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ABSTRACT 

Bawean Island, located in East Java, has a population of 107,000 and is primarily inhabited by 

agriculture, fishing, and emigration. The island's natural resources, including beaches, lakes, 

waterfalls, mountains, and islands, have potential for tourism and economic development. The 

island is home to an endemic species and a rare species called Rusa bawean, which is 

endangered. To improve welfare, infrastructure like electricity is needed. Hence, PT PLN 

(Persero), an Indonesian government-owned corporation tasked with advancing electrification 

on Bawean Island, Gresik, East Java, intends to allocate funds towards the construction of a 

new power generation facility. The objective of the study is to assess and compare various 

investment options with respect to their PLN value in order to identify the most suitable 

alternative for a new power plant project in Bawean. This will be achieved through an analysis 

of capital budgeting and the levelized cost of electricity. The study performed a risk analysis to 

identify the most critical variables that impact the feasibility of the project. Among the three 

options assessed by PLN, Alternative 2 - build On Grid Solar PV Powerplant (5 MW) is deemed 

the most optimal. The outcome of the analysis is a Net Present Value (NPV) of 51.70 billion 

IDR, a Modified Internal Rate of Return (MIRR) of 12.41%, a Profit Index of 1.63, and a 

Payback Period of 8.60 years. The cost of generation, also known as the levelized cost of 

electricity (LCOE), is 33% less than that of the current Bawean power plant. According to the 

analysis evaluation scenario, Alternative 2 is not economically feasible when the project is 

implemented using scenario 1-3, which involves using HSD to compensate for the reduced 

capacity factor of PLTS. In sensitivity analysis, the exchange rate and cost of HSD are the 

variables that have the highest level of sensitivity. The Monte Carlo analysis indicated a 0% 

probability of a negative net present value (NPV), indicating that the Bawean Project is the 

most favourable investment option.  

Keywords: On Grid Solar PV Powerplant, Reserve capacity, Levelized Cost of Electricity, Investment 

Analysis 
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ABSTRAK 
 

Pulau Bawean, terletak di Jawa Timur, berpenduduk 107.000 jiwa dan sebagian besar dihuni oleh 

pertanian, perikanan, dan emigrasi. Sumber daya alam pulau ini, antara lain pantai, danau, air terjun, 

gunung, dan pulau-pulau, memiliki potensi untuk pengembangan pariwisata dan ekonomi. Pulau ini 

merupakan rumah bagi spesies endemik dan spesies langka bernama Rusa bawean yang terancam 

punah. Untuk meningkatkan kesejahteraan, diperlukan infrastruktur seperti listrik. Oleh karena itu, PT 

PLN (Persero), perusahaan milik pemerintah Indonesia yang ditugaskan untuk memajukan elektrifikasi 

di Pulau Bawean, Gresik, Jawa Timur, bermaksud mengalokasikan dana untuk pembangunan fasilitas 

pembangkit listrik baru. Tujuan studi ini adalah untuk mengevaluasi dan membandingkan berbagai 

pilihan investasi dalam hal nilai PLN mereka untuk mengidentifikasi alternatif yang paling cocok untuk 

proyek pembangkit listrik baru di Bawean. Hal ini akan dicapai melalui analisis anggaran modal dan 

biaya listrik yang ditingkatkan. Studi ini melakukan analisis risiko untuk mengidentifikasi variabel yang 

paling penting yang mempengaruhi kelayakan proyek. Di antara tiga opsi yang dinilai PLN, Alternatif 

2 - Bangunan di Grid Solar PV Power Plant (5 MW) dianggap yang paling optimal. Hasil analisis adalah 

Nilai Sekarang Bersih (NPV) sebesar 51,70 miliar IDR, Tingkat Pengembalian Internal Modified 

(MIRR) sebesar 12,41%, Indeks Keuntungan sebesar 1,63, dan Periode Pembayaran 8,60 tahun. Biaya 

pembangkit listrik, juga dikenal sebagai biaya tingkat listrik (LCOE), 33% lebih rendah dari yang ada 

di Bawean Power Plant saat ini. Menurut skenario evaluasi analisis, Alternatif 2 tidak layak secara 

ekonomi ketika proyek diimplementasikan menggunakan skenario 1-3, yang melibatkan penggunaan 

HSD untuk mengkompensasi faktor kapasitas yang berkurang PLTS. Dalam analisis sensitivitas, nilai 

tukar dan biaya HSD adalah variabel yang memiliki tingkat kepekaan tertinggi. Analisis Monte Carlo 

menunjukkan probabilitas 0% dari nilai saat neto negatif (NPV), yang menunjukkan bahwa Proyek 

Bawean adalah pilihan investasi yang paling menguntungkan.  

Kata Kunci: Pembangkit Listrik Tenaga Surya On Grid, Cadangan Daya, Biaya Listrik yang diratakan, 

Analisis Finansial 
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CHAPTER I 

INTRODUCTION 

 

1.1 Background 

Bawean Island is a large, isolated island in East Java, positioned around 135 kilometers north 

of Gresik city, with a population of approximately 107,000. An important factor to be taken 

seriously on the Bawean island is the well-being of the community. The human resources on 

Bawean Island are generally characterized by a lack of education and mostly belong to the 

medium to lower economic strata. The primary occupations of the locals of Bawean Island are 

mostly agriculture, fishing, or emigration. Bawean Island has a variety of natural resources, 

including beaches, lakes, waterfalls, mountains, and tiny islands. All of these natural features 

have the potential to be turned into tourist destinations. Bawean often serves as a venue for 

international events, including the Wonderful Sail International to Indonesia Yacht Rally. In 

addition to having an endemic species, Bawean is home to a rare species called Rusa bawean, 

which has been classified as "endangered" by the International Union for Conservation of 

Nature. Currently, the tourism and fishing industries provide prospects for stimulating 

economic development in a region by creating many business possibilities and employment 

options that empower people. It may be regarded as a viable alternative to enhance the well-

being of local people on Bawean Island. Enhancing welfare on Bawean Island necessitates the 

establishment of crucial infrastructure, including electricity. As a state-owned enterprise, PLN's 

mission is to utilize electric power as a means to enhance the standard of living and promote 

economic growth, including by electrifying Bawean Island. Currently, the growth of fishery 

commodities has driven an increase in electricity demand for ponds and cold storage.  

Therefore, there are potential customers waiting to be electrified. 

In terms of electricity, Bawean Island is a remote island whose electricity system is isolated 

and supplied from diesel fired powerplant (PLTD) and gas power plants (PLTMG). Peak load 

growth in the last 5 years has averaged 3.84%, in line with the average economic growth of 

4.29%. In 2021, the highest peak load was 5,8 MW, with a supply capacity of 6.45 MW, the 
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reserve power was only 0.65 MW. Scarcity of fuel supply and transportation limitations to 

transport fuel such as weather and fleet issues are also challenges in electrifying the island. 

In addition, the performance indicators of power plants on Bawean Island for the generation 

cost (BPP) are higher than the Minister of Energy and Mineral Resources Regulation No. 

55/2018 and the Specific Fuel Consumption (SFC) exceeds the specified standard. The 

relatively higher BPP above the selling price to customers and the need for a sustainable fuel 

supply are also considerations for finding replacement power plant that utilize energy sources 

that are easily available on Bawean Island. 

In order to support the Indonesian government's program to achieve the target of 23% 

renewable energy mix by 2025, PLN has implemented several programs aimed at increasing 

the use of renewable energy and reducing the use of fossil energy. Realization of renewable 

energy mix in 2022 is 14,11%.                                                                                                                                                                                         

To expand the capacity of the electricity system, reduce the use of fuel, and increase the mix of 

renewable energy. PLN plans to invest in new power plants. This investment is expected to 

increase the availability and reliability of electricity supply, reduce BPP, and increase the use 

of renewable energy. This study aims to analyze investment alternatives that have been 

considered by PLN and determine the most optimal alternative for program projects on Bawean 

Island in terms of financial feasibility studies. 

1.2 Company Profile 

1.2.1 Company in Brief  

PT PLN (Persero) is a state-owned enterprise established to provide electricity for the public 

interest in adequate quantity and quality as well as to generate profits and carry out Government 

assignments in the electricity sector in order to support development by applying the principles 

of a Limited Liability Company. 
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Figure 1.1 PLN's Logo 

 

In providing electricity for public use, PLN has 4 main businesses: generation, transmission, 

distribution, and retail. Generation aims to produce electrical energy from fossil energy sources 

and renewable energy. Transmission aims to deliver electric power to the customer's location 

and reduce losses, by increasing the voltage so that electrical energy can be transmitted through 

extra high voltage lines (500 kV) and high voltage lines (150 & 70 kV). Then at the substation 

the voltage is step-down to medium voltage (20 kV) and then distributed to customers using 

distribution transformers. PLN's revenue comes from the sale of electrical energy measured at 

the point of transaction (kWh meter) which is currently served by two methods, namely 

postpaid and prepaid.  

1.2.2 Company History 

Starting at the end of the 19th century, the sugar factory and electricity factory sector in 

Indonesia began to improve when several Dutch companies engaged in sugar factories and tea 

factories set up electric power plants for their own needs.  

The process of power transfer again occurred at the end of World War II in August 1945, when 

Japan surrendered to the Allies. This opportunity was used by the youth and electricity workers 

through the delegation of Electricity and Gas Workers/Employees who together with the Head 

of the Central KNI took the initiative to meet President Soekarno to hand over these companies 

to the Government of the Republic of Indonesia. On 27 October 1945, President Soekarno 

established the Electricity and Gas Bureau under the Ministry of Public Works and Energy with 

a power generation capacity of 157.5 MW. 

Based on Government Regulation No. 18 of 1972, PLN changed its status to State Electricity 

Company (Perum) acting as the Holder of the Power of Attorney Enterprises (Pemegang Kuasa 
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Usaha Ketenagalistrikan-PKUK) with the task of providing electricity for public needs. Then 

in 1994 PLN changed to a Limited Liability Company (Persero) which remained as PKUK in 

providing electricity for public needs. With the issuance of Law no. 30 of 2009, then PLN was 

no longer a PKUK but a State-Owned Enterprise (BUMN) holding a Electricity Supply 

Business License (Izin Usaha Penyediaan Tenaga Listrik-IUPTL) with the task of providing 

electricity for public needs. 

