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Energy products including natural gas play a very important role in the 

context of global economic, industrial, and infrastructure development. 

However, it is undeniable that the production process from raw material 

extraction to ready-to-use products has an impact on the environment. This 

study was conducted to evaluate the environmental impact of natural gas 

production in the Kepodang field, East Java Province, Indonesia. The next 

objective is to analyze the magnitude and significance of the impact or 

hotspot analysis. The characterization results for 4 main categories show: 

Global Warming Potential 70.02 kg CO₂ eq, Ozone Layer Depletion 1.11E-06 

kg CFC-11 eq, Acidification Potential 0.65 mol H+ eq, Marine Eutrophication 

0.30 kg N eq, and Freshwater Eutrophication 2.17E-03kg P eq. The results 

also show that throughout the life cycle of this product, the largest 

contributor to environmental impacts is in the downstream phase, especially 

the user gas metering unit process. This is due to the 200 km of pipelines for 

product transportation from the Central Processing Platform (CPP) to the 

user gate. Pipeline parameters (Ecoinvent database) refer to long-distance 

pipelines with high capacity. In addition, hotspots were also identified in the 

core phase: gas measurement and chromatography, gas turbine generators, 

and flare gas. 

 

  

 

INTRODUCTION 

Energy products such as crude oil, natural gas, and LNG (Liquid Natural Gas) are 

substantial in the context of the development of industry and infrastructure in Indonesia. As 

the highest oil and gas-producing country in Southeast Asia, this resource is relied upon to be 

the main driver of economic growth. The transportation sector is the massive consumer of oil, 

with motor vehicles and other transportation industries dependent on fossil fuels for their 

operations. Meanwhile, natural gas and LNG are used in various sectors, including power 

plants, industries, and households. Gas power plants have an important role in providing 

https://sostech.greenvest.co.id/index.php/sostech
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electricity for the people of Indonesia, with most of the natural gas used for electricity 

generation coming from domestic gas fields. Apart from that, Indonesia is also one of the 

biggest LNG exporters in the world that lead this LNG exports as a significant source of income 

for the country. 

The need for natural gas as a primary energy supply in Indonesia is ranked third after coal 

and petroleum. And the amount of natural gas demand shows a slow increase from year to year. 

However, the existing natural gas supply is still unable to meet the target where natural gas is 

expected to replace the role of petroleum. This can be seen from the percentage value of the 

primary energy mix in 2023, where the role of natural gas is only 296.11 MBOE (million 

barrels of oil equivalent) or 16.28% of the total primary energy mix (Ministry of  Energy and 

Mineral Resources of Republic of Indonesia, 2024). 

 

Table 1. Primary Energy Mix in 2023 

No Primary energy MBOE % 

1 Petroleum 548,99 30,18 

2 Coal 736,00 40,46 

3 Natural Gas  296,11 16,28 

4 Renewable Energy 238,12 13,09 

Total 1.819,22 100,00 

Source: (Ministry of  Energy and Mineral Resources of Republic of Indonesia, 2024) 

 

Intensive production and large consumption of fossil energy resources obviously impact 

on environment.   Potential impacts on environment that occurred are challenges that need to 

be countermeassured. This is in line with the Government policy and commitment to shift has 

dependency on non-renewable energy. The usage of more renewable energy is also option to 

prevent environmental impacts. 

Previous studies revealed various environmental issues related to the use of fossil (non-

renewable) energy. The issues embrace global warming and climate change due to greenhouse 

gas emissions produced during the extraction, production, transportation, and burning of fossil 

energy. Activities in producing fossil energy clearly show the contribution of increasing global 

temperatures and extreme changes in weather patterns. Apart from that, fossil energy 

consumption is also associated with air pollution which damages air quality and human health, 

as well as habitat damage and biodiversity loss resulting from extraction and production 

infrastructure. There are in-depth evidences of the negative impacts of fossil energy 

consumption on the environment and society. This highlighted the importance of accelerating 

the transition to cleaner, more sustainable energy sources (Masson-Delmotte et al., 2019). 

