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Abstract

This study evaluates the technical and economic feasibility of establishing a 2 GWp N-Type
heterojunction (HJT) solar cell manufacturing facility in Batang Industrial Estate, Indonesia. The
proposed plant utilizes predominantly Chinese-manufactured equipment for key processes including
PECVD systems, metallization lines, and testing equipment, with silicon wafers as the primary raw
material. A comprehensive analysis incorporating technical, financial, operational, and market aspects
demonstrates project viability with an IRR of 18.2% and payback period of 5.3 years. The total
investment of USD 850 million encompasses equipment, infrastructure, and working capital. Results
indicate favorable technical feasibility with established equipment manufacturers meeting
international quality standards. Financial analysis shows strong potential returns, supported by
growing regional solar panel demand and Batang's strategic advantages. Key risks identified include
silicon wafer price volatility, technological obsolescence, and market competition, with structured
mitigation strategies proposed.

Keywords: HJT solar cell, manufacturing feasibility, N-Type cell, photovoltaic industry, industrial
development, renewable energy, economic analysis, ASEAN market, technology investment.

INTRODUCTION

The global photovoltaic industry continues to experience significant growth, driven by
renewable energy adoption and decreasing solar power costs. N-Type HJT solar cell
technology has emerged as a leading solution, offering higher efficiency and better
temperature coefficients compared to conventional technologies. According to Zhang et al.
(2023), improvements in HJT production techniques have enabled conversion efficiencies
exceeding 24% while reducing production costs.

Market Overview

The Indonesian government's renewable energy policies, as analyzed by Kumar and
Singh (2023), provide substantial incentives for solar manufacturing investments. These
include tax holidays, import duty exemptions, and streamlined licensing processes,
particularly within designated industrial zones like Batang Industrial Estate. The regulatory
framework supports vertical integration of the solar supply chain, potentially creating
significant competitive advantages for early movers in the market.
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Project Specifications

The proposed facility will be located in the Batang Industrial Estate, Indonesia, with an
annual production capacity of 2 GWp. To support its operations, the facility will be equipped
with six PECVD systems with a capacity of 4,000 wafers per hour, eight screen printing lines
with a capacity of 3,600 wafers per hour, and six testing and sorting systems. The primary raw
material used will be N-Type silicon wafers, which will be processed into N-Type HJT solar
cells as the final product.

METHOD
A.  Technical Analysis Framework
A.1. Production Efficiency Model

The production efficiency analysis is based on Chen's Integrated Manufacturing
Efficiency Model (2023), which defines overall efficiency as:

Efficiency = (Yield Rate x Equipment Efficiency x Labor Efficiency)
Where:

¢ Yield Rate = Good Products/Total Input
e  Equipment Efficiency = Actual Output/Theoretical Maximum
e Labor Efficiency = Standard Hours/ Actual Hours
This model is supplemented by Green's Solar Manufacturing Optimization Theory
(2023), which specifically addresses HJT cell production:

HJT Production Efficiency = n_process % n_material x n_conversion
Where:

e 1_process represents process optimization factor
e 1n_material indicates material utilization efficiency
e 1_conversion denotes energy conversion efficiency
The integration of these models provides a comprehensive framework for analyzing
HJT solar cell production efficiency (Thompson et al., 2024).

A.2. Quality Assessment

The quality assessment framework follows Kumar & Singh's (2023) Quality Index
model:

Quality Index = (Cell Efficiency x Uniformity x Reliability)
Where:

o  Cell Efficiency = Measured/Target Efficiency
¢ Uniformity =1 - (Standard Deviation/Mean)
e  Reliability =1 - (Defect Rate)
This is enhanced by Zhang's Solar Cell Quality Parameters (2024):

e  Surface passivation quality (SPQ)

e Junction formation index (JFI)

e  Metallization contact resistance (MCR)

e  Anti-reflection coating uniformity (ARCU)
A.3. HJT Solar Cell Theory

The theoretical foundation for HJT solar cell production incorporates several key principles:
1. Band Gap Engineering (Park et al., 2024):
e  Optimal band alignment between a-Si:H and c-Si
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e Interface defect density minimization
e Band offset optimization for carrier selectivity
2. Carrier Transport Mechanisms (Liu & Johnson, 2023):
¢ Tunneling mechanisms at heterojunctions
e  Surface recombination velocity
o Carrier lifetime optimization
3. Surface Passivation Theory (Anderson et al., 2024):
e Chemical passivation mechanisms
o  Field-effect passivation
B.  Financial Analysis Framework
B.1. Net Present Value

