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Abstract: -This paper proposes an algorithm for the strategic placement of distributed generation
in distribution networks for single, two or three DG units. The most effective busses are selected
to minimize the total power losses in each case and to improve the voltage profile. The proposed
algorithm is implemented on the IEEE 44 bus large industrial power system that is used in the
IEEE brown book, several case studies are analyzed and the results are presented.
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1 Introduction

It is becoming widely accepted that distributed
generation (DG) resources can provide benefits to
distribution and transmission networks. DG
affects the flow of power and voltage conditions
at customers and utility equipment. These impacts
may manifest themselves either positively or
negatively depending on the distribution system
operating  characteristics and the DG
characteristics.

DG must be reliable, dispatchable of the proper
size and strategically placed to give the following
system benefits: grid reinforcement, voltage
support and improved power quality, loss
reductions, transmission and distribution capacity
release, improved utility system reliability [1]-[6].
DG capacity shall not exceed 25% of the total
system capacity while connected to grid to
maintain over all system stability [7].

As distribution network with DG are no longer
passive, all  questions about planning,
maintenance and operation become more
interesting and demand reassessment. Power
injections from the DG change magnitude and
even direction of network power flows. This
causes an impact on network operation and
planning practices of distribution companies with
both technical and economic implications [8]-
[13]. The main issues include where to locate and
how to operate DGs to minimize the impact on
distribution management. Additionally, it will be
necessary to investigate whether DG capability
and placement could be wused to enhance
distribution network planning and operation [14].

The selection of the best location for installation
of DG units in large distribution systems is a
complex problem. Lagrangian based approaches
are used to determine optimal locations for
placing DG, considering economic limits and
stability limits [15].

Recently, optimization methods are applied to the
optimization problems in power systems. A
genetic algorithms (GA) based DG allocation
method is presented where the power losses in an
existing network is minimized [16]-[18]. In
references [19], [20] the process of DG allocation
is presented similar to capacitor allocation to
minimize losses. Moreover, analytical approaches
to determine the optimal location for placing DG
in both radial and networked systems to minimize
power losses are proposed which are not iterative
algorithms, like power flow programs [21].

It is clear from the above, that the problem of DG
allocation is very important and the installation of
DG units at the best location can result in a
decrease in system losses which leads to decrease
in costs. For that reason, the use of an algorithm
for strategic placement of DG can be very useful.

This paper proposes an algorithm for the strategic
placement of distributed Generation in a
distribution network for single, two or three DG
units. The most effective busses are selected to
minimize the total power losses in each case and
to improve the voltage profile.
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2 Strategic placement algorithm of

DG

The proposed algorithm begins with traditional
tasks as identifying the area of the distribution
network under study. The main components for
the DG connected distribution system are number
of buses, type of buses, voltage Ilevel,
transformers, reactors, lines, cables and the DG
units.

The system components are simulated and the
load flow is preformed for the system without
installing DG units. The flow chart shown in fig.
1 and the step-by-step procedure is discussed as
follows for single, two and three DG units' cases:

1. The single, two and three DG units’
capacity shall be chosen as 25% of the total
swing bus capacity. The reactive power
range shall be identified (+/- Qmax) to
support the DG power factor range for each
case.

2. List the DG buses which support the DG
power factor range.

3. Rotate the DG units' on the previous listed
buses and perform the load flow study for
each case.

4. Calculate the reactive power for each case.

The power factor of the DG is calculated and if
the DG power factor is within the specified range
then list the accepted buses which the DG are
connected; while if the DG power factor is out of
the specified range then these buses are rejected.
Check the bus if one of its combinations is
accepted then list these buses if not then reject the
bus

3 Case Study

3.1 System Composition

The proposed system under study is a “44 bus
systems with total load of 6.2 MV A shown in Fig.
2 which is a typical composite single-line
diagram for a large industrial power system that is
used in IEEE brown book [22]. The main
components for the system (buses, transformers,
lines, cables and the DG units connected to the

DG bus through a cable.....etc.) are modeled with
all of its detailed parameters using ETAP
program. The system data is presented in
Appendix A. The proposed algorithm has been
implemented on the system and the obtained
results are listed in table 1.

Table 1: Listed buses in each DG case

Listed
Case buses. Listed
combinat buses
ions
Single 26 out of 26 out of
DG unit 41 41
Two DG 153 out 17 out of
units of 171 41
Three 643 out 17 out of
DG units of 969 41

3.2 Analysis and Results

The buses combinations which support the
DG power factor > 85% in single, two and
three DG cases are employed according to the
algorithm presented in Fig. 1 to calculate the
losses and voltage profile.

A. Calculation of losses

The overall Py for the system is calculated
in the following cases:

e Without installing DG units.

e Single, two and three DG units.