In the sector of oil and gas, the efforts to move from non-renewable to renewable energy 

has become the main focus in order to reduce the environmental impacts of the use of fossil 

energy. Another focus studied is the latest initiatives and technologies used in integrating 

renewable energy in oil and gas sector. For example, Huang (2023) discussed a comprehensive 

review of the application of floating solar panels on waters to produce electrical energy that 

can be used in drilling operations and offshore oil production. The results of the study show 

that there is a great potential in utilizing solar energy as an environmentally friendly energy 

source in the oil and gas industry. Furthermore, Wu et al., (2022) reviewed the use of new 

thermochemical energy systems driven by solar energy and biomass for the production of 

natural gas and electricity. The application of this new system shows potential energy savings 

and reduced natural gas production. This shows the important role of renewable energy 

technologies, such as biomass and solar energy, in reducing the carbon footprint of the oil and 

gas industry. 
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Environmental problems in this sector are an issue that is currently receiving serious 

attention. Significant problem raised is environmental pollution due to oil spills, which can 

cause damage to marine and coastal ecosystems. (Singh et al., 2020) brings out the negative 

impact of oil spills on biodiversity and ecosystem balance in waters around oil and gas drilling 

facilities. Greenhouse gas emissions from oil and gas sector activities are a major concern 

because of their contribution to climate change and air quality. Another study underlined that 

the oil and gas sector in Indonesia is one of the causes in country’s global warming (Desrina, 

2014). The oil and gas industry in Indonesia contributes significant greenhouse gases, pointing 

the need for more effective mitigation measures. Waste management is also a challenge, 

especially in terms of disposal of liquid waste, flue gas, and B3 waste from oil and gas 

installations. Another review of waste management practices in Qatar’s oil and gas industry 

focused on characterization and processing technologies, challenges, and possible emerging 

opportunities. This recent research also discusses the potential for reuse (reuse) of the three 

types of waste (Shahbaz et al., 2023). Research of the environmental impact of natural gas 

production in South Kalimantan Province established the impact that came from an increase in 

natural gas consumption as an effect of decreasing pressure and an increase in the ratio of water 

to hydrocarbons during this time. Therefore, environmental problems in the oil and gas sector 

require a holistic approach involving various parties to achieve sustainable development 

(Muhamad et al., 2022). 

Kepodang natural gas field is classified in the group of upstream industry. The location 

of the Kepodang field can be seen in Figure 1. There are 6 (six) active wells and the distance 

to the central processing platform (CPP) is 2.8 km. The total production in the year 2022 

reached 5.909,77 MMSCF or 6.409.721.273 MJ. The product is transported from CPP, 200 km 

away to support the downstream industry as fuels at Tambak Lorok in Central Java Province. 

  

Figure 1. Natural gas production in Kepodang field, East Java 

Source: SEML, 2022 

 

This research aimed at the assessment of potential environmental impacts as the result of 

the production of natural gas in Kepodang field, East Java; and hotspot analysis to find out the 

significant issues in the entire life cycle of the product within the boundary system defined.  

The results of the hotspots analysis become the basis for the recommendation formulation. The 

recommendations will be addressed carried out by the oil company as the continuous 

improvement program.   Standards and guidance referred include ISO 14040:2016 (Principle 

and Framework) and ISO 14044:2017 (Guideline); Product Category Rules (PCR) of Crude 

Petroleum and Natural Gas Version 1.0 2023-06-19 and Ministerial Regulation of Environment 

and Forestry of the Republic of Indonesia No. 1 of 2021 of Public Disclosure Program for 

Environmental Compliance (PROPER). 
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RESEARCH METHODS 

This study employed the methods of life cycle assessment (LCA) European Union, 

(2010) which comply with international standards (these have been adopted to be Indonesian 

national standards). The standards include ISO 14040:2016 (Principle and Framework) and 

ISO 14044:2017 (Guideline). The implementation of this research also follows Product 

Category Rules (PCR) of Crude Petroleum and Natural Gas Version 1.0 2023-06-19; and 

Ministerial Regulation of Environment and Forestry of the Republic of Indonesia No. 1 of 2021 

of Public Disclosure Program for Environmental Compliance (PROPER). The last guidance is 

referred particularly for the selection of impact categories.  

The implementation of the research follows LCA frameworks that wraps 4 (four phases) 

as follows: 

(1) defining goal and scope; (2) life cycle inventory; (3) live cycle impact assessment; (4) 

interpretation. Please see Figure 2. 

