve versus the real
power. This is known as the incremental fuel-cost
curve

aly

ap, 2 YiPit Bi
5.2 ECONOMIC DISPATCH BY NEGLECTING
LOSSES
Since transmission losses are neglected, the total
demand Pp is the sum of all generation . A cost
function C; is assumed to be known for each plant.
The problem is to find the real power generation for
each plant such that the objective function as defined
by the equation.

i
Ctzzifl C|
= E?::L ﬂi+ﬁipi+'yipi2 .................... equ.l
Is minimum, subject to the constraint
— whg
En—l Pi=Pp..ciiiiiiin equ.2

Where C; is the total production cost, Cjis the
production cost of ith plant, p; is the generation of ith
plant, ppis the total load demand, and ny is the total
number of dispatchable generating plants.

A typical approach is to augment the constraints into
objective function by using the lagrange multipliers

(1}
E=Ceth(Ppo— X2, P)
The minimum of this unconstrained function is found

at the point where the partials of the function to its
variables are zero.

E

E'_P-l =0 equ.4
2= 5
an D e equ.

First condition, given by (equ.4), results in

ac, .
a5, + A(0 — 1) = 0Since
C=Ci+ Cot...... + Cn, then
a9 ap
And therefore the condition for optimum dispatch is
G A i=1 o e equ.6or
ap, o e Ty
Bi+2 YiPi: A, equ.7
Second condition, given by (equ.5), result in
]
Eng:j_ Pi:PD ...................... equ.8

Equation (equ.8) is precisely the equality constraint
that was to be imposed. In summary, when losses are
neglected with no generator limits, for most
economic operation, all plants must operate at equal
incremental production cost while satisfying the
equality constraint given by (equ.8). In order to find
the solution, (equ.7) is solved for p;.

P= Aﬂ fl ..................... equ.9

¥

The relations given by (equ.9) are known as the
coordination equations. They are functions of .. An
analytical solution can be obtained for A by
substituting for p; in (equ.8).

" B
( - }: Po equ.10or
g=1 = <Vi
i'lg 5.
Pp+ —L
i= e
A= equ.11

an_‘ ......................
¥
i=2 't

The value of A found from (equ.11) is substituted in
(equ.9) to obtain the optimal scheduling of
generation

VI CONCLUSION

This project attains the objective to minimize the
total generation cost (including fuel cost, plus
emission cost, plus operation/maintenance cost, plus
network loss cost) by meeting the operational
constraints like System load demand,Lower and
upper economic limits of each generating
unit,Downward-and-upward  regulating  margin
requirements of the system at optimum level.
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