The most sensitive buses and not rejected in
the two DG case were found to be Bus 18,
Bus 16, Bus 30, Bus 37 and Bus 5. The
overall P, for the above buses are
summarized as follows which shows the best
bus location of the DGs to give the minimum

P Losses-

-Bus 18

= The single DG is placed at Bus 18.

= The two DGs are placed at Buses 18 and 37.

= The three DGs are placed at Buses 18, 37 and
18.
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Algorithm for Sitting and Numbering of DGs

Preparation

Single DG Unit

Two DG Units

Three DG Units

Documents for the Area
under Study including the
required data for the "N"
buses (type, voltage level,
Branches (transformers,
reactors, lines/cables)

Choose method of
load flow solution
(Newton-Raphson,
Gauss-Siedel,....)

These buses

shall be
used in the

two DG case

Choose the DG
capacity to be 25%
of the total swing
bus capacity and
identify the power
factor for the DG

Perform Load flow
study

and the kVAR (+/-
Q1max) range
which shall support
the power factor
range

v
Rotate Single DG
unit on each bus of
the system under
study and perform
the load flow study
for each case

4

Calculate the DG
NO KVAR (Q1) for
each case

the single DG unit
rotated on all the

Is
DG P.F.2 85%

Reject the bus

h 4

List the Buses “N1” which
the DG is connected

Identify the KVAR (+/-
Q2max) range in the case
of two DG units
(MW=25% of the total
swing capacity) to
support the power factor
=85%

Identify the kVAR (+/-
Q3max) range in the case
of three DG units
(MW=25% of the total
swing capacity) to support
the power factor 2 85%

Rejectthe ||

Buses

List the Buses “N2”

Rotate two DG units
on buses "N2" and
perform the load
flow study

o

Calculate the DG
NO | kVAR (Q2) for each
case

Are
the two DGs
rotated on all
buses “N2

YES

Reject the "
buses  «-NO DG P.F.2 85%
combination

YES

List the Buses
combinations which
the DGs are
connected

Check
the bus if one of
its combination is,
listed

Reject the bus YES

List the Buses “N3” which

List the
Buses
combinations

Reject the
Buses
combinations

Check
the bus if one of
its combination is,

listed

Reject the bus [«—

YES

v

List the Buses “N4"
which the DG is
connected

I

Rotate three DG
units on the buses
“N4" and perform
the load flow study

l

Calculate the DG
KVAR (Q3)

Are
the three DGs
rotated on the
buses “N4’

Reject the
buses  [«—NO

Is
o
combination DGPF285%

YES

List the Buses
combinations
‘which the DGs
are connected

Check
the bus if one of
its combination is,
listed

Reject the bus

connected

Fig. 1- Sitting and Number of DGs Algorithm
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Fig.2:- The system composition
The strategic placement of the DGs in the Bus 18
system was concluded from the load flow Without DG
. . . . 190 .
studies on the combination of DG locations o5 | 1849
on bus 18 for single, two and three DG cases. 180
% 1751 Single DG,
. . . = 170 166.8 Two DGs,
Figure 3 shows that the strategic location of g M2 Three DGs,
. @ 1 160.7
the three DG case gives the least Py for the 3 160 |
system from the without, single and two DG 1551
. . 150 -
cases. In case of locating the DGs in the s
locations shown above, 13% reduction in the

P oses for the three DG case while it showed
9.7% for the single DG case and 11.8% for
the two DG case.

Fig. 3- Overall Py without and with DG at Bus
18
-Bus 16

= The single DG is placed at Bus 16.
= The Bus is rejected in the two and three DG
cases.
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Fig. 4- Overall Py s without and with DG at Bus
16

Figure 4 shows that the strategic location of the
single DG case gives the least Pp.s for the
system from the without DG cases.

In case of locating the DGs in the locations
shown above, 6.9% reduction in the Py for the
single DG case is presented.

- Bus 30

» The single DG is placed at Bus 30.

= The two DGs are placed at Buses 30 and 18.

= The three DGs are placed at Buses 30, 37 and

21.

The strategic placement of the DGs in the system
was concluded from the load flow studies on the
combination of DG locations on bus 30 for single,
two and three DG cases. Figure 5 shows that the
strategic location of the three DG case gives the
least Prosses for the system from the without,
single and two DG cases. In case of locating the
DGs in the locations shown above, 13.7%
reduction in the Py s fOr the three DG case while
it showed 6.8% for the single DG case and 10.8%
for the two DG case.

159.4
160 -

155 4
150
145

Bus 30
Without DG,

190 184.9

185 -

180 + Single DG,
g 175 172.2
c
ﬁ 165 4 : Three DGs,
o
-
o

Fig. 5- Overall Py s without and with DG at Bus
30

- Bus 37

= The single DG is placed at Bus 37.

