
 

 

Life Cycle Assessment and Energy Efficiency 
from Industry of Plastic Waste Recycling 

Vita Rosmiati1*, Hadiyanto1,2 

1Master Program of Environmental Studies, School of Postgraduate Studies Diponegoro University, 
Semarang, Indonesia 

2Chemical Engineering Departement, Faculty of Engineering Diponegoro University, Semarang, 
Indonesia 

ABSTRACT. The high use of plastic products is currently causing 
uncontrolled accumulation of plastic waste so that an effort is needed to 
minimize the negative impacts caused to the environment. One of the 
appropriate efforts in processing plastic waste is recycling to produce a 
variety of useful products. Each stage of the process in managing plastic 
waste recycling starts from collecting raw materials to producing a new 
product for consumers requiring energy that can be calculated and 
analyzed for their impact on the environment using the LCA method. From 
this study can be concluded that the plastic recycling industry as one of the 
efforts in reducing the generation of plastic waste to the environment 
consists of 3 (three) main stages, namely the stages of enumeration, the 
distribution of raw materials and the stages of production of plastic pellets. 
The environmental burden analyzed includes the production process of 
recycling plastic waste to produce an output in the form of 1 ton of plastic 
where the total GHG emissions generated are 2.36E + 03 kg CO2 eq, with 
details of the potential contribution to global warming of 1.30E + 02 kg 
CO2 eq at the stage enumeration, 3.52E + 01 kg CO2 eq at the distribution 
stage and 2.15E + 00 kg CO2 eq at the plastic pellets production stage. The 
efficiency of plastic seed products in this study showed a good result, 
where the NEV and NER values of the recycled plastic pellets products 
were 39664.1 MJ and 2.11 MJ. 

Keywords. Recycling, plastic waste, GHG emissions, efficiency energy, 
LCA 

1. Introduction 
The high use of plastic products is currently causing uncontrolled accumulation of plastic 
waste so that an effort is needed to minimize the negative impacts caused to the 
environment. One of the appropriate efforts in processing plastic waste is recycling to 
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produce a variety of useful products. Widely, recycling is considered to have a positive 
impact for the environment and effective for sustainable development, which can reduce 
limited resources, reduce demand of landfill and can save energy consumption. However, 
in every process such as collecting and sorting materials for recycling have own 
environmental impact, including the energy used and the impact of energy use in the 
manufacturing process of new products [2]. The recycling process in relation to energy 
savings has a different value depending on the type of material to be recycled [3]. Each 
stage of the process in managing plastic waste recycling starts from collecting raw 
materials to producing a new product for consumers requiring energy that can be calculated 
and analyzed for their impact on the environment using the LCA method. 

Life Cycle Assessment is one of the decision makers of a waste management strategy 
that considers environmental aspects as the main concern and is an approach that studies 
the potential impact of products or systems from raw material extraction to production, use 
and disposal [1]. The use of the LCA method is very useful for knowing complete data, 
evaluating, and review all the environmental impacts associated with products, processes 
and activities. 

In the waste management sector, LCA calculations can effectively measure the dynamic 
flow of resources and can provide important information regarding the environmental 
burden of waste generated, through the LCA approach it can also be seen that the recycling 
process in waste management uses the most energy efficient [6, 7]. 

There are currently several studies on the assessment of environmental impacts on the 
use of plastics and plastic recycling using the Life Cycle Assessment approach, such as 
research on environmental impact analysis on plastic bag waste and industry of plastic 
waste recycling [10, 11]. In general, recycled plastics can be considered a source of 
renewable raw materials and their use in the manufacturing industry sector can reduce 
greenhouse gas (GHG) emissions and carbon footprint [5, 13]. Besides having a positive 
impact on the environment, recycling also provides economic benefits because it can save 
around 20-50% of the price of raw materials on the market when compared to raw materials 
[8]. 

Based on the results of research by Hendrawan (2010) it is known that in conventional 
plastic recycling systems, the manufacturing sector contributes higher CO2 emissions by 
93.6% compared to the transportation sector which is only 6.4%. Thus, an environmental 
impact study of the process of recycling plastic waste using the LCA method is very 
necessary to find out information on the development of the plastic waste recycling industry 
comprehensively by calculating and analyzing the emission value generated at each stage of 
the production process and aims to evaluate and provide opportunities in implementing 
possible environmental improvements. 

