
Ervando Tommy Al-Hanif   et al., Study of  The Calculation of  The Potential Environmental Impact 25

21 (1) (2024) 25-36

JURNAL GEOGRAFI
https://journal.unnes.ac.id/journals/JG

Study of The Calculation of The Potential Environmental Impact of Crude 
Oil Production on The Crude Oil and Gas Explore Industry in Sumatra Using 
The Life Cycle Assessment Method 

Ervando Tommy Al-Hanif1*, Purnomo Adi Saputro1, Isaaf Faadhilah2, Masyiswa Fatika Sari1, 
Damai Sinar Pertiwi1, Alifah Al Farida1

1Department of  Geography, Faculty of  Social and Political Sciences, Universitas Negeri Semarang, Indonesia
2PT Sinergi Enviro Nusantara, Indonesia
 

Abstract
The energy or oil and gas industry is one of  the largest contributing sources in Indonesia because of  
the high demand for oil and gas fuel. Still, it produces emissions and waste that have the potential to 
damage the surrounding environment. This research aims to analyze the identification of  potential 
environmental impacts from the petroleum and natural gas industry in Sumatra using the life cycle 
assessment method so that it can provide recommendations for improvements in reducing environ-
mental impacts in the petroleum and gas industry. This research uses the life cycle assessment (LCA) 
SNI ISO 14040:2016 concerning Life Cycle Assessment - Principles and Framework and SNI ISO 
14044:2017 concerning Life Cycle Assessment - Requirements and Alloys using SIMAPRO Devel-
oper 9.4.0.2 software. The results are as follows: 1) The oil and gas industry has conducted a life 
cycle assessment study according to SNI ISO 14040:2016 and 14044:2017 standards, involving 100% 
of  its petroleum products. 2) The data quality is adequate for life cycle impact assessment, with the 
data collected reaching 100% completeness. 3) The results of  the environmental impact assessment 
cover 12 relevant impact categories, providing a comprehensive picture of  the impacts produced by 
the oil and gas industry on the environment; 4) the main focus on essential issues can be directed at 
core processes or production within the scope of  the oil and gas industry. 5) Efforts to improve the 
environment can be focused on the processing unit, which is an important issue, namely diesel-based 
generator emissions from the power plant process unit. 6) The sensitivity analysis results show that 
changes in emission values in the power plant process unit do not significantly affect the resulting 
potential impacts. Hence, this emission value is not sensitive based on the collection method. 7) 
Recommendations are given based on important issues that have been identified.
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oil and gas industry?

METHOD

This research uses the Life Cycle Assessment 
(LCA) method with reference to SNI ISO 14040: 
2016 concerning Life Cycle Assessment - Princip-
les and Framework and      SNI ISO 14044: 2017 
concerning Life Cycle Assessment-Requirements 
and Alloys[12]. Use Software SIMAPRO Develo-
per 9.4.0.2. The stages in this method are purpose 
and scope, inventory analysis, impact assessment, 
and interpretation [1] [9] [10].

The research subjects that have been ref-
lected in the focus of  the study are determined 
deliberately. Research subjects become sources 
of  inventory data that will be processed using the 
LCA method and produce various information 
needed during the research process. Data sources 
required in data inventory:[11] The energy use of  
each process; Use clean water from each process; 
GHG emissions, wastewater, hazardous waste, 
and non-hazardous waste are generated in each 
process.

Data analysis in this study refers to SNI 
ISO 14040: 2016 concerning Life Cycle Assess-
ment - Principles and Framework and SNI ISO 
14044: 2017 concerning Life Cycle Assessment-
Requirements and Alloys using SIMAPRO Devel-
oper 9.4.0.2 software.

The LCA study begins by determining a 
model that describes the mass flow and energy 
used throughout the system so that data that can 
be used to build a model is needed. The stages car-
ried out in this step are: Create a flow chart based 
on the system constraints that have been created; 
Collect data from all production activities along 
the system; Calculate the environmental load ad-
justed to the function unit of  each activity

Furthermore, the impact assessment cal-
culation method was carried out using SimaPro 
software Developer version 9.4.0.2. Impact as-
sessment for the upstream and downstream proces-
ses will use databases available on SimaPro software, 
such as Ecoinvent, Agri-footprint, USLCI, and so 
on. In addition, in the impact assessment calcu-
lation, the characterization factor of  each assess-
ment method will use the characterization factor 
and methods available in the SimaPro software.