On September 22, 2022, the ministry of State-Owned Enterprises launched the PT PLN 

(Persero) Subholding Holding, the four subholdings are PLN Energi Primer Indonesia, PLN 

Nusantara Power (Generation Company 1), PLN Indonesia Power (Generation Company 2) 

and PLN ICON Plus. The most important thing about these four subholdings is that each will 

have a strategic role in managing state assets which have been the front line of PLN's operations 

in electrifying the archipelago. Figure 1.2 shows PLN's subholdings and subsidiaries. 

 

Figure 1.2 PLN Sub holdings & subsidiaries 

1.2.3 Vision, Mission, Motto, and Value of the Company 

Along with time, PLN faces several new challenges: technological disruption, market 

instability, increasingly fierce competition, and a new paradigm of customer service. This 
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dynamic requires the company to carry out the transformation which is currently stated in the 

Vision, Mission, Motto, and Corporate Values. 

Vision: 

“To be the Leading Electricity Company in Southeast Asia and #1 Customer Choice for Energy 

Solutions.” 

Mission: 

1. Running an electricity business and other related sectors, oriented to customer 

satisfaction, company members and shareholders.  

2. Making electricity as a medium to improve the quality of life of the public. 

3. Making every effort for electricity as an economic booster. 

4. Operating an environmentally friendly business. 

Motto: 

Electricity for A Better Life. 

Value: 

AKHLAK’s Core Value was set as the Company’s Values core ingredients on September 28, 

2020, through the President Director’s Decree, No. 0073.P/DIR/2020.  
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Figure 1.3 AKHLAK Values 

PLN is faced with challenges that may stand in the way as it is seeking to achieve the vision 

“To become the Leading Power-Generating Company in Southeast Asia and the # 1 Customer 

Choice for Energy Solutions”. On April 21, 2020, PLN affirmed its measures for transformation 

with the tagline "Power Beyond Generations." The meaning of the tagline is to make energy 

can be enjoyed beyond generations and to maintain PLN’s sustainability as a sound corporate 

entity. 

PLN transformation is visualized in “PLN’s 2024 Aspirations” which launches 4 Initiative 

Programs, namely Green, Innovative, Lean and Customer Focused - which are in accordance 

with 4 strategic objectives of PLN Transformation as in figure 1.4. 

K
ol

ek
si

 d
ig

ita
l m

ili
k 

U
P

T
 P

er
pu

st
ak

aa
n 

IT
B

 u
nt

uk
 k

ep
er

lu
an

 p
en

di
di

ka
n 

da
n 

pe
ne

lit
ia

n



 

Figure 1.4 PLN Transformation 

 

1.2.3 Organization Structure and RACI Model  

In order to implement Good Corporate Governance (GCG), basically the investment plan in 

RUPTL needs to be supported by a Feasibility Study. In the preparation of this study, several 

divisions at PLN and related distribution units were involved, as illustrated in Figure 1.5.  

 

Figure 1. 5 PLN Organization Structure 
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Furthermore, the role in preparing a project feasibility study is defined in the RACI Model, 

with the following details: 

1. Responsible (R): responsible for compiling data projects, background & objectives, 

Financial Feasibility Study (Kajian Kelayakan Finansial-KKF) and conclusions. 

2. Accountable (A): as an evaluator and validator KKF. 

3. Consulted (C): providing project-related information and consultation. 

4. Informed (I): get information about project updates.  

Table 1.1 RACI Model for Project Feasibility Study 

 

Headquarters Units 

EVP 

Corporate 

Strategic 

Planning 

EVP 

Distribution 

Strategic 

Planning 

EVP 

Distribution 

Operation 

Java, 

Madura and 

Bali 

EVP Project 

& Risk 

Management 

GM UID 

Jawa 

Timur 

Power Plant ≤ 

10 MW I A C I R 

 

1.3 Project Unit of Analysis 

The Bawean project, located in Gresik Regency, East Java Province, is a business unit within 

the East Java Distribution Unit. Precisely located in PLN UP3 Gresik-ULP Bawean. In 2021, 

this unit has 22,251 customers, with a composition where 56% of them are subsidized tariff 

customers, 64% are postpaid customers and the rest are prepaid. The total connected power for 

all customers is 18,662 kVA. As for the composition of customer tariff groups, the majority are 

household groups at 82.8%, business groups at 12.7%, social groups at 4%, and the rest are a 

combination of industrial, government and special service tariff groups. Electricity distribution 

on the island has been running for 24 hours. 

Currently, the bawean electricity system is supplied by PLTD and PLTMG. The first PLN-

owned PLTD operated in 1986 with a capacity of 135 kW, followed by subsequent machines 

starting in 2002 until it reached 13 machines. In the course of maintaining electricity supply, 

PLN also leases PLTD to private parties. However, as of March 31, 2019, the rental PLTD has 
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expired and was not renewed, so that until now on Bawean Island operates a PLTD owned by 

PLN with a capacity of around 3.4 MW (Tabel 1.2). Diesel fuel is delivered using a Landing 

Craft Tank (LCT) ship, with a capacity of 250 kilolitters (kL) every 1 month. Meanwhile, the 

capacity of the diesel stockpile tank is 440 kL. In the management of the PLTD, PLN 

cooperates with PT PJB regarding the maintenance operation of the PLTD.   

Table 1.2 Diesel Power Plant in Bawean 

Engine Generator Engine Generator kVA kW kVA kW

1 2 DEUTZ MWM LEROY SOMER 2000 2000 660 576 444 300

2 5 MAN #5 STAMFORD 2003 2003 700 597 444 350

3 6 MAN #6 STAMFORD 2003 2003 700 597 389 300

4 7 MTU #7 LEROY SOMER 2003 2003 750 625 389 0

5 9 Cummins #9 STAMFORD 2017 2017 694 625 611 500

6 10 Cummins #10 STAMFORD 2017 2017 694 625 611 500

7 11 Cummins #11 STAMFORD 2017 2017 694 625 611 500

8 12 Cummins #12 STAMFORD 2017 2017 694 625 611 500

9 13 Cummins #13 STAMFORD 2017 2017 694 625 611 500

6280 5520 4721 3450

No
Engine 

Number

Brand Years
Installed 

Capacity

Operating 

Capacity

Total Capacity  

The capacity of PLTMG Bawean is 3 x 1 MW (table 1.3), which has been in operation since 

2014. Unlike large-scale gas plants, this plant uses compressed gas or natural compressed gas 

(CNG). The plant and its CNG transportation facilities were built and managed by PT PJB, a 

subsidiary of PLN, which later became a sub holding of PLN under the name PT PLN 

Nusantara Power (PT PLN NP). This assignment consists of CNG transportation mode 

facilities including Mother Station, LCT / Ship, Daughter Station, Storage, Pressure Reducing 

Unit and Port specifically for LCT located in Gresik and Bawean Island. Due to the 

unavailability of natural gas pipelines, gas delivery is carried out from PJB Gresik using a 

Landing Craft Tank (LCT) ship to the daughter station. The capacity of 1 LCT is 2000 MMBtu, 

while the CNG capacity of the daughter station is 4000 MMBtu.  The average daily CNG 

requirement is around 650 MMBtu. Deliveries are made every 3 to 4 days. 
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Table 1.3 Gas Engine Power Plant in Bawean 

Engine Generator Engine Generator kVA kW kVA kW

1 1 GE Jenbacher Stamford 2013 2013 1710 1067 1520 1000

2 2 GE Jenbacher Stamford 2013 2013 1710 1067 1520 1000

3 3 GE Jenbacher Stamford 2013 2013 1710 1067 1520 1000

5130 3201 4560 3000Total Capacity

No
Engine 

Number

Brand Years
Installed 

Capacity

Operating 

Capacity

 

 

 

Figure 1.6 Landing Craft Tank (LCT) Ship 

The problem is that the fuel transportation process faces many challenges. With a distance of 

±80 nautical miles from the Gresik pier to bawean, the journey is estimated to take 10 hours. 

Bad weather conditions and high waves are a challenge in themselves, causing ships not to be 

allowed to sail for safety reasons. In addition, the availability of transport equipment also 

hampers the transportation of fuel to Bawean. Delays in fuel supply are usually addressed by 

load management such as rolling blackouts. 

In the 20 kV electricity system on Bawean Island, the electricity supplied from the power plant 

is then distributed using 3 feeders, namely the City, Sangkapura, and Tambak Feeder, with a 

peak load of 5,809 kW in May 2021. Peak load growth in the last 5 years (2017-2021) can be 

seen in figure 1.7. 
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Figure 1.7 Historical Peak Load (2017-2021) 

 

1.4  Business Issue 

As previously explained, Bawean Island's electricity system is currently supplied from the 

Diesel Fired Powerplant and Gas Engine Powerplant. Both are power plants that use fossil 

fuels. Along with the growth of the load every year, the need for electrical energy will also 

increase. As an overview in the planning and operation of the electricity system, the power 

balance is used to determine system requirements, system generation capacity, supply 

capability, and reserve margin. The power balance of Bawean Island is shown below. 

Table 1.4 Power Balance in Bawean Island 2021-2030 

No Description Unit 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

1 Needs

a. Production MWh 13,3 13,8 14,4 15 15,6 16,2 16,8 17,5 18,2 18,9

b. Load Factor % 25,5 25,5 25,5 25,5 25,5 25,5 25,5 25,5 25,5 25,5

c. Peak Load MW 5,80 6,00 6,24 6,49 6,74 7,01 7,29 7,58 7,88 8,19

2 Exist Power Capacity

a. Installed Capacity MW 8,72 8,72 8,72 8,72 8,72 8,72 8,72 8,72 8,72 8,72

b. Supply Capacity MW 6,45 6,45 6,45 6,45 6,45 6,45 6,45 6,45 6,45 6,45

Diesel Fired Powerplant (PLTD) MW 3,45 3,45 3,45 3,45 3,45 3,45 3,45 3,45 3,45 3,45

Gas Engine Powerplant (PLTMG) MW 3 3 3 3 3 3 3 3 3 3

3 Additional Capacity Plan 

MWp - - - - - - - - - -

4 Total System Capacity MW 8,72 8,72 8,72 8,72 8,72 8,72 8,72 8,72 8,72 8,72

5 Total Supply Capacity MW 6,45 6,45 6,45 6,45 6,45 6,45 6,45 6,45 6,45 6,45

6 Reserve Margin % 10% 7% 3% -1% -4% -9% -13% -18% -22% -27%

7 Surplus/Defisit MW 0,65 0,45 0,21 -0,04 -0,29 -0,56 -0,84 -1,13 -1,43 -1,74  
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From the above power balance can be described as follows: 

a. In 2021 to 2023, the reserve margin is very low, if in the operation of the plant there is 

one generating machine shutdown for routine or periodic maintenance then the system 

will be in deficit, moreover if there is a disturbance, then certainly there will be rolling 

blackouts on the island of bawean. 

b. If there is no new capacity addition by 2024, the system will face a deficit, and the gap 

will increase every year. 

