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Abstract: In conventional Electric Power system, centralized power generation plants are used which are far away from the load
center. Therefore for the transmission of power from the generating station to load center causes line loss, which varies in valleys and
peaks of the load curve. Distributed Generation (DG) can be used for the reduction of the line losses. In this paper, it is analyzed that
Proper placement and sizing of the DG has great impact on the system line loss reduction. It is further shown that more than one DG of
same size at different locations has great impact upon the reduction of line losses and also the N-1 contingency is increased. Moreover,
some effective energy storage system is added to the radial distribution feeder due to which the peaks and valleys of the load curve is
flattened (Straight Line).Simulation results shows that Valleys and Peaks in load curve have more losses compared to the straight line
load curve which is ideal. In order to show the effectiveness of the proposed scheme, 11 kV radial Distribution feeder is modeled in
Matlab. Comparison of the results shows that line losses are reduced by employing the proposed method.

Keywords: Distributed Recourses (DR), Distributed Generation (DG), Line Loss Reduction (LLR), Effective Energy Storage System

(EESS).
1. Nomenclature

G Distance from source to the DG location, km
IpgDG output current per phase, A/®

I oaaload current per phase, A/®

IsSource current per phase, A/®

L Total length of distribution line, km

LossgpgTotal line loss before the inclusion of DG, W
Losspgi Line loss from DG location to the location of
Loadafter the inclusion of DG, W

LossgpgLine loss from source to the DG location after the
inclusion of DG, W

Lossaspg Total line loss after the inclusion of DG, W
PpgReal power of DG, W

ProagReal power of Load, W

PFpgOperating power factor of DG

PF| ,.sPower factor of Load

QpgReactive power of DG, Var

QiuaaReactive power of Load, Var

r Line resistance per phase per unit length, Q/km.®

R Total resistance per phase, Q/®

Y Fraction of real load power supplied by DG

n Net AC energy efficiency of the DR Storage system
R, Equivalent Transmission & Distribution Resistance
during Peak period

R, Equivalent Transmission & Distribution Resistance
during Off Peak periods

I} 0adpgy L0ad Current during Peak Period

I,Load Current during off peak period

MaxMax Storage size

Gap,,p,Gap between peak and off peak

K System Loss constant

ICurrent provided by storage device

2. Introduction

The conventional sources of energy are depleted with
passage of time; therefore new sources of energy are

required. For this purpose, Renewable energy sources
along with other sources like Fuel cell, Internal
Combustion Engine (ICE) and Striling Engine [1], are
mutually used as Distributed Generation (DG) system, are
utilized. The key advantage of using DG system is to
reduce line losses. However the installations of DG system
with the existing Power system have some main issues like
placement, sizing and Power Factor of the DG. DG of
proper capacity (size) and proper placement should be
required with respect to load [2]. The load management
using DG system is analyzed by using load curve.
Traditional load curve have valleys and peaks (for certain
period of time). In comparison to the flatten load curve,
Traditional load curve has more losses [3-4]. These losses
can be reduced by either using load shifting or by using
any storage technique [5].These include charging batteries,
Pumping of Water from low potential to higher potential,
Compressing of air, Creating Hydrogen through
Electrolysis etc. These energy storage techniques are fed
power during off-peak time. Later on, they are used in
conjunction with the conventional resources to fulfill the
energy requirement of the peak load. The focus of this
paper is on electrical line losses reduction when a DG is
integrated with radial distribution feeder. For N-1
contingency more than one DG of same capacity are
placed. Storage of energy technique is adopted due to
which the curve is flattening and line losses are reduced.
This reduction in line losses are quantified, evaluated and
discussed in this paper for different locations, size of DG’s
and also for energy storage system along with the power
factor (PF) of load and power output of DG.

Rest of the paper is organized as follows: Section II and 111
describes line loss reduction analysis, Section IV,
describes the results obtained from the line loss reduction
analysis, while Section V concludes the paper.
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3. Approach

Different cases for Radial distribution feeder are
considered like:

1. A radial system prior to the inception of DG into it.
2. A radial system after the inception of DG into it.

3. A radial system with inception of DG and effective
distributed storage system.

The above three cases are diagrammatically shown below.
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Figure 1: A radial system prior to the inception of DG into
it.
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Figure 3: A radial system with inception of DG and
effective distributed storage system.

