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*
Abstract \/
Renewable sources integration is gaining importance in electrical utiliti Ever the
world. The liberization of power sector in competitive regime, the sh e@new&ble
energy sources is increasing and it is essential to carry impact%ezn energy on
the system performance In this paper, analysis has be ried qut he PV-based
distribution generation in the power system WK A ix&ﬁeger Nonlinear
Programming (MINLP) approach has been utiliz deterntiqi timal location and
number of distributed generators considering inimization_of fiel cost of conventional
and solar PV power. The pattern of nod %and readtiv® power prices have been
obtained with and without PV integrati e resultsNare also obtained for, loss
ile. Th
\J
I

reduction, fuel cost saving and voltage, n@t of different load models as PQ
load and Zip load model has bee ed. T e\onsed MINLP based optimization

approach has been applied fO\LS us reliab %test system.
*
linea

Keywords: Mixed Integer mming (MINLP) approach, Nodal price,
optimal location, solar P@sed Distﬁ& generator

<
1. Introductior’r\\o %
The libegakizatior of the &ity markets all over the world in the last two decades
) N in tricity sector. The utilities all over the world due to
environmentdf concern ices and pressure from the financial institutions have shifted
their paradigm for o@a utilization of the existing sources and integration of renewable
energy sources | stem [1] So, the electricity supply industries targeted to optimal,
secure and econgmically power generation. The energy demand is increasing drastically
and it is@rtam for the electricity supply industry to plan and develop alternate
generati stem. The renewable energy resources and distributed generation is a
feasi rnative for reducing networks losses and congestion especially during peak
% hich also improves system reliability, voltage profile and saving the fuel cost. In
%

letive markets, distributed generation plays an important role due to their economic
iability and small size. A competitive market mechanism for DG in a pool based system
was proposed in [2]. Many authors defined distributed generation based on their size,
technologies, location, power delivery area and operational constraints with their
economical and operational benefits [3-5]. The DG technologies comprise small gas
turbines, micro-turbines, fuel cells, wind and solar energy.

With the increase in distributed energy sources in the power system network, it has
become essential to study their impact on the system performance. The planning of the
system in the presence of DGs require several factors to consider with the number and the
capacity of units, location in the network, and impact of DG on the system operational
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characteristics such as system losses, voltage profile, stability and reliability issues [6-8].
A framework for implementing optimal DG capacity investment as an attractive option in
distribution system planning in deregulated electricity market is proposed in [9].

Many researchers proposed algorithms and methods for optimal location and sizing of
the distributed generation plants. The various techniques of intelligent control methods ,
particle swarm optimization(PSO), genetic algorithm and Tabu search, Noval approach,
Ant Colony Optimization, Evolutionary Programming , Mixed integer programming , and
some other heuristic approaches , of course other studies have also been presented [10-
23]. An analytical method for optimal DG location is proposed in [Gautam]. Authors
proposed in [24] decision made by system planner (DMSP) approach for allocation of
DGs in the system and optimization method consists of minimizing loss and cost. Authors
in references [25, 26] proposed an artificial intelligent method used for DG allocation.
Teaching-learning based optimization (TLBO) algorithm for economic analysis of unit
commitment with integration of distributed energy resources is proposed in [27,28]. A»
mixed integer non-linear programming (MINLP) approach has been pro?g

e

determining optimal location and number of distributed generator in ctricity
market for minimization of fuel cost and transmission losses [29, 30]. M s authors
have considered wind power sources along with fossil f sed so fuel cost
minimization for DG allocation, loss minimization. S yst m a with its cost

function needs to be modeled in the optimiz Iem for ion along with
conventional generators for analyzing the mpa.solar m on the system
performance.

In this paper, analysis has been carried Q/Ith sola ed PV system as a DG.
The solar PV power has been obtaine d on B tion. The solar PV cost
function has been incorporated alon ost of entional generators. A mixed
integer nonlinear programming ( appio; s been utilized for determining
optimal location and numbe tributed rators. The pattern of the nodal
prices has been obtaine% and solar PV DG considering its cost
function. The voltage and loSs<profi 0 been obtained without and with solar
PV DG for comparlson e impa reéalistic ZIP load has also been considered
along with constan oad% The proposed MINLP based optimization

approach has be ied for | 24 bus reliability test system.

