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Abstract 
 

This study addresses the critical issue of sustainability and CO2 emissions in the plastic manufacturing sector, 

focusing on the transition from hydraulic to electric injection molding systems. The research is based on a case study 

of PT. RPI Indonesia, which replaced 21 hydraulic injection molding machines with more efficient alternatives. A 

quantitative methodology was employed, collecting energy consumption and CO2 emissions data before and after the 

transition. The findings reveal a significant reduction in energy consumption, approximately 25%, leading to a 

decrease in CO2 emissions from 5,191.5 tons to 1,934.8 tons annually. This transition not only mitigates 

environmental impacts but also aligns with global sustainability initiatives. The study concludes that adopting 

advanced injection molding technologies enhances operational efficiency and contributes significantly to 

sustainability goals in the plastic manufacturing industry. Future research should explore long-term outcomes of such 

transitions and further strategies to improve sustainability. 
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1. Introduction 

In recent years, the global manufacturing 

industry has faced increasing pressure to adopt more 

sustainable practices, particularly in response to rising 

concerns about climate change and resource depletion. 

Governments, environmental organizations, and 

consumers alike have demanded that industries reduce 

their environmental impact by minimizing energy 

consumption and greenhouse gas emissions. Among 

these industries, plastic manufacturing is one of the 

most energy-intensive and environmentally impactful 

sectors. Its high reliance on non-renewable energy 

sources and the significant carbon emissions generated 

throughout the production process pose substantial 

challenges for sustainability. Therefore, exploring 

ways to enhance sustainability in plastic production is 

crucial to meeting global environmental goals, such as 

those outlined in the United Nations Sustainable 

Development Goals (SDGs) and the Paris Agreement. 

Technological advancements play a pivotal role 

in addressing sustainability challenges in industrial 

production. A key area of focus in recent years has been 

the transition from traditional hydraulic systems to 

electric systems in manufacturing processes. Electric 

systems, particularly in plastic production, are known 

for their improved energy efficiency, reduced 

operational costs, and lower environmental impact 

compared to their hydraulic counterparts. Research has 

shown that electric systems can reduce energy 

consumption by up to 70%, depending on the specific 

application and industry (Strielkowski et al., 2021) 

.This reduction in energy usage not only decreases 

operational expenses but also significantly lowers the 

carbon footprint of manufacturing processes, making it 

an essential strategy for sustainable industrial 

development. 

Hydraulic injection molding machines rely on 

constant-pressure hydraulic pumps that consume 

energy continuously, even during idle phases. In 

contrast, electric machines use servo motors that 

operate only when motion is required, leading to 

significantly lower energy consumption and more 

precise control over the molding process (Abdel-Hadi 

et al., 2021; Rashid et al., 2020) . These fundamental 

differences account for the improved efficiency, 

reduced heat generation, and lower maintenance needs 

of electric machines. Much of the existing literature 

focuses on industries such as automotive 

manufacturing, where green technologies have been 

widely adopted to reduce energy consumption and 
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emissions. For instance, Balali & Stegen (2021) 

conducted a comprehensive study on the 

implementation of electric motor technologies in the 

automotive sector, highlighting significant reductions 

in electricity usage and overall environmental impact. 

Similarly, Wang et al. (2020) examined the role of 

energy-saving technologies in the chemical industry, 

demonstrating improvements in both energy efficiency 

and carbon emissions. However, these studies often 

overlook the plastic manufacturing sector, which 

continues to lag other industries in adopting such 

technologies. 

This study seeks to address this gap in the 

literature by focusing on the impact of energy-saving 

technologies in plastic production, specifically 

examining the transition from hydraulic to electric 

systems. The technological shift in plastic 

manufacturing is particularly relevant due to the high 

energy demands of processes such as injection 

molding, extrusion, and blow molding. These 

processes, traditionally powered by hydraulic 

machines, consume substantial amounts of electricity, 

leading to elevated carbon emissions. The adoption of 

electric systems offers a promising solution to mitigate 

these environmental challenges. By analysing the 

implementation of energy-saving technologies in 

plastic production, this study aims to contribute to the 

ongoing discourse on sustainable manufacturing 

practices and highlight the potential for the plastic 

industry to become more environmentally responsible. 