Impact categories are selected based on 
the impacts determined based on the Minister of  
Environment and Forestry Number 1 Regulation 
of  2021 concerning the Company Performance 
Rating Assessment Program in Environmental 
Management, namely 5 main impact categories 
and 7 secondary impact categories. In addition, 

INTRODUCTION

Indonesia is one of  the countries that cont-
ributes to the pollution of  emissions in the air, 
namely emissions. According to the Ministry of  
Energy and Mineral Resources, in 2022, there 
will be greenhouse gas (GHG) emissions of  1,334 
tons of  CO

2
e,

 
with the energy sector contributing 

453.2 Tons of  CO
2
e

. 
The energy or oil and gas in-

dustry is one of  the largest contributors in Indo-
nesia because of  the high demand for oil and gas 
fuel. Until 2025, fossil fuels such as gas will still 
be used. The need for fuel in the transportation 
sector in Indonesia is a fairly high dependency. 
This dependence is based on economic growth 
in Indonesia [1] [2][3]. An increase in increased 
fuel distribution activity marks this growth. 
Indonesia’s oil and gas industry produces emis-
sions and waste, both directly and indirectly, and 
can potentially damage the surrounding environ-
ment. This pollution can be in the form of  air, 
water, and soil pollution.[4][5] [6]

Seeing this phenomenon, evaluating the 
environmental impact of  the oil and gas industry 
is necessary. Based on the regulation of  the Mi-
nister of  Environment No. 1 of  2021 concerning 
the Company Performance Rating Assessment 
Program and Environmental Management using 
an impact calculation approach through the Life 
Cycle Assessment method or Life Cycle Assessment. 
ISO 14040 also specifically describes Life Cycle 
Assessment in conducting environmental impact 
analysis. Life Cycle Assessment is one method of  
assessing the impact on the environment by using 
the Software Simapro Developer 9 . LCA is used 
to identify and calculate impacts in the process 
of  production, distribution, and other supporting 
facilities based on the use of  energy sources, the 
use of  natural resources, emissions discharged 
into the environment, Hazardous solid and Non-
Hazardous Solid competitions produced. Then, 
from the identification results, an evaluation and 
improvement will be carried out based on exis-
ting conditions [7][1]. The function of  LCA is to 
analyze the potential environmental impacts aris-
ing from an activity by knowing the Input used in 
each process and the Output results of  the review 
of  existing processes.[8]

As explained above regarding the backg-
round of  the problem, the formulation of  the 
problem in this study is: How to identify potential 
environmental impacts of  the oil and gas industry 
in Sumatra using the life cycle assessment method,  
and; What is the most significant impact so that it 
can provide recommendations for improvements 
in reducing the impact on the environment in the 
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it is also based on the Draft Product Category Rules 
(PCR) of  Crude oil and natural gas) UN CPC 12 
for product category 1201 12010. The twelve (12) 
impact categories mentioned above were analy-
zed using five impact assessment methods: IPCC 
2021 GWP100, CML-IA Baseline, ReCiPe 2016 Mid-
point (H), AWARE, and Cumulative Energy Demand.

RESULTS AND DISCUSION

The life cycle venti results of  this study are 
operational activities including the process of  
land transformation, production of  supporting 
materials, and workover and well services as the 
Upstream Process (Cradle), then the process of  collect-
ing and processing the oil itself  through collection sta-
tions and supporting utilities such as power plants and 
water treatment as the Core process (Gate). Then, the 
petroleum delivery process is carried out and will 
be further processed in the company’s refinery unit, 
including the Downstream Process (Grave).

In detail, the implementation is as Up-
stream Process, Core Process, and Downstream Pro-
cess.  The upstream Process is carried out with the 
following details:

The manufacturing process of  support-
ing chemicals included in it are solvents, emul-
sifying agents, and reverse demulsifying agents. 
Although this supporting chemical is a liquid, in 
simulation, the calculation is carried out using 
mass units based on the density of  the substance.

The manufacturing process of  liquid fuel, 
namely diesel, which is used as an energy source 
in petroleum production, is measured in liters, 
but in simulated calculations, it is adjusted in 
units of  mass calculated based on density.

The land use transition from forest to op-
erational area, including well sites and station fa-
cilities, is measured in square meters.

Well management activities, fluid extrac-
tion services (including petroleum mixtures and 
produced water), and natural gas extraction are 
measured in the MMSCF quantitative reference 
for gas and barrels for oil. Solvents support fluid 
extraction from certain wells as supporting chem-
icals, which aim to facilitate the process of  petro-
leum extraction in the subsoil.

The core process is implemented with the fol-
lowing details:

The fluid flow process through the mani-
fold occurs after fluid extraction from active 
wells. This fluid flows through the manifold for 
measurement before the next step, separation, or 
processing at the gathering station.