Before starting analysis, the following suppositions are
made:

1. Loads on both the system are Y- connected, so that line
and phase currents are equal (Irine = Iphase)-

2.Load consumes active power at certain specified Power
factor.

3.DG generates active power at certain specified power
factor.

4. V0aq 1s the phase voltage.

5. Vioaa is the Phasor chosen as a reference (Vgeq L 0°).

The complex power, [6]
Sioad = Proaa + jQioaa
So
Szoad PLoad - jQLoad
I = = 1
Load 3VLoad 3VLoad eq( )

4. Analysis for Line Loss Reduction

1: A radial system prior to the inception of DG into it.
(Figurel)

AsV, = V3V,

Lossppg = IfsaaR

Fromeq (1)
2
S*
- <M> rL ~ R =1L
\/§VLoad

_ |SZoad|2

( 3VLzoad

2: A radial system after the inception of DG into it.
(Figure 2)
Power supplied by DG is given by:
ip*a =P Dlg; +J QpQG
DG p¢ — JUbpe
IDG B 3VLoad B 3VLoad eq(3)
Now for Line losses due from Source to DG is given by:
Is = Ioqa — Ipg

) Req(2)

Now
S = Sioaa — Spe
So,
2
S* S — S5:)?
L0550, :( 5] > 16 = i Sioat = Sic)
\/§VLoad 3 VLoad
_ 7G(|Proaa = JQroaa — (Ppe — jQpe))?
3 VLzoad

After simplification,
Lossspe

G (Phaa + Pb¢ — 2PioadaPoc + Qbaa + Qb6 — 2Q10aa Qe

. . 3VLzoad
Now Loss after DG is given by
(L - G)r(Pand + Ql?oad)
3V420ad
So total losses from source to load is:
Loss,spe = Lossspg + Losspgr
Putting values the result become as:

rL [G 2 5
3VLzoad [Z (PLoad + QLoad - 2PLoadPDG

+ Pho + QBo — 201004000
Where rL=Total Resistance, R so

L; [E (PLzoad + onad - 21:’LoadPDG
3VLoaal L

+ Pio + Qb ~ 201004000
Now Line loss reduction after the inception of DG is :
LLR = Lossgpg — L0SSusp¢
So putting values,

LLR =

Losspgr, =

LOSSASDG =

LOSSASDG =

(ZPLoadPDG - PI%G - QLZ)G
+ ZQLoadQDG)eq(4)

3LVLzoad

Now if LLR value is Positive, Line loss decreases after the
inception of the DG into the radial Distribution system. If
LLR value is negative than line loss will increase after the
inception of the DG in the Radial feeder system.
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Now Per Unit Line loss Reduction (PULLR) is given by

LLR
PULLR = ——
Lossgpe

So after simplification
PULLR
_ G(2ProaaPpc — Pi — Qb + ZQLoadQDG)e
L(PLzoad + le,oad)
Percentage LLR is

%LLR = PULLR * 100
Now the reactive component of load along with pf is given

as:
(_1)nPload\/ 1- PFLzoacl

= 6
QLoad PFLoad eq ( )

Where n =1 for load having leading power factor

= 2 for load having lagging power factor

If Qyoaq 18 positive, load is inductive which absorb reactive
power, and Q. is negative, load is capacitive which
supply reactive power back to supply.

q(5)

Consideration of DG operation with leading and lagging

power factor:
_ (=1)"Ppgy/1 = PFj,
Qpe = PFpg eq(7)

Where n =1 for load having leading power factor
= 2 for load having lagging power factor

Now if QDG is positive than it means that DG supplying
power to the system and vice versa.