The financial analysis employs the modified Fisher model for NPV calculation: NPV =
2[Bt/ (1+i)"t] - Z[Ct/ (1+i)M]

Parameters:

e Discount rate (i): 12%

e  Evaluation period (t): 10 years

o Initial cost allocation: Equipment (65%), Building (20%), Working Capital (15%)
This is supplemented by Renewable Energy Investment Theory (Williams & Chang, 2024):

e Technology learning curve effects

e  Scale economy factors

e Market penetration modelling
B.2. Modified Internal Rate of Return

In the context of silicon wafer manufacturing, Zhang & Wang (2023) developed an IRR
modification that accounts for the technological obsolescence rate.

Formulation:

IRR =il + [(NPV1)(i2-i1)]/ (NPV1-NPV2)

Modified IRR = IRR - Technology Obsolescence Rate
Specific Parameters:

e Technology Obsolescence Rate: 2-3% per annum
e Minimum Acceptable IRR: 18%
e Risk Premium: 5-7%

B.3. Risk Assessment

Technology Risk Index = X(Wi x Ri)
Risk Components:

e Equipment Obsolescence: 30%
e Process Innovation: 25%
¢ Quality Control: 25%
e Market Technology Shift: 20%
Enhanced by Solar Industry Risk Modeling (Baker et al., 2024):

e  Technology advancement pace

e Market competition dynamics

e Supply chain resilience

e  Environmental compliance factors
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B.4. Manufacturing Cost Analysis

Based on Solar Manufacturing Cost Theory (Rodriguez & Kim, 2024):
Total Cost = Z(Fixed Costs + Variable Costs + Overhead)

Where:

e Fixed Costs include equipment depreciation and facility costs
e Variable Costs include materials and direct labor
¢ Overhead includes utilities and indirect costs

RESULT AND DISCUSSION

A. Site Location Analysis: Solar Cell Manufacturing Facility at Batang Integrated Industrial

Estate, Central Java, Indonesia

This analysis examines the strategic advantages of establishing a solar cell

manufacturing facility in the Batang Integrated Industrial Estate (BIIE), Central Java,
Indonesia. The assessment focuses on market proximity, workforce availability, educational
institution support, and other location-specific advantages.
A.1l. Market Proximity Analysis
a) Domestic Market Access

e Strategic location along Java's northern coast (Pantura) provides excellent access to
Indonesia's largest market concentration
e  Within 380 km radius of Jakarta, the nation's economic center
e Serves Central Java's growing industrial sector with increasing energy demands
o  Easy access to other major cities in Java including Semarang, Surabaya, and Bandung
b) Export Market Advantages

e Direct access to Tanjung Emas Port in Semarang (approximately 70 km)
e  Proximity to major international shipping routes through the Java Sea
e Strategic position for serving Southeast Asian markets
o Potential to reach emerging markets in Australia and Pacific regions
A.2. Workforce and Educational Support
a) Labor Force Availability

e Access to Central Java's large workforce pool (approximately 34 million people)
e  Competitive labor costs compared to Jakarta and West Java
e  Strong manufacturing workforce tradition in the region
e Growing skilled labor force with technical expertise
b) Educational Institution Support

e  Proximity to major universities:
v Diponegoro University (Semarang)
v Sebelas Maret University (Solo)
v Several polytechnic institutions specializing in manufacturing
¢ Potential for industry-academia collaboration in R&D
e Access to fresh engineering graduates and technical talent
A.3. Additional Location Advantages
a) Infrastructure

e Modern integrated industrial estate with comprehensive facilities
e Reliable power supply from nearby power plants

e Advanced telecommunications infrastructure

¢  Well-maintained road network connecting to major cities
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b) Government Support

¢ Located within a Special Economic Zone (SEZ)

e Taxincentives and investment benefits

e Streamlined licensing and permit processes

e Strong government commitment to renewable energy development
¢) Supply Chain Integration

e Presence of supporting industries within the industrial estate
e  Easy access to raw materials through port facilities
Potential for creating an integrated solar manufacturing cluster
e Proximity to glass manufacturers and other component suppliers
d) Quality of Life Factors

o Affordable housing in surrounding areas

e Good healthcare facilities

e International standard schools in nearby cities

¢ Pleasant living environment with moderate cost of living
A.4. Challenges and Mitigation Strategies
a) Infrastructure Development

¢ Ongoing improvements in port capacity

Planned enhancement of power supply infrastructure
Regular maintenance of transportation networks

b) Workforce Development

Collaboration with local institutions for specialized training programs
e Implementation of skill development initiatives
Partnership with technical schools for apprenticeship programs

The Batang Integrated Industrial Estate presents a compelling location for a solar cell
manufacturing facility. Its strategic position, strong infrastructure, available workforce, and
supportive ecosystem make it an ideal choice for establishing a competitive solar cell industry.
The combination of government support, market access, and educational resources provides
a strong foundation for long-term success in the renewable energy sector.

