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Abstract: Human activities have been limited by coronavirus disease 2019 (COVID-19), and the
normal conditions of our lifestyles have changed, particularly in terms of electricity usage. The aim of
this study was to investigate the impact of COVID-19 on the power sector in the Lao PDR in 2020, as
well as the challenge of using solar energy to supply power to the network using an optimal approach.
The returns on investment of network extension and the purchase of solar energy were also evaluated.
Furthermore, load conditions caused by the country’s lockdown policy were analyzed. We analyzed
the optimal sizing and location of solar energy using a particle swarm optimization method based on
the main objective functions, with the system’s power loss decreasing and its reliability improved.
The results demonstrated that the suddenly reduced load from industry and commercial business
did not have a large impact on its operations; however, revenue was reduced. The optimal method
for connecting solar energy to a network can reduce power loss and improve system reliability. In
addition, we discovered that the location and capacity of solar generation can reduce the investment
costs of extensions for new lines, with the surplus power being exported.

Keywords: renewable energy; energy management; power energy; energy resources; optimization;
economy

1. Introduction

Coronavirus disease 2019 (COVID-19) widely impacted many sectors around the
world [1]. Limitations on human activities were employed worldwide, also known as
lockdowns [2]. The power sector had to endure new environmental conditions in terms of
operations and planning [3]. Demand progressively decreased because the main loads were
suddenly stopped as people were prohibited from leaving their houses [4], with schools
and universities operating online [5]. The COVID-19 pandemic slowed the global economic
system because the main consumer industries, such as commerce and tourism, were not
allowed to operate, with the overall demand for electricity also decreasing [6].

For the power sector in the Lao PDR, power demand and generation were impacted
by COVID-19 from early 2020 to 2021 because of the country’s lockdown policies. The main
activities of people were limited, and industry and commerce grinded to a halt [5,6]. The
remaining electricity demand comprised households, which had a small capacity [7]. In
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this situation, the government requested the power sector to change its power generation
schedules because demand had changed and was suddenly reduced [8]. However, when
the border reopened, and a high-speed train project was completed and became operational
at the end of 2021, power demands rapidly increased by up to 9% within 6 months [9], with
commerce and industry having more power. Moreover, the government approved new
digital mining businesses which required a lot of power [9]. Therefore, the power sector
needed to prepare new energy generation methods to meet increasing demand. In this
situation, as the sudden downturn after the COVID-19 pandemic ended, demand rapidly
increased [5–9]. Therefore, policy makers are carrying out negotiations with the power
sector to set up a new schedule to meet the increased demand on the power supply [10].
This is a new challenge for system operators [11]. To meet the rapid demand increase,
new resources are needed that enable the fastest implementation and have reasonable
prices [12]. Due to the location of the Lao PDR, it has no borders close to the sea, sources
of wind are limited, and few locations can develop wind farms. Therefore, power system
planning and implementing the addition of solar energy are prioritized because the quality
of sunlight and the price of this energy are going down, and solar energy is able to respond
to the demand. Solar energy is the first choice for implementation because this energy
type can fit into any size or location [13]. The construction of a solar farm is extremely fast,
and the price has decreased slightly [14]. Additionally, the Lao PDR has the potential to
facilitate solar energy in terms of the quality of its sunlight [15]. However, the existing
power generators are mainly hydropower ones. Approximately 85% can be hybridized,
and the power supply is controllable [7,16].

There are previous related studies in the field regarding the COVID-19 pandemic’s
impact on the power sector. The COVID-19 pandemic affected the power system and the
power network, and this highlights the main challenge of this situation which introduced
a new pattern of power supply and demand [17]. A consequence of human activity
restrictions during the COVID-19 pandemic was the impact on residential electricity users.
During the COVID-19 pandemic, the electricity usage of apartment residents was studied
based on their day-long experiences. However, power consumption increased a clear
period of peak demand at that time [18]. To encourage renewable energy in the future,
the impact of the COVID-19 pandemic on the global energy system was examined for
potential problems and policy implications [19]. This was the impetus of this research and
is related to recommendations about the power sector in the Lao PCR due to the COVID-19
pandemic. An international power system, in terms of the socioeconomic development of
state owners and global power companies, was investigated. In the case of that study, the
power utilities of India were selected to study power demands and the smooth operation
of the power network [20].