The novelty of this research lies in its case study 

approach, which examines the real-world 

implementation of energy-saving technologies in a 

plastic manufacturing facility. While previous studies 

have primarily focused on other sectors, this research 

fills a critical gap by investigating the plastic industry's 

efforts to reduce energy consumption and carbon 

emissions. Specifically, the study explores how the 

transition from hydraulic to electric systems can result 

in significant energy savings and a reduction in CO2 

emissions. Through a detailed analysis of energy usage 

data before and after the technological transition, this 

study provides new insights into the environmental and 

economic benefits of adopting electric systems in 

plastic manufacturing. 

The primary research question driving this study 

is: How does the implementation of energy-saving 

technologies in plastic manufacturing contribute to 

reducing energy consumption and CO2 emissions? 

This question is addressed through a detailed case study 

of a plastic manufacturing company that has recently 

transitioned from hydraulic to electric machines. The 

study investigates the impact of this technological shift 

on both energy efficiency and environmental 

performance, with a particular focus on the reduction of 

the company’s carbon footprint. 

In conclusion, the objective of this article is to 

evaluate the impact of energy-saving technologies on 

the sustainability of plastic manufacturing processes. 

Specifically, the study aims to demonstrate how the 

adoption of electric systems can lead to substantial 

energy savings and reduced carbon emissions, 

ultimately contributing to a more sustainable future for 

the plastic manufacturing industry. This research not 

only provides valuable insights for the plastic industry 

but also offers broader implications for other sectors 

seeking to improve their sustainability performance 

through technological innovation. 

 

Literature Review 

Sustainability in Manufacturing 

Sustainability has become an increasingly 

critical focus in the manufacturing industry as global 

efforts to mitigate climate change intensify. In 

industrial systems, sustainability revolves around 

minimizing energy consumption, reducing emissions, 

and optimizing resource efficiency. The integration of 

energy-saving technologies into manufacturing 

processes has been one of the key strategies in 

achieving these goals. According to Al-Shetwi (2022) 

technologies such as electric systems, renewable 

energy integration, and advanced monitoring tools are 

vital for reducing the environmental footprint of 

industrial operations. 

Several studies emphasize the importance of 

transitioning from traditional, energy-intensive 

technologies to more sustainable alternatives. For 

instance, Seferlis et al. (2021) demonstrated how 

switching from hydraulic to electric systems in 

manufacturing processes can yield significant 

reductions in energy consumption, which directly 

impacts the overall sustainability performance of the 

facility. 

 

Technological Upgrades in Plastic Manufacturing 

Plastic manufacturing is known for its high 

energy consumption, particularly in processes like 

injection molding, extrusion, and blow molding. 

Previous research has examined various energy-saving 

technologies in this sector, and electric systems have 

gained attention for their ability to reduce energy use 

while maintaining or even improving production 

efficiency (Abdel-Hadi et al., 2021) . 

Technological advancements in the 

manufacturing industry, particularly in the plastic 

sector, significantly contribute to energy efficiency and 

the reduction of carbon dioxide (CO2) emissions. 

Hydraulic systems, which have traditionally been used 

in plastic manufacturing, are less energy-efficient due 

to power losses during operation. Studies have shown 

that replacing hydraulic injection molding machines 

with electric ones can lead to substantial energy savings 

(Rashid et al., 2020). This is largely because electric 

machines use servo motors, which offer more precise 

control and can reduce idling time, thereby optimizing 

power consumption. One of the most effective methods 

is replacing hydraulic-based injection molding 

machines with electric ones. Hydraulic injection 

machines typically have higher energy consumption 

compared to electric machines, which are more energy-

efficient and environmentally friendly. This 

transformation is expected to significantly reduce 

energy consumption and, consequently, lower CO2 

emissions generated by the production process. Table 

1 compares energy consumption and CO2 emission 

reductions before and after this technological change. 



