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Abstract— Population growth and development that are increasing rapidly in Surabaya has resulted in the increasing need for drinking water that is 

cheap, practical, and meets health requirements for human consumption. At each stage of the drinking water treatment process causes various 

impacts on the environment and humans. The impact arises from the activities of refill drinking water depots, starting from taking water at source to 

processing it into water production. Accordingly, it is necessary to identify the life cycle process impact of a processing system with the Life Cycle 

Assessment method using Tools Simapro 8.5. Assessment using the Life Cycle Assessment analysis gives result that the greatest impact is on Human 

Health that occurs from the process of using energy in ozone technology is in the amount of 42,636 mpt. 
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I. INTRODUCTION 

 

Refill drinking water depots is one type of water business that processes raw water into drinking water with various technologies 

and packaging then sells it directly to consumers. The stages of drinking water production process are started from taking raw water in 

mountainous sources which is transported by tank trucks and then put into reservoirs in the refill drinking water depot and then 

removing impurities and bacteria that are carried along and filling the production water into consumer plastic gallons. Major effect on 

the quality of production water in drinking water treatment is at the stage of disinfection, this stage uses a variety of systems including 

ozonation systems, filter membranes, UV light, etc. [7].  

To find out the effects of these activities, it is necessary to assessment phasing using a method. One method that can be used is by 

using the Life Cycle Assessment (LCA). LCA is a method for identifying and assessing the environmental impact of a production 

process or processing system, and applying possible improvements throughout its life cycle [2]. 

This method will estimate the potential impact of a processing system or product produced in the cycle on the environment and 

which effects will be taken into account [1]. One program that can help facilitate by using Simapro 8.5. LCA can be used to assist in 

making strategic decisions in an effort of improvement [6]. 

 

II. MATERIAL AND METHOD 

 

A.  Stage of Research  

The implementation of this research is divided into several stages, that is the primary data collection stage, then analyzed using the 

Life Cycle Assessment (LCA) method with inputting raw material, energy, and emissions data into Simapro 8.5 Software. From all 

water treatment processes there will be known the types of environmental impacts arised and the focussion at the end of the analysis in 

the form of compounds produced by processes that might contribute to air pollution.  

 

B.  Literature Study  

Literature study is the theoretical basis that is used as a reference to support research ideas and increase understanding related 

to research starting from the initial stages to the final stages of preparing the report. The literature sources used are government 

regulations, textbooks, research journals, websites, articles, final assignment reports, thesis reports, and seminars related to this 

research. Literature needed is prior research related to the topic of research, quality standards used, water treatment processes, and 

Life Cycle Assessment (LCA). 
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C.  Data Collection  

Data collection needed is primary data. Primary data is data obtained from observations in the field including data regarding water 

source used, energy (electricity) used, technology used, and questionnaire data obtained from government agencies and associated 

with literature studies. This data is needed to strengthen research. 

 

D.  Data Analysis and Research 

Data that has been collected is then inputted into Simapro 8.5 to analyze the Life Cycle Assessment (LCA). Input data in the form 

of raw water source debit, electricity used in pump usage in mountain water sources, data on the amount of water debit that goes into 

the tanker truck, data on the use of diesel fuel in the tanker truck used to transport water to the depo, electrical energy data used in the 

use of the pump to the reservoir, data on water debit that entering the reservoir, data on electrical energy used in the use of pumps in 

the ultraviolet or ozone processing machines in the depot, and data on the flow of water entering the gallons of consumers. Input data 

is then processed and produces environmental impacts that occur. The analysis stages in Simapro 8.5 are as follows [5]: 

 

1. Determination of goal and scope  

Determining the goals that focus on the life cycle of refill drinking water depot activities. Data that must be included in the 

description related to process descriptions, process objectives, practitioners, and functions of each technology. The activities studied 

were the entire production process starting from the raw water reservoir to the processing that produced refill drinking water products. 

Research limitations using the ecoinvent process unit. 

 

2. Determination of Life Cycle Inventory (LCI) 

The data entered includes the material and energy equilibrium used during the production process. 

 

3. Determination of Life Cycle Impact Assessment 

After the data input process is done, the next step is choosing the method used for the life cycle of a product and estimate the 

impact that occurs, that is the Impact 2002+ method [3]. The results of the analysis are in the form of tree diagrams which show which 

process units contribute the most in generating environmental impacts and these results are in the form of bar charts that show the 

effects that have an effect on the environment. Impact estimations are based on input and output. The impact that will be studied is 

Human Health and Climate Change. This overall impact assessment will be calculated in 4 stages, namely [4]: 

 

• Characterization 

 This is a stage of impact assessment that produced in a production process or processing system that has a contribution to the 14 

Impact Category contained in the LCA. In the characterization, the percentage of each emission produced by the sub-process will be 

presented in 1 impact category. This stage will measure the contribution of the product or activity impact on each impact indicator by 

multiplying each substance with factors that reflect their relative contribution on the environment. The impact contribution factor is 

realized by the characterization factors that contained in the program. 