Therefore, (i) we determined that COVID-19 impacted power supply, challenged
renewable generation, and altered load conditions; (ii) we evaluated its economic impacts
based on power demand conditions; and (iii) we verified the reliability of the power supply
and demand in a pandemic context. This research focused on Lao PDR’s network.

Section 2 describes the impact of the COVID-19 pandemic on the Lao PDR’s electricity
supply. Section 3 describes the power supply demands post COVID-19 as well as the
renewable energy challenges using the optimal Lao PDR network approach. Section 4
offers our results and a discussion of COVID-19’s influence on the Lao PDR’s power supply
after economic recovery. Finally, Section 5 concludes with our recommendations.

2. Effect of COVID-19 Pandemic on Power Supply System

Due to the COVID-19 pandemic, the government announced limitations of activities,
and commerce and industries locked down in early 2020 [5,21]. The utility supplying
power to the whole county modified its consumer supply plans because of the changed
level of demand [6,22]. Most consumers were households, which accounted for about 25%
of the total demand [23]. The Lao PDR was impacted in terms of power purchases for
domestic supply and for export to neighboring countries. The need for power generation
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continued; however, these needs were not met by utility companies. This was because
demand suddenly decreased [5,6,24]. At the time of the COVID-19 pandemic, people
spent most of their time in their homes, with many returning to remote areas of the
country as work in the cities was impacted. The government announced a policy of social
distancing, which considerably decreased the power loads of big cities. In this situation,
some of the traditional load was redirected commerce, industries, and others to residential
use. According to the Lao PDR’s load data from 2015 to 2019, demand increased by
approximately 8.5%; however, the demand due to the COVID-19 effect in 2020 was similar
to the demand in 2019 [5,6]. After the economic recovery from COVID-19, the demand
increased by up to 10% in 2021 when compared with 2020 [7]. The demand of the Lao PDR
from 2015 to 2021 is given in Figure 1.
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Figure 1. The power demand of the Lao PDR from 2015 to 2021; data reprinted with permission
from [7].

3. Power Supply System Planning after COVID-19 Recovery

Currently, the Lao PDR allows its residents to conduct activities with people who are
able to visit each other. In early 2020, commerce, industry, and internal tourism resumed.
In addition, the power sectors applied and requested forecasts from the main industries,
which are major energy consumers in the country [7,8].

3.1. Power Generation

The generation resources of the Lao PDR are mainly hydropower in the northern and
southern parts. However, the center part contains the industrial and commercial zones
and also has a few power sources. The power supply transmits power from the northern
and southern parts to supply the central part. There are two types of hydropower. One
is run-of-river hydropower, which can only generate power during the rainy season, and
the second is the reservoir, which is the type of hydropower that is able to control and
generate power. In addition, renewable energy resources provide a small percentage of
the power supply in the country. On the other hand, the prices of these power sources
are rapidly decreasing because they are promoted by the government. This is because
it is faster to implement and the location of the renewable energy can be set near the
central load [7,8]. Moreover, due to its landlocked location, the Lao PDR has no coastal
borders and limited access to wind sources, which restricts the number of potential wind
farm locations. Therefore, prioritizing incorporating solar energy into the power system
planning is necessary as the quality of the sunlight and the price of this energy are going
down and can respond to the demand. Thus, solar energy is an attractive option to meet
the growing demand.
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A model applies the power generation and uncertain power sources based on the
hydropower plant designs and the geographic locations. In this study, multiple types of
generation sources are modeled. The first is hydroelectric facilities with reservoirs that can
be dispatched, and the second is run-of-river hydropower plants that cannot. Therefore,
electricity can only be generated during the rainy season. Both hydropower plants are
situated in remote places. Therefore, the transmission lines used to transfer energy from
these power sources must be both dependable and cost-effective. The uncertainty model
incorporates generation planning according to the National Power Development Plans
(NPDPs). The generated energy is based on traditional hydroelectric facilities, and sea-
sonal planning is addressed. Figure 2 illustrates the Electricite Du Laos (EDL) generation
profile [7–9].
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Figure 2. EDL generation profile in 2020; data reprinted with permission from [7].