2. Research methodology 
Analysis of the data in this study is used the LCA procedure according to ISO 14040 (2016) 
which consists of four phases, namely system boundary and functional unit, inventory 
analysis, impact analysis, and interpretation. 

2.1 System boundary and functional unit 

The purpose of this LCA study is to evaluate the environmental performance of each plastic 
waste recycling route in the industrial plastic pellets and calculates the contribution of each 
process to the total environmental impact of the recycling route by identifying the main 
processes, while the LCA boundaries of the production process are: 
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a. Assessment of the LCA conducted on material utilization of water, energy and 
emissions produced. 

b. Assessment of LCA refers to the concept of cradle to gate, where the analysis is limited 
to the production phase starting from plastic waste collection process to produce a new 
product. 

c. Functional unit is 1 tonne of plastic resin that are the result of recycling HDPE plastic 
waste. 

 
Fig.1 Flowchart Boundaries Plastic Waste Recycling System 

2.2 Life Cycle Inventory 

Inventory analysis describes the flow of material and energy that is involved in plastic 
waste recycling. Data collection from energy inputs in the form of water use, energy 
distribution and fuel use is calculated quantitatively. Calculation of estimated net energy is 
the energy conversion in the form of standard energy units (Joules), then for the calculation 
of the energy needed from each production of 1 tonne of plastic resin refers to the equation 
by KLH (2012a) or IPCC (2006). 

En = n x CV   (1) 
Where:  
En = Energy 
n = Inventory volume 
CV = Calorific Value 
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1. Diesel fuel 
The analytical method used to estimate the energy consumption of diesel fuel is the 
conversion of fuel usage to a standard energy unit (Joule). To get the number of energy 
consumption in each production of 1 ton of plastic pellets, the calculation is: 

 (2) 
Where: 
EC = Energy Consumption 
CV = Calorific Value 

2. Electricity 
According to Susanta and Sutjahjo (2007), greenhouse gas emissions from electricity 
usage are generated by burning coal or geothermal fuel (fossil fuels) in power plants. 
Pollutants produced include CO2, SO2, and NOx which can cause acid rain. Electricity 
consumption does not directly contribute to CO2 emissions, but it does contribute to 
produce CO2 at the center of power plants that are fossil fuel. 

EF = SFC x NCV x CEF x Oxid x 44/12  (3) 
Where: 
EF = Emission factor 
SFC = Specific Fuel Consumption (kt fuel/MWh) 
NCV = Net Calorific Value (TJ/kton fuel)) 
CEF = Carbon Emission Factor (TC/TJ) 
Oxid = Oxidation factor 

3. Energy Efficiency 
Energy efficiency is expressed in terms of Net Energy Value (NEV) and Net Energy 
Ratio (NER). NER and NEV calculations are: 

NEV = ΣEno − ΣEni  (4) 
NER = ΣEno / ΣEni  (5) 

Where: 
NEV = Net Energy Value 
NER = Net Energy Ratio 
ΣEno= Total energy output 
ΣEni = Total energy input 

The net energy performance which is quite good from the product life cycle is indicated 
by the NEV value which is positive and the NER is above 1. 

2.3 Life Cycle Impact Assessment 

This stage is carried out to study or evaluate the environmental impacts generated based on 
the results of the collection and calculation of the data themselves using several 
assumptions at the inventory analysis stage. The grouping of environmental impacts caused 
by the plastic waste recycling industry activities in this study only focuses on the impact on 
greenhouse gases (global warming). The method of calculating the amount of potential 
GHG emissions from each energy use refers to the equation delivered by KLH (2012a). 

  (6) 

The diversity of gas generation (such as CO2, N2O, SO2, etc.) makes research to 
convert the value of identified gases (IPCC, 2006). This conversion activity is carried out in 
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order to get the CO2 equivalent value of each identified gas. The conversion value used is 
the value derived from the climate change connection (2016) database whose overall values 
are listed in Table 1. 