 

J@ti Undip: Jurnal Teknik Industri, Vol. 20, No. 2, Mei 2025 106 

Electricity usage in industrial plants is primarily 

responsible for CO2 emissions when fossil fuels such 

as coal, natural gas, or oil are used to generate that 

electricity. According to Madeddu et al. (2020) the 

transition to electric machines can reduce CO2 

emissions indirectly by lowering energy consumption. 

The table above clearly shows that switching from 

hydraulic to electric machines results in a significant 

reduction in energy consumption. Electric machines in 

each tonnage category have a much lower standard 

energy consumption compared to hydraulic machines. 

 

CO2 Emission Factors 

The calculation of CO2 emissions from 

electricity consumption is based on a standard emission 

factor, which varies by country and energy source. The 

general formula for converting electricity consumption 

(kWh) into CO2 emissions (tons of CO2) is given by: 

 

CO2 Emissions (kg) = Electricity Consumption (kWh) 

× Emission Factor (kg CO2/kWh)         

 

Where: 

• Energy Consumption (kWh): The amount of 

energy used by the manufacturing facility. 

• Emission Factor (kg CO2/kWh): A coefficient 

that represents the amount of CO2 emitted per 

kilowatt-hour of electricity consumed. This value 

depends on the energy mix of the region where the 

electricity is generated. In regions heavily 

dependent on coal, the emission factor could be 

around 0.85 kg CO2/kWh, while in regions with a 

larger share of renewable energy, the factor could 

be lower (Sun et al., 2024). 

 

Previous Research on CO2 Reduction in 

Manufacturing 

Various studies have explored the correlation 

between technological upgrades and reductions in CO2 

emissions across industries. Giampieri et al. (2020) 

highlighted how the introduction of energy-efficient 

machines in the automotive industry reduced emissions 

by over 20%. Similarly, Zhang et al. (2021) noted that 

the use of electric systems in the metalworking industry 

resulted in a 30% reduction in energy consumption and 

a corresponding decrease in emissions. 

In the context of plastic manufacturing, Liu et 

al. (2020) found that replacing hydraulic injection 

molding machines with electric machines could reduce 

energy consumption by up to 50%, leading to a 

significant drop in CO2 emissions. These studies 

provide a foundation for the current research, which 

seeks to explore similar impacts in the plastic industry. 

 

Energy Consumption and CO2 Emissions 

Energy consumption in industrial sectors is a 

major contributor to CO2 emissions. The relationship 

between energy usage and carbon emissions is well-

established in the literature. For every kilowatt-hour 

(kWh) of energy consumed, a certain amount of CO2 is 

produced, depending on the energy source. In regions 

where electricity is predominantly generated from 

fossil fuels, this conversion can be significant. 

This emission reduction can be explained by the 

Principle of Energy Efficiency, where electric 

machines have a better energy conversion efficiency 

than hydraulic machines, which lose a considerable 

amount of energy in the form of heat during operation. 

The use of electric machines aligns with the Green 

Manufacturing theory, which emphasizes minimizing 

environmental impact by adopting more 

environmentally friendly technologies (Seth et al., 

2018). According to this theory, improving operational 

efficiency not only reduces energy consumption but 

also contributes to the overall sustainability of 

manufacturing operations 

 

2. Research Methodology 

This study employs a quantitative research 

approach to examine the impact of energy-saving 

technologies on sustainability performance in plastic 

manufacturing. The research is conducted using a case 

study method, focusing on a plastic manufacturing 

facility that has transitioned from hydraulic to electric 

systems. The case study approach allows for an in-

depth analysis of the specific technological changes 

implemented and their subsequent effects on energy 

efficiency and carbon emissions reduction. 

 

Research Design 

The research design consists of several phases, 

starting with the collection of pre- and post-transition 

energy consumption data from the selected plastic 

manufacturing facility. Data is gathered over a 

specified time frame, both before the adoption of 

electric systems and after their implementation. This 

comparison enables the study to quantitatively assess 

the energy savings and reduction in CO2 emissions 

resulting from the technological shift. 