Therefore, to fulfil the electricity demand on Bawean Island, PLN plans to add generating 

capacity to fulfil the gap in 2024. With the addition of a 5 MW powerplant, the system 

conditions will return to surplus and can meet the electricity demand as in the following table: 

Table 1.5 Power Balance after Capacity Addition 

No Description Unit 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

3 Additional Capacity Plan (RUPTL 2021-2030)

Bawean Project MW - - - 5 - - - - - -

4 Total System Capacity MW 8,72 8,72 8,72 13,7 13,7 13,7 13,7 13,7 13,7 13,7

5 Total Supply Capacity MW 6,45 6,45 6,45 11,5 11,5 11,5 11,5 11,5 11,5 11,5

6 Reserve Margin % 10% 7% 3% 43% 41% 39% 36% 34% 31% 28%

7 Surplus/Defisit MW 0,65 0,45 0,21 4,96 4,71 4,44 4,16 3,87 3,57 3,26  

Increasing the capacity of fossil fuel power plants will increase the use of fuel oil. In addition, 

the cost of generation is also expensive. Table 1.2 shows that the BPP on Bawean Island is 

higher than the minister of energy and mineral resources regulation. In the decree of the 

minister of energy and mineral resources No. 169.K/HK.02/MEM.M/2021 concerning the 

amount of the cost of generation of PT PLN (Persero) in 2020, the amount regulated for the 

East Java region, the Bawean system is IDR 2805.50/kWH. This amount is lower than the 

previous ministerial decree in 2019 which amounted to IDR 3041/kWH. 

Table 1.6 Bawean Generating Cost Comparison 

ESDM Ministerial 

Regulation (Rp/kWh)

No. 169/2021

2018 21%

2019 -5%

2020 10%

2021 22%

Years
Comparison 

(%)

2805,5
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Then the SFC value used to assess the efficiency level of the PLTD in Bawean is also above 

the standard used by PLN (SPLN 79: 1987). This is especially true for older PLTDs. Table 1.3 

shows a comparison of SFC values on several engines that are higher than SPLN 79:1987. The 

higher the SFC value, the greater the fuel requirement to produce electrical energy per kilo 

watt-hour, which means additional fuel costs. 

Table 1.7 SFC Comparison in Bawean 

Engine Number Actual SFC Standard

2 0,3004

5 0,2852

6 0,331

7 0

9 0,2752

10 0,2752

11 0,2752

12 0,2758

13 0,2754

SFC (Liter/kWH)

0,249-0,284

 

Therefore, PLN is considering several alternative power plants for Bawean Island to meet 

electricity demand and produce the lowest generation costs compared to current conditions. 

1.5 Research Questions 

The foundation of this research was built to answer the following questions: 

1. Which alternative offers the best investment for PLN? 

2. Which alternative has the lowest generation cost? 

3. Is it still financially feasible for PLN to take the best alternative by considering the risk 

of the new power plant does not operating normally? 

4. Which investment analysis variables are most sensitive to project feasibility? 

5. What is the probability distribution of NPV due to changes in sensitive variable? 
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1.6 Research Objectives 

The objectives of this research are as follows: 

1. Determine the best investment alternative for PLN. 

2. Determine the best alternative that provides the lowest generation cost. 

3. An analysis of the project’s feasibility impact in the event of the new powerplant doesn’t 

operate normally. 

4. Find out which variables are the most sensitive and affect the investment analysis. 

5. Find out the probability distribution of NPV according to changes in sensitive variables. 

 

1.7 Research Scope and limitations 

This research is limited to the following matters: 

1. The revenue for each alternative depends on the capacity of the power plant, not power 

demand. 

2. This study focuses only on the business line of the generation. 

3. For each alternative, this study compares only the total costs incurred during operation 

or over the required economic lifetime. 

4. All assumptions about the primary data used in this study are based on internal 

documents from experts or PLN partner companies. 

5. For the Monte-Carlo simulation, the Exchange Rate utilized secondary data obtained 

from www.bi.go.id, specifically from January 1st, 2021 to December 1st, 2022. This 

data was used to determine the standard deviation for the daily Exchange Rate.  

6. This study encompasses the complete evaluation of investments, including the 

forecasting of financial statements and the implementation of Monte Carlo Simulation. 

However, PLN solely evaluates the investment project by examining the cash flow 

projection, without taking into account taxes and depreciation. 
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1.8 Writing Structure 

The purpose of this section is to provide an overview of the steps taken in this area, ensuring 

that the final project is well organized. Each chapter in this report is described as systematic 

research in the following section. 

 

CHAPTER 1 – INTRODUCTION 

This chapter encompasses the initial identification of the Final Project, comprising the PT PLN 

(Persero) Company Profile, the backdrop, issue, aims, constraints of this study, and the 

systematic research. 

CHAPTER 2 – BUSINESS ISSUE EXPLORATION 

This chapter provides an overview of the work procedures involved in collecting data on project 

investments, including the relevant core theory, data assumptions, and investment cost 

computation. The objective is to get future cash flows and the Levelized Cost of Electricity 

(LCOE) as input data for further analysis in this research. 

CHAPTER 3 – BUSINESS SOLUTION 

This chapter presents solutions to the identified issues through the application of data 

processing techniques, in accordance with the topics discussed. For instance, the Financial 

Feasibility Study of the Bawean Project is conducted using the Discounted Cash Flow Model. 

Additionally, sensitivity analysis is employed to assess the impact of changes in certain 

variables that are beyond the author's control, utilizing Monte Carlo simulation. 

CHAPTER 4 – CONCLUSION AND IMPLEMENTATION 

The chapter concludes with the study findings and a proposed plan of action, which will serve 

as the resolution and recommendations to the initial inquiry. 
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CHAPTER II 

BUSINESS ISSUE EXPLORATION 

 

2.1 Conceptual Framework 

This study aims to find the best alternative to PLN to meet the growing demand, increase 

reliability and produce the lowest production cost in the Bawean Island new power plant 

project. The following table presents the conceptual framework used in this study.

 

Figure 2.1 Conceptual Framework 

The first step in this research is to conduct an environmental scan to obtain the business 

situation described in the following section after determining the existence of a business 

problem. In the meantime, it's important to learn more about this research's theories and 

subjects. In the end, the financial feasibility study is done to figure out which option is best for 

PLN to use in the Bawean Island project and solve the business problems. 

1. Low Reserve Margin  

2. High Generating Cost 

3. Future Power System Deficit 

Present State Desired State 

1. Power Reserve Adequacy 

2. Lower Generating Cost 

3. Reliable Power System 
1. Type of power plant 
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3. Suitability for remote 
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Development of 
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Generation 

Preparation of development 

Power plants & Power 

Balance 

Power plant Development 

Study 

Power Plant Investment 
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2.2 Research Methodology 

2.2.1 Research Design 

 

Figure 2. 2 Research Framework 

The development of a business circumstances is required after identifying the issue or problem 

facing the company. The internal and external environment factors that will influence the PLN 

investment plan were the primary focus of the business circumstances analysis. An organization 

can mitigate threats and capitalize on opportunities in its competitive environment by 

conducting an external analysis. The focus of the external environment analysis is on threats 

Business Problem  

1. Low Reserve Margin  

2. High Generating Cost 

Business Circumstances 

SWOT Analysis 

Internal Environment Analysis  

VRIO Analysis 

External Environment Analysis  

1. PESTEL 

2. Porter 5 Forces 

Financial Forecast 

Study of Financial Feasibility 

Feasible? 

Selecting The Best Investment 

Risk Analysis 

Recommendation &  

Plans of Action 
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and opportunities. It also looks at how competition in this environment is likely to change and 

how it will affect an organization's threats and opportunities (Rothaermel, 2019). 

The analysis of the industry's structure and the external environment will form the external 

analysis. One of the tools to describe the external climate of the company is to use the PESTEL 

model, which consists of six sets of elements that can affect the company's business, namely: 

Political, Economic, Sociocultural, Technological, Environmental, and Legal aspects 

(Rothaermel,2019). An exploration of the industry structure will be conducted using the Porter 

Five forces system, which assesses the threat of competition from existing rivals, the power of 

suppliers and buyers, the threat of substitutes, and the threat of entry (Rothaermel, 2019). The 

Porter Five Forces Model identifies and analyzes five competitive forces that shape every 

industry. These forces can be used to determine an industry's strengths and weaknesses to gain 

and maintain a competitive advantage. The business situation analysis and Porter's Five Forces 

frameworks are shown in Figures below. 

 

Figure 2. 3 Business Circumstancess Analysis 
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Figure 2. 4 Five Forces Model 

The tool used in conducting internal analysis is VRIO analysis. VRIO analysis is used to make 

an initial measurement of whether the internal resources currently owned by the company are 

Valuable, Rare, Imitation, and Organized. Resources that meet all VRIO criteria provide 

advantages and competitive advantages for the company (Rothaermel, 2019). Internal resources 

are not only limited to assets, including capabilities and competencies owned by the company 

that can support future development and provide a sustainable competitive advantage. 

 

 

Figure 2.5 VRIO Analysis 
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Business situation analysis is conducted by combining the evaluation of external and internal 

analysis using SWOT analysis (Rothaermel, 2019, p. 134). The SWOT framework provides an 

integrated understanding of a company's internal and external factors, and the results are 

described in two parts: strengths and weaknesses (S and W) derived from internal analysis and 

opportunities and threats (O and T) from external analysis. The results of the SWOT analysis 

were used to build business strategies and develop financial models for the investment projects 

considered in this study. 