 

 
Figure 2. LCA Framework 

Source: (SNI ISO 14040:2016, n.d.) 

 

As previously described, the goal of this study is mainly to assess potential environmental 

impacts that are affiliated with the production of natural gas in the Kepodang field; and to 

analyze significant issues of find hotspots for necessary continual improvements.  

The following is the detailed scope of the study:  

1. The declaration unit is 1 MJ natural gas in the gas metering of customers in Tambak Lorok 

Central Java. Elementary flows are based on the intensity production of the Kepodang 

natural gas field in 2022 which total amounted to 5.909,77 MMSCF or 6.409.721.273 MJ. 

2. The system boundary follows the mentioned PCR for crude oil and natural gas. The product 

system includes the phases of upstream (drilling and well operations); core in central 

processing platform - CPP (manifold, separator, fuel gas system, suction scrubber, gas 

dehydration system, export scrubber, Knock Out (KO) Drum, drain caisson, flare gas, gas 

turbine generator, gas metering and chromatograph, utilities: gas turbine compressor, 

accommodation vessel); and downstream gas metering (piping/ transportation of the product 

to Tambak Lorok). In other words, the scope of the study is cradle-to-grave. Regarding 

system boundaries defined, the cradle-to-grave approach is widely preferred, particularly 

when evaluating the use of natural gas products in electricity generation Caglayan (2022) or 

transportation (Khan et al., 2019). Figure 3 shows the flow process of the product and the 

clear system boundary of the study. 

3. There are 12 impact categories assessed and the obligated methods of LCIA as required in 

the PCR, including 4 main impact categories stipulated in Ministerial Regulation. The more 
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detail impact categories and related methods applied will be described in section 3.1 Life 

Cycle Impact Assessment Result.  

 
Figure 3. System boundary of the study 

 

4. Assumptions are set as follow: 

a. Transportation of supporting materials and fuels from Lamongan ShoreBased (LSB) to 

upstream and core is the Royal King Ali ships with a traveled distance of 122 km. 

b. Transportation of hazardous and non-hazardous waste from Upstream and Core (CPP) to 

Lamongan ShoreBased (LSB) is the Royal King Ali ships with a traveled distance of 122 

km. 

c. Emissions from the transportation of supporting materials, fuels, and travel of 

operators/personnel used database Ecoinvent after the calculation of distance traveled 

multiplied by the load of the material carried in the specification/type of vehicle (ton. 

km). 

d. Chemical supporting materials without MSDS information used similar 

ingredients/compositions with similar functions and created a “dummy” if there still 

unavailable. Dummies include Baracor 100, oxygon, DIGALITE 4200, A-02 (activator), 

HEC. 

e. There is no loss of natural gas from the transmitted pipe process in the distance traveled 

from CPP to Tambak Lorok. 

f. Accommodation vessel activities (positioned in the Kepodang field throughout the year 

2022) include personnel transportation from/ to well operations (WHT-C, WHM-A), and 

CPP, water maker (domestic purpose), electricity supply. 

g. Emissions of drilling proses use the SimaPro database. 

h. Gas turbine generator for electricity supply in CPP is distributed in equal amounts to the 

manifold, separator, suction scrubber, export scrubber, gas metering & chromatograph, 

KO drum, open drain caisson, flare gas, and utility. 

 

5. Data Inventory analysis 

According to SNI ISO 14040:2016, data inventory covers inputs, outputs, and emissions 

within the system boundary and refers to the defined goal and scope.  In this case, all data from 

the resource extraction (drilling) in the upstream up to the product in the downstream (metering 

at Tambak Lorok) such as main and supporting materials, chemical materials, energy, water, 

fuels, the product, emission to air/water/soil, and waste (hazardous and non-hazardous) are 

collected. The data inventory is analyzed in the declaration unit, per 1 MJ natural gas 

produced.  The total production of the Kepodang natural gas field in 2022 amounted to 

5.909,77 MMSCF or 6.409.721.273 MJ.  The data inventory of the study is presented in Annex 

1. 