The process of  transporting fluid through 
truck vehicles is used when the fluid has low 

pressure and does not allow it to flow through 
pipelines or manifolds. This fluid is directly sent to 
the main gathering station to follow the processing 
process

The initial separation process at the gath-
ering station was carried out on a small scale. At 
this location, initial separation is carried out to 
reduce the moisture content in petroleum using 
reverse demulsifier chemicals. After the initial sepa-
ration, the oil is sent to the main gathering station 
for processing.

The processing process at the main gathering 
station, as the main collection center on a large 
scale, focuses on separating the water content 
from petroleum to meet the quality standards 
set for sales. Here, the fluid undergoes continu-
ous circulation and is handled with the help of  
chemical demulsifiers and reverse demulsifiers. Oil is 
processed until it reaches a less than 0.5% water 
level before distribution.

Virtual ports or artificial terminals are used 
to collect oil that has undergone treatment and 
meets the requirements with a water content of  
less than 0.5%. At this artificial terminal, the 
loading and unloading process fills the tanker 
that will carry oil to the Refinery Unit through 
shipping through maritime routes.

The downstream Process is carried out with 
the following details:

The process of  distributing petroleum from 
the virtual port to the Refinery Unit is carried out 
through tankers that use diesel fuel as their power 
source. The travel distance reaches 115 km in ev-
ery single shipment. The delivery process is car-
ried out 29 times in 1 year.

At the refinery: petroleum processing into 
diesel fuel (ADO) is carried out in the Refinery 
Unit. Of  the total production flow carried out by 
the Refinery Unit, approximately 0.1738 barrels of  
diesel fuel (ADO) are produced from each barrel 
of  petroleum.

Consumption: The utilization of  diesel 
fuel (ADO) in the transportation sector, espe-
cially in vehicles with a higher weight, impacts 
greenhouse gas emissions. These gases include 
CO2, CH4, and N2O.

Total inventory summary data is presented 
in full, starting from raw material inputs, energy 
use, water use, use of  supporting materials and 
other materials, and outputs including products, 
air emissions produced, liquid waste generated, 
Hazardous waste, and non-hazardous waste. 
Inventory calculation will be used to calculate 
impact and analyze important issues. Below are 
Tables 4 and 5 summaries of  inventory data.
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Table 1. Summary of  Cradle-to-Grave Process In-
ventory Data

Table 2. Grave Inventory Data Summary (Down-
stream)

Table 3. Solar Use Process

The results of  the life cycle impact assess-
ment carried out in the LCA study will be divi-
ded into two, according to the unit of  function, 
where the unit of  petroleum function or per GJ 
of  petroleum will be included in the results of  the 
calculation of  the impact that is the scope of  the 
company or cradle-to-gate. The 2nd function unit, 
an impact assessment based on function units per 
liter of  diesel product (ADO) used by consumers 
or downstream processes, will be included in the 
cradle-to-grave calculation.

In this study, a Life Cycle Assessment was 
carried out, divided based on function units, 
namely per GJ of  petroleum for the company’s 
scope (cradle-to-gate) and per liter of  diesel product 
(ADO) for the scope of  cradle-to-grave. The impact 
assessment results on the company scope can be 
found in Table 4 for the overall overview, Table 5 
for the impact of  upstream processes, and Table 6 
for the impact of  core processes. This assessment 
details the impact of  1 GJ of  petroleum, which 
is part of  the total petroleum production 2021 of  
324,059.62 barrels or equivalent to 1,956,007.68 
GJ.

Table 4. Results of  Life Cycle Impact Assessment 
of  1 GJ of  Petroleum Products
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Table 5. Results of  Upstream Process Life Cycle 
Impact Assessment 1 GJ Petroleum

Table 6. Results of  Life Cycle Impact Assessment 
Core Process 1 GJ Petroleum 1

Table 7. Results of  Life Cycle Impact Assessment 
Core Process 1 GJ Petroleum 2

Within the scope of  the cradle-to-grave pro-
cess, an impact assessment is carried out based on 
downstream products produced by the Refinery 
Unit, namely 1 liter of  diesel (ADO) out of  a total 
of  8,953,301.95 liters. The results of  the impact 
assessment can be seen in Table 8.

Table 8. Cradle-to-Grave Life Cycle Impact Assess-
ment per 1 liter of  diesel (ADO)

After completing the impact assessment for 
the entire impact category, the next step is iden-
tifying the critical issues. This identification will 
be based on analyzing inventory data, determin-
ing the processes that contribute the most, and 
establishing the life cycle stages that influence the 
environmental impact categories in the product 
system being analyzed.