The financial model of PLN's investment plan is the next step of this research. In projecting the 

financial model, development was carried out to obtain Free Cash Flow to the firm (FCFF) and 

Levelized Cost of Electricity (LCOE). These two criteria are the basis for evaluating financial 

models. According to Gitman & Zutter (2015), three important criteria used to evaluate in the 

capital budgeting process are Net Present Value (NPV), Internal Rate of Return (IRR), and 

Payback Period (PP) obtained from FCFF discounted by the project's Average Capital 

Weighted Cost (WACC). Furthermore, the LCOE evaluation is based on the NPV of the total 

cost of building and operating the power plant assets (Corporate Finance Institute, 2021). 

For the Bawean project, currently there are 3 alternatives being considered by PLN and the 

alternative with the best value criteria will be chosen. This value certainly results in the best 

investment criteria and the lowest generation costs indicated by LCOE. Then the project is 

subjected to a financial risk analysis to ensure that the project is robust. Recommendations and 

implementation for PLN, will be provided after all analysis has been carried out. 

2.2.2 Data Collection 

Data collection in this study was carried out using primary and secondary data. Primary data is 

obtained from PLN's internal data directly related to the Bawean project and other power plant 

projects, while secondary data is a reference derived from reference books, reports, journals, 

and the internet.  

2.2.3 Analysis Method 

The stages of analysis in determining the best investment for the Bawean project include: 

1. Calculate Revenue Projection. 
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2. Expenses and Net Working Capital 

3. Income Statement Projection. 

4. Balance Sheet Projection. 

5. Cash Flow Projection. 

6. Capital Budgeting Cash Flow 

7. Conduct Capital Budgeting Analysis 

8. Calculate LCOE 

9. Analysis of Financial Sustainability Model 

10. Analysis of Financial Risk Assessment. 

2.2.4 Reserve Margin 

In 2012, the Ministry of Finance assisted by McKinsey & Company conducted a study of the 

Development of Service Level Agreement for PLN, which also reviewed whether the electricity 

system planning performed correctly, including determining the optimal reserve margin for 

PLN. Approaches used in analyzing reserve margin include: 

1. Probabilistic Model 

The reserve margin defined as generating capacity divided by peak load, in the 

probabilistic model is used to satisfy a Loss of Load Probability (LOLP) smaller than 

0.274%. 

2. Benchmark Reserve Margin from other countries 

From some information, the amount of reserve margin in other countries was found to 

be in the range of 15-40%. 

3. Bottom-Up Deterministic Method 

This method considers reserve margin needs from the operational side by considering 

operating reserves, plant performance (planned outage, maintenance outage, forced 

outage, derating, etc.), economic growth and demand, seasonal influences, and others. 

From the bottom-up deterministic method, an optimal reserve margin of around 33-38% 

is obtained. 

When designing and implementing plant systems that are small in scale and not yet 

interconnected, it is advisable to refrain from employing probabilistic methods or economic 

optimization. Instead, deterministic methods should be utilized. This method involves planning 
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with a maximum criterion of N-2, wherein the reserve must exceed one unit of the largest 

element and one unit of the second largest element. The term "reserve" in this context refers to 

the disparity between the aggregate capacity of currently operational power plants and the 

maximum power demand during peak periods. The utilization of the N-2 maximum criterion is 

anticipated to ensure that the reserve margin in isolated systems meets the minimum threshold 

of 30%. 

Especially for intermittent NRE plants, the net capable power from the plant is not calculated 

into the power balance reserve because it does not provide firm capacity. As for PLTH equipped 

with batteries/energy storage systems, the net capable power from the plant can be calculated 

in addition to the reserve margin on firm capacity. 

2.2.5  Analysis of Investment Project 

Investment project analysis is an assessment process performed to evaluate the feasibility and 

potential returns of an investment project. The purpose of this analysis is to assist rational and 

informed decision-making in allocating limited resources to the most profitable projects. 

According to Clayman et al (2012), the process used by companies for decision making in 

capital projects, which is a project with a life of a year or more, is done through capital 

budgeting. In an expansion project, this project will increase the size of the company's business. 

This decision involves more uncertainty so that in the process of investment project analysis is 

also conduct risk analysis. 

2.2.5.1 Discounted Cash Flow 

The financial valuation method used to assess the present value of the expected future cash 

flows from an investment or project is Discounted Cash Flow (DCF). This method assumes 

that the future value of money is less valuable than the current value of money, due to the time 

factor and the applied rate of return. DCF allows companies to calculate the intrinsic value or 

present value of expected cash flows from investment projects. By considering the time value 

of money and the discount rate, DCF helps make more informed investment decisions. The 

process of finding the present value can be calculated by  

PV = 
𝐹𝑉𝑛

(1+𝑟)𝑛 
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Where:  

FV  = Future Value;  

PV  = Present Value;  

r  = Rate of Return;  

n  = number of period involved in the analysis 

According to Gitman & Zutter (2015), the rate of return (r) used in investment analysis is 

dependent on the capital structure used in the projects because different types of capital used 

in investment require different rates of return. 

2.2.5.2 Capital Structure & Cost of Capital 

A company's cost of financing is determined by the cost of capital. To put it another way, this 

expense will represent the bare minimum rate of return that the project will generate in order 

to raise the value of the company (Gitman & Zutter, 2015). 

• Weighted Average Cost of Capital (WACC) 

Gitman & Zutter (2015) explains that the Weighted Average Cost of Capital (WACC), 

which is the minimum return value expected by a company when making long-term 

investments, can be used to obtain a weighted value for each type of cost. capital, such 

as the cost of stock and the cost of debt. This can be used to determine the expected 

future average cost of capital. The WACC formula is as follows: 

𝑊𝐴𝐶𝐶 = (w𝑑  ×  r𝑑) + (w𝑒  ×  r𝑒) 

Where:  

w𝑑  : Proportion of long-term debt in capital structure 

r𝑑  : Cost of long-term debt 

w𝑒  : Proportion of common stock in capital structure 

r𝑒  : Cost of common stock 
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• Cost of Long-Term Debt 

Cost of Long-Term Debt (Cost of Long-Term Debt) is the interest rate or rate of return 

that must be paid by companies on long-term debt issued. The cost of long-term debt 

reflects the cost of capital that must be borne by companies to borrow funds from other 

parties for a longer period, such as long-term bonds or long-term loans. 

The cost of long-term debt is important in calculating the Weighted Average Cost of 

Capital (WACC), which is the weighted average rate of return from all the company's 

funding sources. The cost of long-term debt is used as a component in determining the 

weight and cost of debt capital in WACC calculations. The cost of debt is as follows: 

𝑟𝑑 =  𝑟𝑖 × (1 − 𝑇)  

Where:  

r𝑖  : Interest rate 

r𝑑  : After-tax cost of debt 

𝑇  : Tax rate 

• Cost of Equity 

The rate of return expected by the company's shareholders as compensation for the risk 

they incur by investing in the company's shares is an explanation of the cost of equity. 

The cost of equity reflects the rate of return expected by investors for investing their 

capital in company stock. The cost of equity can be considered as the minimum rate of 

return that must be achieved by a company.  

The method used to estimate the cost of equity capital in analyzing is the Capital Asset 

Pricing Model (CAPM). CAPM assumes that the cost of equity capital depends on 

systematic risk or market risk as measured by stock beta. The CAPM formula is as 

follows: 

𝑟𝑒 =  𝑅𝐹 + [(𝛽 × (𝑅𝑚− 𝑅𝑓)] 

Where:  
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r𝑒   : Cost of Equity 

R𝐹   : Risk-free rate of return 

𝛽  : Beta coefficient (non-diversifiable risk of the company) 

𝑅𝑚  : Expected Market Return 

𝑅𝑚− 𝑅𝑓 : Market Risk Premium 

• Hurdle Rate 

The hurdle rate, also known as the barrier rate or minimum rate of return, is the 

minimum rate of return that a project or investment is expected to make to be considered 

feasible. In this case, PLN investors have set a minimum rate of return that must be 

achieved by their investment projects to obtain funding which varies each year. 

According to Dutta & Fan, (2009) the optimal hurdle rate will be higher for companies 

with relatively good investment opportunities. In this analysis, the hurdle rate obtained 

from PLN's WACC will be used as a discount factor. 

2.2.5.3 Investment Decision Criteria 

According to Clayman et al (2012), in analyzing and assessing capital investment, several 

important criteria are used, namely Net Present Value (NPV), internal rate of return (IRR) are 

the two most comprehensive measures of whether a project is profitable or not, then another 

criteria is Payback Period (PP) and Profitability Index (PI). 

• Net Present Value: A commonly used method of knowing the present value of future cash 

flows after taxes minus investment expenses.  

𝑁𝑃𝑉 = ∑
𝐶𝐹𝑡

(1 + 𝑟)𝑡
− 𝑂𝑢𝑡𝑙𝑎𝑦

𝑛

𝑡=1

 

Where: 

n   : the number of years in the lifetime of the machine to be purchased, 

𝐶𝐹𝑡   : after-tax cash flow at time t 

𝑂𝑢𝑡𝑙𝑎𝑦  : investment cash flow at time zero 
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 𝑟   : required rate of return for the investment 

Because the NPV value reflects the wealth of investors as a result of investment, it will 

positively increase the wealth of investors, while the negative NPV value will reduce 

wealth. Then decision making can follow: 

Invest if  NPV > 0 

Do not Invest NPV < 0 

• Internal Rate of Return: the rate of return generated by an investment project that makes 

the net present value (NPV) of the investment's cash flow equal to zero. In other words, 

IRR is the discount rate that causes NPV to zero. 

