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PREFACE
The Faculty of Engineering of Universitas Negeri Semarang, Indonesia organized the 11" EIC. The

conference this year, with the theme "Applied Green Technology for Environment Conservation
Through Continuous Engineering Innovation," was successfully held on September 22nd, 2022. This
year's annual conference was also held digitally through Zoom meeting and streamed on YouTube
like in the previous year due to the effects of COVID-19 and government travel limitations.

The Academic Vice Rector of Universitas Negeri Semarang launched the conference and provided a
quick overview of the institution. Next, in the plenary session, four keynote speakers from Taiwan,
Malaysia, and Indonesia gave their speeches. Each of them spokes for 45 minutes, followed by a 15-
minute Q&A period. Each speaker attended the Zoom meeting in order to present their speech. Also,
this session was facilitated by knowledgeable and skilled moderators from the Faculty of Engineering
at UNNES. From the beginning of the opening ceremony to the conclusion of the plenary session,
more than 900 attendees enthusiastically joined a Zoom meeting.

Following the plenary session, nine Zoom meeting rooms were assigned to the 128 presenters from
Indonesia, Malaysia, Thailand, and Taiwan depending on the contents of the manuscript in order to
hold a parallel session presentation. A moderator ran the presentation and the Q&A session in each
room. Presenters were allotted 10 minutes for their presentation and 5 minutes for questions and
answers. All of the presenters and participants in each room had excellent discussions thus
increased participants' understanding of the subject delivered. Idea sharing was also promoted
through the sessions.

The committee, partner, keynote speakers, presenters, participants, and everyone else who helped
make this virtual conference a success were all thanked deeply despite the pandemic circumstances.
Without any notable issues, all of the attendees joined in and participated throughout the entire
session. The best presenter from each parallel room was named at the conclusion to recognize their
tremendous effort in organizing the presentation. All keynote speakers, presenters, and conference
attendees received a certificate from the committee following the conference as identification of
their involvement.

This document is a compilation of the 53 presenters' accepted manuscripts. It presents the findings
from research as well as concepts, data, and applications pertaining to green technology theory,
design, development, implementation, testing, and evaluation. In this proceeding, various
engineering-related subjects are presented. The following areas are where green technology is used:

1) Biodegradable Materials

2) Biomass Conversion

3) Biotechnology and Bioprocess

4) Disaster Resilience Infrastructure
5) Energy Efficiency

6) Energy Management System

7) Environmental Monitoring

8) Green Chemicals

9) Green Construction

10) Green Materials

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
Published under licence by IOP Publishing Ltd 1



EIC-2022 10P Publishing
IOP Conf. Series: Earth and Environmental Science 1203 (2023) 011001 doi:10.1088/1755-1315/1203/1/011001

11) Green Technology in Building
12) Green Technology System
13) Green Transportation

14)
15) Natural Disaster Mitigation
16)

17) Renewable Energy

Intelligent Control System

Renewable and Sustainable Materials

18) Renewable Resources

19) Sustainability in the Built Environment
20) Sustainable Architecture

21) Waste Treatment

The goal of this proceeding is to contribute to the advancement of green technology. Also, we wish
everyone reading this proceedings pleasure and success in expanding an understanding of
engineering research. We value everyone's dedication and hard work and anticipate that the
conference will be even more successful the following year.



EIC-2022

IOP Publishing

IOP Conf. Series: Earth and Environmental Science 1203 (2023) 011001

Scientific Committee

Dr. Kongkiti Phusavat

Professor

Department of Industrial Engineering,
Kasetsart University, Thailand

Dr. Achmad Nizar Hidayanto
Professor

Faculty Of Computer Science
Universitas Indonesia

Dr. Wahyu Caesarendra

Associate Professor

Faculty Of Intergrated Technologies
Universiti Brunei Darussalam

Naraphorn Paoprasert, Ph.D.
Associate Professor

Department of Industrial Engineering,
Kasetsart University, Thailand

Fernando Lopez-Caballero, Ph.D.
Associate Professor

doi:10.1088/1755-1315/1203/1/011001

Centrale Sup’elec Laboratoire MSS Mat Grande Voie des Vignes 92290 - Ch"atenay -

Malabry, France

Dr. Bambang Haryadi

Professor

Civil Engineering Department
Universitas Negeri Semarang, Indonesia

Boon Cheong Chew, Ph.D.
Associate Professor

Department of Technology, Management Faculty of Technology Management & Technopreneurship

(FPTT)
Universiti Teknikal Malaysia Melaka (UTeM), Malaysia

Samsudin Anis, Ph.D.