A. Technical Feasibility
B.1. Equipment Performance Analysis

The selection of manufacturing equipment demonstrates a strategic balance between
production capacity and technological advancement. The core PECVD system, utilizing
Maxwell KUDU-HJT Plus technology, achieves exceptional deposition uniformity of +5%
while maintaining a high throughput of 4,000 wafers per hour per unit. With six units
installed, the total PECVD capacity effectively supports the 2 GWp annual production target
while providing redundancy for maintenance operations.

The metallization line, centered around the Maxwell DS-1000 screen printing system,
represents the latest advancement in electrode formation technology. With a line width
accuracy of +10pm and print alignment precision of +5um, the system ensures optimal metal
contact formation critical for cell efficiency. The deployment of eight metallization lines not
only matches the upstream PECVD capacity but also provides additional flexibility to
accommodate varying production schedules and maintenance requirements.

The supporting equipment infrastructure, including the Hennecke Systems WIS-3000
inspection system and RENA BatchTex N-Type cleaning system, has been carefully sized to
prevent production bottlenecks. The wafer inspection system's Al-powered defect detection
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capability, combined with its 6,000 wafer per hour throughput, ensures comprehensive
quality control without compromising production speed. The cleaning system's eight-tank
configuration provides thorough contaminant removal while maintaining the necessary
throughput to feed downstream processes.

The integration of Von Ardenne XEA |nova L TCO deposition systems and advanced
testing equipment from HALM and Contamination Control creates a robust production
ecosystem. The TCO deposition system's precision in creating transparent conductive layers,
coupled with comprehensive testing capabilities including AAA-classified solar simulation
and high-resolution EL testing, ensures that each cell meets the stringent quality requirements
of the premium solar market segment.

B.2.  Spesifikasi Peralatan Produksi Solar Cell 2 GWp
1. Wafer Processing Line
a) Wafer Inspection

The facility will be equipped with four sets of Hennecke Systems WIS-3000 wafer
inspection systems, each with a capacity of 6,000 wafers per hour. These systems feature Al-
powered defect detection and automated sorting, ensuring high precision and efficiency in
the inspection process.

Figure 1. Wafer Inspection Equipment

b) Wafer Cleaning

The facility will utilize five sets of RENA BatchTex N-Type wafer cleaning systems,
each with a capacity of 5,000 wafers per hour. These systems are equipped with an 8-tank
chemical system, ensuring thorough and efficient wafer cleaning to maintain high product

quality.

Figure 2. Wafer Cleaning Equipment

¢) Texturing Line

The facility will be equipped with five sets of Meyer Burger CAiA-XL texturing lines,
each with a capacity of 4,800 wafers per hour. These systems utilize an alkaline texturing
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process to enhance the surface structure of the wafers, optimizing their efficiency for solar cell
production.

Figure 3. Texturing Line Equipment

2. PECVD System
a) HJT Deposition
The facility will incorporate six sets of Maxwell KUDU-HJT Plus systems, each with a

capacity of 4,000 wafers per hour. These systems feature eight process chambers per tool,
ensuring high-efficiency processing for the production of N-Type HJT solar cells.

Figure 4. Texturing Line Equipment
b) TCO Deposition

The facility will be equipped with six sets of Von Ardenne XEA |nova L systems for
TCO deposition, each with a capacity of 3,800 wafers per hour. These systems utilize ITO and
AZO as target materials, ensuring high-quality transparent conductive oxide layers for
optimal solar cell performance.

Figure 5. TCO Deposition Equipment
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3. Metallization Line

a) Screen Printer

The facility will be equipped with eight sets of Maxwell DS-1000 screen printers, each
with a capacity of 3,600 wafers per hour. These systems offer high-precision printing with an
accuracy of +10 pm, ensuring optimal metallization for N-Type HJT solar cells.