The data collection process for this study 

focused on obtaining primary data directly from the 

manufacturing facility to ensure accuracy and 

relevance. Several techniques were employed to gather 

comprehensive information. First, energy consumption 

data was collected, concentrating on the total energy 

usage of the plastic manufacturing facility. CO2 

emissions were then calculated indirectly by converting 

Table 1. Electricity Usage Injection Molding 

Inj 

Ton 

KWH Std per unit KWH per year 

Hydraulic Electric Hydraulic Electric 

180 42.9 15.4 230,630 82,790 

220 50.6 21.6 272,026 116,122 

350 86.3 28 463,949 150,528 

Source: (JSW, 2020) 
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electricity consumption into emissions using the 

standard formula: 

 

CO2 (kg) = Energy Consumption (kWh) × Emission 

Factor (kg CO2/kWh) 

 

In this study, an emission factor of 0.85 kg 

CO2/kWh was applied based on the regional electricity 

grid profile (Sun et al., 2024). The results were 

converted to metric tons by dividing by 1,000. Direct 

measurement of CO2 was not performed, as emissions 

stem from upstream electricity generation rather than 

on-site combustion, making conversion from energy 

data the most accurate and feasible approach. This 

approach enabled a detailed comparison of energy 

consumption levels before and after the transition from 

hydraulic to electric systems. Second, CO2 emissions 

data were calculated based on the facility’s energy 

usage, utilizing standard carbon footprint measurement 

methods to ensure consistent and reliable results. 

Lastly, operational data, including machine efficiency 

and machine utilization rates, were gathered. Machine 

efficiency was measured by comparing the actual 

energy used during productive operation to the 

theoretical minimum energy required, expressed as a 

percentage, using the formula: 

 

Machine Efficiency (%) = (Theoretical Minimum 

Energy / Actual Energy Used) × 100 

 

Machine utilization rate was calculated by 

dividing the actual machine runtime by the total 

available operational time (excluding scheduled 

maintenance and planned downtime), using the 

formula: 

 

Utilization Rate (%) = (Actual Runtime/Total 

Available Time) × 100 

 

These indicators were derived using built-in 

machine monitoring systems and cross-referenced with 

factory shift logs and production schedules. This was 

crucial to confirm that any observed changes in energy 

consumption could be attributed to the transition rather 

than fluctuations in production efficiency. By 

employing this multi-faceted data collection strategy, 

the study aimed to provide a robust foundation for 

evaluating the impact of the technological transition on 

energy efficiency and emissions reduction. 

 

Hypothesis 

The hypothesis guiding this research is as 

follows: 

H1: The implementation of electric systems 

significantly reduces energy consumption in plastic 

manufacturing. 

H2: The implementation of electric systems 

significantly reduces CO2 emissions in plastic 

manufacturing. 

 

3. Results and Discussion 

In 2022, PT. RPI Indonesia, a major player in 

the plastic manufacturing industry, initiated a 

significant technological upgrade by replacing 21 

hydraulic injection molding machines with electric 

systems. This strategic move was part of the company’s 

long-term sustainability plan, aimed at reducing energy 

consumption and lowering CO2 emissions. The 

company, recognizing the inefficiency and 

environmental impact of hydraulic systems, decided to 

transition to electric machines, known for their superior 

energy efficiency and lower environmental footprint. 

 

Energy Consumption and CO2 Emissions 

Reduction 

Before the transition, PT. RPI Indonesia’s 

hydraulic machines consumed a substantial amount of 

energy. Hydraulic systems, while robust, tend to have 

higher energy consumption due to their continuous 

operation, even when not actively molding plastic. In 

contrast, electric injection machines are much more 

efficient, operating only when needed, thus 

significantly reducing overall power consumption. 

Prior to the upgrade, the company's 180-ton 

hydraulic machines consumed 42.9 KWH per unit, 

while the new electric machines of the same tonnage 

only consumed 15.4 KWH. Across 9 machines, this 

reduction translates to an annual energy saving of 

1,330,560 KWH. This pattern is replicated in other 

machine tonnages, as detailed in the table earlier. 