2. PV-ba Pow Cost Function

PV module=6utput p@ depend upon the main three factors: (i) solar irradiance, (ii)
ambient temperatur site and (iii) characteristics of module itself. In this analysis
we use two typ module [31]. PV-based DG system required rating is MW but the
PV module ra@ very small in W. Thus PV panel consisting of 2600 module for
achieved rating. The output powers of each PV plant (PV1 plant, PV2 plant) are
obtaine urs based on three years of the collected data and the 24 hours output
pow each PV plant. But we have use the average power output of day in the every
. The average value of active and reactive power generation of each PV plant,
lant active power is 0.2162 MW and reactive power is 0.0308 MW, and PV2 plant
active power is 0.3348 MW and 0.047 MW are the reactive power of the PV plant.

P(c) = Apy + va Pev +Cpy I:)sz @)

Where P(c) is the cost function of PV-based DG and Ppy is the generated power in
MW. The apv bpyv , Cpv are cost coefficient of PV plants in $, $/MWh, $/MWh?. In PV1
plants cost function (apy = 4.45$, bpy =29.30 $/MWh, cpy= 0.0055 $/MWh?) and PV2
plant cost function (asv = 4.46$, bpy =29.58 $/MWHh, cpv= 0.0055 $/MWh?) are refer to
[32].
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3. General OPF Formulation

A general mathematical model minimizing fuel cost of conventional generators and the
cost function of solar PV based power source has been considered subject to satisfying the
equality and inequality constraints is:

Min F(h,g,&™) @
Subject to equality and inequality constraints defined as

x(h, g,f'”t)zo 3
u(h, g,&m )SO (4)
Where,

h is state vector of variables V, J;
g are the control parameters, Pg,Qgk, Ppvk, Qpvi;

(j"“ is an integer variable with values {0, 1}. The zero value means without aw
value mean with distributed generator in the network.
Obijective function F with only cost function of conventional generators i@

: in ¢
Min F(h,g,§ t):{Z(a +bnggk+cnggk \% @ ®)
keN
The objective function is the total fuel cost of ¢ %al A@{ only in equation
(5).

The objective functions of combined cost cost pf vectlonal generators+ DG
cost) in equation (6).

F(h’gapvégim) { ay +0y Py K@"‘ e &/k"‘bpwppw"'cpw PVk)} (6)

keN

The line flows from bus—@@md bus k are glven as:

Pa =ViG, —V,V G co sm (7
P =V/G, y\{‘@cos@ BkJSIn5 5)) ®)

A. Equallty Co %

(@) The pres dlstrlb ereration for all buses, modified equality constraints
of real and power equations as

P = P dk vk=12,.. 9)

Q =Qq +r§'”‘ bvc — Qu Vk =12 (10)
Np
P = z'lk NG, codls, -5, )+ B, sin(s, —5J.) vk=12,..N, (12)

c@%vkvj Gy sin(s, —5,)-B, cosls, -5,)] Vk=12,...N, (12)
j=1

System real and reactive power balance equations: Define total power generation
real and reactive (Psr,Qcr), total power demand real and reactive (Por,Qor), and total real

and reactive power loss (P.1,Qu1), the system real and reactive power balance equations
can be written as:

Pet =Pt —Por =0 (13)

Qgr —Qur—Qpr =0 (14)

Using general loss formula, total real and reactive power loss can be expressed as [31]:
Ny Np

Py =22 loy(RP +QQ, )+ B, QP - QR ) (15)
k=1 j=1
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ZZ[7kJ(Pk P, +Q.Q )+§kj(QkPj _ijk)] (16)
k=1 j=1
Ryj
a, =—cos;(5k - 5j) (17)
MVJ-\
N ‘sm(é -5, ) (18)
Xy
N v L cosls, — 5j) (19)
Sj = al 'Sin(§k _51) (20) «
MY ?\/
B. Inequality constraints:
() Real power generation limit of generators at bus- k
Pm'“ <Py < Pma" k=12,. @ (21)
(b) Reactive power generation limit of generators Qe r actw ces at bus-k
QUM < Qyu < QI k =1,2,. d \/ (22)

(c) Voltage limit at bus-k

vt <V, <V k =1,2,. Q \9 (23)
(d) Phase angle limit at bus-k

oM <5, <5 Kk = :I_,2 (24)

(e) Line flow limits: 3@@ traints rs&esent maximum power flow in a

transmission line and are ba mak b|I|ty considerations.
[Siy| = S5 (25)