Table 1. CO2 Equivalent GHG Conversion Value [4] 

Greenhouse Gas Formula 100-year GWP 

Carbon Dioxide CO2 1 

Methane CH4 25 

Nitrous Oxide N2O 298 

Sulphur Hexaflouride SF6 22.800 

Hydrofluorocarbon-23 CHF3 14.800 

Hydroflourocarbon-32 CH2F2 675 

Perfluoromethane CF4 7.390 

Perflouroethane C2F6 12.200 

Perflouropropane C3F8 8.830 

Perflourobutane C4F10 8.860 

Perflourocyclobutane c-C4F8 10.300 

Perflouropentane C5F12 13.300 

Perflourohexane C6F14 9.300 

2.4 Interpretation 

The final stage in the LCA is to interpret the results, evaluate, and analyze the efforts that 
can be made in order to improve products, processes, and reduce environmental impact. 
Improvement of product life cycle would have to produce the product life cycle that 
increases positively from energy efficiency and can reduce GHG emissions. The results of 
the analysis that have been carried out during the inventory and impact assessment stages 
are manifested in actions that will benefit the industry and the environment. 

3. Result and Discussion 

3.1 Data Inventory 

Inventory data in the processing of plastic waste recycling is obtained from primary data 
observation and LCI database based on functional unit, which is 1 ton of plastic pellets. 
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Data includes the input of raw materials and energy as well as the output of main products 
are plastic pellets and emissions at each stage of the process. These data are presented 
quantitatively by showing the number of inputs and outputs to the system and qualitatively 
consisting of components the input of environmental impact parameters. After observations 
for data collection, all required inputs are obtained at each stage of the plastic waste 
recycling process. Details of the analysis data inventory in the process of recycling plastic 
waste can be seen in Table 2. 

Table 2. Mass Balance of Plastic Waste Recycling Process 

Input Production Stage Output 

Plastic Waste 

Water 

Diesel energy 

Electricity 

40.866 kg 

72.000 litre 

1438.67 MJ 

4.33 Kwh 

Shredding Flakes 

Bottle cap 

Plastic sheet 

Water 

Energy 

32.693 kg 

6945 kg 

1228 kg 

72000 litre 

1.966,8 MJ 

Diesel fuel 

Petrol 

1343,04 litre 

20,38 litre Distribution Energy 569,1 MJ 

Flakes 

Water 

Electricity 

192.327 kg 

3.600.000 litre 

3071,79 Kwh 

Manufacture Plastic 

Pellets 

Water 

Energy 

186.557 kg 

3.600.000 

litre 

33.200 MJ 

3.2 Life Cycle Impact Assessment 

3.2.1 The Potential of Global Warming 

The results of the life cycle global warming potential include the impact of process 
emissions, emissions from extraction, processing and combustion of fuels used for energy 
and transport processes. In this study, the total emission that has the potential for global 
warming is calculated using Simapro 8.4 Faculty Version is 2.36E+03 kg CO2 eq. At the 
stage of shredding, the total contribution of the potential for global warming is 1.30E+02 kg 
CO2 eq, where the use of diesel fuel as an energy dominates at 1.27E+02 kg CO2 eq. At 
the stage of distribution of total GHG emissions is 3.52E+01 kg CO2 eq and at the 
production stage of plastic pellets produces GHG emissions of 2.15E+00 kg CO2 eq which 
is dominated by the use of electrical energy in the production machine. For more details of 
GHG emissions caused at each stage of the process recycling plastic waste to produce 
products of plastic pellets can be seen in Table 3. 
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Table 3. Global Warming Potential at each stage Process 

  Environmental Impact  

Stages Fossil Biogenic CO2 eq from CO2 land  

CO2 eq CO2 eq Uptake  transformation 
    

Shredding 1.30E+02 1.84E-01 9.05E-03 1.89E-01 
Distribution 3.61E+01 2.81E-01 1.53E-02 3.00E-01 
Manufactur 2.18E+03 4.60E+00 2.26E-01 4.78E+00 
Total  2.36E+03  

 
The difference in energy use at each stage of the production process of plastic waste 

recycling has resulted environmental impact differently. It can be seen in Figure 2 where 
the stages of plastic pellets production contributed the most all impacts in this research. 
This is influenced by the use of electrical energy in all equipment / machinery used in the 
plastic pellets production process. 

 
Fig. 2. Potential of global warming comparison 

3.2.2 Energy Efficiency 

Energy efficiency in this LCA study can be determined by measuring the net energy of 
plastic pellets product life cycle. Energy inputs such as fuel for diesel engine, transportation 
(petrol and diesel) are required as well as the use of electricity from production equipment. 
The output of plastic pellets which certainly has its own heating value. Data from these 
calculations and NEV and NER values can be seen in Table.4. 