Now combined there are possible four cases in which the
conventional power system with the inception of DG along
with the load w.r.t power factor is divided as:

1. When both, Load and DG having lagging P.f.

2. When both, Load and DG having Leading P.f.

3. When the load having Leading Power factor and DG
having lagging power factor.

4. When the load having lagging Power factor and DG
having Leading power factor.

Now as the case 1 and 2, and case 3 and 4 yielding same
results. So PULLR values for Case 1 and case 2 are given
by:

Y
(P
2\1 = PFL 01— PF;
(P-Nioaa * (P-Nig

And similarly for case 3 and case 4
YG(P.f)}oaa [2 Y

YG(P.f)i
PULLR — (f)md[z

L

] eq(8)

PULLR =

L (PN

2\/1 - PFLzoad\/1 - PFDZG] )
—_ e
P oaa * P-Be 11

3: A radial distribution system with the inception of DG along with effective distribution storage system (Figure 3)
In this case the system losses are often express as a fraction of the system of load in terms of percent’s of demand or percent of
delivered energy. Now the ratio of total saved system loss to the peak load can be expressed by:

LLR 2 ((1 - H(d/ﬁ)> - (1 + d/n)>

=x K

PLoadmax

1+ HZ(d/,,)

Ist/ _Io/ Ro/ _ st _ Ro/
ILoadmax * 2K 1 ILoadmax an ILoadmax 1 an

2
10 Ro/
1+ /lLoadmax nRP

Where H = lo

Loadmax

eq(10)

w It /
ILoadmaX

For each system configuration and load characteristics
there is a maximum storage size of the DR when the losses
due to charging equal to the reduced system losses with
DR. This size is the function of location and ratio of the
peak to off peak load. The result has been from analyzing
actual load flow simulation, but general equation can be
used for an approximation of maximum storage size.

|
ILoadmaX an

= eq(11)

_ 10 _ Ro/
1 /ILoadmax 1 an

Maxgg

GapPop
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Now saved losses can be expresses as a function of storage

size as
LLR

Storage size

— I0 Ro/ — Ro/
21 ILoadmax an af T+ T]Rp

2
I0 Ro/
1+ /ILoadmax nRP

eq(12)

From eq(12) it is clear that the ratio of LLR to storage size
is dependent on the efficiency of the storage system. But
also the size of the energy storage system also affects this
ratio too much. If size of the storage device is same as load
than LLR to Storage size ratio will maximum while if it
capacity is increased than the ratio will decreased.

5. Results of Line Loss Reduction

The impact of changing size, location and Power factor of
the DG along with the Distributive storage system is
studied in this section of the paper. There are four different
types of analysis are carried out which are discussed
below:

1. Effect of DG size on the line loss reduction.

For this purpose to see the relationship between DG size
and line loss reduction,it is considered that the DG and
Load have same power factor i.e. 0.9 Lagging and the
location of the DG is kept at the mid-way between the
source and load i.e. G=0.5L where L is assumed to be
1.Load value is assumes as 2pu. PULLR for the above
mention value from eq(8) in simplified form is given
below:
PULLR = —0.125P5; + 0.52Ppg

and plotted for Ppg=[0:0.2:5]

Now from Figure4 it is clear that Ppg (output of DG) play
very important role in LLR of the radial distribution
feeder. As Ppg output increases up to the Pr.q (2pu), the
LLR become maximum because power from the supply is
reduced. When the value of Ppg is further increased the
LLR is decreasing and reached to zero when the PDG is
double the Py 4. Further increased in the PDG value cause
the LLR negative which shows that the DG is supplying
power back to the Source through the radial feeder due to
which losses is increased. Similarly instead of One DG,
more than one DG can be used for N-1 contingency in the
system. As a result of which the Reliability and LLR of the
system is increased.

0.6

0.4

o
[N}
|

PULLR
o

DG Power Output (pu)

Figure 4: Effect of DG power Output on PULLR
2.Effect of DG location on the line loss reduction.

For this purpose to see the relationship between DG
location and LLR different locations are selected for the
DG on the radial Distribution Feeder. For this purpose
different values of G are selected i.e. O(Location 1),
0.2(Location 2), 0.4(Location 3), 0.6(Location 4) and
0.8(Location 5) on the length of the feeder. From eq(8)
simplified formulas is given as:

PULLR = —0.25GP3; + 1.045GPy¢ and plotted for each
value of G and Ppg =[0:0.2:5].

Now from the analysis Figure5, it is clear that location of
DG play very important role in LLR as shown in Figure5.
From First and second analysis it is clear that Location and
size (DG output) plays very important in LLR. So proper
size and location of DG is required for maximum LLR.