Identifying important issues in this study 
is limited to the processes covered in the oil and 
gas industry research scope. The process involves 
the extraction of  fluid from nature and the core 
process, which includes the fluid drainage pro-
cess unit in the manifold, separation in the gathering 
station, production in the main gathering station, oil 
reception in the virtual port, injection process in the 
water injection well, and power generation. This 
approach is taken to maintain the priority focus 
of  impact on the main production process units 
within the company’s operational areas.

Important issues identified from inventory 
data, with emphasis on processes that contribute 
the most based on the Pareto Rules, are presented 
in Table 9.

An analysis of  important issues based on 
process units that most contribute to environmen-
tal impact has been carried out for all categories 
of  environmental impacts related to operations in 
oil and gas industries. It covers fluid extraction 
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from natural and core processes, such as fluid 
jetting process units in manifolds, separation in 
gathering stations, production in main gathering 
stations, oil reception in virtual ports, and injection 
processes in water injection wells and power plants, 
by the Pareto Principle.   

Table 9. Important Issues Based on Inventory 
Data

In Table 9, the contribution percentages of  
each process unit are shown for the total poten-
tial impact of  each impact category. Additional 
information in the table description includes a 
special explanation, where the green information 
with a minus number (-) indicates that the process 
positively impacts the environment. For example, 
when a process such as Process A has an impact 
of  -40%, it illustrates that the process positively 
or contributes positively to the environment by 
returning the substance to nature.

Table 10. Analysis of  Important Issues by Pro-
cess Unit

Based on Table 10, all impact categories 
are quantified. Percentages, then the interpreta-
tion of  all impact categories is carried out as fol-
lows:

Global Warming Potential
According to the data in Table 8, the pro-

cessing unit that predominantly provides the po-
tential impact of  global warming is the power 
generation unit. The process of  causing such im-
pacts is mainly related to the emissions generated 
from generators in the operational functions of  
generating units. The power plant process unit 
is the main facility that produces the electricity 
needed in production operations using diesel-
based fuel. The impact contribution of  this pro-
cess unit reaches 4.39E+00 kg CO2 ek per GJ, 
representing a percentage of  82.78% of  the total 
global warming impact generated by the entire 
production system.

Ozone Layer Depletion Potential
According to Table 8, the process unit that 

most significantly exerts the potential impact as-
sociated with ozone layer depletion is the sludge 
treatment process by a third party. This sludge is 
produced as a by-product of  the oil separation 
and production process at the gathering station 
and main gathering station. The gathering station 
is the initial unit in oil processing that separa-
tes oil from water content. In contrast, the main 
gathering station is the main production process 
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that sets the quality standards of  oil products.  
The sludge processing process of  residual 

production by third parties resulting from the 
separation process and oil production at the gath-
ering station and main gathering station contributed 
an impact of  8.26E-11 kg CFC11 ek per GJ and 
1.16E-10 kg CFC11 ek per GJ, respectively with 
percentages of  38.50% and 54.10%. 

Acid Rain Potential
From the data listed in Table 8, the pro-

cessing unit that dominates the most in causing 
the potential impact of  acid rain is the power 
generation unit. The processes responsible for 
such impacts are mainly related to emissions 
generated from generators in the operational 
functions of  generating units. The power plant 
process unit is the main facility to produce the 
electricity needed in production operations using 
diesel-based fuel. The impact contribution of  this 
process unit reaches 7.33E-02 kg SO2 ek per GJ, 
which dominates with a percentage of  99.99% of  
the total impact of  acid rain produced by the en-
tire production system.

Eutrophication Potential
Based on the data in Table 8, the process-

ing unit that most significantly exerts the poten-
tial impact associated with eutrophication is the 
power generation unit. The processes responsible 
for such impacts are primarily related to emis-
sions generated from generators in the operation-
al functions of  generating units. The processing 
unit of  the power plant serves as the main facility 
for generating the electricity needed in production 
operations using diesel-based fuel. The impact 
contribution of  this process unit reached 1.66E-
02 kg PO4 ek per GJ, dominating with a percent-
age of  99.99% of  the total eutrophication impact 
generated by the entire production system.