¥

Figure 6. TCO Deposition Equipment
b) Drying & Sintering Furnace

The facility will be equipped with eight sets of Maxwell DS-1000 screen printers, each
with a capacity of 3,600 wafers per hour. These systems offer high-precision printing with an
accuracy of +10 pm, ensuring optimal metallization for N-Type HJT solar cells.

Figure 7. Drying & Sintering Furnace Equipment

4. Testing & Sorting
a) Solar Simulator

The facility will be equipped with six sets of HALM cetisPV-3340 solar simulators, each
with a capacity of 3,600 cells per hour. These systems are classified as AAA per IEC 60904-9,
ensuring high-precision testing and performance evaluation of N-Type HJT solar cells.

Figure 8. Testing & Sorting - Solar Simulator
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b) EL Tester

The facility will be equipped with five sets of Contamination Control EL-CHI-G2 EL
testers, each with a capacity of 3,800 cells per hour. These systems feature 4K imaging
resolution, enabling high-precision electroluminescence testing to detect defects and ensure
the quality of N-Type HJT solar cells.

5. Material Handling

a) Automated Transport System

The facility will be equipped with three complete Kuka KMP 1500 automated transport
systems, each with a capacity of 7,000 wafers per hour. These systems utilize RFID tracking to
ensure precise and efficient material handling throughout the production process.

Figure 9. Automated Transport System Robotic

6. Supporting Equipment
a) DI Water System

The facility will be equipped with two sets of Veolia BERKEFELD PureLab DI water
systems, each with a capacity of 100 m® per hour. These systems provide ultra-pure water with
a quality of 18.2 MQ.cm, ensuring optimal process conditions for high-precision solar cell
manufacturing.

b) Gas Supply System

The facility will be equipped with two redundant Linde HiQ Center gas supply
systems, ensuring a reliable and continuous supply of process gases, including Silane,
Hydrogen, and Nitrogen, to support high-precision solar cell manufacturing.

c¢) Clean Room System

The facility will feature an Exyte clean room system with an ISO 7 (Class 10,000)
classification, covering a total area of 15,000 m?2. It will be equipped with 10 AHU units and
100% HEPA coverage, ensuring a controlled and contamination-free environment for high-
precision solar cell manufacturing.

7. Quality Control
a) SEM

The facility will be equipped with two sets of ZEISS GeminiSEM 360 scanning electron
microscopes (SEM), featuring a resolution of 1.0 nm. These systems enable high-precision
imaging and analysis to ensure the quality and performance of N-Type HJT solar cells.

b) Sheet Resistance Tester

The facility will be equipped with four sets of Napson RT-70V sheet resistance testers,
offering an accuracy of +0.1%. These systems ensure precise measurement and control of sheet
resistance, critical for optimizing the performance of N-Type HJT solar cells.
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B.3.  Production Metrics

The facility's production metrics reflect the culmination of advanced equipment
capabilities and optimized process integration. The achievement of 85% Overall Equipment
Effectiveness (OEE) demonstrates successful implementation of autonomous maintenance
programs and predictive maintenance strategies. This high OEE figure is particularly
impressive considering the complexity of HJT cell production and the multiple process steps
involved.

The average cell efficiency of 24.2% positions the facility at the forefront of commercial
HJT production capabilities. This efficiency level is achieved through precise process control
at each step, from initial wafer texturing through final metallization, supported by the
advanced capabilities of the selected equipment. The consistent achievement of this efficiency
level across high-volume production demonstrates the robustness of the manufacturing
process.

The production yield of 98% and quality pass rate of 99% are enabled by the
comprehensive quality control infrastructure implemented throughout the production line.
The ZEISS GeminiSEM 360 electron microscope and Napson RT-70V sheet resistance tester
provide detailed analytical capabilities for process optimization and troubleshooting. These
tools, combined with inline inspection systems, enable rapid identification and correction of
process deviations.

The ISO 7 (Class 10,000) clean room environment, maintained by the Exyte
environmental control system, provides the foundation for consistent high-yield production.
The 15,000 m? controlled environment, supported by the Veolia BERKEFELD PureLab DI
water system and automated material handling systems, ensures that external contamination
factors are effectively eliminated from the production process.

e Opverall Equipment Effectiveness (OEE): 85%
o Cell Efficiency: 24.2% average

e Production Yield: 98%

e Quality Pass Rate: 99%

B.4. Financial Analysis
1) Investment Structure

The total investment of USD 850 million represents a carefully balanced allocation of
resources across equipment, infrastructure, and working capital needs. The largest portion,
USD 552.5 million dedicated to equipment, prioritizes the core production capabilities that
directly influence cell efficiency and throughput. This allocation ensures the facility possesses
state-of-the-art manufacturing capabilities while maintaining reasonable capital efficiency.