3.2. Modeling of Load and Demand

The power demand depends on the nation’s economic growth rate, which is the main
criterion for power system planning. Thus, the load model was applied according to the
conditions of demand due to the COVID-19 outbreak and the condition of COVID-19
recovery. The presented modeling is based on the load conditions that were impacted
by COVID-19 and the recovery after the country was reopened [7]. The country’s first
lockdown was on 2 April 2020; people were not allowed to cross the borders of each
province. However, this lockdown only affected the capital of Vientiane, which fully
limited people’s activities, and schools and universities had to facilitate studying at home.
While industries were still operating at half-capacity, commerce totally stopped [8,9]. This
led to demand decreasing by approximately 10% of the total demand. Figure 3 presents
the load profiles in the years from 2019 to 2022. The red line presents the load that was
impacted by COVID-19. The lockdown started in early April 2020; however, the green dot
line is the demand after economic recovery in 2022. The blue line dot is normal demand in
2019.
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4. Power System Supply and Renewable Energy Challenge after COVID-19 Recovery

The suggested technique examines the objective function (OF) to minimize the entire
system’s overall investment cost. An extension necessitates the transfer of power from
generation sources to consumers via a transmission network carrying more than 80% of the
line capacity. As a result, line investment costs are rising. The objective of the proposed
technique is to find the appropriate size and capacity for the new PV generation. This can
lower the line extension and power loss in the whole system and increase the system’s
dependability. The generated PV is chosen to connect to the network based on the system’s
most important criteria, reducing system losses and enhancing network dependability.
There are two primary purposes of the objectives. One objective is to reduce the new lines’
investment costs. The second criterion is that a PV linked to the network should optimize
the energy supply to users. This is standard for power loss and system dependability.
Equation (1) is the fundamental goal function of our study [25].

Objective function = Max VPVtot + Min Cinvt (1)

where
Max VPVtot is the maximum amount of PV connected to the network (USD);
Min Cinvt is the minimum investment cost of new lines (USD).

4.1. The Value of PV Connection

The value of the total generated PV criterion in the objective function is analyzed in
the model. The key function of the total value of PV connected to the network is divided
into three parts. The total value of the power loss in the system is calculated before and
after the PV is connected to the network. The energy of the generated PV is the surplus
in the system, including exportation to neighboring countries. Moreover, the reliability is
improved before and after the PV is connected to the network [25]. This is presented in
Equation (2):

VPVtot = V∆Ploss + VP.sale + VP.Rel (2)

where
VPVtot is the total value of PV connected to the network (USD);
V∆Ploss is the value in terms of power loss before and after the PV connected (USD);
VP.sale is the value in relation to selling power produced from the PV connection (USD);
VP.Rel is the value obtained from the system reliability improvement due to the PV

connection (USD).
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4.2. Power Loss in System

To evaluate the PV power sources connected to the network, the system computes the
power loss before and after the connection. The total value of the power loss in the power
system is calculated without the connected PV. It can be shown that there is a difference in
power loss in the system using Equation (3) [25].

P∆Ploss = Ploss_old − Ploss_new (3)

where
P∆Ploss is the power loss difference in the system before and after PV generators are

connected (MW);
Ploss_old is the power loss before the PV generators are connected (MW);
Ploss_new is the power loss after the PV generators are connected (MW).