1 Location 1
0.8 tocation 2
0.6 —0f _ =—@—]ocation 3

== Location 4
0.4 A Location 5
0.2 (4 ‘
o [/ ]
o |
0.2 0 2 4 6
0.4 :
-0.6
-0.8
-1
DG Power Output (pu) for different
location of DG

Figure 5: Effect of DG power Output on PULLR for
different location of DG

3. Effect of DG Power factor on LLR.

As power factor of DG may be leading or lagging in
nature. From eq(8) the 0.9 lagging power factor DG then
PULLR = —0.125P5; + 0.52Ppg Similarly for 0.9
leading power factor eq(9) become asPULLR =
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—0.1134P2; + 0.288Py¢ and plotted for Ppg =[0: 0.2 :
5]

1 =@=tagging p.f
0.9

,ZO.S Leading p.f
5 0 'g 0é9
-0.5
-1
-1.5

DG Power Output (pu)
Figure 6: Effect of DG Power factor on PULLR

So from Figure6 it is clear that LLR is more for lagging
power factor compare with the leading power factor. It is
because of the fact that DG also plays its role in delivering
reactive power to load. So when DG is operating at
lagging power factor, line current is decreases thereby
causing LLR.

4. Effect of Storage device on LLR.

If the distributive storage system is placed before load,
then the LLR is increased or almost remain constant.
When the load values are changed from the selected value
for which the Ppg installed due to which variable load. So
if load decreases for the specific values of DG power
output then Distributive Storage System will store the
extra energy in order to keep the LLR at maximum value
for maximum time. Similarly when the load increase then
the extra power will be supplied by the energy storage
system. From this LLR along with the flattening of the
load curve will be obtained. The role of the storage device
efficiency is of utmost important parameter for the LLR. If
efficiency is 100% or lossless then the LLR to Storage
ratio will be maximum. Similarly if the storage device
place near the load then the losses further decreased.

6. Conclusion

As integration of DG with radial Distribution feeder have
many advantages like Line loss reduction, Voltage
support, Peak shaving, efficiency of Power system etc.
Different DG Technologies are used now-a-day. In this
paper, inclusion of DG along with EESS is used for the
purpose of LLR for Radial distribution feeder. The
analysis clearly reveals that inclusion of DG can really
reduce the line losses which are too much advantageous
for the Distribution companies in developing countries like
Pakistan etc. From analysis it is clear that size, Location
and Power factor of DG output are the responsible
parameter for maximum LLR during design. If DG is
located near the load, then it is not guarantee to maximize
the LLR. For increasing the reliability of the power supply
to the load as well as LLR, more than one DG is used. For
variable load, EESS is put due to which the LLR is
increased or almost remain constant. Different energy
storage systems are there like pumping of water during
off-peak, Batteries etc.

Cost of DG is one of the most important parameter which
not allows freely using the available DG technologies but
in future, advancement in technologies can reduced cost.

References

[1] Gilbert M. Master, “Renewable and Efficient Electric
Power System”, April 2004, WILEY
INTERSCIENCE, A John Wiley & Sons, INC.,
Publication.

[2] P. Chiradeja, “Benefit of Distributed Generation: A
Line Loss Reduction Analysis”,2005 IEEE/PES
Transmission and Distribution Conference &
Exhibition: Asia and Pacific Dalian, China.

[3] V. K. Mehta, Rohit Mehta “Principle of Power
System”, S. Chand & Company Ltd. ISBN 81-219-
2496-0.

[4] Turan Gonen, “Electric Power Distribution System
Engineering,”McGraw Hill series in Electrical
Engineering, ISBN-0-07-023707-7.

[5] A. Nourai, “Large-scale electricity storage
technologies for energy management”, in Proc. IEEE
Power Eng. Soc. Summer Meeting, 2002, vol. 1, pp.
310-315

[6] John J. Grainger, William D. Stevenson Jr. “Power
System Analaysis,” McGraw Hill, ISBN-0-07-
113338-0.

[71 PRODUCT CATALOG - ACSR (Aluminum
Conductor, Steel Reinforced) SuRAL Avenida
Francisco de Miranda, Edif. Parque Cristal, Torre
Oeste Los Palos Grandes — Caracas 1062 — Venezuela,
I1SO-9002. Tel: +58 (212) 285-5707 Fax: +58 (212)
285-3269

Volume 3 Issue 7, July 2014
www.ijsr.net

Paper ID: 020141218

Licensed Under Creative Commons Attribution CC BY

1247