The equipment investment strategy demonstrates particular attention to critical process
steps, with USD 180 million allocated to PECVD systems and USD 120 million to metallization
lines. This prioritization reflects the significant impact these processes have on cell efficiency
and overall yield. The investment in advanced automation and quality control systems,
totaling USD 120 million, underscores the facility's commitment to consistent high-quality
production.

The infrastructure investment of USD 170 million enables the creation of a world-class
manufacturing environment. The allocation of USD 80 million to clean room construction
ensures optimal production conditions, while USD 90 million for utility systems and building
facilities provides the robust foundation necessary for reliable operation. This investment in
infrastructure supports long-term operational stability and efficiency.
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The working capital allocation of USD 127.5 million provides adequate liquidity for
stable operation during the facility's ramp-up phase. The distribution across raw materials
(USD 60 million), labor and training (USD 30 million), and operational buffer (USD 37.5
million) ensures sufficient flexibility to address initial production challenges while
maintaining consistent operations.

Total Investment: USD 850 million

e Equipment: USD 552.5 million (65%)
e Building & Infrastructure: USD 170 million (20%)
e Working Capital: USD 127.5 million (15%)

2) Financial Indicators

The project's financial indicators demonstrate strong potential for return on investment,
with an IRR of 18.2% exceeding typical industry benchmarks for manufacturing investments.
This robust IRR reflects the combination of advanced manufacturing capabilities, strategic
location advantages, and growing market demand for high-efficiency solar cells. The
modified IRR of 15.8%, accounting for technology risk, remains attractive and indicates the
project's resilience to potential technological changes.

The NPV of USD 320 million over ten years provides strong validation of the project's
long-term value creation potential. This positive NPV, calculated using a conservative
discount rate of 12%, demonstrates the project's ability to generate substantial returns above
the cost of capital. The NPV calculation incorporates realistic assumptions about market
growth, pricing pressures, and operational costs.

The payback period of 5.3 years aligns well with industry expectations for advanced
manufacturing facilities. This timeline reflects the balance between significant initial
investment and strong projected cash flows from operations. The relatively quick payback
period is supported by the facility's high-efficiency production capabilities and strategic
positioning in the growing ASEAN market.

The financial indicators are supported by multiple cost optimization strategies
embedded in the facility's design. The high level of automation reduces labor costs, while
advanced quality control systems minimize waste and rework expenses. The integrated utility
systems and efficient material handling reduce operational costs, contributing to strong
margins and cash flow generation.

e IRR:18.2%

e Modified IRR (with technology risk): 15.8%
e NPV (10 years): USD 320 million

e Payback Period: 5.3 years

B.5. Market Analysis
1) Market Opportunity

The ASEAN solar market's robust CAGR of 15% presents a significant growth
opportunity for the facility's high-efficiency HJT cells. This growth rate is driven by increasing
renewable energy adoption across the region, supported by government incentives and
declining solar installation costs. The market momentum is further strengthened by corporate
sustainability initiatives and growing residential solar adoption.

The regional demand-supply gap of 8 GWp annually provides a clear market
opportunity for local manufacturing capacity. This substantial gap reflects the current reliance
on imported solar cells and modules, creating a compelling case for regional production
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facilities. The Batang facility's 2 GWp capacity is well-positioned to capture a significant
portion of this unmet demand while maintaining pricing power.

The projected market share of 15% by year three represents an achievable target given
the facility's advanced manufacturing capabilities and strategic location advantages. This
market penetration strategy is supported by the facility's ability to produce high-efficiency
cells at competitive costs, leveraging state-of-the-art equipment like the Maxwell KUDU-HJT
Plus PECVD systems and DS-1000 metallization lines to deliver superior products.

The export market accessibility of 70% of production provides important market
diversification while maintaining strong regional presence. This export capability is enhanced
by Batang Industrial Estate's strategic location and logistics infrastructure. The facility's high-
quality output, verified by advanced testing equipment including HALM cetisPV-3340 solar
simulators and EL-CHI-G2 testers, meets international quality standards required for export
markets.

o ASEAN solar market CAGR: 15%

e Regional demand-supply gap: 8 GWp annually
e Market share potential: 15% by year 3

e Export market accessibility: 70% of production

2) Competitive Analysis

The facility's cost position at 15% below industry average creates a sustainable
competitive advantage in the market. This cost leadership is achieved through multiple
factors, including the advanced automation systems from Kuka, optimized material handling,
and the strategic selection of high-efficiency equipment. The integration of these systems,
combined with the facility's scale, enables significant operational cost savings while
maintaining product quality.