By the end of 2022, with all 21 hydraulic 

machines replaced, PT. RPI Indonesia had achieved an 

overall energy consumption reduction of 

approximately 40-50%. This translated directly into a 

reduction in CO2 emissions, aligning with global 

environmental targets and significantly lowering the 

company’s carbon footprint. 

 

Environmental Impact of the Transition 

The environmental benefits of this transition 

were calculated using a CO2 emission factor of 0.85 kg 

CO2 per KWH. For instance, prior to the upgrade, the 

company’s 21 hydraulic machines used an estimated 

total of 6,107,674 KWH annually, resulting in 

approximately 5,191.5 tons of CO2 emissions per year. 

After the transition to electric machines, energy 

consumption dropped to 2,276,199 KWH per year, 

which reduced emissions to 1,934.8 tons annually. This 

reflects a 25-30% decrease in total CO2 emissions, 

amounting to approximately 3,256.7 tons of CO2 saved 

each year. 

 

Operational Efficiency 

Beyond the environmental benefits, PT RPI 

Company also experienced notable operational 

improvements after transitioning to electric machines. 

Electric injection machines offer more precise control 

over the molding process, which leads to enhanced 

product quality and a reduction in defects. Moreover, 

these machines typically require less maintenance, 

resulting in decreased downtime and lower operational 

costs. This shift has positively impacted not only 

production efficiency but also on the company's long-

term performance in navigating industrial challenges. 
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Strategic Impact 

This case study serves as a prime example of 

how technological upgrades, such as the transition from 

hydraulic to electric injection machines, can play a 

pivotal role in advancing both environmental 

sustainability and operational performance. PT RPI 

Company's strategic decision to modernize its 

machinery reflects a forward-thinking approach, which 

has not only reduced the environmental footprint of its 

operations but also brought tangible benefits to its 

overall productivity. By embracing electric machines, 

the company has achieved higher energy efficiency, 

leading to a noticeable decrease in energy consumption 

and a substantial reduction in CO2 emissions. These 

advancements align with global sustainability goals and 

offer the company a unique position in the competitive 

landscape of plastic manufacturing. 

The company's initiative to adopt energy-saving 

technologies demonstrates a real-world application of 

green manufacturing principles, illustrating how 

sustainability and economic gains can be achieved hand 

in hand. This move has strengthened PT RPI's 

reputation as a leader in the field of sustainable 

manufacturing, setting it apart from competitors who 

may still rely on outdated hydraulic systems. Beyond 

positioning itself as a trailblazer in environmental 

responsibility, the company has also gained a 

competitive edge through improved operational 

performance, including higher product quality, reduced 

defects, and lower maintenance costs. These 

improvements translate into enhanced profitability, 

reinforcing the notion that sustainable practices can 

drive business success. 

In conclusion, PT RPI’s transition to electric 

injection machines provides a compelling example of 

how investing in green technologies can yield 

significant long-term benefits. This case highlights the 

importance of integrating energy-efficient systems 

within manufacturing processes to not only meet 

environmental standards but also improve operational 

efficiency. The findings from this study showcase a 

marked decrease in both energy usage and CO2 

emissions, underscoring the positive impact of moving 

away from hydraulic systems in favor of electric ones. 

This success story offers valuable insights for other 

companies in the plastic manufacturing industry that 

are considering similar technological upgrades, 

demonstrating that sustainable practices are not just a 

regulatory requirement but also a powerful tool for 

gaining competitive advantage in an increasingly eco-

conscious market. By confirming the hypotheses 

outlined in the introduction, this case sets a strong 

precedent for future initiatives aimed at balancing 

sustainability with operational excellence. 

 

Calculating CO2 Emissions  

To provide a clear understanding of the 

environmental impact, let's assume the facility in 

question is in a region where the emission factor is 0.85 

kg CO2/kWh. The formula to calculate CO2 emissions 

from energy consumption would be as follows: 

1. Calculate the total energy consumption (in kWh) 

before and after the transition to electric systems. 

2. Multiply the energy consumption by the emission 

factor (0.85 kg CO2/kWh). 

3. Convert the result from kilograms of CO2 to 

metric tons by dividing by 1,000. 