𝑁𝑃𝑉 = ∑
𝐶𝐹𝑡

(1 + 𝐼𝑅𝑅)𝑡
− 𝑂𝑢𝑡𝑙𝑎𝑦 = 0

𝑇

𝑡=1

 

Where: 

𝐶𝐹𝑡 : after-tax cash flow at time t 

𝑂𝑢𝑡𝑙𝑎𝑦  : investment cash flow at time zero 

IRR : The internal rate of return 

T  : The number of time periods 

If the IRR is higher than the required rate of return for a project, the decision rule is to 

invest: 

Invest if   IRR > r 

Do not invest if  IRR < r 

• Payback Period (PP): The payback period is the number of years it takes to recover the 

initial investment in a project. The shorter the payback period, the quicker the initial 

investment can be repaid, and the project is considered more liquid. However, the payback 

period does not measure the time value of money or cash flows after the payback period, 

and so does not provide a complete picture of the long-term profitability of the project. 
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Therefore, the use of PP should be accompanied by NPV and IRR to ensure a profitable 

project investment. 

• Profitability Index (PI): The profitability index (PI) is the present value of a project’s future 

cash flows divided by the initial investment.  

𝑃𝐼 =
𝑃𝑉 𝑜𝑓 𝑓𝑢𝑡𝑢𝑟𝑒 𝑐𝑎𝑠ℎ 𝑓𝑙𝑜𝑤𝑠

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡
 

The investment decision rule for the PI is as follows: 

Invest if   PI > 1.0 

Do not invest if  PI < 1.0 

2.2.5.4 Levelized Cost of Electricity (LCOE) 

The levelized cost of electricity (LCOE) is a standard tool used for evaluating the costs of 

various energy production systems. It is a measurement of the overall cost and 

energy/electricity generated by an asset during its service life. The method delivers a single 

value representing each technical choice accessible in a specific place. Because a single value 

can be easily compared, it can assist decision maker in making decisions (IESR, 2019).  

Using the LCOE to evaluate a project is one of the first important stages in examining such 

projects. This is because the LCOE indicates the cost of energy generated per unit, and the risk 

of each project is a result of the particular discount rate utilized for each power-generating 

technology (Corporate Finance Institute, 2021). The Formula for LCOE is as follows: 

𝐿𝐶𝑂𝐸 =  
𝑁𝑃𝑉 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 𝑜𝑣𝑒𝑟 𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒 

𝑁𝑃𝑉 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑜𝑣𝑒𝑟 𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒
 

𝐿𝐶𝑂𝐸 =

∑
(𝐼𝑡 + 𝑀𝑡  + 𝐹𝑡)

(1 + 𝑟)𝑡

∑
𝐸𝑡

(1 + 𝑟)𝑡

 

Where: 

I   : The initial cost of investment expenditures 

M   : Maintenance and operations expenditures 

F  : Fuel expenditures 
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E  : The sum of all electricity generated 

r  : The discount rate of the project 

t : The life of the system 

2.3 Environmental Analysis 

2.3.1 External Analysis : PESTEL  

At the external environment analysis stage, an analysis of what factors can affect the electricity 

industry in Indonesia is carried out. These six factors will provide key information in the form 

of opportunities or threats that can have an impact on the business. PESTEL analysis can be 

seen in the following table: 
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Table 2.1 PESTEL Analysis 
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2.3.2 External Analysis for Industry Structure: Porter’s Five Forces 

Furthermore, in the analysis of the external environment, to identify and measure the 

attractiveness and level of competition in the existing industrial structure, porter’s five forces 

analysis was carried out. The table below shows the power situation and its impact on the 

electricity business. 
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Table 2.2 Porter's Five Forces Analysis on Electricity Business 

 

The findings of the external analysis reveal several noteworthy observations. One of these is 

the continued expansion of the electricity sector, which is closely linked to the growth of the 

Indonesian economy. This reciprocal relationship between economic growth and electricity 

demand has significant implications. Furthermore, the tasks of the Public Service Obligation 

(PSO) and the electrification targets aimed at enhancing the socio-economic circumstances of 

the Indonesian region are administered by the state-owned electricity company, PLN.  

Conversely, the implementation of a novel policy aimed at expediting the adoption of 
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renewable energy will facilitate the reduction of entry barriers, particularly in relation to the 

rapidly advancing solar module technology. The entry of a substitute would pose a risk to the 

PLN enterprise. Hence, it is imperative for PLN to have a competitive advantage and offer 

added value to its customers by aligning with emerging trends, such as the establishment of 

power plants that harness novel renewable energy sources. The assessment of power supply 

availability and certainty is also subject to evaluation by customers and business entities. In the 

event that PLN is perceived to lack these qualities, there is a significant probability that new 

competitors will emerge in the regional supply market, driven by the rapid expansion of 

Independent Power Producers (IPPs). Customer satisfaction can be enhanced when their 

electricity demands are promptly and reliably met, irrespective of the supplier they are 

associated with. 

2.3.3 External Analysis for Industry Structure: Porter’s Five Forces 

The subsequent stage in the analysis of the business situation involved the examination and 

evaluation of PLN's internal resources and capabilities with the aim of generating value. A 

VRIO analysis will be undertaken to assess the effective utilization of PLN resources as well 

as capabilities in delivering services to consumers. 
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Table 2.3.PLN VRIO Analysis 

 

Table 2.3 presents the key resources and capabilities of PLN for the purpose of assessing its 

level within the VRIO frameworks. The following section provides an explanation of all 

essential resources. 

• Competitive parity refers to the situation where a company possesses resources that are 

similar to those of its competitors. 

• Temporary competitive advantages play a significant strategic role in the Indonesian 

economy, particularly within the electricity sector. The PLN has been assigned the 

responsibility of achieving universal electrification, aiming to attain a 100% 

electrification ratio throughout Indonesia. The acquisition of robust expertise, 

substantial capital infusion through government backing, and the involvement of 

financial institutions are essential requisites. PLN, being a reputable corporation, has 

the capacity to augment its capital through loans. 
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• One aspect that remains unexplored in terms of competitive advantages is PLN mobile, 

an innovative solution introduced by PLN to ensure the provision of top-quality 

electrical services in Indonesia with a high level of responsiveness. Despite operating 

under a monopoly structure, PLN demonstrates a commitment to enhancing customer 

satisfaction as a means of improving the company and aligning with the fundamental 

principles of AKHLAK. 

• PLN has achieved a sustained competitive advantage by serving as the leading 

electricity provider in Indonesia for a period of 76 years. The information presented 

indicates that PLN possesses a substantial customer base, extensive assets, and a 

widespread infrastructure throughout Indonesia. The strategic role in the economic 

development of Indonesia also exhibited distinct characteristics compared to other 

companies. 

2.4 Analysis of the Business Situation: SWOT Analysis 

By incorporating the internal and external analysis discussed in section 2.3 above, it is possible 

to generate a SWOT analysis for PLN in the development of electricity infrastructure, 

specifically in Bawean Island, as depicted in table 2.4 below. 
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Table 2.4 PLN SWOT Analysis 

 

The main insights obtained from the SWOT analysis, as presented in Table 2.4, encompass: 

• Electricity business in Indonesia still shows potential for growth alongside expansive 

economic conditions and electrification trends in everyday life (S1, S2, O1, O2). 

• PLN has substantial internal and external resources, as well as support, to develop an 

efficient and environmentally friendly electricity supply. (S3, S4, O3, O4). 

• Increased reliability and use of renewable energy will increase the competitive 

advantage of PLN (W2, W3, T1, T2) 

2.4 Business analysis conclusions 

Through regards to the SWOT analysis, it is evident that there is still potential for PLN to 

undertake investment in powerplant projects on Bawean Island in order to respond to the 

growing demand and enhance reliability. The PLN should carefully select the optimal 
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powerplant for Bawean Island in order to minimize generation costs. Subsequently, a 

comprehensive evaluation of each alternative considered by PLN in the Bawean Island will be 

undertaken through an investment project analysis, with the aim of determining its financial 

feasibility. 
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CHAPTER III 

BUSINESS SOLUTION 

 

3.1 Project Description 

Bawean project is located on Bawean Island, Sungaiteluk village, Sangkapura District, Gresik, 

East Java Province, which is the same location as PLTD and PLTMG Bawean. The location is 

advantageous due to its proximity to the Perikanan port and the main road.  

 

Figure 3. 1 Bawean Island 

The available land is vacant land that is cultivated by non-productive crops; topographically, 

the land consists of flat soil with a reclaimed soil texture. The land area available is 7 ha. If the 

Bawean project's planners wish to construct floating solar power plants, the island's coastal 

land can be utilized as an alternative. The area is owned by the Department of Maritime and 

Fisheries (DKP), so permission from the appropriate authorities is required for its use. 

 

Figure 3. 2 Project Location 
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The projected power capacity for the Bawean island project is approximately 5 megawatts, 

which aligns with the anticipated increase in capacity necessary to fulfill demand and maintain 

reserve margin requirements. The Bawean island project is projected to reach completion 

within a duration of 18 months, with an anticipated operational commencement in the year 

2024. The project is expected to have an estimated lifespan of 20 years. The funding for this 

project is derived solely from the PLN budget, specifically the Annual PLN Budget (APLN), 

indicating a complete reliance on equity financing. 

3.2 Business Solution Alternatives 

As a solution in order to meet the needs of increasing demand and maintain power reserves on 

Bawean Island as explained in chapter 1.4. The project must also meet the requirements of the 

least generation cost. This section will focus on analyzing the best alternatives from the 3 most 

feasible investment options chosen by PLN. Therefore, it requires investment project analysis. 

Options or alternatives are: 

1. Build Off Grid Solar Photovoltaics (PV) Power Plant equipped with Battery Energy 

Storage System (BESS). 

2. Build On Grid Solar Photovoltaics (PV) Power Plant without batteries. 

3. Build a Diesel Fired Powerplant 

The financial viability of the project is assessed through the utilization of various discounted 

cash flow (DCF) techniques, as outlined in chapter 2.2.5.3 of the investment decision analysis. 

Additionally, the cost analysis for the project is conducted using the Levelized Cost of 

Electricity (LCOE) method, as described in chapter 2.2.5.4.  

Upon conducting a comprehensive evaluation of the investment based on various criteria, the 

assessment of financial risk will be undertaken to facilitate the optimal alternative analysis. 

This will be accomplished through the utilization of three distinct methods : 

1. The utilization of scenario analysis encompassing both the most unfavorable and 

optimal circumstances. 

