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ABSTRACT

Comparative evaluation of Random Forest Regressor RFR) model-based multiple DG integration
on IEEE 32-Bus Network with and without Active Power Loss Sensitivity Index (APLSI) is presented.
The multiple DG integration is approached in two ways; in the first case, the APLSI was used for the DG
location determination and then the RFR model is used for the DG capacity placement on the buses. In
the second case, the RFR model was used both to determine and rank the candidate buses and also to
determine the optimal DG capacity for each of the candidate buses on the IEEE 32-bus PDN. The load
flow analysis was done using the Fast Decoupled Load Flow (FDLF) method. The results show that
without the DG integration, the mean APSLI is 0.879, the mean is 0.838 when RFR model alone was
used for DG integration while the mean was 0.0.713 when APSLI and RFR model were used for DG
integration. Essentially, the lowest mean APSLI of 0.0.713 was realized when APSLI and RFR model
were used for DG integration. Again, the results show that the case when the APSLI and RFR model were
used for the DG integration gave the lowest power loss percentage of 8.025 % whereas when only the
RFR model was used, the power loss was 8.376 %. In essence, the use of the APSLI in the DG location
determination was better than using the RFR model alone.

KEYWORD: IEEE 32-Bus network, Random Forest Regressor Model, Distributed Generator (DG),

Active Power Loss Sensitivity, Power Distribution Network (PDN)
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1. INTRODUCTION

In recent decades, there has been global quest to mitigate the damaging effect of fossil fuel and
other non-green energy source and non-renewable energy sources [1,2]. This has led to the development
of renewable green energy solutions. In this regard, the wind energy, the solar energy, the tide energy and
other green energy solution have attracted the attention of the experts in the power industry [3,4,5]. In
addition, the advent of smart grid system has facilitated the integration of these diverse energy source to
the grid thereby enabling further inclusion of such energy sources to the already existing power

distribution system [6,7,8].

In addition, several governments across the globe have given support or incentives for self-
generation of energy and the export of excess self-generated energy onto the national grid [9,10,11]. This
approach has also added to the growing population of green energy solutions that are witnessed across the
globe. However, integration of these diverse energy generating solution to a common grid is not a straight
solution, it throw up issue that need to be addressed [12,13]. Especially, the introduction of such energy
solution to a radial power network upsets the radial nature of the network and careful location of the
distributed generator (DG) and proper sizing of the DG are required to ensure efficient operation of the
network in the face of DG integration [14,15,16]. Moreover, when multiple DGs are to be installed power
distribution network like the IEEE 33-bus network, the specific buses for the multiple DG installation
need to be carefully selected and the DG capacities for each candidate bus is also selected for optimal
performance [17,18,19]. These issues are addressed in this work by applying Random Forest Regressor
(RFR) model and Active Power Loss Sensitivity Index (APLSI) [20,21]. The study focus is on the
determination of the best option, one using the RFR model alone to locate and size the DGs or to use the
APLSI to locate the DGs and then use the RFR model to size the DGs based on the identified bus
locations for their installation. The ideas presented in this work is expected to assist the power industry to

enhance service delivery to their teeming consumer population.

2. METHODOLOGY

2.1 The research procedure used for the distributed generator (DG) integration on IEEE 32-bus

power distribution network

In the present work, distributed generator (DG) integration on IEEE 32-bus power distribution
network (PDN) is considered. At the same time, the study is for multiple DG integration. The DG
integration is approached in two ways; in the first case the Active Power Loss Sensitivity Index (APLSI)
was used for the DG location determination and then Random Forest Regressor (RFR) model for the DG

capacity placement on the buses. In the second case, the Random Forest Regressor (RFR) model was used
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both to determine and rank the candidate buses and also to determine the optimal DG capacity for each of
the candidate buses on IEEE 32-bus PDN. The flow diagram for the research work is presented in Figure
1.

When the IEEE 32-bus is modelled and the line and bus data are read in, as shown in Figure 1,
then the Fast Decoupled Load Flow (FDLF) method, as shown in Figure 2, is used to conduct the load
flow analysis. The Active Power Loss Sensitivity Index (APLSI), as expressed in Equation 1 is used to
determine the candidate buses which are also ranked based on their APLSI values, starting with the

highest APLSI value on the top to the lowest APLSI value.

The Random Forest Regressor (RFR) model (Figure 3) is then used (as shown in Figure 1) to
determine the capacity of the DG for each of the candidate buses. The FDLF method, is used to conduct
the load flow analysis for this first case. The effeteness of the DG location and sizing in this first case is

evaluated in terms of the power loss and voltage profile obtained from the load flow analysis.

Again, as shown in Figure 1, the second approach did not include the use of the APLSI, rather,
only the RFR model is used, first to determine and rank the candidate buses and next to assign appropriate
DG capacity to each of the candidate bus. In this wise, the RFR model is used to predict the APLSI value
for each of the buses and hence use the predicted APLSI to rank the candidate buses. Again, the FDLF
method, is used to conduct the load flow analysis for this second case. The effeteness of the DG location
and sizing in this second case is evaluated in terms of the power loss and voltage profile obtained from
the load flow analysis. The performance of the system in the first and second cases are compared and the
approach which satisfied the voltage profile requirements and maintained lower overall percentage power

loss is considered the best option.
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#1: Input the load and line data of the IEEE 33-bus network

v

Decoupled Load Flow (FDLF) method

#2: Conduct the load flow analysis of the IEEE 33-bus network without the DG integration using the Fast

v

#3: Compute the Active Power Loss Sensitivity
Index (APLSI) using the results from the load
flow analysis and indicate the ranks for each
candidate bus

v

#4: Order the candidate buses using the Active
Power Loss Sensitivity Index (APLSI) rank
for DG integration