() two new |neq nstrai ts added in an OPF model with solar PV based
distributed genera\o %:

C. Power ge limit: ludes the upper and lower real power generation
limit of ge at bus- k

@ Real' generati

Povk =< Pou k L2,.--va (26)

(b) Reactive p neration limit

Qi < Qi< QR k =1.2,...N,, (27)

(c) Op\ﬁl.number of distributed generators: This includes the limit on number of
maximL@l ributed generators in the network.
Npv

Zélnt N Irjn\}ax (28)

4. Zip Load Model
The load is modeled as polynomial load [33, 34] as:

P, = PO(ApV2 + BpV +Cp) (29)

=Q,(AV*+BYV +C,) (30)
(Ap+Bp+Cp):(A1+Bq+Cq) (31)
Where
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V is the p.u. value of the node voltage; Po, Q. are the real power and reactive power
consumed at the specific node under the reference voltage; Ay, Aq are the parameters for
constant impedance (constant Z) load component; By, By are the parameters for constant
current (constant 1) load component; C,, Cq are the parameters for constant power
(constant P and Q) load component.

The values of A, Aq, By, Bq and C,, Cy are determined for different load types in
distribution systems. Usually experimental or experience values could be used. In the case
of zip load, the different possible values of zip load coefficient are taken at each bus.

()Without PV-based DG, power balance equations are:

R =P, —P, Vk=12..N, (32)

Q =Qu —QuuVk=12,...N, (33)
(b) With PV-based DG
With distributed generation the real and reactive power constraints are modifiew

presence of zip load as: v
P =Py +&" #Poy — Py Vk=12,...N, 0 (34)
Qu =Qq + < *Qpy —QuuVk=12,...N, *N’ % (35)
The spot price of real and reactive power has been @Qd ith%a{ with solar PV
in pool based electricity market model. The gen of Lq{a/ equation can be
written as: \
L(x,/l,y)zF(x)+z/1khk(x)+zc.>€(~x) 0\@ (36)
k=1 %=1

At the optimal point, the following& c@uons m@atisfied as:
a =0, w20 if j@):o, @2\%0 if g;(x*)<0
X*vé*vﬁ*

Opty \
Inequality constraints be activéa‘@f the gradient of the function and constraints
are opposite as: ( <0= /4 >

37)

Where, X ar ariabl e the Lagrange multipliers corresponding to all
equality ¢ tsy and are¥the Lagrange multipliers corresponding to inequality
constraints 38), t grange multipliers have been represented with different
symbols for u and inequality constraints for distinction. The Langrangian
function for the nodﬂa»ce determination can be written as a function of Pxand Qx as:

L(Plek): ZC

keN,

Z(%MVM 61, o, -6, }-8, sinl, -5, )]1*2(’% {Qk ‘%Vkvj ,,5inl6, -5, }-8, cods, -4,

keN i1

j=1
c> Ny N _ (38)
@p Per =Por =Pir )+ 4 (QGT -Qor Qs )+Zﬂ?ax(Pkmax -R, )+Zﬂ?m(Pk - Pkmln)+
P}

P=

[N

N N, N

}/IV('TIHX(VkmaX _Vk )‘I’

k=1

4 Ny ) . . . Ny
-0 S, o) b S -a)

k=1

Ny N
+k§§kmm(5k _5l<mln)+§‘//|(s|max_sl)

=

o

1
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Knowing Lagrangian function, real and reactive power nodal price at any bus-k can be
determined as the partial derivative of the Lagrangian function with respect to injected

real and reactive power equated to zero as; i =0 8_L =0.

R aQ,
The marginal price of real and reactive power at each generator node can be obtained
as:

>c.(e)
p) —[kENb—"'/lenax m|n+9 (1_%j_,9q|(6Q_'-TJ (39)

Pk P, P, P,

oP oQ
Aok Mgt — 8| |+ S| 1 =S 40
77k 77 pl(an j ql( an j ( )

\/’
5. Results and Discussion E

The proposed approach has been applied to IEEE 24 ug%abilit est syStem for an
RAve engbta for fuel cost,

optimal distribution generation location [35]. The result
losses, power generation schedule for conventigpa .~o distrjbut nerators in the

presence of DGs. Five different cases have been c dered fo is. The results have
also been obtained with and without presenc of DGs for c rison. The maximum
number of DGs is defined in the optimizatio lem f ifferent cases. The results
are also obtained with constant PQ Ioad oad and ts also comparison for both
load. The results are given in tabular f bIe

Results have been obtained co g di cases with different number of
distributed generators.