Professor

Mechanical Engineering Department
Universitas Negeri Semarang, Indonesia

Dr. Megawati, S.T., M.T.

Professor

Chemical Engineering Department
Universitas Negeri Semarang, Indonesia

Dr. Subiyanto, S.T., M.T.

Professor

Electrical Engineering Department
Universitas Negeri Semarang, Indonesia



EIC-2022 10P Publishing
IOP Conf. Series: Earth and Environmental Science 1203 (2023) 011001 doi:10.1088/1755-1315/1203/1/011001

Adhi Kusumastuti, Ph.D

Professor

Faculty of Engineering

Universitas Negeri Semarang, Indonesia

Dr. Rini Kusumawardani S.T., M.T., M.Sc.
Associate Professor

Civil Engineering Department
Universitas Negeri Semarang, Indonesia

Dr. Dwi Widjanarko S.Pd., S.T., M.T.
Associate Professor

Mechanical Engineering Department
Universitas Negeri Semarang, Indonesia



EIC-2022

IOP Publishing

IOP Conf. Series: Earth and Environmental Science 1203 (2023) 011001

Technical Committee
Chief of EIC 2022
Muhammad Faizal Ardhiansyah Arifin, S.T., M.T., Ph.D.

Secretary

Virgiawan Adi Kristianto, S. Pd., M. Ed.
Listiyono Budi, S.Pd., M.T.

Dr. Ardiyan Adhi Wibowo, S.T., M.T.

Treasurer

Retno Mayasari, S.Pd., M.Pd.
Alfita llfiyaningrum, S.T., M.T.
Caecilia Sri W, S.E., M.M.

Conference Publication

Samsudin Anis. S. T., M. T., Ph. D.

Dr. Rini Kusumawardhani, S.T., M.T., M.Sc.
Agung Budiwirawan, S.T., M.T., Ph.D.

Adhi Kusumastuti, S.T., M.T., Ph.D.

Dr. Prima Astuti Handayani, S.T., M.T.

Dr. Feddy Setio Pribadi, S.Pd., M.T.

Dr. Eng. Aldias Bahatmaka

Atika, S.Pd., M.Pd.

IT & Humas

Nur Iksan, S. T., M. Kom

Riska Dami Ristanto, S.Pd, M.Pd.
Rizki Setiadi, S.Pd., M.T.

Hanrian Rosa

Ahmad Rifaldi

Sponsorship
Dimas Wicaksono, S. T., M" Eng.
Untoro Nugroho, S.T., M.T.

Secretariat

Isna Pratiwi, S.T., M.Arch.
Masni Maksiolg A.Md
Asti Dwi Afidah, A.Md

doi:10.1088/1755-1315/1203/1/011001



|OP Conference Series: Earth and
Environmental Science

United Kingdom | Universities and research institutions | Media Ranking

Country Subject Area and Category Publisher
Earth and Planetary Institute of Physics
oS Sciences
e Earth and Planetary
SCimago Sciences (miscellaneous)

Media Rankings

Environmental Science
Environmental Science
{miscellaneous)

Physics and Astronomy
Physics and Astronomy
{miscellaneous)

SIR 2024 H-Index

0.214 o8

Putblication type ISSN Coverage
Conferences and 17551307, 17551315 2010-2025

Proceedings

Information

Scope
The open access |OP Conference Series: Earth and Environmental Science (EES) provides a
fast, versatile and cost-effective proceedings publication service.