The biggest energy input comes from the use of electrical energy at the production stage 
of plastic pellets with a percentage of 92.90%, that is because all production activities use 
tools or machines that are driven by electrical energy. 

NEV and NER values from the plastic waste recycling process have shown good 
results, where energy efficiency in the life cycle of a product is said to be good if it has a 
positive NEV value and has a NER value of more than 1 [14]. Each NEV and NER value of 
the recycled plastic pellets product is 39664.1 and 2.11 MJ / Ton of plastic pellets. 
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Table 4. Total Input-Output Energy, NER and NEV per Ton Plastic Pellets 

 
  Besaran Energi 

Input Energi  MJ/ton Persentase 
  Pellet (%) 
 Shredding  
   

Diesel Fuel  1920 5.37% 
Electricity  46.8 0.06% 

 Distribution  
Diesel Fuel  497.5 1.39% 
Petrol  71.6 0.20% 

 Manufacture  
Electricity  33200 92.90% 
Total Input Energy 35735.9  100% 
Output Energy 75400  
Net Energy Value (NEV) 39664.1  
Net Energy Ratio (NER) 2.11  

4. Conclusion 
The conclusion from the study of Life Cycle Assessment (LCA) in the production process 
of recycled plastic pellets, where the environmental burden analyzed includes the 
production process of recycling plastic waste to produce an output of 1 ton plastic pellets 
and the potential for global warming which results in a total is 2.36E + 03 kg CO2 eq. In 
the shredding stage, the total contribution of the potential for global warming is 1.30E + 02 
kg CO2 eq, where the use of diesel fuel as a diesel energy dominates at 1.27E + 02 kg CO2 
eq. At the stage of distribution of total GHG emissions caused by 3.52E + 01 kg CO2 eq 
and at the production stage of plastic pellets produces GHG emissions of 2.15E + 00 kg 
CO2 eq which is dominated by the use of electrical energy as the prime mover in 
production machine. And the efficiency of plastic pellets products in this study showed a 
good results, where the NEV and NER values of the recycled plastic seed products were 
39664.1 MJ and 2.11 MJ. 

References 
1. Bjarnadóttir H.J., Friðriksson G.B., Johnsen T., Sletsen H. Guidelines For The Use Of 

LCA In The Waste Management Sector. NORDTEST Tekniikantie 12 FIN-02150 
ESPOO Finland. (2002). 

2. Craighill, A.L. and J.C. Powell. Lifecycle Assessment and Economic Valuation of 
Recycling: a Case study. Resources, Conservation and Recycling vol. 17(2), pp75– 96. 
(1996). 

3. Choate, A; Pederson, L; Scharfenberg, J; Ferland, H. Waste management and energy 
savings: benefits by the numbers Washington DC: U.S. Environmental Protection 
Agency. (2005). 

4. Climate Change Connection. Emission [online] Available on: 
https://climatechangeconnection.org/emission/co2-equivalents/ [accessed on 3 July 
2019] . (2016). 

5. Dormer, A., Finn, D.P., Ward, P., Cullen, J., Carbon footprint analysis in plastics 
manufacturing. J. Clean. Prod. 51, 133–141. (2013). 

8

E3S Web of Conferences 202, 06015 (2020) https://doi.org/10.1051/e3sconf/202020206015
ICENIS 2020



 

 

Table 4. Total Input-Output Energy, NER and NEV per Ton Plastic Pellets 

 
  Besaran Energi 

Input Energi  MJ/ton Persentase 
  Pellet (%) 
 Shredding  
   

Diesel Fuel  1920 5.37% 
Electricity  46.8 0.06% 

 Distribution  
Diesel Fuel  497.5 1.39% 
Petrol  71.6 0.20% 

 Manufacture  
Electricity  33200 92.90% 
Total Input Energy 35735.9  100% 
Output Energy 75400  
Net Energy Value (NEV) 39664.1  
Net Energy Ratio (NER) 2.11  