Case 1: (without PV-basw’elk ted gen r

Case 2: (with one PV-base trlb e ator)

Case 3: (With two PV, nerators)

Case 4 :( with thre istributéd generators)

Case 5: (With uted generators)

The results nd with PV-based DG, Tablel contains the result
of the mi fuel t thcluding PV-based DG cost with constant load and
Table 2 c S the r f the same problem with Zip load. Each table contains
the value of fuel c cost, total active and reactive power loss, optimal location

and size of DGs nventional generation schedule.

5.1. Results W& and with Solar PV based DG with Constant P, Q and Zip Load

Model
T ts have been obtained without and with solar PV based DG considering the
t st of both conventional generators and DGs. The results have been obtained for
@ d

nt P,Q load as well as ZIP load model. The results have also been obtained without
ideration of cost of solar PV for comparison.
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5.1.1. Results with Solar PV Cost Function

Vol. 9, No.10 (2016)

Table 1. Results for Minimization of Combined Cost with Constant Load

Table 2. Results for Mini

14624.93 | 14628.55 | 14631.90 | 14634.70
36 15 93 96
0 10.7849 25.1488 39.5128
0.4738 0.4714 0.4725 0.4660
-1.2694 -1.3323 -1.3873 -1.4511
28.5 28.5 28.5 28.5
\/’
5.8 5.8 5.8 5.8 V
P~
3 3,10 449"
*
5510 0.8858
0.03 0.0795
‘A&
28.9738 \ 2874215 28.0802
4.5306 436 4 4.3809 4.2694

tion of&bined Cost with Zip Load

4620.08 21.62 14625.30 14628.02
22 75
-\
0 10.7849 25.1488 39.5128
0.4 0.4910 0.4977 0.4939
.8233 -0.9005 -0.9299 -0.9522
28.2833 28.2060 28.2084 28.1911
5.7558 5.7401 5.7406 5.7371
0 3 3,10 3,4,10
0 0.2162 0.5510 0.8858
0 0.0308 0.0418 0.0895
28.7821 28.4807 28.1551 27.7992
4.9325 4.8088 4.7789 4.7054
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The simulation of combined cost (fuel cost including DG cost) have been determined
by solving nonlinear optimization problem. It has been observed the nodal price variations
for both real and reactive power at each with and without the presence of distributed
generation for the different cases with and without Zip load. The marginal price variations
are shown in Figures 1, 2, 5 and 6. In Figures 1 and 5 marginal prices for active power are
shown with constant and Zip load respectively. It is observed from Figure 1 and 5 that in
the presence of PV-based DGs, the nodal prices have been considerably reduced and the
variation of real power prices has also become uniform at all the buses. It is also observed
that with Zip load the nodal price are less than with the constant load. With constant load
the minimum marginal price occur at bus 7 whereas with zip load minimum marginal
price occur at bus 22. With the presence of PV-based DGs, it is observed that two price
zones can be represented by single price zone. Thus, the consumers in both the zones will
pay similar price. The best results have been obtained in Case5 (with four PV-based
DGs). With more penetration of DGs in the network, the improvement in the result is»
found to be marginal.
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The reactive power price variation with and without PV-based DGs shows in Figure 2
and 6, with constant and Zip load respectively. It is observed from Figure 2 and 6 that the
reactive power price is high at nodes 6 with constant load and with Zip load as compared
to other buses. Because at these nodes the reactive power absorption is quite high due to
the presence of reactor and transformers. Figure 3 and 7 has shown the voltage profile
with constant and Zip load model respectively. The number of PV-based DGs increase
thus improves the voltage profile of the system. The size of PV-based DGs for optimal
location with constant and Zip load model are same its shown in Figure 4 and 8.