Photochemical Formation Potential
According to the information contained in 

Table 8, the process units that most significantly 
exert potential impacts related to photochemical 
formation are power generation units and fluid 
drainage processes in manifolds. The processes 
that cause this impact are mainly related to the 
emissions generated from generators in the pro-
cess units of  power plants and the fugitive emis-
sions derived from manifolds. The power plant 
process unit is the main facility for generating 
electricity in production operations using diesel-
based fuel. Meanwhile, the manifold process unit 
is part of  the fluid drainage process in manifold pipes 
from the extraction process to the initial separation at 

the gathering station. 
The impact contribution of  these two pro-

cess units is 4.02E-04 kg C
2
H

4
 ek per GJ for pow-

er generation units and 1.07E-04 kg C
2
H

4
 ek per 

GJ for fluid jetting units in manifolds. The contri-
bution percentage reached 68.72% and 18.27%, 
respectively, to the total impact of  photochemi-
cal formation produced by the entire production 
system.

Potential Decline in Abiotic Fossils
According to the data in Table 8, the pro-

cess unit that most significantly exerts the poten-
tial impact associated with fossil abiotic decline is 
the “Work Over and Well Services” process unit, with 
the largest contribution coming from the process 
of  extracting fluids (petroleum and natural gas) 
from the ground. This process unit is part of  ex-
tracting fluid from underground, which serves 
as an initial or upstream stage in the oil and gas 
industry operations. The impact contribution of  
this process unit reached 6.16E+04 MJ per GJ, 
which dominates with a percentage of  99.99% to 
the total impact of  fossil abiotic decline produced 
by the entire production system.

Non-Fossil Abiotic Decline Potential
From the information listed in Table 8, the 

most dominant processes in providing potential 
non-fossil abiotic impacts are sludge processing of  
production residues by third parties, resulting 
from oil separation and production process units 
at the gathering station and main gathering sta-
tion, as well as processing used oil from power 
plant process units. A  gathering station is an ini-
tial process unit in oil processing to separate oil 
from water content. In contrast, a main gathering 
station is the main production or processing pro-
cess that sets oil product quality standards. The 
power plant process unit is the main facility for 
generating electricity in production operations 
using diesel-based fuel [13]. The sludge process-
ing process of  residual production by third parties 
from the separation process and oil production at 
the gathering station and main gathering station, as 
well as the processing of  used oil from the power 
plant process unit, each contributed an impact of  
5.95E-10 kg Sb ek per GJ, 8.34E-10 kg Sb ek per 
GJ, and 1.93E-10 kg Sb ek per GJ. The contribu-
tion percentages are 30.10%, 42.22%, and 9.78%, 
respectively, to the total non-fossil abiotic impact 
generated by the entire production system.

Potential Reduction in Biotic/Ecotoxicity
From the information contained in Table 

8, the most dominant processes in providing po-
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tential impacts related to biotic decline are sludge 
processing of  production residues by third parties, 
resulting from oil separation and production pro-
cess units at the gathering station and main gather-
ing station, as well as scrap iron processing from power 
plant process units. A  gathering station is an initial 
process unit in oil processing to separate oil from 
water content. In contrast, a main gathering sta-
tion is the main production or processing process 
that sets oil product quality standards. The power 
plant process unit is the main facility for gener-
ating electricity in production operations using 
diesel-based fuel.

The sludge processing of  residual produc-
tion by third parties from the separation process 
and oil production at the gathering station and main 
gathering station, as well as scrap iron processing 
from the power plant process unit, each contribut-
ed an impact of  4.19E-04 kg 1.4-DCB ek per GJ, 
5.87E-04 kg 1.4-DCB ek per GJ, and 2.17E-03 kg 
1.4-DCB ek per GJ, respectively. The contributi-
on percentage is 11.67%, 16.36%, and 60.37%, 
respectively, to the total impact of  biotic decline 
produced by the entire production system.

Potential Toxicity to Human Carcinogenic
According to the information contained 

in Table 8, the most dominant processes in pro-
viding potential toxicity impacts on carcinogenic 
humans are third-party processing of  used oil, 
resulting from the oil separation and production 
process unit at the main gathering station, as well 
as scrap iron processing and scrap oil from the 
power plant process unit. The main gathering sta-
tion process is the main production or processing 
process, where the oil products produced in this 
process unit must meet specified standards. The 
process-generating unit is the main facility for 
producing electricity in production operations us-
ing diesel-based fuel.

The process of  processing oil residual pro-
duction by third parties from the separation pro-
cess unit and oil production at the main gathering 
station, scrap iron processing, and used oil from 
the power plant process unit each contributed an 
impact of  2.22E05 kg 1.4-DCB ek per GJ, 3.65E-
05 kg 1.4-DCB ek per GJ, and 2.72E-05 kg 1.4-
DCB ek per GJ, respectively. The contribution 
percentages are 20.81%, 20.77%, and 25.43%, 
respectively, to the total impact of  toxicity to car-
cinogenic humans produced by the entire produc-
tion system.