4. Conclusion 
The conclusion from the study of Life Cycle Assessment (LCA) in the production process 
of recycled plastic pellets, where the environmental burden analyzed includes the 
production process of recycling plastic waste to produce an output of 1 ton plastic pellets 
and the potential for global warming which results in a total is 2.36E + 03 kg CO2 eq. In 
the shredding stage, the total contribution of the potential for global warming is 1.30E + 02 
kg CO2 eq, where the use of diesel fuel as a diesel energy dominates at 1.27E + 02 kg CO2 
eq. At the stage of distribution of total GHG emissions caused by 3.52E + 01 kg CO2 eq 
and at the production stage of plastic pellets produces GHG emissions of 2.15E + 00 kg 
CO2 eq which is dominated by the use of electrical energy as the prime mover in 
production machine. And the efficiency of plastic pellets products in this study showed a 
good results, where the NEV and NER values of the recycled plastic seed products were 
39664.1 MJ and 2.11 MJ. 

References 
1. Bjarnadóttir H.J., Friðriksson G.B., Johnsen T., Sletsen H. Guidelines For The Use Of 

LCA In The Waste Management Sector. NORDTEST Tekniikantie 12 FIN-02150 
ESPOO Finland. (2002). 

2. Craighill, A.L. and J.C. Powell. Lifecycle Assessment and Economic Valuation of 
Recycling: a Case study. Resources, Conservation and Recycling vol. 17(2), pp75– 96. 
(1996). 

3. Choate, A; Pederson, L; Scharfenberg, J; Ferland, H. Waste management and energy 
savings: benefits by the numbers Washington DC: U.S. Environmental Protection 
Agency. (2005). 

4. Climate Change Connection. Emission [online] Available on: 
https://climatechangeconnection.org/emission/co2-equivalents/ [accessed on 3 July 
2019] . (2016). 

5. Dormer, A., Finn, D.P., Ward, P., Cullen, J., Carbon footprint analysis in plastics 
manufacturing. J. Clean. Prod. 51, 133–141. (2013). 

 

 

6. Ekvall T., and Finnveden G. The Application Of Life Cycle Assessment To Integrated 
Solid Waste Management : Perspectives on Energy And Material Recovery From 
Paper. Trans icheme, vol 78, part b (2000) 288-294. (2000). 

8. Finnveden, G., 1999. Methodological Aspects Of Life Cycle Assessment Of Integrated 
Solid Waste Management Systems. Resources, Conservation and Recycling; 26 (3– 
4):173– 187 

9. Gu, F., Hall, P., Miles, M.J.,. Performance evaluation for composites based on 
recycled polypropylene using principal component analysis and cluster analysis. J. 
Clean. Prod. 115, 343–353. (2016). 

10. Hendrawan. An Analysis of the CO Emission 2 Abatement in Plastic Recycling System 
Using Life Cycle Assessment (LCA) Methodology: A Case Study of Bandung City, 
Indonesia. Indonesian Journal for the Science of Management Volume 9 Number 3. pp 
245-251. (2010). 

11. Hidayat, A., Tama, I.P. and Kusuma, L., “Analisis dampak lingkungan pada proses 
produksi kantong plastik dengan metode life-cycle assessment (lca)”. Jurnal Rekayasa 
dan Manajemen Sistem Industri, 3(9). (2015). 

12. Ilhamdika, M., Sirait, M. and Hamdala, I., ,“Analisis dampak lingkungan dari proses 
daur ulang plastik dengan pendekatan life cycle assessment (LCA)”. Jurnal Rekayasa 
dan Manajemen Sistem Industri, 5(13), pp.p2697-2707. (2017). 

13. Intergovernmental Panel on Climate Change (IPCC)..   Climate Change 2001: The 
Scientific Basis. Cambridge, UK: Cambridge University Press. (2001). 

14. Makuta, M., Moriguchi, Y., Yasuda, Y., Sueno, S., Evaluation of the effect of 
automotive bumper recycling by life-cycle inventory analysis. J. Mater. Cycles Waste 
Manage. 2, 125–137. (2000). 

15. Nugroho, A W.. Life cycle assessment (LCA) industri pengolahan crude palm oil 
(studi kasus di PTPN V (persero) provinsi Riau) [Theses]. Bogor (ID): Institut 
Pertanian Bogor. (2014). 

16. Susanta G dan Sutjahjo H. Akankah Indonesia Tenggelam Akibat Pemanasan Global. 
Penebar Swadaya, Jakarta. (2007). 

9

E3S Web of Conferences 202, 06015 (2020) https://doi.org/10.1051/e3sconf/202020206015
ICENIS 2020