4.3. Value of Power Surplus with PV Connection

The power flow in the system is analyzed with a power surplus when the PV genera-
tion is connected. The total value of the selling power increase can be calculated using the
capacity of the PV generators multiplied by the hours in a year for PV generation. The total
value of the power surplus with PV generation connected is given in Equation (4).

VP.sale = ∑np
p=1 PVpN(365) (PF) + V∆Ploss(365) (PF) (4)

where
VP.sale is the power surplus with the PV connection;
PVp is the PV that is generated (USD);
N is the number of PV generators;
PF is a power factor (4.2 h per day).
The power from PV generators that is allowed to flow through the network and export

to neighboring countries is not over 70 MW. When the injected power is over 70 MW, there
is a penalty function. This is given in Equation (5) [25].

Ppen = PexNet − PexNetold (5)

Ppen ≤ 70 MW

where
Ppen indicates that the amount of power injected into the network by PV generators

for exportation to neighboring counties cannot exceed 70 MW;
PexNet is the power exported after the PV is connected to the network (MW);
PexNetold is the power exported before the PV is connected to the network (MW).

4.4. The Reliability Value

The proposed model analyzes and compares the reliability values in 2020 and 2021.
The reliability values are calculated as the overall network reliability before PV genera-
tors are connected to the system in order to compare it to the total network reliability
after PV generators are connected. The formula for calculating the reliability value is
Equation (6) [25].

VRel = Vrel.old − Vrel.new (6)

where
VRel is the reliability value (USD);
Vrel.old is the total reliability value before PV generators are connected (USD);
Vrel.new is the total reliability value after PV generators are connected (USD).
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5. The Line Investment Cost (Cinvt)

New investment in lines and equipment increases the power flow in the lines by over
80% of the line’s capacity. The proposed method is based on the power in the lines being
over capacity. If the power in a line is over, it is automatically selected to be extended.
However, the investment cost of new lines can be minimized by the optimal size and
location of the PV generation connected to the bus. The investment cost of a new line can
be calculated using Equation (7) [25].

MinCinvt = ∑neq
eq=1 ∑np

p=1 npC
ep.p

(7)

where
Cinvt is the investment cost of new lines (USD);
np is the number of lines to be extended;
Cep.p is the cost of new lines and equipment to be extended (USD).

Power Supply after COVID-19 Recovery

A flowchart of the approach for solving the power supply after the COVID-19 recovery
is shown in Figure 4. The proposed method minimizes the total investment cost of lines and
equipment. The PV connected to the system is based on the optimal sizing and capacity
obtained by the particle swarm optimization algorithm. The size and capacity of the PV are
selected by the main criteria, which are verified. The whole system is improved and the
power loss is reduced [25].

The methodology begins with a load flow analysis in which the power sources and
load conditions are appropriately accounted for. For the lines that transport more than 80%
of the total power capacity, each is chosen to determine the investment cost of the entire
system. The optimal technique begins with the specification of an objective function, the
specification of the connected PV, and the specification of the number of buses to connect
to the PV generator [26,27]. A bus index is created, and an input system constraint is
added. The account settings include the system setup data, the PV size, the location, the
number of buses, and the velocity of particles. The PV is connected to the bus and the
first particle is determined [28–30]. The load flow and system dependability are evaluated.
In addition, the costs of investment and unreliability, which include the cost of power
imported to the system, are determined in this work. The algorithm determines whether
the maximum number of particles has been detected before proceeding. Nevertheless, if
the particle count is less than the maximum, the program returns to the PV connection [31].
The fitness computation and the recorded personal best for each particle are validated, after
which the personal best values are compared. As the worldwide best, the optimal cost and
dependability are recorded. The algorithm concludes after the maximum number of runs
is identified, and the results are displayed (Gbest) [32]. This confirms the usefulness of
the optimization technique for transmission network expansion planning (TNEP). If the
maximum distance is not discovered, the algorithm updates the weight and velocity vector
for each particle and identifies a new first particle [33].
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6. Engineering Economy

The requirement for engineering economy is basically inspired by the tasks that engineers
perform when analyzing, synthesizing, and coming to an assumption as they work on projects
at all sites. In particular, engineering economy is at the heart of making recommendations.