Potential Toxicity to Non-Carcinogenic Hu-
mans

According to the information contained in 

Table 8, the most dominant processes in provid-
ing potential non-carcinogenic human toxicity 
impacts are the processing of  used oil and used 
plastics by third parties, produced by the oil sepa-
ration and production process unit at the main 
gathering station, and the processing of  scrap iron 
and used oil from the power plant process unit. 
The main gathering station process is the main 
production or processing process, where the oil 
products produced in this process unit must meet 
specified standards. The process-generating unit 
is the main facility for producing electricity in 
production operations using diesel-based fuel.

The processing of  oil and plastic used from 
production by third parties from the oil separa-
tion and production process unit at the main gath-
ering station, scrap iron processing, and used oil 
from the power plant process unit each contrib-
uted an impact of  2.31E-04 kg 1.4-DCB ek per 
GJ, 1.83E-03 kg 1.4-DCB ek per GJ, 8.17E-04 kg 
1.4-DCB ek per GJ,  and 2.82E-04 kg 1.4-DCB 
ek per GJ. The contribution percentages were 
5.87%, 46.53%, 20.77%, and 7.17% to the total 
non-carcinogenic human toxicity impact gener-
ated by the entire production system.

Water Scarcity Footprint
According to the data in Table 8, the most 

dominant process unit in providing the potential 
impact of  water scarcity traces is the water injec-
tion well process unit, which is part of  injecting 
produced water back into the soil. Water injection 
wells return water produced from the production 
process or oil separation into the soil. The wa-
ter injection positively impacts the environment, 
as it returns the substance, that is, water, back to 
nature. This positive impact is seen in the water 
scarcity footprint value of  -1.87E+01 m3 per GJ 
and contributes 100% to the total water scarcity 
footprint impact generated by the entire produc-
tion system.

Land Use
According to the information in Table 

8, the most dominant process unit in providing 
potential land use impacts is the use of  produc-
tion land. The oil and gas industry carries out 
the production process or industrial activities in 
one of  the districts in Sumatra by transforming 
and expanding land that was originally a forest 
into wells and production stations, with a total 
area of  around 2,508,675.00 m2. From the land 
transformation activities carried out, a land use 
contribution of  5.44E+01 m2a crop oak per GJ 
was recorded and contributed 100% to the total 
land use impact generated by the entire produc-
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tion system.

Cumulative Energy Demand Non-Renewable
According to the data contained in Table 

8, the most dominant process unit in providing 
the potential impact of  cumulative energy demand 
non-renewable is the Work Over and Well Services 
process unit, with the main contribution coming 
from the process of  extracting fluids (petroleum 
and natural gas) from the ground. This process 
unit is the initial or upstream stage in the series 
of  oil and gas industry activities, where petro-
leum and natural gas substances are taken from 
the ground. This processing unit contributed an 
impact of  6.16E+04 MJ per GJ, with a contribu-
tion percentage of  99.99%, which was caused by 
taking the natural substance.

Cumulative Energy Demand Renewable
According to the data contained in Table 

8, the most dominant process unit in providing 
the potential impact of  renewable cumulative energy 
demand is the Work Over and Well Services pro-
cess unit, with the main contribution coming from 
the process of  extracting fluids (petroleum and 
natural gas) from the ground. This process unit 
is the initial or upstream stage in the series of  oil 
and gas industry activities, where petroleum and 
natural gas substances are taken from the ground. 
This processing unit contributes an impact of  
5.02E-05 MJ per GJ, with a contribution percent-
age of  100% due to the process of  taking the natu-
ral substance.

In the analysis of  the last important issue 
(hotspot), this study also pays attention to the stag-
es of  the life cycle, namely upstream processes, 
core processes, and downstream processes, to 
identify the contribution of  each life cycle stage 
to the petroleum production process in one of  the 
oil and gas industries. The evaluation of  impor-
tant issues is carried out based on the production 
process covering the scope of  one of  the oil and 
gas industries, especially related to 1 GJ of  pe-
troleum products for the cradle-to-gate scope and 1 
liter of  diesel fuel (ADO) to involve the cradle-to-grave 
scope. The scope of  the cradle-to-grave includes the 
unit refinery process and the consumer use of  the 
product. This analysis aims to determine the life 
cycle stages that most contribute to oil and gas 
companies’ petroleum production process.