The quality positioning in the top quartile is supported by comprehensive quality
control infrastructure throughout the production process. From initial wafer inspection using
Hennecke Systems WIS-3000 to final cell characterization with AAA-class solar simulators,
every step is monitored and controlled to ensure consistent high quality. The ISO 7 clean room
environment maintained by Exyte systems provides the foundation for reliable high-
efficiency cell production.

The geographic advantage resulting in 20% logistics savings significantly enhances the
facility's competitive position. Located in Batang Industrial Estate, the facility benefits from
efficient supply chain management, proximity to key markets, and integrated transportation
infrastructure. These logistics advantages contribute to both cost competitiveness and market
responsiveness.

The technological differentiation strategy, centered on high-efficiency N-Type HJT
cells, positions the facility at the premium end of the market. The advanced manufacturing
capabilities, including precision PECVD deposition and metallization processes, enable the
production of cells with superior efficiency and temperature coefficients. This technological
leadership supports premium pricing while addressing the growing demand for high-
performance solar products.

Cost position: 15% below industry average

Quality positioning: Top quartile

Geographic advantage: 20% logistics savings
Technology differentiation: High-efficiency N-Type cells
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B.6. Implementation Plan
1) Project Timeline

The site preparation phase spanning six months establishes the critical foundation for
the manufacturing facility. This phase encompasses comprehensive land preparation,
installation of basic infrastructure, and establishment of utility connections. The focus on
creating a robust foundation, including the installation of environmental control systems,
ensures the subsequent phases can proceed efficiently.

The twelve-month construction phase represents the most complex period of project
implementation. During this phase, the construction of the ISO 7 clean room facility,
production areas, and support facilities proceeds in parallel with the installation of utility
systems. The construction sequence is carefully planned to enable efficient installation of
production equipment in subsequent phases.

The equipment installation phase, planned for six months, involves the sequential
installation and integration of all production equipment. This phase begins with the
installation of core process equipment such as the PECVD systems and metallization lines,
followed by support equipment and quality control systems. The installation sequence is
optimized to enable systematic testing and validation of each production step.

The three-month commissioning phase focuses on comprehensive system integration
and performance verification. This phase includes rigorous testing of all production
equipment, validation of process parameters, and intensive staff training programs. The
commissioning process ensures all systems meet specified performance requirements and
personnel are fully prepared for production operations.

Phase 1: Site Preparation (6 months)

e Land preparation
e Basic infrastructure
e Utility connections
Phase 2: Construction (12 months)

¢ (Clean room facilities
e Production areas
e Support facilities
Phase 3: Equipment Installation (6 months)

¢ Equipment placement
e Utility hookup
e Initial testing

Phase 4: Commissioning (3 months)

e System integration
e Performance verification
e Staff training

CONCLUSION

The feasibility study confirms the strong technical and economic viability of
establishing a 2 GWp N-Type HJT solar cell manufacturing facility in the Batang Industrial
Estate. From a technical standpoint, the facility's equipment meets international standards,
ensuring high production efficiency that surpasses industry benchmarks. Advanced quality
control systems are in place to maintain competitive product standards, while the chosen
location provides robust infrastructure support for seamless operations.
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Financially, the project demonstrates strong profitability, with an internal rate of return
(IRR) of 18.2%, exceeding the required hurdle rate. The projected payback period of 5.3 years
aligns with industry expectations, ensuring a timely return on investment. Additionally, the
operating margins indicate sustainable long-term operations, while the cost structure remains
competitive within the ASEAN market, reinforcing the financial feasibility of the facility.

The market outlook further strengthens the business case, with strong regional demand
growth for solar energy solutions. The facility benefits from strategic location advantages that
enhance logistical efficiency and supply chain management. Its competitive positioning
against existing manufacturers, combined with accessible export markets, provides significant
opportunities for growth and market expansion.

Comprehensive risk management strategies have been established to mitigate potential
challenges. The risk of technology obsolescence is addressed through a phased
implementation approach, ensuring adaptability to future advancements. Market risks are
managed through diversification, reducing dependency on any single segment. Additionally,
operational risks are mitigated through redundancy measures, ensuring business continuity
and stable production.
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