2. In order to identify variables that exhibit high sensitivity, a sensitivity analysis was 

conducted using a simulation with a swing of +/- 20%. 
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3. The utilization of Monte Carlo analysis is used in order to determine the probability 

distribution of the potential net present value (NPV) of the project, taking into 

consideration variables that exhibit a high level of sensitivity. 

3.3 Assumptions 

The scope of this study was limited to the generation business line in order to ascertain the 

optimal alternative for this project. The evaluation of each alternative does not consider the 

actual revenue generated from distribution and retail operations, under the assumption that the 

energy generated will be consistent across all alternatives. However, the evaluation will be 

conducted on the total cost incurred or required for each alternative throughout the economic 

lifespan. Consequently, the market size will be determined based on the Net Capacity of the 

powerplant, which is 5 Megawatts (MW).  

In PLN, there exist four distinct categories of component cost. 

1. A Component or Capital Expenditure (CAPEX) encompasses various aspects of 

project construction, including Civil works, Mechanical works, Electrical and 

Instrumentation Control works, and other related works. 

2. B Component or Fixed Operation and Maintenance (O&M) costs encompass two main 

elements: General & Administrative (G&A) expenses and spare material costs. 

3. The cost of the C component or fuel is contingent upon the powerplant type and the 

specific fuel utilized. 

4. D Component or Variable Operations and Maintenance (O&M) encompasses the 

expenditure on consumable materials required for operational purposes, including 

lubricants, fuses, and water treatment. 

Based on the preceding discussion, it can be inferred that the B, C, and D components are 

classified as Operating Expenditure (OPEX). The underlying assumptions employed in this 

study will be expounded upon in the subsequent chapter. 

3.3.1 Cost Assumption and Technical Assumption 

A component or engineering, procurement, and construction (EPC) The calculation of costs is 

conducted by utilizing PLN project contract references and an internal database. These sources 

incorporate various factors such as year adjustments, exchange rates, and the specific location 
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of the powerplant. The tables 3.1, 3.2, and 3.3 below provide a comprehensive presentation of 

the description for each infrastructure. 

Table 3. 1. EPC Cost for Solar PV + BESS Power plant 

Works Description  Cost (IDR)  

EPC Cost   

Mechanical Works    70,063,350,000  

Electrical-I&C Works    17,154,450,000  

Other works      7,569,450,000  

Contigency      9,122,475,000  

VAT    10,034,722,500  

TOTAL   113,944,447,500  

 

Table 3. 2. EPC Cost for Solar PV Powerplant 

Works Description  Cost (IDR)  

EPC Cost   

Mechanical Works 45,013,350,000 

Electrical-I&C Works 14,995,950,000 

Other works 7,569,450,000 

Contigency 6,401,625,000 

VAT 8,137,841,250 

TOTAL (Bil Rp) 82,118,216,250 

 

Table 3. 3. EPC for Diesel Fired Power plant. 

Works Description Cost (IDR) 

EPC Cost  

Mechanical Works 15,462,500,000 

Electrical-I&C Works 3,971,740,865 

Other works 3,173,043,333 

Contigency 1,546,250,000 

VAT 17,163,375,000 

TOTAL (Bil Rp) 41,316,909,198 
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The following section will outline additional assumptions that have been utilized in assessing 

the feasibility of the project. 

1. The B component or Fixed Operations and Maintenance (O&M) is estimated to be 

3.75% and 2.5% of the A component depends on the type of power plants, assuming a 

growth rate of 2%-3%. This assumption is derived from an analysis of O&M costs in a 

previous power plant project. 

2. The D component or Variable Operations and Maintenance (O&M) is assumed to be 

1.25% of the A component, with a growth rate of 2%. This assumption is based on an 

estimated O&M cost analysis from a previous power plant project. 

3. The source of information regarding the cost of fuel (HSD) is derived from the RUPTL 

2021-2030 PT. PLN (Persero) document. 

4. The fuel cost reference for high-speed diesel (HSD) is derived from past powerplant 

projects and internal databases, which also take into account transportation expenses. 

5. The lease cost is determined by the terms outlined in the previous lease agreement. 

6. The assumed capacity factor (CF) is 80% due to the intended operation of the system 

as a baseload for diesel powerplant and 17%-21% for solar PV. 

7. The calculation for annual kilowatt-hour (kWh) sales involves multiplying the net 

capacity of a power plant (5 MW) by the number of days in a year (365), the number of 

hours in a day (24), and the capacity factor. 

8. The references for Net Plant Heat Rate (NPHR) and Specific Fuel Consumption (SFC) 

are derived from the internal database and past contractual agreements. 

9. The determination of the economic lifespan of the asset reference is established in 

accordance with Regulation No. 0040.P/DIR/2016 of the Board of Directors of PT PLN 

(Persero). As per this regulation, the economic lifespan for power plants is set at 20 

years. The method employed for calculating depreciation is the straight-line method, 

and the salvage value is assumed to be zero. 

10. Electrical and distribution losses based on standard in PLN. 

Tables presented below provide a comprehensive overview of the assumptions made for each 

infrastructure. 
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Table 3. 4. Solar PV + BESS Power plant Assumption 

 

Table 3. 5. Solar PV Power plant Assumption 
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Table 3. 6. Diesel Fired Power plant Assumption. 

 

3.3.2 Financial Assumption 

The financial assumption providing as a basis for constructing the financial model for all 

alternatives is presented in the subsequent table. 

Table 3. 7. Financial Assumption 

 

There are several remarks commonly employed in financial assumptions, which are outlined 

below: 

• The exchange rate is determined by the budget plan of the company for the year 2022, 

known as Rencana Kerja Anggaran Perusahaan (RKAP). 

• The Discount Factor is also determined by the Weighted Average Cost of Capital 

(WACC) hurdle rate, specifically the RKAP PLN 2022. 
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• The calculation of the generating cost is determined by the current cost of the Bawean 

powerplant for the year 2022. 

• According to the official website of the Ministry of Finance of Indonesia 

(www.kemenkeu.go.id), the government has established a corporate tax rate of 22% for 

the fiscal year 2022 and beyond. 

 

3.3.3 Initial Net Working Capital 

PLN will be obligated to allocate funds towards the acquisition of Net Working Capital (NWC) 

for the upcoming year of 2023, during the preceding year of 2022, for each available alternative. 

The subsequent assumptions will be used in the computation of Net Working Capital (NWC): 

1. The formula for calculating the net working capital (NWC) is derived by subtracting 

the current liabilities from the current assets. 

2. The current asset category comprises trade receivables and inventory. 

a. The calculation of Trade Receivables will be based on the assumption that 

41.89% of sales are made on credit. The proportion of sales made on credit is 

derived from the total number of postpaid electricity customers in Indonesia. 

The average collection period refers to the mean duration derived from the 

factual financial statement of PLN over a five-year period spanning from 2016 

to 2022. 

b. Inventories shall be computed utilizing the mean values derived from PLN's 

factual financial statements over the preceding five-year period (2016-2022). 

3. Current liabilities typically consist of trade payables and accruals. 

a. Trade payables will be determined by assuming that 90% of operational 

expenses are allocated towards procurement from suppliers. The determination 

of average payment periods is derived from the analysis of the financial 

statements of PLN over a five-year period, specifically from 2016 to 2022. 

b. The calculation of accruals as a percentage of operating expenses is based on 

the average data derived from PLN's actual financial statements over the period 

of the last five years (2016-2022). The commencement of accrual expenses will 

occur in the second year of operation, subsequent to the initiation of operating 

expenses. 
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Based on the assumption, the calculation of the Net Working Capital (NWC) for the year 

2024, which marks the initial year of operation, indicates that PLN will require cash from 

2022. The initial net working capital (NWC) outcomes for each alternative are displayed in 

table 3.8 below. Additionally, the NWC for the period 2024-2043 was computed using the 

same assumption and will be provided in Appendix 1. 

Table 3. 8. Initial Net Working each Alternative 

 

3.4 Analysis of Alternative 1 

3.4.1 Financial Statement Projection for Alternative 1 

A projected financial statement for the Bawean power plant project of PLN Investment can be 

developed by incorporating all of the assumptions outlined in the preceding chapter. 

3.4.1.1 Calculation of Projected Revenue 

The calculation of revenue generated by this project is derived from the Salable Energy 

acquired through Annual kWh Sales, as well as accounting for Generating cost. The revenue 

generated by each alternative is equivalent due to the consistent powerplant capacity, as 

indicated in Table 3.9 provided. 

Table 3. 9. Project Revenue for All Alternatives 

 

 

Alternatif 1 Alternatif 2 Alternatif 3

A Annual kWh Sales kWh 6832.80 5584.50 35040.00

B Losses Percentage 0.04 0.04 0.05

C Salable energy kWh 6559.49 5311.188 33288.00

D Generating Cost IDR/kWh IDR/kWh IDR/kWh IDR/kWh

E Revenue Billion IDR 22.06 17.86 111.96

Description Unit
Value
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3.4.1.2 Projection of The Income Statement 

Considering the project's exclusive focus on the generation business line, it is assumed that all 

net profits will be retained as earnings of PLN. The projected income statement was formulated 

for the period spanning from 2023 to 2043, encompassing the initial year of construction and a 

subsequent twenty-year duration of production. The depreciation schedule for alternative 1 is 

provided in Appendix 2, while the comprehensive Income Statement for alternative 1 is 

outlined in table 3.9. 

 

3.4.1.3  Projection of The Balance Sheet 

The balance sheet is generated after all assets, liabilities, and equity associated with the 

investment project are accounted for. Table 3.10 presents the complete balance sheet for 

alternative 1 

3.4.1.4 Projection of The Cash Flow 

The cash flow statement forecasted the inflows and outflows of cash over the 20-year period of 

analysis for the investment. Table 3.11 presents the comprehensive projection of the cash flow 

statement for alternative 1. 
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Table 3. 10. Income Statement Alternative 1 
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Table 3. 11. Balance Sheet Alternative 1 
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Table 3. 12. Cash Flow Alternative 1 
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3.4.2 Analysis of Capital Budgeting for Alternative 1 

Once the financial statement has been prepared, a capital budgeting analysis will be conducted 

for alternative 1 in order to obtain a comprehensive understanding of the resulting financial 

indicators. The capital budgeting analysis is conducted by evaluating the free cash flow to the 

firm over a 20-year project lifespan. 