5.1.1.2. Comparison of Constant and Zip Load with Combine Fuel Cost Case

325 M constantload -7'\p|n::r4
32.0818 32.0286

31.8742

31.4958

Average real power marginal cost
($/MWh)

Case5

Ziptoad

.‘(\ A\ 14634.7096

14631.9093

@ Casel Case2 Case3 Cased Case5

Figure 10. Combine (Convectional + DG) Generator Fuel Cost ($/hr) with
Constant and Zip Load

The average nodal price variation for each case is shown in the Figure 9 for both load
cases. It is observed that nodal price reduces considerably in the presence of PV-based
DGs. For Casel and Case2 average real power price with zip load is more than with
constant load. Case3, Case4 and Case5 average real power price with constant load is
more than Zip load. It is observed that with both load (constant load and Zip load) the
Case5 (with four PV-based DGs) average nodal price are minimum. The fuel cost
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increased in the presence of PV-based DGs with constant as well as Zip load is shown in
Figure 10. But the marginal nodal price are reduces thus the overall cost are minimize. It
can be seen that the saving in fuel cost of conventional generator is more with Zip load
than the saving with constant load for all the cases.

0.51
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Figure 11. Total Active Power Loss (p.u

4.5 #— constant foad %{ﬂmﬁﬁ—\%—
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) N ;@ o,
3.5 C 3 >80
ES
s, RN N\
g 'S ) y 31
% 2.5
S
g 2
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¥
&N
“:: 0.7
<:::>E ‘, T T T 1
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Figur NPenetration Level in % with Constant and Zip Load
The i on the real power loss in the presence of PV-based DGs is shown in Figure

data series is given for Zip load and below data series is given for constant
stem total loss Casel( without PV-based DG ) with constant load are 0.4738
d with Zip load total loss are 0.4988 (MW). In Case2 (with one PV-based DG)
stem loss are 0.4714 MW (with constant load) and 0.4910 MW (with Zip load). In
Case3 (with two PV-based DGs) the total real power loss are 0.4725 MW (with constant
load) and 0.4977 MW (with Zip load). There is considerable reduction in losses in each
case. In case4 (with three PV-based DGs) the total real power loss are 0.4660 MW (with
constant load) and 0.4939 MW (with Zip load). In case5 the real power loss are 0.4642
MW (with constant load) and 0.4925 MW (with Zip load). It is observed that losses are
considerably reducing with PV-based DG and maximum reduction take place in Case5
(with four PV-based DG) for each load model. With Zip load losses are more as
compared to the constant load.
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The distributed generation share for different cases is shown in Figure 12. In Figure 12,
above data line has shown the penetration level of Zip load and below data line shown the
penetration level of constant load. In all Cases (Case2, Case3, Case4 and Case5) the
penetration level is slightly more in case of Zip load than with constant load. It is
observed that the saving is more with solar power available in the power system. Optimal
number of PV-based DGs required obtaining best results of fuel cost savings is found to
be four with both constant as well as Zip load.

5.1.2. Results with Solar PV DG without Considering Cost of DGs

We have also obtained the results without and with PV-based DG without
considering cost of DGs.Table 3 contains the result of the minimization fuel cost of
convectional generator without considering PV-based DG cost with constant load
and Table 4 contains the result of the same problem with Zip load. Each table’
contains the value of fuel cost, DG cost, total active and reactive power ,
optimal location and size of DGs, and conventional generation schedule. \V

rator

Copyright © 2016 SERSC

14598.67
28
25.1488 35.9337
0.4639 0.4618
-1.3657 -1.4258
28.5 28.5
5.8 5.8
4,5 3,4,5
0.3348 0.5510 0.7672
0.0477 0.0487 0.0795
14624.93 14613.30 14605.80 14598.67
36 22 36 28
0 14.3639 25.1488 35.9337
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Table 4. Results for Minimization of Fuel Cost of Conventional Generator
only with Zip Load

14620.08 | 14610.83 | 14599.03 | 14591.70
89 62 72 42
0 10.7849 25.1488 35.9337
0.4988 0.4910 0.4905 0.4885
-0.8233 -0.9005 -0.8993 -0.9291
28.2833 28.2060 28.1915 28.1927
N
5.7558 5.7401 5.7372 573y
0 x :
*
\ .
5510 W/ 0.7672
'\
‘@85 0.0795
28.1310 27.9140
4.7594 4.7288

nstant ald Zip Load with Convectional Generator Fuel

5.1.2.1. Comparison@o

Cost Case \\
ra; nodal price variation at each bus with constant and Zip
rved that nodal price reduces considerably in the presence

Figurel3va %n the
load for cson. It @
of PV-based DGs and (beome almost uniform. With PV-based DGs, the price of real

power is almost un in both the zones and customers pay similar price in both the
zones. The maxj eduction occurs in marginal price for Case5 with four PV-based
DGs, for const well as Zip load. For Casel, Case2, average real nodal price with zip
load is m&%h.an with constant load. In Case3, Case4 and Case5 average real nodal price
with Zi[® is less than with constant load.

