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Abstract
Energy is an important input for economic development of every country and electric power sector is an
indispensable infrastructure in any economy. Quetta Electric Supply Company (QESCO) supplies electric
power throughout Balochistan province of Pakistan except District Lasbela. Balochistan covers 43% of the
geographic area of Pakistan but is considered to be the least power consuming province. The load is far
away from the source and radially fed resulting in low voltage profiles and frequent blackout of the company
grid network. Power flow studies have great significance in determining the best criteria for designing a power
system and planning the future expansion of power system. This research focuses on reinforcement analysis
of QESCO network using Power System Simulator for Engineering (PSS/E) by simulating load flow analysis
model. The operation of the three available power sources has been studied for maximum performance of
the grid network. Different scenarios have been analyzed and quantified by applying all the parameters and
values of QESCO power system and inferences have been obtained on the basis of results generated by
the PSS/E Software. The comparison study has been carried out for the three N-1(loss of one source)
contingency situations for the available sources and best possible network topology for optimal operation of
QESCO network is proposed.
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INTRODUCTION
Electrical Energy crisis imperiled the economic development of Pakistan. Population of the country is
increasing rapidly but energy resources are not growing proportionately to meet the load demand. Optimal
utilization of the available energy resources is essential to get maximum benefit and outcome from these
resources.
An electric power system is a network of electrical components deployed to generate, transfer, and utilize
electric power. Quetta Electric Supply Company (QESCO) is delivering electrical power to the Balochistan
province (except District Lasbela) of Pakistan. Balochistan is geographically the largest province of the
country but is the least power consuming province with annual load growth rate of 3.5%. The load is supplied
at 11KV level from sub-transmission networks of 132kV and 66kV through substations of 132/11KV and
66/11KV. There are sixty 132kV and ten 66kV substations (NTDCL, 2015).  In a network of long distanced
transmission lines connecting power generation sources with mainly inductive load (70%-80% agricultural
load), a very low voltage profile prevails. There was only a single and radial 220KV source from Thermal
Power Station Guddu via Sibi to Quetta which is violation of National Electrical Power Regulatory Authority
(NEPRA) codes. Any disturbance could easily lead to a huge electricity breakdown or even a blackout. The
National Transmission and Dispatch Company (NTDC) has recently commissioned two additional 220KV
sources for QESCO; a 220kV transmission line stretched from Daddu to 220KV substation at Khuzdar in
the south-east of the province and a 220kV transmission line feeding northern area of the company stretched
from D.G Khan to 220KV substation at Loralai. But these transmission lines are not yet fully interconnected
as a transmission ring.
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Power system planning has many components and planning of transmission is one of the most important
features. The main aim of most transmission network expansion plans is to explore the optimal topology for
reliable and stable system. National Electric Power Regulatory Authority (NEPRA) is regulator of Pakistan’s
electrical power sector. In normal condition, QESCO is bound to maintain voltage profile in the range of +
5% while + 10% under N-1 contingency conditions (Malik, 2007). To meet the criteria, the Distribution
Companies (DISCOS) use different simulation tools like PSS/E, ETAP etc. for optimal power system planning.
The contingency analysis is a tool which simulates and measures the outcomes of hindrances that appear
in power system in the very near future. The target of transmission and distribution network of electric power
system operation is to optimize and to obtain the maximum utilization of the available resources. Power flow
study provides the magnitude and phase angle of the voltage at each node (bus bar), the Real Power (P)
and Reactive Power (Q) power flowing in each line. In this research paper different iterative techniques have
been applied to analyse the best possible grid network topology for QESCO Network. The anticipated load
growth in 2017 is used for simulation results by using PSS/E Software.

MATERIALS AND METHODS
Different techniques have been used for load flow studies in different countries. The load flow studies of
Bangladesh Power System were analysed and accomplished using Power System Application Framework
(PSAF) developed by CYME International TD Inc. (Mehnaz et al., 2013). The transmission system
development planning of Lao Peoples Democratic Republic has been analysed for N-1 (loss of one source)
contingency using IEEE 30 bus system for the sensitivity analysis. The maximum power flow was calculated
for normal condition and a single transmission line fault. The results gave a better position for planning the
transmission lines capacities and help in reducing the cascading failures probability (Totonchi et al., 2013).
In (Udaykumar and Sudarshana Reddy, 2015) the grading of contingencies was carried out with more
accurate and exact method using MATLAB environment. Similarly a general framework is proposed to assess
the capability of a system to sustain the impact of any contingency (Allan and Silva, 1995).
The goal of this research is to make general guidelines for the entire transmission system encompassing
QESCO network and taking maximum benefit from all available sources.
The Power Flow Analysis has been performed to find the following parameters;
1.  │V│ magnitude of voltage at each bus
2. Phase Angle  of voltage at each bus
3. P (Real), Q (Reactive) Power flow in each line
Data Collection
The data has been collected for the QESCO Grid network and four scenarios were modeled for analysis
purpose i.e.
i.  Peak Load:          June 2015
ii. Off Peak Load:     January 2016
iii. Peak Load:           June 2019
iv. Off Peak Load:     January 2020
Software Selection
Siemens Energy’s Power Technologies International (PTI) PSS/E V32.0 software was used to carry out this
research. This is a powerful tool for power system engineers to simulate various scenarios of contingency
analysis and substation reliability with addition to power flow analysis of complete power system.
Modelling and Simulation
The modelling and simulation has been carried out on the following assumptions:
� Pakistan Electric Power Company (PEPCO) latest power market survey (PMS) load forecast has been

used for QESCO and PEPCO system future loads.
� All existing and proposed power plants, based on NTDC latest generation expansion plan, have been

included.
� Latest transmission expansion plans of NTDC have been modelled.
� QESCO’s planned/on-going transmission expansion/re-enforcement projects, including substations