« > cC

0=
-0

scimagojr.com/journalsearch.php?q=199001950688&¢tip=sid&clean=0

50k

25k

2010 2012 2014 2016 2018 2020 2022 2024

@ Documents cited by public policy (Overton) )\9\ 535

270

180

90

2010 2012 2014 2016 2018 2020 2022 2024

IOP Conference Series: < Show this widget in your
Earth and Environmental... :
own website
Not yet assigned
quartile

Just copy the code below

5162321‘ - and paste within your html

code:

powered by scimagojr.com

| <a href="https://www.scimago

,

2010 2012 2014 2016 2018 2020
Cites / Doc. (4 years)

@ Cites / Doc. (3 years)
@ Cites / Doc. (2 years)

@ Documents related to SDGs (UN)

12k
9k
6k

3k

2018 2019 2020 2021 2022

G SCimago Graphica g8 b

Explore, visually s c,
communicate and '.J
make sense of data 'fg
with our new data -
visualization tool.

2022

2023

2024

2024

&

=

@



- C 25 lopscience.iop.org/issue/1755-1315/1203/1

w Open abstract  [Z]View article B PDF

OPEN ACCESS 012040
Bio Oil Production from Multi-Feed Stock Biomass Waste and The Upgrading Process for Quality Improvement - Mini Review
H Prasetiawan, Hadiyanto, D S Fardhyanti, W Fatriasari, A Chafidz, A G Rakasiwi, Y V Kaja, N F Rahma and | R Laili

» Open abstract [=|View article P PDF

OPEN ACCESS 012041

Simulation of Esterification-Transesterification of Waste Cooking Oil to Produce Biodiesel using Ultrasound Assisted
Integrated Double Column Reactive Distillation

R D Kusumaningtyas, Y W P Budiono, A D H Kusuma, H Prasetiawan, H Ardiansyah and M Hidayat
« Open abstract  [Z]View article BEPDF

OPEN ACCESS 012042
Smart Micro Grid Architecture for Realtime Monitoring of Solar Photovoltaic Based on Internet of Things

Nur lksan, Purwanto and Heri Sutanto

» Open abstract [=|View article BEPDF

Renewable Resources

OPEN ACCESS 012043
Effect of Solvent Type and Extraction Time on Binahong Leaf Extraction Process

M Kusumaningrum, D S Fardhyanti, J Jai, D N Yulianto, I S Suminar and Nurjaya

en abstract  [Z|View article fPDF

=

@



v Open abstract ~ =)Viewarticle ~ $EIPDF

Sustainability in The Built Environment

OPEN ACCESS 012044
Environmental Impact Assessment of Steel Production in Indonesia : A Case Study

Syifa Alyarahma, Indah Permata Sari and Wawan Kurniawan

w Open abstract ~ =)View article ~ $EJPDF

OPEN ACCESS 012045
Highest and Best Use (HBU) Analysis on Vacant Land in Jakarta Garden City, East Jakarta

H Laena and Raflis

» Open abstract =|View article  F%PDF

Sustainable Architecture

OPEN ACCESS 012046
Redesign of Trans-Semarang Bus Stop at Prof. Soedarto Segment Using an Accessibility Approach

| Pratiwi, A A Wibowo, F Savanti, D | Yulianto and A Setiyawan
v Open abstract ~ [Z|View article ~ %PDF



IOP Conference Series:
Earth and
Environmental Science

&%, PURPOSE-LED
“w§# PUBLISHING™

PAPER « OPEN ACCESS

Environmental Impact Assessment of Steel
Production in Indonesia : A Case Study

To cite this article: Syifa Alyarahma et al 2023 |OP Conf. Ser.: Earth Environ. Sci. 1203 012044

View the article online for updates and enhancements.

You may also like

- Research on the Prediction Model of

Molten Steel Composition in Electric Arc
Eurnace

Zhiyong Liu, Rong Zhu, Guangsheng Wei
etal

- A combined hydro-pyrometallurgical

process for zinc oxide and iron oxide
extraction from electric arc furnace dust
waste

Hwang Sheng Lee and Yao Yi Teo

- Elution of zinc in dust discharged from

electric arc furnace in carbonic acid
solution
S Yokoyama, T Sasaki, J Sasano et al.