In this study, evaluation was carried out 
through completeness checks, sensitivity checks, 
uncertainty checks, and consistency checks. 
Completeness checking is carried out by verify-
ing that all data requirements are met to meet the 
objectives and scope of  this study. Priority in data 

selection for this study is given to primary data. If  
primary data is unavailable, data collection will 
be carried out by the procedures described in the 
Data Collection Procedure.

Table 11. Analysis of  Important Issues Basle-to-
Gate 1 GJ Scope of  Petroleum

Table 12. Analysis of  Important Issues Based on 
the Scope  of  Cradle-to-Grave 1 liter of  Diesel Fuel 
(ADO)

In the data quality assessment in the Data 
Quality Assessment, it was revealed that all data 
collected reached a completeness level of  100%. 
Specifically, primary data account for 70% of  di-
rect measurement results, while 30% comes from 
calculations or estimates. The collected data in-
volves all the important potential issues of  the 
company’s operations, ensuring that the results 
of  the interpretation of  lifecycle impact assess-
ments are reliable.



Ervando Tommy Al-Hanif   et al., Study of  The Calculation of  The Potential Environmental Impact 34

Table 13. Data Completeness

Sensitivity checks are carried out to assess 
the extent of  data importance and their impact on 
the impact assessment results. This study’s focus 
of  sensitivity checks is directed at one of  the main 
focus data, namely emissions produced by solar-
based generators from power plant process units. 
In addition to being the main focus, one oil and 
gas industry company has involved an inventory 
of  air emissions from each process using calcula-
tion methods that have been recognized as stan-
dards or received company approval.

Therefore, data derived from the calcula-
tion process has the potential to deviate. In ana-
lyzing sensitivity, modifications were made to air 
emission data by reducing by 20% and 10% and 
adding by 10% and 20%. This is done to evaluate 
the extent of  sensitivity of  the impact assessment 
results to changes in hotspot values, which is the 
main focus of  attention in this analysis.

Table 14. Generator Air Emission Data from 
Power Plant Process Units

From the results of  modifying the number 
of  streams for sensitivity checks to hotspots and 
data capture methods, the following sensitivity 
check results are obtained.

The results of  sensitivity analysis showed 
that variations in emission hotspot values from gen-
erators in power plants and modifications to the 
calculation method did not produce a significant 
impact. Despite a change of  +/- 20%, the differ-
ence in potential impact is less than 20%. Thus, it 
can be concluded that the emission data from the 

generator and the emission inventory calculation 
method have achieved an adequate and reliable 
level of  representativeness for environmental im-
pact assessment. Just as is done in other research, 
from the results of  the interpretation, it is known 
that all impact categories studied have important 
issues [14].

Table 15. Sensitivity Check Results

Uncertainty checks become relevant when 
there are data with a high degree of  uncertainty, 
low data quality, or assumptions involved in the 
calculation, so an examination is needed to assess 
the impact of  such uncertainty on the reliability 
of  Life Cycle Impact Assessment (LCIA) results. 
However, in the context of  this study, uncertainty 
checks are not carried out because all data in the 
inventory is primary data or the result of  routine 
monitoring. Therefore, the data is of  good quality 
and representative of  the actual condition of  the 
company, eliminating the need for uncertainty 
checks.

Consistency checks are conducted to verify 
that assumptions, methods, and data have been 
consistently applied throughout the study and by 
the definition of  objectives and scope that have 
been previously set to conclude. This consistency 
check process involves qualitative evaluation of  
several aspects, including consistency of  data 
quality with the purpose and scope of  the study, 
consistent application of  regional and/or tempo-
ral differences, consistent application of  alloca-
tion rules and system boundaries, and consistent 
application of  impact assessments.
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Table 16. Consistency Checks

CONCLUSION

Based on the LCA analysis that has been 
carried out on each process unit of  the oil and 
gas industry, several significant conclusions can 
be drawn as follows:

The oil and gas industry has carried out a 
life cycle assessment study according to SNI ISO 
14040: 2016 and 14044: 2017 standards, involving 
100% of  its products, namely petroleum. This as-
sessment covers the scope of  cradle-to-grave using 
2021 company data for cradle-to-gate scenarios, 
and 2020 refinery unit data for grave scenarios. The 
function units analyzed are 1 GJ of  petroleum 
and 1 liter of  diesel fuel (ADO) for grave scenarios.

The quality of  the data used is adequate 
for lifecycle impact assessment, with the data col-
lected reaching 100% completeness. Specific/pri-
mary data consists of  70% of  direct measurement 
results and 30% of  calculations or estimates.