3.4.2.1 Analysis of the Cost of Capital 

According to the project description outlined in chapter 3.2, the Bawean Island project will rely 

exclusively on internal financing through its own capital, specifically in the form of common 

stock. Alternatively, the discount rate for the project's expected average future capital can be 

determined by utilizing the hurdle rate of PLN's weighted average cost of capital (WACC). 

This study aims to conduct a comparative analysis of the Hurdle Rate, WACC PLN, and real 

Cost of Equity in order to ascertain an optimal discount rate for capital budgeting calculations. 

a. The calculation of the cost of equity. 

The cost of equity will be determined using the Capital Asset Pricing Model (CAPM) 

methodology. The necessary data includes β (beta), risk premium, and risk-free rates. 

As PLN was not a publicly traded company, the necessary inputs for the Capital Asset 

Pricing Model (CAPM), such as the beta coefficient (β) and the risk premium (Rm), 

were not readily accessible for PLN. To determine the values of these parameters, data 

from Damodaran will be utilized for benchmarking purposes. 

The data utilized in this study is sourced from Damodaran and pertains specifically to 

the Power sector within emerging market economies. The risk-free rate utilized in this 

computation is sourced from the IBPA 10 Years Government Bond Yield, obtained on 

November 1st, 2021, which reports a rate of 7.22% (IBPA.co.id, 2023). The Cost of 

Equity was derived using the methodology outlined in section 2.5.2, as presented in the 

following table. 
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Table 3. 13. Capital Asset Pricing Model 

 

 

Considering that the calculation of the Capital Asset Pricing Model (CAPM) has yielded 

a discount rate of 11.25%, which is higher than the hurdle rate of 9.7% set by PLN, it 

is appropriate to utilize the hurdle rate or PLN's Weighted Average Cost of Capital 

(WACC) as the discount rate. 

 

3.4.2.2 Capital Budgeting Cash Flows (CBCF) 

Following the computation of the cost of capital, the subsequent step entails conducting a 

capital budgeting analysis for alternative 1 in order to ascertain the acceptance criteria for the 

investment project. The initial stage involves the determination of the Free Cash Flow (FCF) 

of the project. This analysis aims to develop the concept of Free Cash Flow to the Firm (FCFF), 

which refers to the cash flows that are accessible to all stakeholders of a firm. These cash flows 

are calculated after deducting all operating expenses but prior to debt payments. 

The subsequent element that necessitates computation is the terminal cash flow, denoting the 

ultimate cash flow occurring at the conclusion of the project, predicated on the assumption of 

terminal growth. This study exclusively examines the generation business line, thereby 

implying that the revenue will remain constant as a result of the powerplant's capacity. 

Consequently, the projected terminal growth for this project is anticipated to be 0%. Table 3.13 

displays the free cash flow to the firm for alternative 1. 

 

3.4.2.3 Capital Budgeting Analysis on The FCFF 

The Free Cash Flow to Firm (FCFF) discussed in the preceding chapters will serve as the 

foundation for the analysis. The investment project will be assessed utilizing the investment 
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decision analysis criteria outlined in chapter 2.5.3, as previously mentioned. The acceptance 

criteria encompass the following: 

1. The Payback Period (PP) and Discounted Payback Period are criteria used to assess the 

time required for a project to recoup its initial investment.  

2. The Net Present Value (NPV) criterion is utilized to assess the present value of all 

forthcoming cash flows produced by the project, encompassing the initial investment. 

The Project Selection Committee will opt for the alternative with the highest Net 

Present Value (NPV) in order to proceed with the project. 

3. The Internal Rate of Return (IRR) is a criterion used to ascertain the discount rates at 

which the Net Present Value (NPV) of a project becomes zero. The conventional 

internal rate of return (IRR) approach operates under the assumption that the cash flows 

generated by the project are reinvested at the IRR. In order to obtain a more 

comprehensive understanding of the rate of return, this study will employ the Modified 

Internal Rate of Return (MIRR) methodology, which assumes that positive cash flows 

are reinvested at the company's cost of capital. PLN will select the alternative with the 

highest Modified Internal Rate of Return (MIRR) to execute the project. 

4. The Profitability Index (PI) is a criterion used to assess the attractiveness of a project. 

It is calculated by dividing the total present value of all projected future cash flows by 

the initial investment. The Project Leadership Team (PLN) will select the alternative 

with the highest Performance Index (PI) to implement the project. 

Table 3.14 displays the capital budgeting analysis for alternative 1. 

 

3.4.3 Levelized Cost of Electricity (LCOE) for Alternatives 1 

As explained in section 3.2 of the literature, a primary objective of the Bawean Powerplant 

Project is to achieve a lower cost of electricity generation in comparison to the existing Bawean 

Powerplant. By utilizing the LCOE formula outlined in chapter 2.2.5.4, it becomes possible to 

represent the cost of electricity generation for each alternative over the entire duration of the 

project. PLN will select the alternative with the lowest Levelized Cost of Electricity (LCOE) 

among the current generating costs at the Bawean power plant for project implementation. 

Table 3.15 presents the LCOE calculation for alternative 1, while table 3.16 provides a 

comprehensive summary of alternative 1 by integrating FCFF and LCOE. 
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Table 3.14. Capital Budgeting Cash Flow Alternative 1 
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Table 3.15 Capital Budgeting Analysis Alternative 1 
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Table 3.16. Levelized Cost of Electricity Alternative 1 

 

Table 3. 17. Summary of Investment Criteria for Alternative 1 
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3.5 Analysis of Alternative 2 

3.5.1 Financial Statement Projection for Alternative 2 

The method applied to analyzing the financial statement projection in Alternative 2 was 

consistent with that used in Alternative 1. This approach was based on the assumption 

previously discussed in the preceding chapter, which was deemed appropriate for Alternative 

2. 

• The Income Statement Projection is presented in table 3.17. The depreciation schedule 

can be found in Appendix 2.  

• The Balance Sheet Projection is displayed in table 3.18.  

• The Cash Flow Projection is displayed in table 3.19. 

Table 3. 18. Income Statement Alternative 2 
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Table 3. 19. Balance Sheet Alternative 2 
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Table 3.20. Cash Flow Alternative 2 
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3.5.2 Analysis of Capital Budgeting for Alternative 2 

Once the financial statement is completed, a capital budgeting analysis will be conducted for 

alternative 2 to obtain a comprehensive understanding of the resulting financial indicators.   The 

approach for analyzing capital budgeting in Alternative 2 is identical to that of Alternative 1. It 

also utilizes the assumption discussed in the previous chapter.  

• The description of Capital Budgeting Cash Flows can be found in table 3.20.  

• The analysis of capital budgeting on the Free Cash Flow to Firm (FCFF) is displayed 

in table 3.21. 

 

3.5.3 Levelized Cost of Electricity for Alternative 2 

The LCOE method allows for the representation of the cost of generating alternative 2 over the 

entire duration of the project.   The approach for analyzing the levelized cost of electricity in 

Alternative 2 is identical to that of Alternative 1. It also relies on the assumption mentioned in 

the preceding chapter.  

• The Levelized Cost of Electricity is provided in table 3.22.  

• The investment analysis for Alternative 2, which combines the FCFF and LCOE 

criteria, is summarized in table 3.23. 

Table 3. 21. Capital Budgeting Cash Flow Alternative 2 
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Table 3. 22. Capital Budgeting Analysis Alternative 2 

 

Table 3. 23. Levelized Cost of Electricity Alternative 2 
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Table 3. 24. Summary of Investment Criteria for Alternative 2 

 

 

3.6 Analysis of Alternative 3 

3.6.1 Financial Statement Projection for Alternative 3 

Alternative 3 employs the same methodology as Alternative 1 to evaluate the financial 

statement projections and implement the assumptions outlined in the preceding chapter, making 

it suitable for this purpose.    

• The Income Statement Projection can be found in table 3.24, while the depreciation 

schedule is provided in Appendix 2.  

• The Balance Sheet Projection is displayed in table 3.25.  

• The Cash Flow Projection is displayed in table 3.26. 
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Table 3. 25. Income Statement Alternative 3 
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Table 3. 26. Balance Sheet Alternative 3 
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Table 3. 27. Cash Flow Alternative 3 
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3.6.2 Analysis of Capital Budgeting for Alternative 3 

Once the financial statement is completed, a capital budgeting analysis is conducted for 

Alternative 3 in order to obtain a comprehensive understanding of the resulting financial 

indicators.   The approach for analyzing capital budgeting in Alternative 3 is identical to that 

of Alternative 1. It also relies on the assumption discussed in the previous chapter.  

• The description of Capital Budgeting Cash Flows can be found in table 3.27.  

• The analysis of Capital Budgeting on the Free Cash Flow to Firm (FCFF) is displayed 

in table 3.28.  

 

3.6.3 Levelized Cost of Electricity for Alternative 3 

The LCOE method allows for the calculation of the total cost of generating Alternative 3 over 

the entire duration of the project. The approach for analyzing the levelized cost of electricity in 

Alternative 3 is identical to that of Alternative 1. It also relies on the assumption discussed in 

the previous chapter.  

• The Levelized Cost of Electricity is provided in table 3.29.  

• The investment analysis for Alternative 3 is summarized in table 3.30. 

Table 3. 28. Capital Budgeting Cash Flow Alternative 3 
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Table 3. 29. Capital Budgeting Analysis for Alternative 3 
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Table 3. 30. Levelized Cost of Electricity for Alternative 3 

 

 

Table 3. 31. Summary of Investment Criteria for Alternative 3 
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3.7 Comparison of Alternative 1,2, and 3 

After conducting a comprehensive analysis of all alternatives, it is evident from table 3.31 that 

Alternative 2 is the most favorable choice for the Bawean project. This alternative demonstrates 

the highest Capital Budgeting Analysis criteria and the lowest Levelized Cost of Electricity 

(LCOE) when compared to the current generation cost of the Bawean power plant. In fact, the 

LCOE of Alternative 2 is 33% lower than the current generating cost. Therefore, the analysis 

will exclusively focus on Alternative 2 for the subsequent chapter and beyond. 