• Normalization 

 This stage is an assessment by comparing the results of the Normalization Indicator with normal value factor. It aims to equalize 

units according to the unit provisions of each Impact Category internationally. As in the impact of climate change, emissions results 

are converted to CO2e. 

• Weighting dan Single Core 

 It is two stages that are carried out simultaneously because the single score is the result of weighting which based on the activity 

process. This stage is the weighting of each impact category. 

 

E.  Conclusion  

 Drawing conclusions is based on the results of the research data and discussion then extracted the essence to answer the objectives 

that formulated at the beginning of the study. 
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III. RESULT AND DISCUSSION 

 

A. Identification of Impact in Refill Drinking Water Production Activities 

Based on the production process of refill drinking water, the technology used is classified into two technologies, namely 

ultraviolet and ozone technology. The production process activities consist of activities of transferring water from the source to the 

tanker truck, transporting water, transferring water from the tank truck to the depot reservoir, transferring water from the reservoir 

through ozone technology to filling the gallons to become products. Identification of the impact of each activity on the ozone depot 

can be seen in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 Identify the impact of ozone technology in drinking water production activities 

 

Identifying the impact of the production of refill drinking water with ozone technology from Pacet water sources, that is in the 

activity of transferring water from Pacet sources into containers of water tank trucks using pumps where the pumping process 

produces CO2 emissions due to electricity consumption at the pump. After transferring the water into the water tanker truck, it is then 

transported to a refill water depot, where transportation activities in transporting water produce emissions to the air in the form of 

CO2, CH4, and N2O due to the use of diesel fuel in trangki trucks. In the refill drinking water depots, water transfer activities occured, 

which are carried out and transported by tanker trucks to drinking water storage tanks using a pump where the pumping process 

produces CO2 emissions due to electricity consumption at the pump. Furthermore, the water that collected in the reservoir is flowed 

into the gallon filling container (product packaging). In this activity, the bacteria removal process is carried out using ozone 

technology, in which activity produces air emissions in the form of CO2 due to the use of electricity in using ozone technology. 

 

B. Data Collection 

Collecting water debit data, diesel fuel usage, electric power, and calculating the emission load generated from energy use in 

each drinking water production activity.  

 

C. Analisis Life Cycle Assessment (LCA)  

Assessment of environmental impacts on refill drinking water production activities is carried out through these stages: 

1. Determination of Goal and Scope   

The goal of this study is focused on the impact of greenhouse gases and air pollutants generated during the production process of 

refill drinking water. The research scope chosen is the Ecoinvent Database. This study uses the Impact 2002+ method with limitations 

on Impact Assessment, namely Aquatic Eutrophication (AE), Global Warming (GW), and Non Renewable Energy (NRE). Goal and 

Scope of this research can be seen in Figure 2. 
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Fig.2 Determining the Goal and Scope 

 

 

Raw water which taken from the source is pumped into the tank truck, in the use of the pump emissions produces to the air from 

the use of electricity, then transported using a water tank truck to the refill drinking water depot. During the transport process on the 

tanker, emissions are produced into the air. In the refill drinking water depot there are water pumping activities from inside the tank 

truck to the reservoir where pumping uses electrical energy that produces emissions into the air, from the water reservoir pumped to 

the gallon filling site through ozone technology where this activity also produces emissions to the air.  Air emissions generated during 

the activity are CO2, CH4, and N2O. These pollutants produce an impact on the environment. From that, the chosen environmental 

impact is adjusted to the pollutants that have a big effect on the environment.   

 

2. Determination of Life Cycle Inventory (LCI)  

Determination of LCI is done by inputting data to conduct an assessment that includes debit, energy, and the amount of 

emissions issued. 

• LCI of Water Transfer Activities from Pacet Water Source to Tank Trucks 

LCI of Water Transfer Activities from Pacet Water Source to Tank Truck can be seen in Figure 3 

 
Fig.3 LCI on Water Transfer Activities from Pacet Water Source to Tank Truck 

In the process of transferring Pacet's source water to a tanker truck will produce emissions in the form of 35 Kg CO2 originating 

from PLN (State Electricity Company) electricity consumption from pumping activities. Where electricity consumption is 5 kwh with 

debit source of 63000 L / sec. The CO2 emissions then produce several impacts. 