This content was downloaded from IP address 222.124.62.208 on 02/02/2026 at 07:51


https://doi.org/10.1088/1755-1315/1203/1/012044
/article/10.1088/1742-6596/2890/1/012034
/article/10.1088/1742-6596/2890/1/012034
/article/10.1088/1742-6596/2890/1/012034
/article/10.1088/1755-1315/945/1/012027
/article/10.1088/1755-1315/945/1/012027
/article/10.1088/1755-1315/945/1/012027
/article/10.1088/1755-1315/945/1/012027
/article/10.1088/1742-6596/352/1/012050
/article/10.1088/1742-6596/352/1/012050
/article/10.1088/1742-6596/352/1/012050

EIC-2022 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 1203 (2023) 012044 doi:10.1088/1755-1315/1203/1/012044

Environmental Impact Assessment of Steel Production in
Indonesia : A Case Study

Syifa Alyarahma, Indah Permata Sari*, Wawan Kurniawan

Department of Industrial Engineering, Faculty of Industrial Technology,
Universitas Trisakti

indah.permatasari@trisakti.ac.id

Abstract. One of the biggest energy consumers and CO2 emitters in the world is the steel sector.
With the growth in infrastructure construction, steel output has risen year over year. Therefore,
a life cycle assessment of inputs and outputs at each stage of the steel manufacturing process is
necessary to enable the adoption of life cycle management and offer sustainable production and
consumption. The Life Cycle Assessment method is employed in this study to assess the
environmental effects of steel manufacturing in Indonesia. The CML-IA baseline method, which
assesses several impact categories including global warming, ozone layer depletion,
acidification, and eutrophication, and others impact was used in this study and SimaPro 9.2
software was used to calculate the environmental impact of steel production. According to the
findings, the largest contributors to the overall impact are the electric arc furnace, rolling mills,
ladle furnaces, which use chemicals, and reheating furnaces, which use LPG. The entire impact
of the steel manufacturing process on global warming, using a functional unit of 1 ton steel, is
1215.17 kg CO2 eq, of which the Electric Arc Furnace (EAF) contributes 477.37 kg CO2 eq, or
39% of the total CO2 emissions. Based on these findings, an effort is therefore required to reduce
the consumption of fuel in the reheating furnace as well as electricity in the EAF and rolling
mills.

1. Introduction
One of the industrial items that finds extensive application throughout a range of industries, including
transportation, construction, and building, is steel [1]. After the chemical sector, the iron and steel
industry consumes the second-highest amount of energy globally and ranks among the top emitters of
CO2 [2]4]. 3.2% of the emissions of greenhouse gases come from the steel industry. 15% of industrial
emissions come from this category of business [5]. Climate change can be brought on by greenhouse
gas emissions from industrial operations, hence this issue needs to be addressed [6]. A total of 84.26
million tonnes of crude steel were produced in 2019, more than double the amount produced over the
previous three decades [7]. A difficulty is that, in addition to the anticipated rise in infrastructure
development and demand for construction steel, there may also be significant environmental risks from
the steel manufacturing process. While there are potential environmental hazards that cannot be avoided,
infrastructure development is expanding. This illustrates the need for actions to lessen the effects of the
steel-making process on the environment. In order to determine how the steel production process affects
the environment, one way that can be used is the Life Cycle Assessment (LCA) method.

LCA is an assessment of the life cycle of a product system by compiling and evaluating inputs,
outputs and potential environmental impacts. The input in question is the flow of raw materials,

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY

of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1
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materials, or energy that enters the process unit, while the output is the flow out of the process unit,
which can be in the form of emissions into the air and discharge to water and soil. or still in the form of
materials or materials to enter the next process unit [8]. LCA evaluates the environmental impacts
associated with collecting raw materials from the earth, until the materials return to the earth, including
all by-products to the air, water, and soil. LCA describes all activities and environmental impacts
comprehensively [9]. LCA results can be used to develop better production processes, foster initiatives
to innovate products or processes, design products, improve environmental management systems, and
assist companies in setting corporate strategies for sustainable development [10].