Q)O

348 Copyright © 2016 SERSC



International Journal of Hybrid Information Technology
Vol. 9, No.10 (2016)

M constantload HZipload

32.0818 32.0286
32 131564 3154

31.4825 31.4328 31.3346

.5007

Average real power marginal cost
{$/Mwh)

28.5

28 T

Casel Case2 Case3 Cased Case5 V’

Figure 13. Average Real Power Marginal Cost ($/MWh) with Co@\{ and

Zip Load %'.
h constang/as well as Zip

The fuel cost reduction in the presence of PV-based
load is shown in Figure 14. It can be seen that th ion in fuel of conventional
generator is more with Zip load than the reduc ox oad. The fuel cost
reduces for all the cases. Minimum fuel cost is (with four PV-based DGs).

=
~
[=)]
o
o

Fuelcost {S/hr)
=
s
wul
0
o

Casel Case2 Case3 Cased Case5

Figure )*Euel Cost ($/h) of Convectional Generator with Constant and Zip
Load
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=—4—constant load —l—Zip load

0.51
0.4988
0.5
0.4925
Nﬁl 0.4905 0.4885
0.49 | — ‘P‘-é
0.48 04738

0.47 \ 0.4663

. 04639 04618 04642
0.46

0.45

Total active power loss {p.u MW)

0.44 1

Casel Case2 Case3 Cased Caseb V’
Figure 15. Total Active Power Loss (p.u MW) with Constant ang Zig koad
*
The impact on the real power loss in the presence of R\/%based DGs | n in Figure
15. The above data series are given for Zip loa =

d, Below da?&?ies is given for
constant load. The total active power loss Casel ( t PV- W ) are 0.4738 MW
(with constant load) and 0.4988 MW (with ziEI loat)7In Case2 one PV-based DG)

the system loss are 0.4663 MW (with consta d) and 0 MW (with zip load). In
Case3 (with two PV-based DGs) the total @ wer Ioss\g 4639 MW (with constant
load) and 0.4905 MW (with zip load) el€is cqnsitd@rable reduction in losses in each
case. In Case4 (with three PV-based DGs) the t ower loss are 0.4618 MW (with
constant load) and 0.4885 M (\m zip load). se5 (with four PV-based DGs) the
real power loss are 0.4642 % constagtlead) and 0.4925 MW (with zip load). It is

observed that losses are consi ly ré\& h PV-based DG and maximum reduction

take place in Case4 (wit e PV-b for each load model. With zip load Losses

are more as compared onstant lodek

The ratio of DG sizé\to'the totaﬁ%ﬁand in the system is called the penetration level of

the DGs. The di 'Xd gene shiare for different cases has been shown in Figurel6.

The penetrati vel is slightly'more in case of Zip load than with constant load. It is

observed t@e fuel ! ving is higher with more penetrations level of PV-based
be f

DGs. Optimal numb
minimization is fou

<
Ol

Q)O

V-based DGs required obtaining best results of fuel cost
our with both constant as well as zip load.
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4.5
=—¢—constant load == Zipload 386
a /
2> jl“\/
E 3 2.72
@ .
€ 2° 2.69
.8
o 2
o
b 1.93
Q15 ;;7//
@
o
' -
0.5 076
0 T T T 1
Case2 Case3 Cased Case5 V’

Figure 16. Penetration Level in % with Constant and Z|

6. Conclusions %

In this paper, analysis has been carried out ' |n the network.
Different cases have been considered with solar P cost f of solar PV system
has been considered in the objective function. mlxed‘| r non-linear programming
approach has been utilized for optimgl 'on and aI number of distributed
generators. It is observed that with PV- s, the=snarginal nodal prices of both real
and reactive power reduce at each bu e nsiderable impact on the prices,
losses, and voltage profile. With Q’ se in peg6$ﬁ n level of DGs, the losses reduce
ini

considerably. The fuel cost redyc ith. T um fuel cost in Case5 with four DG

of conventional generator 1 549 $/hr constant load) and 14582.0349%/hr (with

zip load).
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