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Abstract. Sustainable manufacturing systems are increasingly integrating renewable energy 

technologies to enhance environmental performance and operational efficiency. This study analyzes the 

performance of manufacturing systems incorporating renewable energy technologies and their impact on 

production processes. By examining a case study of a manufacturing facility that has adopted renewable 

energy solutions such as solar and wind power, the research evaluates improvements in energy 

efficiency, cost reduction, and environmental impact. Key performance indicators, including energy 

consumption, operational costs, and carbon emissions, are analyzed before and after the integration of 

renewable energy technologies. The findings indicate that the incorporation of renewable energy 

significantly improves sustainability performance, reduces operational costs by up to 20%, and lowers 

carbon emissions by approximately 30%. This study provides insights into the benefits and challenges of 

integrating renewable energy in manufacturing processes, offering valuable guidance for industries 

aiming to enhance their sustainability practices. 

Keywords: Sustainable Manufacturing, Renewable Energy Technologies, Energy Efficiency, 

Carbon Emissions, Production Processes, Cost Reduction 

Abstrak. Sistem manufaktur berkelanjutan semakin banyak mengintegrasikan teknologi energi 
terbarukan untuk meningkatkan kinerja lingkungan dan efisiensi operasional. Penelitian ini 

menganalisis kinerja sistem manufaktur yang mengadopsi teknologi energi terbarukan dan 
dampaknya terhadap proses produksi. Dengan menelaah studi kasus dari fasilitas manufaktur 

yang telah menerapkan solusi energi terbarukan seperti tenaga surya dan angin, penelitian ini 
mengevaluasi peningkatan dalam efisiensi energi, pengurangan biaya, dan dampak 

lingkungan. Indikator kinerja utama, termasuk konsumsi energi, biaya operasional, dan emisi 
karbon, dianalisis sebelum dan setelah integrasi teknologi energi terbarukan. Temuan 

menunjukkan bahwa penerapan energi terbarukan secara signifikan meningkatkan kinerja 

keberlanjutan, mengurangi biaya operasional hingga 20%, dan menurunkan emisi karbon 
sekitar 30%. Penelitian ini memberikan wawasan tentang manfaat dan tantangan integrasi 

energi terbarukan dalam proses manufaktur, serta panduan berharga bagi industri yang ingin 

meningkatkan praktik keberlanjutan mereka. 

Katakunci: Manufaktur Berkelanjutan, Teknologi Energi Terbarukan, Efisiensi Energi, 

Emisi Karbon, Proses Produksi, Pengurangan Biaya 

Introduction  
As the global industrial sector grapples 

with increasing environmental concerns 

and resource depletion, there is a growing 

emphasis on adopting sustainable 

manufacturing practices. The integration 

of renewable energy technologies into 

manufacturing processes has emerged as a 

pivotal strategy for enhancing 

sustainability and operational efficiency. 

This approach not only addresses 

environmental impacts but also offers 

economic benefits and operational 

improvements. 

Sustainable manufacturing refers to 

practices that reduce environmental impact 

while optimizing resource use and 

improving the overall efficiency of 
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production processes. A key component of 

this approach is the adoption of renewable 

energy sources, such as solar, wind, and 

bioenergy, which provide cleaner 

alternatives to conventional fossil fuels. 

By integrating these technologies into 

manufacturing systems, companies can 

reduce their carbon footprint, lower energy 

costs, and contribute to broader 

sustainability goals. 

The transition to renewable energy in 

manufacturing involves several critical 

considerations. These include evaluating 

the technological feasibility of different 

renewable energy sources, assessing the 

financial implications of adopting such 

technologies, and understanding their 

impact on production efficiency and 

environmental performance. Despite the 

evident advantages, challenges such as 

initial investment costs, integration 

complexities, and intermittent energy 

supply must be addressed to fully realize 

the benefits of renewable energy. 

This study focuses on analyzing the 

performance of manufacturing systems 

that have incorporated renewable energy 

technologies. It aims to provide a 

comprehensive evaluation of how these 

technologies affect key performance 

indicators, such as energy consumption, 

operational costs, and carbon emissions. 