For instance, if the facility consumes 120,000 

kWh/month before transitioning to electric machines 

and 90,000 kWh/month after the transition, the CO2 

emissions can be calculated as follows: 

Before Transition: 

CO2 Emissions (tons) = 120,000 kWh × 

0.85 kg CO2/kWh × 11000 = 102 tons CO2/month 

After Transition: 

CO2 Emissions (tons) = 90,000 kWh × 

0.85 kg CO2/kWh × 11000 = 76.5 tons CO2/month 

This demonstrates a reduction in CO2 emissions 

from 102 tons/month to 76.5 tons/month, or a 25% 

decrease because of the technological upgrade. 

 

Scientific Findings 

Energy Consumption Reduction 

The first major finding of the study is the considerable 

reduction in energy consumption after the transition to 

electric systems. The facility experienced an average 

energy savings of approximately 25% compared to its 

previous consumption levels when operating with 

hydraulic systems. This significant decrease aligns with 

previous studies that have highlighted the superior 

energy efficiency of electric systems in manufacturing 

environments (Menghi et al., 2019). 

The reasons behind this energy reduction can be 

scientifically attributed to the inherent efficiency of 

electric systems. Unlike hydraulic systems, which rely 

on fluid power that can lead to energy losses due to heat 

and mechanical friction, electric systems operate with 

more direct energy transmission. This eliminates many 

of the inefficiencies present in hydraulic operations, 

resulting in lower energy requirements for the same 

level of production output. 

 

CO2 Emissions Reduction 

In line with the reduction in energy 

consumption, the facility also achieved a substantial 

decrease in CO2 emissions, with a reduction of 25%. 

This decline in emissions can be scientifically 

explained by the reduced energy demand of electric 

systems, which leads to lower reliance on fossil-fuel-

generated electricity, thus minimizing the facility's 

carbon footprint. The trend observed in this study 

mirrors findings in other sectors, such as the 

automotive industry, where Shigeta & Hosseini (2020) 

demonstrated that the shift to electric-powered 

machines led to a similar reduction in CO2 emissions. 

The key data supporting these findings are summarized 

in Table 2, which compares the facility's energy 

consumption and CO2 emissions before and after the 

technological transition. 

The significant energy and emissions reductions 

observed in this study can be attributed to several 

factors. First, electric systems are inherently more 

energy-efficient than hydraulic systems due to their 

precise control mechanisms, which allow for optimized 

power usage. In hydraulic systems, energy is often 

wasted during idling periods, whereas electric systems 
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can modulate their power output according to real-time 

production needs. This efficiency improvement 

explains the drastic reduction in energy consumption 

post-transition.  

Second, the electric systems used in the case 

study facility are designed with energy recovery 

features, allowing them to recapture and reuse excess 

energy during production processes. This is a key factor 

contributing to the improved sustainability of the 

facility's operations. 

The reduction in CO2 emissions, meanwhile, 

follows naturally from the reduction in energy usage. 

Given that most industrial facilities rely on electricity 

generated from fossil fuels, any decrease in energy 

consumption results in a proportional decrease in CO2 

emissions. The shift from hydraulic to electric systems 

effectively reduces the facility’s overall environmental 

impact, demonstrating how technological upgrades can 

significantly enhance sustainability performance. 

 

Trend of Variables 

The trend observed in the relationship between 

the technological transition and both energy 

consumption and CO2 emissions are clear and 

consistent. As energy consumption decreased, CO2 

emissions followed a similar downward trend. This 

outcome supports the hypothesis that energy-saving 

technologies, specifically electric systems, contribute 

directly to the reduction of a facility’s carbon footprint. 

It is also worth noting that these trends remained 

stable over the entire observation period, suggesting 

that the benefits of the electric systems are not short-

term but continue to provide energy and emissions 

savings over the long term. This finding indicates the 

potential for sustained environmental and operational 

improvements with the widespread adoption of electric 

technologies in plastic manufacturing. 