\ 4
‘ #6: Use the Random Forest Regressor model to
#5: Use the Random Forest Regressor model to determine and rank the candidate buses
determine the DG capacity for the buses as for DG integration and also the DG
identified and ranked using the Active capacity for each of the buses identified
Power Loss Sensitivity Index (APLSI) and ranked using the Random Forest
Regressor model

)

v

#7: Conduct the load flow analysis and
generate the power loss and voltage
profile performance when the Active
Power Loss Sensitivity Index (APLSI) is
used to determine and rank the
candidate buses for DG installation

#8: Conduct the load flow analysis and generate the
power loss and voltage profile performance when
the Active Power Loss Sensitivity Index (APLSI) is
NOT used to determine the candidate buses for
DG installation but rather only the Random
Forest Regressor model is used to determine the
location and capacity of the DGs integrated on
the IEEE 32-Bus network

Y v

#9: Compare the DG placement and sizing results of the Random Forest Regressor model when the APLSI
is used for DG location and when the APLSI is NOT used for the DG location determination

Figure 1 The flow diagram for the Random Forest Regressor-based DG integration on IEEE 32-
Bus Network with and without Active Power Loss Sensitivity Index
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Figure 2 The Fast Decoupled Load Flow (FDLF) method flow diagram [22]
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Figure 3 The architecture of the Random Forest Regresssor Model for the DG integration on the
IEEE 32-bus network

2.2 Active Power Loss Sensitivity Index (APLSI)

Active Power Loss Sensitivity Index (APLSI) is determined for each bus in the IEEE 32-bus
network and it is used to rank the bus starting with the highest APLSI bus on top and the lowest APLSI
bus on the bottom of the ranking. The expression for computing the APLSI is given as [23];

2Qi+1,eff Ri
[Viga|®

Where Qi1 or denotes the reactive power which is the load consumed and the line k resistance is
denoted by Ry, the V; is the bus i voltage. The normalized voltage Vyorm(y of the buses are also

APLS; 41 =

(M

determined as follows [24];

Vooem@ = e ?)

Vihreshold

Where Vthreshold is 0.95.
3. RESULTS AND DISCUSSION

The results of the Active Power Loss Sensitivity Index (APLSI) obtained when there was no DG

integration, when the DG is integrated using the APLSI and RFR model and when the DG integration,
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when the DG is integrated using the RFR model alone are shown in Figure 4. The results show that
without the DG integration, the mean APSLI is 0.879, the mean is 0.838 when RFR model alone is used
for DG integration while the mean is 0.0.713 when APSLI and RFR model are used for DG integration.
Essentially, the lowest mean APSLI of 0.713 is realized when APSLI and RFR model are used for DG

integration.

The results of the Active Power Loss Sensitivity Index (APLSI)-based ranking of the buses
obtained when there was no DG integration, when the DG is integrated using the APLSI and RFR model
and when the DG integration, when the DG is integrated using the RFR model alone are shown in Figure
5. It can be seen in the Figure 5 that the two DG integration scenarios have similar bus ranking trend after

the 11™ candidate bus ranking.

The power loss percentage of the two DG integration approaches are presented in figure 6. The
results show that the case when the APSLI and RFR model are used for the DG integration gave the
lowest power loss percentage of 8.025 % whereas when only the RFR model is used, the power loss is
8.376 %. In essence, the use of the APSLI in the DG location determination is better than using the RFR
model alone. Also, the bus voltage plot for the two cases is plotted in Figure 7 and the graph showed that
in both cases, the voltage profile of all the buses fall with the acceptable bus voltage threshold values.
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Figure 4 The APSLI values for the buses in the three scenarios, no DG, DG with APSLI and RFR

model, DG with RFR model alone
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Figure 5 The APSLI based ranking of the buses in the three scenarios, no DG, DG with APSLI and
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Figure 6 The power loss percentage of the two DG integration approaches
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Figure 7 The bus voltage of the two DG integration approaches

Table 1 The comparison of the performance of the two DG Integration approaches

Value when DG is Value when DG is Percentage
Mean of the key inteorated with RFR integrated with Improvement of
Performance Metrics B fodel alone APLSI and RFR the APLSI
Model Approach (%)

Mean of the Active Power
Loss (kW) 120.6618 118.6294 1.684
Mean of the Reactive Power
Loss (kVAR) 166.4152 164.4424 1.185
Mean of the Voltage
Deviation Index (VDI) 0.0054 0.0054 0.000
1{\35;’“ of the Bus Voltage 0.9997 0.9998 0.010
Mean of the Phase Angle
Spread (deg) 7.7718 7.7161 0.056
Mean of the Power Loss 83761 8.0252 0.351
Percentage (%)

4. CONCLUSION

The integration of DG on IEEE 33-bus network is presented. The use of Active Power Loss
Sensitivity Index (APLSI) to locate the buses for the DG installation and then use random Forest
Regressor (RFR) model for the sizing of the DGs on each of the buses is presented. Also, a second option
where the DG location and sizes are determined using the RFR model alone is presented. The
performance of the two approaches are compared using the power loss percentage. The results show that

the use of the APLSI improved the power loss reduction by about 0.351 %
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