The sources of data collection are primary/specific data (estimation, calculation, and 

interview) and secondary/generic data (Ecoinvent, SimaPro, and literature). The results of the 
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data source analysis can be seen in Table 2.  In the upstream, the study found 59% as primary 

data and the rest 41% as secondary. In the core processes, there was 91% of the data collected 

of which 82,4% is primary/specific data and the remaining 17.6% is secondary/generic 

data.  67% of the primary data is from direct measurement and 24% of the primary data is from 

estimation/calculation. The rest, 9%, is classified as cut-off criteria. In the downstream, the 

study found 33% as primary data and the rest 67% as secondary.   

 

Table 2. Summary of life cycle data source of the study 

Items/ Phase Primary Secondary 

Upstream 59% 41% 

Core 82,4% 17,6% 

Downstream 33% 67% 

Source: Research, 2023 

 

This research used SimaPro LCA Version 9.1.0.8 for data inventory processing and the 

calculation of environmental impact (classification and characterization). The summary of the 

life cycle data inventory is presented in phases of upstream, core, and downstream in Table 3.  

 

Table 3. Summary of life cycle data inventory 

Category of 

material 
Component Unit 

Amount 

 

Per 

declaration 

unit (1MJ) 

Material Raw Material from Other 

Processes  
MJ 61.337.009.917 

8,55E+

00 

Raw Material  kg 21.894 
3,42E-

06 

Solid Support Materials kg 47.684.334 
7,44E-

03 

Fluid Support Materials kg 99.056,03 1,55E-05 

Other Supporting Materials kg 37.149,30 5,80E-06 

Water Produced Water L 18.284,72 2,85E-06 

Energy Electricity kWh 18.909.494 2,95E-03 

Fuel Liquid Fuel MJ 77.712.355 1,21E-02 

Product Natural Gas MJ 
61.207.44

3.910 
9,55E+00 

Non-Hazardous 

Waste 
Non -Hazardous Waste  kg 8480 1,32E-06 

Hazardous 

Waste 
Solid Hazardous Waste kg 4.324 6,75E-07 

Liquid Hazardous Waste kg 10.526 1,74E-06 

Air Emissions Nox kg 3.071,72 4,79E-07 

SO2 kg 897,90 1,40E-07 

PM kg 563,32 8,79E-08 

CO  kg 717,27 1,12E-07 

NMVOC kg 7,77 1,21E-09 

NO2 kg 200,42 3,13E-08 

 

For more detailed data inventory can be found in Annex1. 
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RESULT AND DISCUSSION 

LCIA Results   

As required in the PCR of Crude Petroleum and Natural Gas Version 1.0 2023-06-19 

International EPD System, (2023), potential impact categories should include the following: 

global warming potential (GWP), ozone layer depletion potential (ODP), acidification potential 

(AP), eutrophication potential (EP) including marine (ME)/ freshwater (FE), photochemical 

Oxidation (POD), abiotic depletion potential (ADP) including non-fuel (ADP NF) and fuel 

(ADP F), biotic depletion potential/ ecotoxicity (BDP) including marine ecotoxicity (MAETP), 

freshwater ecotoxicity (FAETP) and terrestrial ecotoxicity (TETP),  human carcinogenic/non-

carcinogenic toxicity potential (HTPC)/(TNC), water scarcity footprint (WSF), cumulative 

energy demand (CED) and renewable energy demand (RED). Land use change was excluded 

in this study as the location of the production is on the offshore area in the Java Sea).  Whereas, 

the Ministerial Regulation No 1/2021 concerns 4 (four) main impact categories: GWP, AP, EP, 

and ODP. The methods for assessing the life cycle impact follow the requirement in the PCR 

can be seen in Table 3. 

The assessment of the environmental impact of producing 1 MJ natural gas at the 

metering in Tambak Lorok for the mentioned 12 (twelve) categories is done in SimaPro (PRé 

Sustainability, n.d.). The steps of assessment include classification, characterization, and 

weighting run in this software. 