The results of  the environmental impact 
assessment cover 12 relevant impact categories, 
providing a comprehensive picture of  the impact 
generated by the oil and gas industry on the en-
vironment.

Based on the identification of  important 
issues (hotspots), it was revealed that the main focus 
on important issues can be directed at core process-
es or production within the scope of  the oil and 
gas industry. Therefore, improvement program 
recommendations can be drafted by companies 
based on these hotspot findings. In the context of  
petroleum production, hotspots come from the 
emission process of  solar-based generators in 

power generation process units.
Environmental improvement efforts can be 

focused on process units that are an important is-
sue, namely solar-based generator emissions from 
power plant process units.

Sensitivity checks are carried out by modi-
fying the emission values produced by the genera-
tor. This is done considering that the inventory 
of  emissions is carried out using the company’s 
internal calculations. The sensitivity analysis re-
sults showed that changes in emission values in 
the power plant process unit did not significantly 
affect the results of  the potential impact gener-
ated. Thus, it can be concluded that this emission 
value is not sensitive based on the collection met-
hod.

Potential for global warming, Potential 
ozone layer depletion, Potential acid rain, Po-
tential for eutrophication, Photochemical oxi-
dation, Potential for abiotic decline (fossil and 
non-fossil), consisting of  Abiotic depletion and 
Abiotic depletion (fossil fuels), Potential for abi-
otic decline, consisting of  Terrestrial ecotoxicity; 
Freshwater ecotoxicity; and Marine ecotoxicity, 
Human toxicity (carcinogenic), Human toxicity 
(non-carcinogenic), Water footprint, Land use 
change, Cumulative energy demand, consisting 
of  Non-renewable and Renewable

From the interpretation results, it is known 
that all impact categories studied have important 
issues (hotspots) in core process or production 
units within the scope of  the oil and gas industry 
caused by diesel-based generators from power 
generation process units with a characterization 
value for global warming potential of  6 .42E+00 
Kg CO

2
 ek / GJ, Potential for ozone layer deple-

tion of  1.00E-06 Kg CFC11 ek / GJ, Potential for 
acid rain of  8.14E-02 Kg SO

2
 ek / GJ, Potential 

for eutrophication of  1.76E-02 Kg PO
4
 ek / GJ, 

Photochemical oxidation of  9.92E-04 Kg C
2
H

4
 

ek / GJ, Potential for abiotic depletion (fossil and 
non-fossil), consisting of: Abiotic depletion of  
1.15E-06 Kg Sb ek / GJ and Abiotic depletion ( 
fossil fuels) of  6.17E+04 MJ / GJ, Potential for 
biotic decline, consisting of: Terrestrial ecotoxici-
ty of  2.68E+00 Kg 1.4-DCB ek / GJ; Freshwater 
ecotoxicity of  1.03E-02 Kg 1.4-DCB ek / GJ; and 
Marine ecotoxicity of  1.70E-02 Kg 1.4-DCB ek 
/ GJ, Human toxicity (carcinogenic) of  2.94E-
02 Kg 1.4-DCB ek / GJ, Human toxicity (non-
carcinogenic) of  2.88E -01 Kg 1.4-DCB ek / GJ, 
Water footprint of  -1.86E+01 m3 / GJ, Land use 
change of  5.45E+01 m2a crop ek / GJ, Cumulati-
ve energy demand, consisting of: Non-renewable 
amounting to 6.69E+04 MJ / GJ and Renewable 
amounting to 2.08E-01 MJ / GJ.



Ervando Tommy Al-Hanif   et al., Study of  The Calculation of  The Potential Environmental Impact 36

Recommendations are given based on im-
portant issues that have been identified, namely 
in the power plant process unit. Recommenda-
tions Based on Hotspots are as follows: 

Developing a program to optimize the op-
eration of  G-3412 and G-398 generator sets by 
utilizing related gas or wet gas from PRM-26 and 
MRB-01 production wells aims to reduce depen-
dence on diesel fuel in production operational 
power plants. Substituting diesel with this gas can 
significantly reduce emissions from combustion 
in power plants.

Modification and maintenance of  the re-
cover pit, with the addition of  nets, is expected to 
reduce the amount of  dirt entering, optimize the 
performance of  suction pumps, and effectively re-
duce energy use, with a positive impact on emis-
sions from the use of  diesel in power plants.

Using heat generated by generator blowers 
for water heaters through heat recovery steam genera-
tors aims to increase the efficiency of  electricity 
use. By harnessing this heat, the use of  electric-
ity in production can be minimized, resulting in 
fuel savings, and reducing emissions from power 
plants.
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