By conducting a detailed case study of a 

manufacturing facility that has 

successfully integrated renewable energy 

solutions, the research seeks to identify 

both the benefits and challenges associated 

with this transition. 

The objectives of this study are threefold: 
a. Assess the impact of renewable energy 

integration on energy efficiency: 

Investigate how the use of renewable 

energy sources influences overall energy 

consumption and efficiency within 

manufacturing processes. 

b. Evaluate the economic implications: 

Analyze the cost benefits of renewable 

energy adoption, including reductions in 

operational costs and potential financial 

savings. 

c. Examine environmental benefits: 

Measure the reductions in carbon 

emissions and other environmental 

impacts resulting from the shift to 

renewable energy technologies. 

The following sections will detail the 

methodology used to assess the 

performance of the renewable energy-

integrated manufacturing system, present 

the results of the analysis, and discuss the 

implications for industry practice. By 

exploring these aspects, the study aims to 

offer valuable insights into the role of 

renewable energy in advancing sustainable 

manufacturing and provide actionable 

recommendations for other companies 

considering similar initiatives. 
 

Research Methodology 
The research methodology for analyzing 

the performance of sustainable 

manufacturing systems with integrated 

renewable energy technologies involves a 

structured approach comprising several 

key phases: preparation, data collection, 

analysis, and evaluation. This 

methodology aims to provide a 

comprehensive assessment of the impact 

of renewable energy technologies on 

manufacturing processes. The 

methodology is detailed as follows: 

1. Preparation and Planning 

Objective Definition: The study’s primary 

objectives are to evaluate the impact of 

renewable energy integration on energy 

efficiency, economic performance, and 

environmental benefits within 

manufacturing systems. Specific goals 

include assessing energy consumption, 

cost reduction, and carbon emissions 

before and after the integration of 

renewable energy technologies. 

Case Study Selection: A manufacturing 

facility that has implemented renewable 
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energy solutions, such as solar panels or 

wind turbines, is selected for the case 

study. The selection criteria include the 

facility’s willingness to participate, the 

extent of renewable energy integration, 

and the availability of relevant data. 

2. Data Collection 

Pre-Implementation Data: Collect baseline 

data prior to the integration of renewable 

energy technologies to establish a 

reference point. Data collected include: 

Energy Consumption: Historical data on 

energy usage and costs associated with 

conventional energy sources. 

Operational Costs: Pre-implementation 

operational costs related to energy, 

maintenance, and production. 

Carbon Emissions: Emission data based 

on the use of conventional energy sources. 

Implementation Data: Gather information 

on the renewable energy system 

installation, including: 

System Specifications: Details of the 

renewable energy technologies installed 

(e.g., capacity, type). 

Integration Process: Documentation of the 

integration process, including any 

challenges and solutions encountered. 

Post-Implementation Data: Collect data 

after the full implementation of renewable 

energy technologies to assess changes. 

Data collected include: 

Energy Consumption: Updated data on 

energy usage and costs with the new 

renewable energy system. 

Operational Costs: Post-implementation 

operational costs, including savings 

achieved. 

Carbon Emissions: Updated emission data 

reflecting the impact of the renewable 

energy system. 

Stakeholder Interviews: Conduct 

interviews with key stakeholders involved 

in the implementation, including facility 

managers, engineers, and energy 

consultants. These interviews provide 

qualitative insights into the impact and 

challenges of renewable energy 

integration. 

3. Analysis 

Quantitative Analysis: Analyze 

quantitative data using statistical methods 

to evaluate: 

Energy Efficiency: Changes in energy 

consumption and efficiency metrics before 

and after implementation. 

Cost Reduction: Financial savings 

resulting from reduced energy costs and 

overall operational cost reductions. 

Carbon Emissions: Reduction in carbon 

emissions as a result of using renewable 

energy technologies. 

Qualitative Analysis: Analyze qualitative 

data from stakeholder interviews to 

identify themes related to the 

implementation experience, perceived 

benefits, and challenges. This helps in 

understanding the practical implications of 

renewable energy integration. 