(extension, augmentation, conversion, new), transmission lines have been included in the studies as
per their expected commissioning schedules.

� The existing and planned shunt capacitors at 11 kV and 132 kV has been modeled in the study scenarios.
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Contingency Ranking
The QESCO grid network has been manipulated for different topologies to ascertain the best choice for
operation and maximum performance. Following topologies were used.
1. With Reinforcement
2. Without Sibbi Reinforcement
3. Without Loralai Reinforcement
4. Without Khuzdar Reinforcement
Network construction and Single Line Diagrams (SLDs)
QESCO grid network was simulated according to the database. Prior to the contingency analysis, it was
needed to converge the network using power flow studies numerical iterative techniques (Newton Raphson
Method) used by the software. The network converged to the ultimate extent, normal and abnormal (Red
buses) conditions found after contingency analysis as shown in Figure 1.

Figure. 1. Single line diagram showing red buses

RESULTS AND DISCUSSION
With Reinforcement Topology
When the QESCO Grid network was simulated for analysis with the availibility of all the three 220 KV sources,
two buses were found having voltage greater than 1.05 p.u voltage (Table 1).

Table 1: Buses with Voltage > 1.0500

In the network, 20 buses were found having voltage less than 0.95 p.u voltage (Table 2). The topology
resulted in the best voltage profile for the network.

RESULTS AND DISCUSSION

With Reinforcement Topology

When the QESCO Grid network was simulated for analysis with the availibility of all the three 220
KV sources, two buses were found having voltage greater than 1.05 p.u voltage (Table 1).

Table 1: Buses with Voltage > 1.0500

S/N BUS# NAME BASE KV V(PU) V(KV)

1 999 GWDR 132.000 1.0500 138.600

2 9600 SIBBI 132.000 1.0575 139.590

In the network, 20 buses were found having voltage less than 0.95 p.u voltage (Table 2). The
topology resulted in the best voltage profile for the network.

Table 2: Buses with Voltage < 0.9500
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Table 2: Buses with Voltage < 0.9500

Without Sibi Reinforcement Topology
The load flow analysis was carried out to simulate QESCO grid network with N-1 contigency i.e. excluding
Sibbi reinforcement and no bus was found having voltage greater than 1.05 p.u voltage (Table 3).

Table 3: Buses with Voltage > 1.0500

QESCO grid network simulated for the load flow studies without Sibi reinforcement resulted in 24 buses
with voltages less than 0.95 p.u voltage (Table 4) which are greater than that with all sources topology
(Table 1).

Table 4: Buses with Voltage < 0.9500

Without Loralai Reinforcement Topology
Simulation of QESCO network modelled without Loralai reinforcement showed no bus having voltage greater
than 1.05 p.u voltage (Table 5) this is also undesirable condition for the voltage profile at the lower side.
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Table 5: Buses with Voltage > 1.0500

The level of system modelling detail used without Loralai source and the results of this analysis were found
abnormal having 85 buses with voltage less than 0.95 p.u voltage (Table 6).

Table 6: Buses with Voltage < 0.9500

Post National Grid Reinforcement Analysis of QESCO Network for Reliable and Optimal Operation
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This topolgy  gave higher number of buses having voltage less than the desired value as compared to other
topologies.

Without Khuzdar Reinforcement Topology
Power flow analysis of QESCO network was carried out without Khuzdar reinforcemnt topology. The results
showed that no bus had voltage greater than 1.05 p.u voltage like two previous grid network topologies
(Table 7).

Table 7: Buses with Voltage > 1.0500

Simulation of the grid network without khuzdar reinforcement topology resulted in 32 buses having voltage
less than 0.95 p.u voltage (Table 8) which is greater than that of the QESCO grid network topology having
all sources available ( Table 1). The load flow results are based on the QESCO maximum demand in 2017
i.e. 1961MW as shown in Table-9. Table-10 is comparative analysis of QESCO network with and without
re-inforcement. Power system reliability results with reinforcement situation is far better than other three N-1
contingency scenarios. The results are very healthy for power factor when Grid Network of QESCO is used
with all the sources interconnected with each other.
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Table 8: Buses with Voltage < 0.9500

Projection of QESCO’s anticipated Demand

Table-9 is the projected demand of QESCO for next four years while Table-10 depicts picture of the load
fed by the three 220kV sources with full reinforcement and N-1 contigency scenarios.