Generally, engineering economy assumes formulating, estimating, and evaluating
economic conclusions when the choices to achieve a determined purpose are obtainable.
Another approach to engineering economy uses a group of mathematical techniques that
create manageable economic balancing [34]. The reason for transmission network expansion
planning is the minimization of investment costs, such as for equipment, transportation,
construction, operation, and maintenance [34]. The new lines that are selected are consid-
ered the capital costs that maximize the return on investment. The economic evaluation is
shown below.

6.1. Investment Cost

The investment cost is the capital cost for the new lines of transmission network expan-
sion that will be added to the system [35,36]. The investment cost is given in Equation (8).

Investment cos t = ∑ij CijNij (8)

where
Cij is the cost for the new transmission line per kilometer;
Nij is the number of new lines that will be constructed.

6.2. Present Worth Calculations with Inflation

When USD amounts in different time periods are indicated with constant USD values,
the equivalent present and future amounts are defined using real interest (i). An alternative
and less complicated method of accounting for inflation in a present analysis adjusts the
interest formulas themselves to account for inflation. To consider the P/F formula, i is the
real interest rate. The present worth calculation with inflation is given in Equation (9) [34].

P = F
1

(1 + i)n (9)

where
P is the present value;
F is the future value;
i is the real interest;
n is the number of years.

6.3. Net Present Value

Capital budgeting uses techniques such as net present values to assess the costs
and benefits of possible investments in fixed assets for a business. Purchases of massive
manufacturing line sets or the construction of a new building are examples of capital
investment projects in this category. As it considers both risk and temporal flexibility,
the net present value is the most accurate capital budgeting technique because it uses
discounted cash flows in the evaluation.

A net present value study involves many variables and assumptions. It examines the
cash flows anticipated to be transferred by a project by returning them to the present using
information such as the project’s duration (t) and the firm’s weighted average capital cost.
If the outcome is favorable, the company should invest in the project. The company should
only invest in the project if the outcome is favorable. Equations (10) and (11) are applied to
calculate the net present value [34].
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NPV(P) = CP(0) +
CP(1)

(1 + i)1 +
CP(2)

(1 + i)2 + . . . . . . . . . . . . . . . . . . +
CP(n)
(1 + i)n = ∑n

t=0
CP(n)
(1 + i)

(10)

NPV(P)= ∑n
t=0

CP(n)
(1 + i)

(11)

where
NPV(P) is the net present value;
CP(0) is the capital cost of the first year;
CP(n) is the capital cost of year n;
i is the interest.

7. National Network Data

EDL’s network, the national system network of the Lao PDR, is divided into three
main parts: northern, central, and southern. The generation sources are mainly in the
northern and southern parts, which are mostly mountainous areas; however, the central
part is a flat area comprising industries and commercial areas. The transmission network
connects power sources to consumers in the northern, central, and southern parts with
high-voltage transmission lines (115 kV and 230 kV). In addition, for interconnection with
neighboring countries, the 230 kV transmission line is connected with the Cambodian
network in the southern part. There are six interconnections with the Thai network via
the 115 kV transmission line, and the northern parts are connected to Myanmar and China
by the 115 kV transmission lines. Moreover, the distribution network will be connected
to Vietnam and will be upgraded to a high-voltage transmission line in the future. The
national network will be implemented with extra-high-voltage transmission, which will
connect to all generation sources nationwide. It will connect to neighboring networks to
facilitate power trading with the Indochina network and increase electric power exports.
Table 1 contains network statistics and planning parameters. Figure 5 depicts the Lao PDR’s
energy growth strategy and Table 1 provides the network’s existing data [7,25].