The results of life cycle impact assessment (characterization) show that GWP 70,02 kg 

CO₂ eq; OPD 0,000001 kg CFC-11 eq, AP 0.65 mol H+ eq; ME 0,30 kg N eq; FE 0,002172 kg 

P eq; POD 0,97 kg NMVOC eq; ADP NF 0,000025 kg Sb eq; ADP F 916,53 MJ; MAETP 0,52 

kg 1,4- dichlorobenzene (DB) eq; FAETP 0,33 kg 1,4- dichlorobenzene (DB) eq; TETP 78.59 

kg 1.4- dichlorobenzene (DB) eq; HTPC 2,67 kg 1,4- dichlorobenzene (DB) eq; TNC 7,17 kg 

1,4- dichlorobenzene (DB) eq; WSF 2,02 m³; CED 916,54 MJ; dan RED 5,25 MJ. The impact 

of cradle-gate-to-grave can be seen presented in Table 4: 

 

Table 4.  Life cycle impact assessment (characterization) of Kepodang Natural Gas 

Per 1 MJ 

No 

Potential impact 

category 

Methods 

of LCIA 

Per MJ Total 

(Cradle to 

Grave) 

2022 
Cradle Gate Grave 

1 
GWP kg CO₂ eq 

EN 

158041) 
9,78E-04 7,00E+01 6,21E-02 70,02 

2 
ODP kg CFC-11 eq 

EN 

158041) 
2,00E-11 1,11E-06 1,16E-09 0,000001 

3 
AP mol H+ eq 

EN 

158041) 
1,08E-05 6,48E-01 3,01E-04 0,65 

4 EP 

ME kg N eq 
EN 

158041) 

2,97E-06 3,00E-01 8,99E-05 0,30 

FE kg P eq 2,22E-07 2,15E-03 2,42E-05 0,002172 

5 
POD kg NMVOC eq 

EN 

158041) 
9,96E-06 

9,67

E-01 
3,66E-04 0,97 

6 ADP 
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No 

Potential impact 

category 

Methods 

of LCIA 

Per MJ Total 

(Cradle to 

Grave) 

2022 
Cradle Gate Grave 

ADP NF kg Sb eq 
EN 

158041) 

5,80E-08 2,45E-05 2,79E-07 0,000025 

ADP F MJ 1,70E-02 9,16E+02 6,57E-01 916,53 

7 BDP 

MAETP kg 1,4 – 

dichlorobenzene 

(DB) eq 
ReCiPe 

2016 

(midpoint 

H) 2) 

1,15E-04 5,09E-01 6,84E-03 0,52 

FAETP kg 1,4 – 

dichlorobenzene 

(DB) eq 

8,77E-05 3,24E-01 3,78E-03 0,33 

TETP kg 1,4 – 

dichlorobenzene 

(DB) eq 

8,56E-03 7,84E+01 1,93E-01 78,59 

8 
HTPC kg 1,4 – 

dichlorobenzene 

(DB) eq 

ReCiPe 

2016 

(midpoint 

H) 2) 

7,87E-05 2,63E+00 4,08E-02 2,67 

9 
TNC kg 1,4 – 

dichlorobenzene 

(DB) eq 

ReCiPe 

2016 

(midpoint 

H) 2) 

2,18E-03 7,11E+00 5,14E-02 7,17 

10 
WSF m³ 

EN 

158041) 
7,28E-03 

1,98

E+00 

3,18

E-02 
2,02 

1

1 

CED MJ 

Single 

issue 

method 

CED 

Lower 

Heating 

Values 

(LHV) 3) 

1,70E-02 9,16E+02 6,58E-01 916,54 

1

2 

RED MJ 

Single 

issue 

method 

CED 

Lower 

Heating 

Values 

(LHV) 3) 

6,89E-04 5,21E+00 3,80E-02 5,25 

 

Note:  
1) EN 15804 Method (European Platform on LCA, n.d.)        
2) Recipe 2016 Midpoint H Method.  
3) Lower Heating Values (LHV) Method.  
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ReCiPe 2016 Midpoint H method is the approach integrates both midpoint and endpoint 

techniques, facilitating simpler interpretation and comparison across systems (Herrando et al., 

2022). Nonetheless, variations in results between the midpoint and endpoint methods may exist 

(Dong & Ng, 2014). Furthermore the LHV method, Study by Frischknecht (2015) presented 

that the 'CED standard' method and the resulting impact category indicators it computes 

primarily address the safeguard theme of 'energy resources' and do not encompass other 

environmental impacts. Accommodation vessel operates personnel transportation in the 

Kepodang natural gas field (CPP-Well Head Platform). 