Impact assessment of steel products using LCA has been studied in a number of countries. Li
investigated the CO2 emissions from the iron and steel industry in China [11]. This study investigated
direct and indirect CO2 emissions, and the findings showed that the primary direct emission sources are
coke and coal, while indirect emissions are produced by the transportation sector, petroleum processing,
mineral production, and coal mining. Another study that analyzed the environmental effects of steel
manufacturing in Italy [1] came to the conclusion that using the slag from steel production as a raw
material in construction and agriculture can lessen the environmental impact of steel production. Backes
[2] used a 1 kg hot-rolled coil functional unit to undertake a cradle to gate examination of the steel
production process. According to this study, power plants, which have a 48% global warming potential
(GWP) value, are the biggest emitters, followed by blast furnaces, which have a 22% GWP value. To
ensure the sustainability of the steel industry in Indonesia, a life cycle evaluation of steel products must
be performed as there has been very little research done on the examination of the environmental impact
of steel manufacturing in Indonesia. With the help of LCA, this study examine the effects on the
environment of producing one type of steel product in Indonesia. In order to optimize that process,
hotspot detection is used to identify the step that affects the steelmaking process overall the most.

2. METHODS

SimaPro software was used to process the LCA data. According to ISO 14040 and 14044, the
attributional LCA processes were carried out and followed:

Goal and scope definition: The process with the greatest environmental impact from steel production
activities in one of the steel companies in Indonesia is identified by this study using the life cycle
assessment method. The research's objectives were accomplished within its parameters and purview.
The input and output of each step of production are converted in accordance with the functional unit of
1 ton of steel in 2020, which serves as the measurement or functional unit in this study. The steel
manufacturing process is covered by this study, which comprises the electric arc furnace (EAF), ladle
furnace (LF), continuous casting machine (CCM), reheating furnace (RF), rolling mills (RM), and
finishing mills (FM) (see Figure 1). This analysis excludes transport between processes. Global warming
potential (GWP), abiotic depletion (ADP), ozone layer depletion (ODP), human toxicity (HT),
freshwater aquatic ecotoxicity (FAETP), terrestrial ecotoxicity (TETP), photochemical oxidation (POP),
acidification (AP), and eutrophication (EP) are among the effect categories that are assessed using the
CML-IA baseline technique.

Life Cycle Inventory: Inventory analysis gathers data on physical flows for product systems, including
inputs of resources, materials, semi-products, products, emission outputs, and waste products. At this
point, data input is recapitulated in the form of electrical energy, raw materials, and chemicals, and the
outputs take the form of the goods produced by each unit that processes products.

Life Cycle Impact Assessment (LCIA): process for assessing potential environmental effects by
categorizing LCI outcomes. Characterization is done during the environmental impact evaluation stage
by directly comparing the results (LCI) in each effect category that is investigated based on the method
used.

Interpretation: conclusions, constraints, and recommendations are all part of interpretation.
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Figure 1. The system boundaries of steel production

3. Results and Discussion
The initial stage carried out is the Life Cycle Inventory, which is a data recapitulation of electrical
energy, raw materials, chemicals and products produced from each product processing unit. The data
obtained from the data recording of the Steel Melting Department and the Rolling Mills. For units that
are not the same, a unit value conversion is carried out for each unit to facilitate data input and processing
in the Simapro software. After entering the process, as well as the number of inputs and outputs from
each process, analysis is carried out which will quantify the inputs that have been entered so that the
magnitude of the impact is obtained. The following is the table of inflow and outflow of each process
of steel production.