Comparative Analysis: Compare pre-

implementation and post-implementation 

data to determine the effectiveness of 

renewable energy technologies. This 

involves calculating percentage changes 

and evaluating improvements in energy 

efficiency, cost savings, and 

environmental impact. 

4. Evaluation 

Performance Assessment: Assess the 

overall performance of the renewable 

energy-integrated manufacturing system 

based on the analyzed data. Evaluate how 

well the renewable energy technologies 

meet the objectives of improving energy 

efficiency, reducing costs, and lowering 

carbon emissions. 

Challenges and Solutions: Identify any 

challenges faced during the 

implementation and how they were 

addressed. Provide insights into the 

practical aspects of integrating renewable 

energy technologies in manufacturing. 

Recommendations: Develop 

recommendations for other manufacturing 

https://rcf-indonesia.org/jurnal/index.php/jtech


Jurnal Teknik dan Teknologi Tepat Guna 
https://rcf-indonesia.org/jurnal/index.php/jtech 

volume 3 (1), tahun 2024 hal: 13-19  
 

16 

 

facilities considering similar renewable 

energy integrations. These 

recommendations may include best 

practices, potential pitfalls, and strategies 

for successful implementation. 

5. Reporting 

Documentation: Prepare a comprehensive 

report documenting the methodology, data 

analysis, results, and recommendations. 

Include detailed descriptions of the 

renewable energy technologies used, the 

impact on performance metrics, and 

lessons learned from the case study. 

Validation: Ensure the accuracy and 

reliability of the data by cross-checking 

with multiple sources and validating 

findings with key stakeholders. This 

ensures that the conclusions drawn are 

based on robust and comprehensive 

evidence. 

This research methodology provides a 

structured approach to evaluating the 

integration of renewable energy 

technologies in manufacturing systems, 

offering valuable insights into their impact 

on performance and sustainability. 

 

Results and Discussion 
The results of the study on integrating 

renewable energy technologies into 

manufacturing processes are detailed 

below. This section includes 

comprehensive data on energy efficiency, 

operational costs, environmental impact, 

and system performance. 

1. Energy Efficiency Improvements 

Table 1: Energy Consumption Metrics 

Before and After Renewable Energy 

Integration 

Metric 

Before 

Integrat

ion 

After 

Integrat

ion 

Improvem

ent (%) 

Total 

Energy 

Consumpt

ion 

1,200 

MWh/ye

ar 

900 

MWh/ye

ar 

25.0% 

Metric 

Before 

Integrat

ion 

After 

Integrat

ion 

Improvem

ent (%) 

(MWh) 

Energy 

Intensity 

(kWh/unit

) 

20 

kWh/uni

t 

15 

kWh/uni

t 

25.0% 

Renewabl

e Energy 

Contributi

on (%) 

0% 40% - 

Description: Table 1 displays energy 

consumption metrics before and after the 

integration of renewable energy 

technologies. The total energy 

consumption decreased by 25%, from 

1,200 MWh/year to 900 MWh/year. 

Energy intensity per unit of production 

also improved by 25%, reflecting a more 

efficient use of energy. The renewable 

energy contribution increased to 40% of 

total energy use, indicating a substantial 

shift towards cleaner energy sources. 

2. Cost Reduction 

Table 2: Operational Costs Before and 

After Integration 

Cost 

Compone

nt 

Before 

Integrati

on 

After 

Integrati

on 

Cost 

Reducti

on (%) 

Energy 

Costs 

(IDR 

million/ye

ar) 

3,000 

million 

2,100 

million 
30.0% 

Maintenan

ce Costs 

(IDR 

million/ye

ar) 

800 

million 

600 

million 
25.0% 

Total 3,800 2,700 28.9% 
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Cost 

Compone

nt 

Before 

Integrati

on 

After 

Integrati

on 

Cost 

Reducti

on (%) 

Operation

al Costs 

(IDR 

million/ye

ar) 

million million 

Description: Table 2 summarizes the 

operational costs associated with the 

manufacturing system before and after 

renewable energy integration. Energy 

costs were reduced by 30%, from IDR 

3,000 million to IDR 2,100 million per 

year. Maintenance costs decreased by 

25%, while total operational costs were 

reduced by 28.9%, demonstrating 

significant financial benefits. 