Table 1. Network parameters for the EDL network; data reprinted with permission from [7,25].

Parameter Value

Transmission lines 874 lines with 149 buses

Generation 1754 MW with an increase according to the National Power
Development Plan (NPDP)

Demand 1554 MW in 2020 and 1653 in 2021

Transmission line cost 430,000 USD/km/circuit (500 kV), 230,000 USD/km/circuit
(230 kV), and 120,000 USD/km/circuit (115 kV)

PV power
purchasing cost 0.053 USD/kWh

PV power selling cost 0.072 USD/kWh
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8. Results and Discussion

The power supply simulation results for 2020 are given in Figure 6. The power supply
was scheduled and declared to supply consumers in the whole country and export to
neighboring countries. In early April 2020, the demand suddenly changed because of
the COVID-19 pandemic and the country’s lockdown. The total consumption changed
from industries and commerce to residential consumers only. The demand decreased by
approximately 11% of the total demand; however, industries could still operate during
the COVID-19 outbreak, and this consumption decreased by approximately 50%. Com-
merce and tourism were reduced by up to 60%. Demand from residents increased by
approximately 60% to 70% because most demand came from residents from April 2020 to
September 2020. In addition, the power exported to neighboring countries individually
increased because the internal lockdowns were not simultaneous. Another advantage of
prioritizing solar energy in the power system planning of the Lao PDR is the potential to
increase the country’s electricity exports to neighboring countries. Due to the variation
in the timing of internal lockdowns in different countries, there often needs to be a better
match between energy demand and supply. This creates an opportunity for the Lao PDR to
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export excess electricity during periods of low demand in neighboring countries, as can see
by comparing the results in Figures 6 and 7. Thus, hydropower, that is, green and cheap
energy, was needed for the system. The types of consumers and the power exported to
neighboring countries due to the COVID-19 pandemic are given in Figure 6.
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The power supply results after the COVID-19 outbreak in 2021 are given in Figure 7.
After the lockdown policy had ended, many activities resumed. The demand increased
in the first quarter by approximately 10% of the normal demand; however, in the second
quarter of 2021, the demand increased by up to 20% because of business related to the
high-speed train. The majority of the demand came from industries, including mining.
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Moreover, the power that was needed from neighboring countries was the highest. Do-
mestic residential demand was not different from that of 2020. The other consumers were
similar to those of 2020.

In summary, by prioritizing solar energy in its power system planning, the Lao PDR
can meet its energy demands and increase its electricity exports to neighboring countries.
This allows the country to generate additional revenue, promote sustainable development,
and strengthen regional cooperation.

For the challenge of renewable energy, solar energy to supply the network was simu-
lated using the optimal method. The capacity and size of the PV connected to the network
were evaluated randomly from 5% up to 30% of the total capacity. A capacity of connected
PV around 10% to 15% was optimal based on the criteria, and the system loss and reliability
were improved. The number of optimal methods was determined with 250 generations
and 10 particles. However, the simulation did not require 100 generations and found the
best result. The optimal number of PV generators connected to the network was 21 buses,
and the total capacity was 175 MW. The results show that two lines were extended, which
were lines that were over 80% of their capacity. The total cost for the extension was approxi-
mately USD 16.6 million. The value of the PV connected to the network was approximately
USD 3.7 million. The optimal power supply results for the Lao PDR network are given
in Table 2. The optimal power supply of the Lao PDR network using 10 particles and 250
iterations is given in Figure 8.

Table 2. Optimal power supply results for the Lao PDR network.