Table 9: QESCO’s anticipated Demand

S.No BUS# NAME BASE KV V(PU) V(KV) S.No BUS# NAME BASE KV V(PU) V(KV)

3 8444 MANJOSHORI 66.000 0.8408 55.495 20 84403 T-3 11.000 0.9059 9.965

4 8445 ROJJAMAL 66.000 0.8474 55.930 21 84441 T-1 11.000 0.9102 10.012

5 8502 GADAKHA 66.000 0.8141 53.733 22 84451 T-1 11.000 0.8572 9.429

6 8510 USTAMOHD 66.000 0.8039 53.057 23 84452 T-2 11.000 0.8236 9.060

7 8515 JHAL MGS 66.000 0.7310 48.245 24 85021 T-1 11.000 0.8560 9.416

8 9765 MUSAFRPR 132.00 0.9442 124.63 25 85102 T-2 11.000 0.8746 9.620

9 9770 ZHOB 132.00 0.9338 123.26 26 85103 T-1 11.000 0.8462 9.308

10 9800 KIRDGHEB 132.00 0.9443 124.65 27 85151 T-1 11.000 0.7720 8.492

11 9810 NOSHKI 132.00 0.9350 123.42 28 85152 T-2 11.000 0.7910 8.701

12 9814 MALL 132.00 0.9386 123.89 29 85153 T-3 11.000 0.7791 8.570

13 9845 ZEHRI 132.00 0.9327 123.11 30 98551 T-1 11.000 0.8912 9.804

14 9850 GIDDER 132.00 0.9353 123.46 31 98552 T-2 11.000 0.9278 10.206

15 9855 KHARAN 132.00 0.8638 114.02 32 98553 T-3 11.000 0.9201 10.121

16 9859 BASIMA 132.00 0.9154 120.83 33 98661 T-1 11.000 0.9433 10.376

17 9866 WADH 132.00 0.9461 124.88

Projection of QESCO’s anticipated Demand

Table-9 is the projected demand of QESCO for next four years while Table-10 depicts picture of the
load fed by the three 220kV sources with full reinforcement and N-1 contigency scenarios.

Table 9: QESCO’s anticipated Demand

QESCO MAXIMUM DEMAND

Year Maximum Demand (MW) %Age Increase

2016 1893

3.5
2017 1961

2018 2030
2019 2102
2020 2177

Table 10: Comparative analysis of QESCO network with and without reinforcement of various sources.

Network Topology Max Demand
in 2017

Load
(MW)

Losses
(MW)

Net Power
(MW) Remarks

With reinforcement 1961 1698.9 108.7 1807.6 153.4 MW Power has to be load shed

Without Sibi
reinforcement 1961 1244.6 176.7 1420.6 540.6 MW Power has to be load shed

Without Khuzdar
reinforcement 1961 1329.2 77.2 1406.4 554.6 MW Power has to be load shed

Without Loralai
reinforcement 1961 1292.3 133.7 1426 535MW Power has to be load shed
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Table 10: Comparative analysis of QESCO network with and without reinforcement of various sources

Power Factor Comparative Analysis

Impact of power factor has been calculated in the four scenarios on the basis of output reports generated
in load flow solution of QESCO grid Network as under

Power Factor With Reinforcement

With all sources intact the power factor calculated from the output report with reinforcement as under:

Total MW = 1698.9

Total MVAR = 780.4

Power Factor Without Sibi Reinforcement

Without Sibi reinforcement, Power Factor calculated from the Output Report as under:

Total MW = 1244.6

Total MVAR = 784.0

Post National Grid Reinforcement Analysis of QESCO Network for Reliable and Optimal Operation
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Power Factor Without Loralai Reinforcement

Without Loralai reinforcement, Power Factor calculated from the Output Report as under:

Total MW = 1292.3

Total MVAR = 816.4

Power Factor Without Khuzdar Reinforcement

Without Khuzdar reinforcement, Power Factor calculated from the Output Report as under

Total MW      = 1329.2

Total MVAR = 841.3

CONCLUSION
Energy is an important input for economic development of every country and power sector is an indispensable
infrastructure in any economy. An electric power system is a network of electrical components deployed to
generate, transfer, and use electric power. Pakistan is facing acute imbalance between energy supply and
demand which negatively effects the economic growth of the country. This research work is mainly
concentrated on power flow studies of the grid network of QESCO, feeding geographically largest province
of the country. Initially QESCO was fed by single and radial 220KV source from TPS Guddu via Sibbi to
Quetta. Any disturbance could easily lead to a huge electricity breakdown or even a blackout. Keeping in
view the vulnerable position of QESCO grid network the National Transmission and Dispatch Company
(NTDC) has commissioned two additional 220KV sources, from Daddu Sind and D.G Khan to Khuzdar and
Loralai respectively,  for QESCO. But these addition 220 KV transmission lines are not yet interconnected
as a transmission ring. In this research work the load flow analysis of QESCO grid network has been
performed using PSS/E software for normal and N-1 contingency conditions. Simulation results are very
healthy for power system reliability and power factor when Grid Network of QESCO is used with all three
sources interconnected with each other.
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