= The two DGs are placed at Buses 37 and 18.

= The three DGs are placed at Buses 37, 21 and
5.

The best location for the DGs in the system
was concluded from the load flow studies on
the combination of DG locations on bus 37
for single, two and three DG cases.

Figure 6 shows that the strategic location of
the three DG case gives the least Py o for the
system from the without, single and two DG
cases. In case of locating the DGs in the
locations shown above, 14.3% reduction in
the Pjes for the three DG case while it
showed 5.4% for the single DG case and
11.8% for the two DG case.

Bus 37
Without DG,
160 184.9
185 4
Single DG,
= 180 174.9
= 1754
c
& 170
Q
@ 165 4 Two DGs, 162.8hree DGs,
o
3 160 | 158.3
o
155 4
150
145

Fig. 6- Overall Pp.s without and with DG at Bus
37
-Bus 5
= The single DG is placed at Bus 5.
= The two DGs are placed at Buses 5 and 37.
= The three DGs are placed at Buses 5, 37 and
21.

The best location for the DGs in the system was
concluded from the load flow studies on the
combination of DG locations on bus 5 for single,
two and three DG cases.
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Bus 5
190 Without DG,
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180 | 177.5
2 175
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@ 1701 Two DGs, 165.1
2 165 Three DGs,
o
S 160 | 158.3
o

155 |

150 |

145

Fig. 7- Overall Py s without and with DG at Bus
5

Figure 7 shows that the strategic location of the
three DG case gives the least Py for the system
from the without, single and two DG cases. In
case of locating the DGs in the locations shown
above, 14.3% reduction in the Pj s for the three
DG case while it showed 4% for the single DG
case and 10.7% for the two DG case.

B. Voltage impact on the bus connected to the
DG

The voltage magnitude is taken from the load
flow study for the single, two and three DG
cases. It was found that installing the same DGs
at the same bus shall give different voltage
magnitude levels and this due to combining
identical generators which produce different
reactances and reactive power.
It was also, found that installing the DGs at the
same bus shall give the best voltage magnitude
but the maximum voltage magnitude is in the
single DG case and it is summarized in the
following charts:
- Bus 18
Figure 8 shows that the strategic location of the
single DG case gives the best voltage magnitude
for bus 18 from the without, two and three DG
cases.
In case of locating the DGs in the locations
shown above, 2.46% increase in the voltage
magnitude for the single DG case while it showed
2.3% for the two DG case and 2.27% for the three
DG case.

Bus 18

Single DG,
99.539

Two DGs,—Three DGs;

99.385 99.355

100
99.5
99 |
98.5
98 1 Without DG,
97.5 1 97.143
97
96.5
96
95.5

V (mag. & angle)

Fig. 8- Voltage magnitude without and with DG
at Bus 18

- Bus 16
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Bus 16

Single DG,
99.97

99.967

99.965

99.96 -

Without DG,

99.955 1 99.952

99.95

V (mag. & angle)

99.945

99.94

Fig. 9- Voltage magnitude without and with DG
at Bus 16
Figure 9 shows that the strategic location of the
single DG case gives the best voltage magnitude
for bus 16 from the without DG case.

In case of locating the DGs in the locations
shown above, 0.015% increase in the voltage
magnitude for the single DG case.

- Bus30

Figure 10 shows that the strategic location of the
single DG case gives the best voltage magnitude
for bus 30 from the without, two and three DG
cases.

In case of locating the DGs in the locations
shown above, 2.5% increase in the voltage
magnitude for the single DG case while it showed
2.33% for the two DG case and 2.35% for the
three DG case.
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Fig. 10- Voltage magnitude without and with DG
at Bus 30
-Bus 37

Figure 11 shows that the strategic location of the
single DG case gives the best voltage magnitude
for bus 37 from the without, two and three DG
cases. In case of locating the DGs in the locations
shown above, 2.65% increase in the voltage
magnitude for the single DG case while it showed
2.47% for the two DG case and 2.51% for the
three DG case.

Bus 37
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Fig. 11- Voltage magnitude without and with DG
at Bus 37

4 Conclusions

A novel algorithm for the strategic placement of
distributed generation units in electrical
distribution system is presented in this paper.

The algorithm is implemented on the IEEE 44 bus
large industrial power system that is used in the
IEEE brown book, the strategic locations of a
single DG, two DGs and three DGs are obtained
and the performance of the system is measured

with respect to the change in the system power
loss and the voltage profile.

The system overall performance for the three DG
case is shown to be superior over both the two
DGs and the single DG.
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