Description 2020 2021

Added lines/
equipment None

115 kV single-circuit line from Thanaleng,
Lao PCR,

to Nong Khai, Thailand,
with a length of approximately 11.5 km

No. of buses added
None

21 buses
PV capacity (MW) 175 MW

Total active power generation (MW) 1554 1753

Total reactive power 45.46 65.2

Total load in the system (MW) 1414.97 1642.70

Total value from adding PV
(USD 1 million) None 3.7
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For the economic evaluation of 2020, which was impacted by the COVID-19 pandemic,
the total energy at the time of the country’s lockdown from April 2020 to September
2020 for the domestic supply was estimated at 10.78% of the total demand. The annual
income decreased by approximately 58.7 million. On the other hand, the power exported
to neighboring countries was mostly similar amounts.

For the economic analysis of 2021, there was a 115 kV single-circuit Thanaleng-to-
Nongkhai transmission line with a length of approximately 11.5 km. The total cost of the
line extension and two bay substation extensions was USD 2.17 million. Power flowed
through the new extended line. The capacity of the PV generation was 175 MW. The selling
power to the consumers using the optimization approach was USD 3.7 million. The total
for the line, equipment, operation, and maintenance was USD 6.15 million, and the lifecycle
of the project was 20 years. The investment cost for the line was USD 2.1 million. The
operation and maintenance were approximately 10% of the line and equipment investment.
The average power flow through the line was 36.5 MW, including imports and exports. The
discount rate of the project was 10%. The project was feasible, as the internal rate of return
(IRR) was 30%. The net present value was USD 9.56 million. The economic evaluation is
given in Table 3.

Table 3. The economic evaluation for 2021.

Description Economic Evaluation for 2021

Investment cost of line/
equipment USD 2.17 million

115 kV single-circuit
Thanaleng-to-Nongkhai line with a

length of approximately 11.5 km

Power purchasing and selling USD 0.064/0.072 Average

The average power flow in the new line 36.5 MW Including exports and imports

O&M per year USD 0.217 million Line and equipment lifecycle of 20 years

Value adding PV USD 3.46 million Total bus added PV is 21 buses/175 MW
of PV’s Capacities

Power losses/reliablility comparision With PV Without PV
Power losses 35.16 MW 36.47 MW

Reliability 94.72 T/year 101.54 T/year

IRR 30%

NPV USD 9.5 million With a discount rate of 6%

9. Conclusions

COVID-19 strongly impacted many sectors globally, changing human living conditions.
It not only impacted the country’s economic downturn but also affected the power sector.
The limited activities of humans and the lockdown policy to restrain the virus outbreak
were the main reasons that the power demand was reduced. The power supply schedules
from generators were revised, and a new plan was created. After the economic recovery,
many sectors were operating in the commercial and tourist industries, etc., and power
demand quickly increased. When power demand decreased, it was positive for developing
renewable energy resources because the implementation is short, and the locations can be
near the power demand. This energy is also environmentally friendly and cheaper. As a
result of the recovery from the COVID-19 outbreak, the power demand increased again
because the government allowed businesses to restart. New loads related to the high-speed
train also increased demand by up to 9% in the latter 6 months of 2021. However, the data
show that the power demand in 2020 decreased by 10%. Therefore, this study analyzed the
optimal location and capacity of solar generation, which can respond quickly to demand.
Renewable solar energy was selected to solve the problem. The optimal location and the
sui capacity are able to address a sudden increase in demand because the implementation
is short, and the location can be close to the load. Solar energy resources can reduce the
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power loss in the system and improve reliability, especially when the total capacity of solar
generation is between 15% and 20% of the total capacity. Furthermore, the investment cost
of an extension line can also be reduced or the benefit schedule for the line extension may
be postponed. The solar generation selected by the optimal method is feasible in terms of
selling the power, which is based on power loss and reliability. However, solar generation is
not feasible when the capacity is higher than 40% of the total capacity in terms of operation
and power loss due to the uncertainty of solar power. This is because it affects process and
reliability, and solar PV can generate power averaging only 4.2 h per day or a plant factor of
18% of capacity. Therefore, although PV installations can reduce power loss and respond to
energy demand increment in the system, it is limited to 40% because of uncertainty sources
that affect the stability system.
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