The life cycle impact evaluation was calculated by characterizing using the ISO 14040 process, so
the results are not normalized. By multiplying LCI results by the characterisation factor and grouping
the conversion results into the same impact category, one can calculate indicator outcomes

(characterization).
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Table 1. The life cycle inventory of steel production (1 ton)

Input Output
Material Amount Unit Material Amount Unit
Electric Arc Furnace
Scrap 1,101 tons Liquid steel 1,011 tons
Electricity 390.82 KwH Slag 0.064 tons
CaO 0.036 tons Dust 0.064 tons
Carbonizer 0.002 tons
LNG 101.8 MIJ
Oxygen 8.07 Nm 3
Electric Dust
Collector 24.68 KwH
Ladle Furnace
Liquid steel 1,011 tons Liquid Steel 1.03 tons
Carbonizer 0.003 tons
FeSi 0.001 ton
SiMn 0.011 ton
FeCrom 0.002 ton
CaO 0.007 ton
Argon 34,784 kg
Nitrogen 1,491 ppm
Electricity 47.86 KwH
Continuous Casting Machine
Liquid steel 1.03 ton Billets 1.03 ton
Electricity 13.06 KwH
Water 0.879 m?
Oxygen 0.183 m 3
LPG 0.382 kg
Reheating Furnace
Billets 1.03 tons Heated billets 1.03 tons
LPG 47,127 m 3
Rolling Mills
Heated billets 1.03 ton  Deformed Steel 1 ton
Electricity 363.57 KwH Mill scale 0.03 ton
Water 0.310 m ? Water 0.310452864 m 3
Finishing Line
Deformed Steel 1 ton  Deformed Steel 1 ton
Electricity 18.49 KwH

The ISO 14040 standard approach was used to determine the environmental effect data up until the
characterization stage, hence the results are not normalized. According to the classification and
characterization processes of the impact analysis per functional unit, the impact of each category for
each lifecycle phase is represented in Table 2 as absolute values.

Based on the Table 1, it can be seen that 1 ton of steel produces an impact on Global warming of
1215.165 kg CO: eq, with the process that has the greatest contribution to the category of Global
warming impact is the Electric Arc Furnace with an impact contribution of 477.36 kg CO; eq, followed
by Rolling Mills with a contribution of 395.55 kg CO; eq, Ladle furnace with a contribution of 174.37
kg CO; eq, and Reheating Furnace with a contribution of 132.99 kg CO, eq. The cause of the large
contribution to Global Warming from the Electric Arc Furnace, and Rolling Mills process is the result
of indirect emissions resulting from large electricity consumption. Meanwhile, the Reheating Furnace
is caused by the use of LPG fuel to reheat the billet before entering the Rolling Mills. Characterization
can also be displayed in graphic form. Figure 2 displays the quantification and characterisation of each
step of the manufacturing process in relation to the impact category.
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Table 2. Characterization of Steel Product

Impact category Unit EAF LF CCM RF RM FM Total
GWP kg CO2 eq 47137 174.37 14.26 132.99 395.44 20.73 1215.17
5.77x10°
ODP kgCFC-11-eq 2.95x10° 7.69x10° 4.17x107 1.65x10°  1.16x10°  6.07x107 5
HT kg 1,4-DB eq 356.91 96.52 8.44 11.56 234.09 12.27 719.81
FAETP kg 1,4-DB eq 447.78 86.10 12.90 9.28 357.87 18.76 932.69
ADP kg Sbeq 3.6x1073 2.2x10* 1.2x10°% 1.7x10* 3.3x10* 1.75x10°  4.3x107
TETP kg 1,4-DB eq 0.96 0.29 0.03 0.045 0.83 0.04 221
POP kg C2H4 eq 0.073 0.052 0.002 0.013 0.057 0.003 0.200
AP kg SO2 eq 222 0.82 0.063 0.11 1.77 0.09 5.07
EP kg PO4--- eq 2.37 0.47 0.08 0.02 2.17 0.11 5.23

The contribution of each production step to the effect category is depicted in Figure 2. Overall,
Electric Arc Furnace contributes the most to all impact categories, with very little help from scrap, lime,
and other additives, with the majority of this contribution coming from the high energy usage. Due to
the lack of certain materials added to either production process, as well as the comparatively low
quantity of electricity needed, finishing mills and continuous casting machines contribute the least
overall to all impact categories. Except for the effect category for the ozone layer depletion, where the
usage of LPG makes the reheating furnace the second largest contributor after the electric arc furnace,
production activities associated to rolling mills are the second largest contributor in every impact
category. Due to the employment of chemicals as a material in the Ladle furnace process to generate the
required steel requirements, the contribution of ladle furnaces to the impact of photochemical oxidation
has a value that is practically equivalent to Rolling mills.