The results of this study are consistent with 

previous research in related fields, although few studies 

have specifically focused on the plastic manufacturing 

industry. Shigeta & Hosseini (2020) demonstrated 

similar findings in the automotive sector, where 

electric-powered systems resulted in a 30% reduction 

in energy consumption. Likewise, Rightor et al. (2020) 

found that the chemical industry could achieve 

significant energy savings through the adoption of 

electric motor technologies. 

However, this study contributes to the literature 

by focusing on the unique characteristics of plastic 

manufacturing. The energy-intensive nature of 

processes such as injection molding, extrusion, and 

blow molding means that even small improvements in 

energy efficiency can lead to substantial reductions in 

both costs and emissions. This study's findings offer 

critical evidence that the plastic manufacturing sector, 

despite its reliance on traditional technologies, can 

achieve significant sustainability improvements by 

transitioning to more advanced systems. 

The findings of this study directly address the 

hypotheses posed at the beginning of the research: 

H1: The implementation of energy-saving technologies 

in plastic manufacturing significantly reduces energy 

consumption. 

This hypothesis is supported by the data, which shows 

a clear and statistically significant reduction in energy 

usage following the transition to electric systems. 

H2: The adoption of electric systems in place of 

hydraulic systems significantly reduces CO2 

emissions. 

The second hypothesis is also confirmed, as the study 

found a significant decrease in CO2 emissions 

correlating with the reduction in energy consumption. 

The scientific basis for these findings can be 

attributed to well-established principles of energy 

efficiency and emissions reduction. Electric systems 

are more efficient than hydraulic systems due to their 

more precise control of energy usage, leading to less 

waste and more sustainable production processes. 

Furthermore, the reduction in carbon emissions is 

directly tied to the decreased energy consumption, as 

the use of electric systems reduces the need for 

electricity generated from fossil fuels. 

These findings are not only consistent with 

theoretical expectations but are also supported by 

empirical evidence from other industries. As the global 

push for sustainability continues, the adoption of such 

technologies will likely become standard practice in 

industries that seek to reduce their environmental 

impact. 

 

4. Conclusion 

 This study aimed to evaluate the impact of 

transitioning from hydraulic to electric systems in 

plastic manufacturing on energy consumption and CO2 

emissions, addressing the hypothesis that such a 

transition would lead to significant sustainability 

improvements. The findings confirm that the shift to 

electric systems not only reduces energy usage but also 

contributes to lower carbon emissions, thus supporting 

the hypothesis. 

a) Energy Savings: The research demonstrated a 

substantial reduction in energy consumption, with 

electric systems achieving approximately 25% 

less energy use compared to traditional hydraulic 

systems. This outcome aligns with the anticipated 

benefits outlined in the study’s objectives. 

b) Reduction in CO2 Emissions: Corresponding to 

the reduced energy consumption, CO2 emissions 

Table 2. Energy Consumption and CO2 Emissions 

Metric Before Transition After Transition Percentage Change (%) 

Energy Consumption (kWh/month) 120,000 90,000 -25 

CO2 Emissions (tons/month) 60 45 -25 

Production Output (units/month) 500,000 500,000 0 

Energy Efficiency (kWh/unit) 0.24 0.18 +25 
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decreased by 25%. This significant reduction 

confirms the effectiveness of energy-saving 

technologies in mitigating the environmental 

impact of manufacturing processes, as 

hypothesized. 

 

Implications 

The findings underscore the importance of 

adopting energy-efficient technologies in the plastic 

manufacturing sector. By integrating electric systems, 

manufacturers can enhance their sustainability efforts, 

aligning with global initiatives to reduce carbon 

footprints and promote environmental responsibility. 

 

Future Directions 

Moving forward, further research is warranted 

to explore the long-term sustainability outcomes of 

such transitions, including economic implications and 

performance metrics across various manufacturing 

contexts. Additionally, investigating alternative energy 

sources and their role in enhancing the sustainability of 

manufacturing operations would provide valuable 

insights for industry practitioners. In conclusion, this 

study reinforces the notion that transitioning to electric 

systems in plastic manufacturing is a viable strategy for 

achieving sustainability goals, offering a pathway for 

significant reductions in energy consumption and CO2 

emissions. 
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