 

Discussions 

This section discusses the result of the data inventory analysis and life cycle impact 

assessment.  Significant issues throughout the product life cycle can be recognized in the 

previous Table 3. Hotspots are possibly in the form of phase, unit process, and substance which 

contribute at least 85% to the environmental impact (Pareto rule).  The Pareto Principle 

suggests that a significant majority, typically 80%, of outcomes or consequences arise from a 

minority, around 20%, of inputs or causes (Dunford et al., 2014). 

In the whole phases of product’s life cycle, the most contributor to the environmental 

impact of the Kepodang natural gas fields is in the downstream phase, particularly the unit 

process of gas metering in the user/consumer (Tambak Lorok). Figures 4a, b, and c illustrate 

the 12 impact categories as the results of 1 MJ natural gas production throughout the product’s 

life cycle. 

 
4a. Impact assessment by EN 15804 method 

 
4b. Impact assessment by ReCiPe 2016, midpoint H method 

 
4c. Impact assessment by Single issue method CED 

LHV) 

Figure 4. Normalization of impact assessment for 12 impact categories in upstream, 

core, and downstream of 1 MJ Kepodang natural gas. 

 

The impact in downstream phase (indicated in yellow color) is the highest compared to 

upstream and core phases for 12 impact categories. This is due to 200 km of piping for the 

product transportation from the Central Processing Platform (CPP) to the user gate (Tambak 

Lorok, East Java). The pipe's parameter (Ecoinvent database) is referred to long-distance pipe 

with high capacity. 
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In this unit process, the use of chromium contributes 99,41% to the category impact of 

HTPC. HTPC is described as the potential impact on human health due to toxic materials in 

the form of phenol, mercury (Hg), arsenic (As), cadmium (Cd), chromium (Cr), copper (Cu), 

lead (Pb), nickel (Ni), vanadium (V), and zinc (Zn). Whereas the substance of phosphate 

contributes 92,60% to EP FE. EP FE impact is an impact on aquatic ecosystems which is 

influenced by macronutrients in the form of nitrogen, phosphate, and parameters Chemical 

Oxygen Demand (COD). According to (Patterson et al., 2020), It's crucial to gain a deeper 

understanding of the human and ecological toxicity of OCOCs (oxygenated polycyclic 

aromatic hydrocarbons) resulting from petroleum biodegradation. This understanding is 

essential for effectively managing sites where fuel has been released, enabling informed 

decisions based on risk assessment. 

Table 5 presents hotspot analysis and the results of which the 85% contributors are 

highlighted by orange color. The discussion focused on the 3 (three) hotspots of unit processes 

including gas metering, gas turbine generator, and flare gas. The study by (Mokhatab et al., 

2018), indicated that the environmental effects stemming from natural gas production activities 

can be categorized into impacts on the air, primarily from combustion during flaring, methane 

(CH₄) emissions, and the consequences of electricity generation. Additionally, there are 

impacts on water bodies caused by the disposal of produced water and other wastewater. 

 

Table 5. Hotspot analysis and result 

 
Source: hotspot analysis and result, 2023 

The 4 (four) mandatory impact categories required in the Ministerial Regulation 

(Ministrial Regulation of Environment and Forestry Republic of Indonesia, 2021) are GWP, 

AP, EP, and ODP can be elaborated as follows: 

1. The contributions to the Global Warming Potential include the unit processes of flare gas, 

gas turbine generator, KO drum, and gas metering.  The substance of carbon dioxide 

contribution amounted 89%. 

2. The impact category of Acidification Potential has the highest contributors from flare gas, 

gas turbine generator, KO drum, fuel gas system, gas metering and chromatograph, and gas 

metering.  The substances of nitrogen oxide and sulfur dioxide contributions are 50% and 

43% respectively. 

3. Eutrophication Potential has the highest contributors from flare gas, gas turbine generator, 

KO drum, fuel gas system, gas metering and chromatograph, and gas metering. The majority 

(91%) contributor is nitrogen.  
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4. The contributions to Ozone Layer Depletion Potential include the unit processes of flare 

gas, gas turbine generator, KO drum, and gas metering. The substance of methane amounted 

85% (Sriwahyuni, 2023). 