Table 3. 32. Summary of Investment Criteria for All Alternatives 

 

 

3.8 Analysis of Financial Model Sustainability  

The sustainability of the investment project will be assessed by analyzing various financial 

ratios derived from the projected financial model. The ratios under evaluation include Liquidity 

Ratio, Activity Ratio, Debt Ratio, and Profitability Ratio. The outcome of the financial ratio 

calculations is outlined in Table 3.31. 
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Table 3. 33. Analysis of Financial Ratio for Sustainability Alternative 2 

 

 

3.9 Analysis of Financial Risk Assessment 

A financial risk assessment and analysis are conducted on the project to evaluate the potential 

risks associated with the financial aspects resulting from changes in assumptions. The findings 

of this assessment can be utilized by PLN to develop a mitigation plan prior to and during the 

project implementation. The risk analysis will focus on evaluating the project based on the 

criterion of Net Present Value (NPV) derived from the Free Cash Flow to the Firm. We will 

conduct three risk assessments using the following phases:  

• Scenario Analysis: to assess the impact on Net Present Value (NPV) caused the Solar 

PV powerplant doesn’t operating. This analysis will ascertain the project's outcome in 

scenarios 1, 2, and 3.  

• Conduct a sensitivity analysis to determine the variables that have the greatest impact 

on the net present value (NPV).  

• The Monte Carlo Simulation is used to determine the probability distribution of the Net 

Present Value (NPV) as a result of changes in sensitive variables.   The range data of 

this simulation is based on three scenarios: low, most likely, and high.   
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3.9.1 Scenario Analysis 

Solar photovoltaic (PV) power plants offer several benefits, including the providing of clean 

and sustainable energy, as well as the reduction of carbon emissions. Nevertheless, Solar PV, 

similar to other technologies, presents weaknesses that are heavily influenced by weather 

conditions. Solar photovoltaic (PV) systems rely significantly on weather factors and the solar 

irradiance. Adverse weather conditions or cloud cover can significantly reduce solar energy 

production, while solar power production is completely zero during night. The risk analysis 

scenario should encompass the potential consequences of adverse weather conditions on project 

timelines and the potential decrease in energy generation. An approach taken to address supply 

constraints resulting from the decrease in Solar PV production is to optimize diesel generators. 

This implies that there will be an increase in the consumption of high-speed diesel (HSD) that 

is equivalent to the amount of energy produced. This research delineates three scenarios, 

considering the ten-year duration of the RUPTL project (2021-2030) and the twenty-year 

economic lifespan of the powerplant (2023-2042). 

• Scenario 1: Solar PV production decreases by 10%, so there is the use of HSD of the 

amount of energy produced. 

• Scenario 2: Solar PV production decreases by 15%, so there is the use of HSD of the 

amount of energy produced. 

• Scenario 3: Solar PV production decreases by 20%, so there is the use of HSD of the 

amount of energy produced. 

The result of scenario analysis can be seen in table 3.32 

Based on the simulated scenarios, it has been determined that the project will result in a negative 

net present value (NPV) when implemented under scenarios 1-3. The net present value (NPV) 

for scenarios 1 to 3 is 74.41 billion IDR. A potential strategy to address the issues faced by 

PLN is to focus on maximizing the efficiency of the solar panels, implementing condition-

based maintenance, and managing the load. This will help to achieve an optimal capacity factor, 

ensuring that the project returns meet the expected net present value. 
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3.9.2 Sensitivity Analysis 

Sensitivity analysis is conducted by examining the variables that exhibit a substantial 

correlation. By conducting these tests, it will determine which variables will impact the 

feasibility of the project. This study employs a fluctuation range of +/-20% to ascertain the 

impact on the firm's net present value (NPV). The variables employed for conducting 

sensitivity analysis include Exchange rate, HSD Cost, Fix O&M Growth, Variable O&M 

Growth, and A Component (EPC Cost). 

The sensitivity results of the investment project are described in Table 3.32, which is 

accompanied by tornado and spider charts as shown in Figures 3.3 and 3.4 respectively. During 

this analysis, two critical variables were identified that caused a significant change in NPV 

beyond the input swing of +/-20%. These variables are the A Component (EPC Cost) and the 

HSD Cost. 

3.9.3 Monte Carlo Simulation 

A Monte Carlo simulation was conducted for two variables that are highly sensitive.  The data 

distribution employed for each variable is: HSD The cost will be estimated using a 

triangulation distribution due to the scarcity of historical data available for this research.  The 

data utilized is derived from the HSD cost range specified in the RUPTL 2021-2030. The 

exchange rate will be modeled using a normal distribution. The data cited pertains to the 

chronological daily exchange rate acquired from bi.go.id spanning from 1 January 2022 to 1 

December 2022. 

 The outcomes of the Monte Carlo simulation are displayed in Table 3.33, 3.34.  The analysis 

was conducted a total of 10,000 times. Based on the research findings, the likelihood of 

obtaining a negative net present value (NPV) is 100%, indicating that the Bawean project is 

expected to yield negative returns and is therefore not a viable investment.  
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Table 3. 34 Scenario Analysis Result 

 

Table 3. 35 Sensitivity Analysis Result 

 

 

 

Figure 3. 3 Tornado Chart Result 
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Figure 3. 4. Spider Chart Result 

 

Table 3. 36. Monte Carlo Simulation Statistics Result 
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Figure 3. 5. Montecarlo simulation  

3.10 Discussion 

This section will highlight all the conducted analysis in this research.  

a. Analysis of capital budgeting and levelized cost of electricity. 

Alternative 2 is the optimal choice among all the alternatives that PLN has 

evaluated. The analysis reveals that the NPV is 51.70 billion IDR, the MIRR is 

12.41%, the Profitability Index is 1.63, the Payback Period is 8.60 years, and the 

LCOE is 33% lower than the current Bawean powerplant.  

b. Scenario Analysis  

Alternative 2 would not be economically viable if the project followed scenario 1-

3, involving the use of HSD to replace the decreased capacity factor of PLTS. The 

NPV range from scenario 1 to scenario 3 was 74.41 billion IDR. 

c. Sensitivity analysis  

Based on Alternative 2, the sensitivity analysis revealed that the A Component 

(EPC Cost) and HSD cost are the two most influential variables.  

d. Monte Carlo Simulation  

Based on the simulation of Alternative 1, the probability of obtaining a negative net 

present value (NPV) is 0%. The probability of achieving an NPV higher than 51.70 

Billion IDR is 33.63%, while the probability of obtaining an NPV lower than 51.70 

Billion IDR is 66.37%.  
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CHAPTER IV 

CONCLUSION AND IMPLEMENTATION PLAN 

4.1 Conclusion 

The conclusions resulting from the feasibility analysis of PLN's plan to invest in a new 

power plant to meet the electricity demand on Bawean Island, Gresik, East Java are as 

follows: 

1. Among the three options that PLN has evaluated, Alternative 2, which involves 

constructing a On Grid Solar Photovoltaics (PV) Power Plant without batteries with 

a capacity of 5 MW, is the most favourable investment. The Net Present Value 

(NPV) is calculated to be 51.70 billion IDR. The Modified Internal Rate of Return 

(MIRR) is 12.41%. The Profitability Index is 1.63. The Payback Period is 8.60 

years.  

2. Alternative 2 involves constructing a On Grid Solar Photovoltaics (PV) Power 

Plant without batteries with a capacity of 5 MW, which also has the lowest 

Levelized Cost of Electricity (LCOE) among the options. A reduction of 33% 

compared to the current Bawean powerplant 

3. According to the scenario analysis evaluation, Alternative 2 would not be 

economically viable if the project followed scenario 1-3, involving the use of HSD 

to replace the decreased capacity factor of PLTS. The NPV range from scenario 1 

to scenario 3 was 74.41 billion IDR. 

4. During the sensitivity analysis evaluation for Alternative 2, it was found that two 

variables have the highest level of sensitivity. The A Component (EPC Cost) and 

HSD cost exist.  

5. Based on the Monte-Carlo analysis, it is determined that for Alternative 1, there is 

a 0% chance of having a negative NPV, a 33.63% chance of having an NPV higher 

than 51.70 Billion IDR, and a 66.37% chance of having an NPV lower than 51.70 

Billion IDR. These results suggest that the Bawean Project has a high likelihood of 

being a optimum investment project.  
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4.2 Recommendation 

4.2.1 Recommendation for future research 

There are several suggestions for future research:  

1. To enhance the accuracy and comprehensiveness of a project's financial 

feasibility study, it is advisable to prepare a complete financial statement that 

incorporates asset depreciation and corporate taxes. 

2. Prior to implementing a project, it is advisable to contemplate various potential 

alternatives to enhance its attractiveness to stakeholders. 

4.2.2 Recommendation for PLN 

There are several suggestions for improving this project for PLN: 

1. The analysis conducted on Bawean Island has revealed a significant economic 

opportunity to transition from a diesel plant to photovoltaic solar energy, 

resulting in a 33% decrease in the cost of electricity production.  

2. The lifetime of a PV solar power plant is determined at every stage of design 

and planning, construction, and operation due to its intermittent nature and 

status as a new technology. Therefore, effective supervision is required at these 

three stages. 

3. Monitoring the performance indicators and conducting regular maintenance of 

Solar PV systems is essential due to the low Capacity Factor (CF) and 

intermittent nature of solar PV. A reduction in CF will affect the utilization of 

HSD, which experiences price volatility, thereby influencing the financial 

operations of the company. 

4. Moreover, it is necessary to enhance the human resource capacity and develop 

a comprehensive understanding of the environment, considering the plant's 

location on remote islands with restricted accessibility. 

5. Building a solar PV power plant with BESS (alternative 1) is worth considering 

if we are talking about a long-term investment considering improved supply 

reliability and economic scale that makes the battery price cheaper. 
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4.3 Project Implementation Plan 

The initial phase of this project is anticipated to occur in 2024, with the objective of 

completing installation and achieving operational readiness by the end of 2024. Table 3.37 

contains the implementation plan, as well as the expected time and duration. 
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Table 3. 37 Project Implementation Plan & Timeline 
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Appendix 1 Net Working Capital 
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Appendix 2 Depreciation Schedule 
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Appendix 2 Historical Financial Statement of PT PLN (Persero) 2016-2020 
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Appendix 3 Application Letter for Final Task Research Permission  
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