 

• LCI of Transportation Activities 

LCI of Transportation Activities can be seen on Figure 4 

 

 
 

Fig.4 LCI of Transportation Activities 

 

In the transportation process, transporting water from sources to refill drinking water depots using type tank trucks Hino year 

2012 which produces emissions in the form of CO2 of 48 Kg CO2, CH4 of 0.0213 Kg / Tj, and N2O of 2.0736 x 10-3 kg / Tj which 

come from the use of diesel fuel from a diesel engine tank truck of 18 L. The emissions of CO2, CH4, and N2O then produce some 

impacts. 

 

• LCI of Water Transfer Activities from Tank Trucks to Water Tank in Refill Drinking Water Depot 

 LCI of Water Transfer Activities from Tank Trucks to Water Tank in Refill Drinking Water Depot can be seen in Figure 5. 
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Fig.5 LCI of Water Transfer Activities from Tank Trucks to Water Tank in Refill Water Depot 

 

In the process of transferring water from a tank truck to a water tank in refill drinking water depot, it produces emissions in the 

form of CO2, in amount of 2 Kg of CO2 originating from PLN (State Electricity Company) electricity consumption from pumping 

activities. The electricity consumption is 1 kwh with a debit of 8000 L / sec. The CO2 emissions then produce several impacts. 

 

• LCI of  water transfer activities from the water tank through Ozone to refill consumers gallons 

LCI of water transfer activities from the water tank through Ozone to refill consumers gallons can be seen in Figure 6. 

 
Fig.6  LCI of  water transfer activities from the water tank through Ozone to refill consumers gallons 

 

In the process of transferring water from the water tank through ozone technology to filling the consumers gallon, it produces 

emissions in the form of CO2 from 47 Kg of CO2 which originating from PLN (State Electricity Company) electricity consumption 

from pumping activities. Where electricity consumption is 6 kwh with a debit of 8000 L / sec. The CO2 emissions then produce 

several impacts. 

 

3. Impact Assessment (Life Cycle Impact Assessment) 

This assessment phase determines the impact obtained from the Life Cycle Inventory (LCI) stage. The method that used in the 

assessment is the 2002+ method. This method was chosen because it is the most recent method from the previous methods and the 

database in this method is closely related to what will be examined, that is drinking water. This impact assessment compares directly 

from the results of the LCI stage and then focuses on 3 main impacts that are not too broadly selected from the 14 impact categories 

formerly produced [3].  

• LCIA of Water Transfer Activities from Pacet Water Source to Tank Trucks 

This impact assessment compares directly from the results of the LCI stage and then focuses on 3 main impacts that are not too 

broadly selected from the 14 impact categories produced. The tree diagram of the network results in the process of transferring Pacet 

source water to the tank truck can be seen in Figure 7. 

 
Fig.7 Tree Diagram (Network) on the Process of Pacet Water Transfer to a Tank Truck 

 

Based on the tree diagram (Network) above, it was found that the red line shows a relationship between activities. Whereas the 

thick red line indicates the magnitude of the impact contribution given during the unit running, on the other hand the percent number 

shows the amount of emissions load on the unit which produced from the calculation of the four stages of impact assessment. Based 

on the following calculations, these are the impact contribution analysis which resulting from the process of transferring Pacet's source 

water to the tanker truck.  
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The calculation results based on the LCIA results from The Simapro 8.5 software show that the process of transferring Pacet 

source water to tank trucks contributes to the effect of Aquatic Eutrophication of 3.05E-05 Kg PO4, Global Warming of 40.7 Kg CO2 

eq, and Non Renewable Energy of 63 , 1 MJ. 

 

• LCIA of Transportation Activities 

The results of the LCIA stage assessment of transportation activities on transporting water from the source to the refill drinking 

water depot are presented in the form of tree diagrams. The tree diagram of the network results in the process of transferring Pacet 

source water to the tank truck can be seen in Figure 8. 

 
Fig.8 Tree Diagram (Network) in Transportation Activities 

 

Based on the tree diagram (Network) above, it obtained that the arrowed red line shows a relationship between activities. 

Whereas the thick red line indicates the magnitude of the impact contribution given during the unit running. The percent number 

shows the amount of emissions load on the unit which resulted from the calculation of the four stages of impact assessment. Based on 

the following calculations, these are the impact contribution analysis which resulting from the process of transferring Pacet's source 

water to the tanker truck.  

The calculation results based on LCIA results using Simapro 8.5 software note that the process of transporting water from 

sources to refill drinking water depots contributes to the effect of Aquatic Eutrophication of 3.05E-05 Kg PO4, Global Warming of 

88.9 Kg CO2 eq, and Non Renewable Energy of 63.1 MJ. 

 

• LCIA of Water Transfer Activities from Tank Trucks to Water Tank of Depot 

The results of the LCIA stage assessment on water transfer activities from tank trucks to refill drinking water depots are 

presented in the form of tree diagrams. The tree diagram of the network results in the process of transferring water from the tank truck 

to the refill drinking water depot water tank can be seen in Figure 9. 