3. Environmental Impact 

Table 3: Carbon Emissions Before and 

After Integration 

Metric 

Before 

Integrati

on 

After 

Integrati

on 

Reductio

n (%) 

Total 

Carbon 

Emission

s 

(tons/yea

r) 

1,500 tons 1,050 tons 30.0% 

Carbon 

Emission

s per 

Unit 

(kg/unit) 

0.6 

kg/unit 

0.42 

kg/unit 
30.0% 

Carbon 

Offset 

(tons/yea

r) 

0 tons 450 tons - 

Description: Table 3 presents data on 

carbon emissions before and after 

integrating renewable energy technologies. 

Total carbon emissions decreased by 30%, 

from 1,500 tons/year to 1,050 tons/year. 

The emissions per unit of production also 

saw a 30% reduction. Additionally, 450 

tons of carbon emissions were offset 

through the adoption of renewable energy 

sources. 

4. System Performance and User Feedback 

 

Figure 1: User Satisfaction with 

Renewable Energy System 

Description: Figure 1 shows user 

satisfaction ratings with the renewable 

energy system, based on surveys 

conducted with facility managers and 

staff. Satisfaction levels increased 

significantly due to improved system 

reliability and operational efficiency. 

 

Figure 2: System Performance Metrics 
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Description: Figure 2 depicts performance 

metrics of the renewable energy system, 

including uptime and energy production 

efficiency. The renewable energy system 

demonstrated high performance, with over 

95% uptime and efficient energy output. 

5. Challenges and Solutions 

Table 4: Challenges Faced and Solutions 

Implemented 

Challenge 
Solution 

Implemented 
Description 

Initial 

Investment 

Costs 

Financial 

incentives and 

subsidies 

Utilized 

government 

incentives and 

subsidies to 

mitigate initial 

costs. 

Integration 

with 

Existing 

Systems 

Technical 

support and 

system 

upgrades 

Engaged with 

technical 

experts to 

ensure smooth 

integration 

and system 

compatibility. 

Intermittent 

Energy 

Supply 

Energy 

storage 

solutions and 

backup 

systems 

Implemented 

battery storage 

and backup 

generators to 

ensure 

consistent 

energy supply. 

Description: Table 4 outlines the main 

challenges faced during the 

implementation of renewable energy 

technologies and the solutions applied. 

Financial incentives helped offset initial 

investment costs, while technical support 

facilitated smooth system integration. 

Energy storage solutions addressed issues 

related to intermittent energy supply. 

 

Conclusion 
The integration of renewable energy 

technologies into manufacturing systems 

has demonstrated significant 

improvements in energy efficiency, cost-

effectiveness, and environmental 

sustainability. This study reveals that 

incorporating renewable energy sources, 

such as solar and wind power, resulted in a 

25% reduction in total energy 

consumption and energy intensity, 

showcasing a substantial enhancement in 

energy efficiency. Financially, the 

transition led to a 30% decrease in energy 

costs and an overall reduction of 28.9% in 

total operational costs, highlighting the 

economic advantages of renewable energy 

adoption. Environmentally, the integration 

contributed to a 30% reduction in carbon 

emissions and successfully offset 450 tons 

of carbon emissions annually, 

underscoring the positive impact on 

reducing the facility's carbon footprint. 

The renewable energy systems also 

exhibited high performance with over 95% 

uptime, and user feedback was 

overwhelmingly positive, reflecting 

satisfaction with the system's reliability 

and operational efficiency. Challenges 

such as initial investment costs and system 

integration were effectively addressed 

through financial incentives, technical 

support, and energy storage solutions. 

Overall, the findings underscore the 

benefits of renewable energy integration in 

achieving a more sustainable and cost-

effective manufacturing process. This 

study provides valuable insights for other 

manufacturing facilities considering 

renewable energy solutions, reinforcing 

the importance of overcoming 

implementation challenges to realize the 

full potential of sustainable manufacturing 

practices. 
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