Besides, the consumption of barium contributes 79,51% to the Abiotic Depletion 

Potential non-fossil in well operation.  ADP NF is defined as non-fossil fuel abiotic decline, 

which is the depletion or reduction in the amount of non-renewable natural resources in nature 

which is measured based on the amount of energy extracted. This liquid chemical supporting 

material also becomes a significant substance in contributing the same category impact in Gas 

Turbine Generator. 

In the implementation of this study, missing data existed. According to the Standards of 

LCA, missing data within the scope boundary should be set up and described clearly. The 

treatment done for this missing data is as follows:  

1. Emission from upstream processes uses the SimaPro database  

2. The cut-off for the amount of supporting materials consumed is smaller than 1% (resided 

glycol liquid, produced water, sand). 

3. Supporting material grease & sealant, and waste domestic in accommodation vessels are 

categorized as limitations. 

In conducting the research some limitations were found that can be explained below: 

1. There are missing supporting materials: grease & sealant in the unit process of work over-

well operations. 

2. Transportation of all supporting materials, fuels, and waste (hazardous and non-hazardous) 

is carried to the Royal King Ali ships with a traveled distance of 122 km from Lamongan 

Shorebased (LSB) to upstream and core. 

3. Due to the small amount of materials (<1%), the cut-off was applied for reside glycol liquid 

(at export scrubber), produced water (at the manifold, fuel gas system, suction scrubber, and 

gas dehydration system), and sand (separator). 

Accommodation vessel is used for personnel vehicles in offshore. 

 

CONCLUSION 

This research has been conducted following the defined objectives and scope (cradle to 

grave) for natural gas products produced with a declaration unit of 1 MJ natural gas at Tambak 

Lorok Gas Metering. The study objectives to assess the impact assessment for 1 MJ of natural 

gas in the user's metering as follow: GWP 70.02 kg CO₂ eq; OPD 0.000001 kg CFC-11 eq; AP 

0.65 mol H+ eq; ME 0.30 kg N eq; FE 0.002172 kg P eq; POD 0.97 kg NMVOC eq; ADP NF 

0.000025 kg Sb eq; ADP F 916.53 MJ; MAETP 0.52 kg 1,4- dichlorobenzene (DB) eq; FAETP 

0.33 kg 1,4- dichlorobenzene (DB) eq; TETP 78.59 kg 1,4- dichlorobenzene (DB) eq; HTPC 

2.67 kg 1,4- dichlorobenzene (DB) eq; TNC 7.17 kg 1,4- dichlorobenzene (DB) eq; WSF 2.02 

m³; CED 916.54 MJ; and RED 5.25 MJ. Hotspot analysis highlighted that the most contributing 

unit process is Gas metering due to the piping transportation 200km distance traveled from 

CPP to Tambak Lorok. Other hospots also found in gas metering chromatograph, gas turbine 

generator, and flare gas. 

The contributions to the Global Warming Potential include the unit processes of flare 

gas, gas turbine generator, KO drum, and gas metering.  The cause of the substance is carbon 

dioxide by 89%. The impact category of Acidification Potential has the highest contributors 

from flare gas, gas turbine generator, KO drum, fuel gas system, gas metering and 

chromatograph, and gas metering.  The cause of the substance is nitrogen oxide at 50% d The 

substantial causes are nitrogen oxide at 50% and sulfur dioxide at 43%. Eutrophication 

Potential has the highest contributors from flare gas, gas turbine generator, KO drum, fuel gas 

system, gas metering and chromatograph, and gas metering. The cause of the substance is 

nitrogen at 91%. The contributions to Ozone Layer Depletion Potential include the unit 
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processes of flare gas, gas turbine generator, KO drum, and gas metering. The cause of the 

substance is methane 85%. The challenge faced in the research implementation was data 

availability which has been described in the limitation. Therefore, a strong recommendation is 

highlighted for the company as this is also a part of the study goal in supporting the national 

LCA big database. 

The results of this research show the environmental impacts resulting from natural gas 

production and significant issues (hotspots) that require efforts to improve better environmental 

performance. Recommendations can be addressed is the improvement of data and 

documentations quality, for example Material Safety Data Sheet (MSDS) information, tools 

information. 
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