 
Fig.9 Tree Diagram (Network) in the Process of Water Transfer from a Tank Truck to Refill Drinking Water Depot Water Tank 

 

Based on the tree diagram (Network) above, it was found that the red line shows a relationship between activities. The thick red 

lines indicate the magnitude of the impact contribution given during the unit's running. The percent number shows the amount of 

emissions load on the unit resulting from the calculation of the four stages of impact assessment. Based on the following calculations, 

these are the impact contribution analysis which resulting from the process of transferring water from the tanker truck to the refill 

drinking water depot water tank.  
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Calculation results Based on LCIA results using Simapro 8.5 software, it is known that the process of transferring water from 

tank trucks to refill drinking water depots contributes to the effect of Aquatic Eutrophication of 3.22E-05 Kg PO4, Global Warming of 

91.3 Kg CO2 eq, and Non Renewable Energy for 70.5 MJ. 

• LCIA of Water Transfer Activities from the Water Tank through Ozone to Refill Consumers Gallons 

The tree diagram of the network results in the process of transferring water from the reservoir or water tank through Ozone to the 

gallon filling  can be seen in Figure 10. 

 
Fig.10 The Tree Diagram (Network) on the process of transferring water from the water tank through Ozone to the gallon 

filling 

  

Based on the tree diagram (Network) above, it was found that the red line shows a relationship between activities. The thick red 

line indicates the magnitude of the impact contribution given during the unit running. The percent number shows the amount of 

emissions load on the unit resulting from the calculation of the four stages of impact assessment. Based on the following calculations, 

these are the impact contribution analysis which resulting from the process of transferring water from the water tank through Ozone to 

the gallon filling.  

Calculation results based on LCIA results using The Simapro 8.5 software, it is known that the process of transferring water from 

water tank through Ozone to gallons filling contributes to the effect of Aquatic Eutrophication of 4.26E-05 Kg PO4, Global Warming 

of 141 Kg CO2 eq, and Non Renewable Energy of 115 MJ. 

 

4. Overall Impact Analysis  

In the previous discussion, Networking has been carried out on the activity of transferring source water to the tanker truck and it 

can be seen which component causes the emission load become high, then an assessment of the impact of several stages will be 

proceed , namely: 

1. Characterization 

In the calculation, characterization factor is used to convert the LCIA results into Impacts chosen by the researcher. The 

following are the Characterization Factor value along with the formula used in the calculation. Characterization Factor can be seen in 

the IMPACT 2002+ method [3]. 

Calculation Formula: 

Category Indicator = ∑ ����������	���
� ���
� � ������
� ������
�� �  

 

The following figure below is the contribution of the impact of each constituent material, presented in the bar diagram of the 

overall activities can be seen in Figure 11. 
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Fig.11 Characterization Diagram of Pacet’s Water Source 

 

Based on the calculation results show that the greatest impact value is at Non Reneawble Energy. However, this cannot be said to 

be the biggest result considering the Characterization goal is to see how much impact a processing process has on the impact 

categories that want to be researched. 

 

2. Normalization  

In the calculation, Normalization Factor is used to convert the LCIA results into Impacts chosen by the researcher. The following 

are the Normalization Factor value along with the formula used in the calculation. Normalization Factors can be seen in the IMPACT 

2002+ method [3].  

 Calculation Formula: 

Nk = �� ���  

 

The following figure below is the contribution of the impact of the Normalization results of each constituent material presented in the 

bar diagram of the entire activity that can be seen in Figure 12. 

 

 
Fig.12  Normalization Diagram of Pacet’s Water Source 

 

The Normalization results show that the greatest value is on Human Health.  
 

 

 

 

 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

VOLUME VI, ISSUE I, JANUARY/2019

ISSN NO: 2394-8442

PAGE NO:52



 

 

 

3. Weighting and Single Score  

Calculation of weighting score using the formula below and the value of weighting factor will get the amount of the single score 

(Jolliet, 2003) 

Formula: 

�� =  � �� � �� � �! �� =  � �" � �� 

Based on the weighting assessment, it can be known that the value of the impact affects human health, ecosystem quality, climate 

change and resources. Based on the weighting results, the highest impact was occurred in the activity of transferring water through the 

ozone filter to the gallon of 42, 636. 

 

IV. CONCLUSION 

 

After an assessment using the Life Cycle Assessment analysis, the results showed that the greatest impact of Human Health from 

the process of using energy in ozone technology was 42.636 mpt.. 
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