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Abstract: At present, decarbonization takes the top spot as a priority in the energy sector. The world
has largely polluted its environment because of the use of non-renewable resources for electricity
production. Therefore, governments worldwide are trying to reduce their reliance on highly emitted
carbon fuels and utilize more renewable resources such as wind for electricity generation. There has
been only a 6% utilization of Pakistan’s wind potential. Baluchistan’s NokKundi region boasts an
enormous wind potential with exceptional wind velocities throughout the year. With this study, an
abundance of wind potential and feasibility is explored using a complete simulation-based study
of the said area. There has been a calculation of the load of the NokKundi area, and an appropriate
wind farm has been designed to meet it. The HOMER software has been used to carry out a complete
financial analysis for both standalone and grid-connected systems, including capital investment and
running costs. An analysis of the load flow on a grid-connected system is carried out with the ETAP
software. The study considers a 40 MW wind farm as a feasible alternative for meeting the load
requirements of NokKundi. A complete analysis of the simulation results for both grid-connected
and isolated wind farm systems concludes that the grid-connected system offers more advantages in
terms of cost and smooth integration with the local grid.

Keywords: wind power generation; feasibility analysis; load flow analysis; wind power generation;
wind farms; gird tied system; standalone system; feasibility analysis; load flow analysis

1. Introduction

Alternative energy sources are clean and are climate amicable compared to nonrenew-
able resources. The wind is an abundant, out-of-expense, and risk-free source of energy. As
global warming progresses and fuel reservoirs run low, the world faces severe problems
that are driving the focus toward renewable sources of energy. By comparison to other
renewable resources, wind provides the most feasible resource to meet electricity demands
due to its ability to generate huge amounts of power.

In modern times, the bulk of energy needs is met by non-renewable sources of energy,
such as burning fossil fuels, which pollute our environment and also rapidly deplete.
Renewable energy resources, such as wind, hydro, solar, and biomass, can be considered
cheap, reliable, and safe, and provide sustainable power to an ever-increasing popula-
tion [1].

As of July–April 2021, according to the Economic Survey 2020–2021, hydropower
generation contributed 26% more energy to the energy mix than it did last year. A further
91.66% increase in electricity generated from RLNG has been achieved, reaching 7325
MW [2]. These methods are very expensive power generation methods.
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In Pakistan, as part of the China Pakistan Economic Corridor (CPEC) program, the
government has started wind energy projects in collaboration with China, which will
be used to generate electricity [3]. The Alternative Energy Development Board’s Rural
Electrification Project for Southern Baluchistan believes that there are seven wind sites,
including NokKundi, with 50% greater wind potential than that of Gharo Sindh. NokKundi
is an ideal wind corridor for renewable energy generation with wind speeds nearly 12.5%
higher than the average required for the project [4].

Baluchistan has a number of sites with excellent wind energy potential, including
the coastal belt and NokKundi area. These areas, however, are still awaiting a thorough
analysis. There are many wind corridors in the Baluchistan province with greater wind
speeds than average in order to generate electricity, but Pakistan still purchases electricity
from Tehran at a high cost for these areas. The analysis of wind power generation in isolated
and grid-tied systems cannot only benefit the NokKundi area in meeting its demand but
also contribute to Pakistan’s national power grid, alleviating its electricity shortage.

2. ETAP Load Flow Analysis

Load flow analysis for NokKundihas was carried out using ETAP software. This model
consists of 20 wind turbines of 2 MW and 0.624 kV. The collection grid is 33 kV/132 KV,
which is synchronized with the local grid at a point of common connection. The load flow
analysis is shown in Table 1.

Table 1. Load flow analysis.

Bus Voltage Load Flow

ID KV % Mag Ang ID MW Mvar Amps %PF

Bus 1 0.62 84.30 15.6 Bus 2 40.0 −24.79 51,982.0 85.0

Bus 2 33.0 92.17 8.1 Bus 1 Bus 5 −39.91
39.94

32.45
−32.45

976.6
976.6

77.4
77.4

Bus 5 132.0 101.36 1.9 Bus 6 Bus 2 39.82
−39.82

−40.32
40.32

244.2
244.2

70.1
70.1

Bus 6 132.0 100 0.0 Bus 5 −37.77 40.14 244.2 67.7

During peak demand, NokKundi’s load varies from 5 to 18 MW. Each wind turbine has
a generating power of 2 MW and a voltage of 0.62 KV, with a power factor of 85%. A 50 MVA
transformer is connected to step up the voltage to 132 KV at bus 5. A transmission line
is connected between bus 5 and 6 in order to synchronize this system with the local grid.
Due to the fact that the selected turbine uses a doubly fed induction generator, reactive
power flows back and forth based on the voltage profiles. The power factor decreases
due to the presence of the inductance of lines and buses and the reactive power taken by
DFIGs. However, it is compensated for by using capacitor banks at the collection grid
before synchronizing to the local grid.

3. Feasibility Analysis

NokKundi Baluchistan’s meteorological data show that the average wind speed is
6.4 m/s at a height of about 50 m throughout the year. The data also indicate that the
summer months have maximum wind speeds at around 40 kmph (11.11 m/s). The average
wind velocities of NokKundiis are shown in Figure 1 below [5].

Choosing wind turbines for power generation is mainly determined by wind speed.
In NokKundi, the average wind velocity is 6.4 m/s. Based on the conditions of the said
area, the ENERCON E82 E2, 2 MW wind turbine is an adequate choice. Wind turbines
have hub heights of 50 to 80 m.
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Table 2. Energy exchange and cost comparison of both models. 
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Jan 25,860 3,095,357 −3,069,497 −114,432 
Feb 15,678 4,101,409 −4,085,731 −151,694 
Mar 16,664 4,534,529 −4,517,865 −167,715 
Apr 24,360 4,116,305 −4,091,945 −152,213 
May 25,159 4,517,745 −4,492,597 −167,063 
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Figure 1. Annual average wind speed at Noukundi.

3.1. Standalone Model and Grid Tied Model, a Comparative Analysis

A standalone model and grid-tied model for the wind energy generation have been
simulated in HOMER for the cost-effective analysis of the proposed model. A grid-tied
network is a bi-directional distributed generation system, which facilitates the exchange of
energy between the local grid and renewable power generation, while a standalone system
only provides the energy to load without connecting to the grid.

3.1.1. Monthly Wind Turbine Power Output Both Systems

It is clear from the graph that the summer months have a greater average generation
than the other months. The simulation results are given in Figure 2.
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Figure 2. (a) Energy output of the standalone system. (b) Energy exchanged between the grid-tied
system and wind farm.

3.1.2. Energy Mix with Grid

A grid-tied network is a bi-directional system that makes it possible to sell excessive
energy to the grid and be profitable. Furthermore, it can obtain energy from the grid in the
case of high load demand or on low-wind days. The overall energy sold and purchased
from the grid is shown in Table 2.

From the above results, it can be summarized that the overall amount of energy
purchased from the grid is 2,89,364 kwh/year, while excessive generated electricity is sold
to the grid, which is 47,581,913 kwh/year to obtain a fair amount of profit for the system.

Table 2. Energy exchange and cost comparison of both models.

Month
Electricity

Taken from
Grid (kwh)

Electricity Sold
to Grid
(kwh)

Comparison of
Both

(kwh)

Energy Cost
($)

Jan 25,860 3,095,357 −3,069,497 −114,432
Feb 15,678 4,101,409 −4,085,731 −151,694
Mar 16,664 4,534,529 −4,517,865 −167,715
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Table 2. Cont.

Month
Electricity

Taken from
Grid (kwh)

Electricity Sold
to Grid
(kwh)

Comparison of
Both

(kwh)

Energy Cost
($)

Apr 24,360 4,116,305 −4,091,945 −152,213
May 25,159 4,517,745 −4,492,597 −167,063
Jun 25,148 4,858,973 −4,833,825 −179,688
July 29,349 4,015,758 −3,986,409 −148,474
Aug 34,833 3,333,159 −3,298,326 −123,198
Sep 28,772 4,224,769 −4,195,997 −156,210
Oct 21,408 4,528,964 −4,507,556 −167,492
Nov 45,022 2,881,836 −2,836,814 −106,557
Dec 23,051 3,373,102 −3,350,051 −124,719

Annual 289,364 47,581,913 −4,755,298 −1,759,460

3.1.3. Comprehensive Assessment of Both Models

A comprehensive financial assessment of the grid-tied and standalone systems is
shown below in Table 3.

Table 3. Cost-benefit analysis of both models.

Cost Stand-Alone System Grid Tied System

Overall principal cost $32.950 million $32.950 million
Total net present cost $32.950 million 25.350 million

Electricity Cost $0.641/kwh $0.037/kwh
Running cost $49,410/year $−2,704,305/year

Grid-tied systems are more feasible and flexible than standalone wind energy genera-
tion because they exchange energy with the national grid and have reasonable profits.

4. Conclusions

The simulation results of both grid-tied and isolated wind farm systems conclude
that the initial cost of the standalone and grid-tied systems is almost the same, which is
$32,950,000. The cost of electricity from a standalone wind turbine is about $0.641/kwh
and from a grid-tied wind turbine energy system is $0.023/kwh. When excess electricity
is sold to the grid, the profit makes this system more feasible as the cost comes down to
$25.350 million. The exchange of energy to the national grid and having reasonable profit
makes the grid-tied system more feasible than standalone wind generation.
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