100% L
80%
%

Furnace

sting Machine
M Reheating Furnace
M Rolling Mills

Finishing Mills

Figure 2. Classification of the product lifecycle according to impact category — analysis of the
contribution of the steel production stages for all impact categories

Based on the results of previous studies on a steel melting industry in Poland [12], it is known that
the contribution to Global Warming from electricity consumption in the EAF is 469 kg CO; eq. In
addition, an LCA study on a steel industry in China found that the total impact on the global warming
category was 1042.8 kg CO; eq, slightly lower than the total impact on global warming in this study.
However, in that study, the steel melting process used the basic oxygen furnace [13]. Figure 3 show the
impact contribution of each raw material in the steel production process. It is known that the process
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that has the largest contribution is electricity. So based on the results, an effort is needed to minimize
the use of electricity in the EAF and rolling mills, as well as the use of fuel in the reheating furnace.

. Electricity, medium voltage {ID}| market for | Cut-off, S

D Heat, central or small-scale, natural gas {GLO}| market group for | Cut-off, S

. Silicon, metallurgical grade {GLO}| market for | Cut-off, S

. Iron scrap, sorted, pressed {RoW}| market for iron scrap, sorted, pressed | Cut-off, S
. Ferrosilicon {GLO}| market for | Cut-off, S

. Lime, packed {RoW}| market for lime, packed | Cut-off, S

Figure 3. Characterization distribution of materials

4. Conclusions

Utilizing the LCA method, an environmental impact analysis of the steel production process in Indonesia
was conducted. Using Simapro software and the CML-IA baseline method, the environmental impact
was calculated. GWP, ADP, ODP, HT, FAETP, TETP, POP, AP, and EP are among the effect categories
that were examined. A ton of steel has a functional impact of 1215.17 kg CO2 eq, and 39% (477.37 kg
CO2 eq) of the total CO2 emissions from the steel manufacturing process come from EAF. The reason
EAF and rolling mills have such a significant influence on global warming and each category of impact
is because of how much electricity they require. LPG is utilized for billet reheating, which in turn fuels
the reheating furnace process. Due to the extensive and intensive use of power in the steel smelting and
processing business, electricity consumption is the most significant effect category. Based on these
findings, an effort is therefore required to reduce the use of fuel in the RF as well as power in the EAF
and rolling mills. By presenting multiple scenarios for the steel production process, more research may
be done by using LCA to analyze each scenario's environmental impact. The ideal scenario for
enhancing the manufacturing process that can reduce the environmental impact of the steel production
process can be used by steel producers based on the findings.
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Abstract. One of the biggest energy consumers and CO2 emitters in the world is the steel sector.
With the growth in infrastructure construction, steel output has risen year over year. Therefore,
a life cycle assessment of inputs and outputs at each stage of the steel manufacturing process is
necessary to enable the adoption of life cycle management and offer sustainable production and
consumption. The Life Cycle Assessment method is employed in this study to assess the
environmental effects of steel manufacturing in Indonesia. The CML-IA baseline method, which
assesses several impact categories including global warming, ozone layer depletion,
acidification, and eutrophication, and others impact was used in this study and SimaPro 9.2
software was used to calculate the environmental impact of steel production. According to the
findings, the largest contributors to the overall impact are the electric arc furnace, rolling mills,
ladle furnaces, which use chemicals, and reheating furnaces, which use LPG. The entire impact
of the steel manufacturing process on global warming, using a functional unit of 1 ton steel, is
1215.17 kg CO2 eq, of which the Electric Arc Furnace (EAF) contributes 477.37 kg CO2 eq, or
39% of the total CO2 emissions. Based on these findings, an effort is therefore required to reduce
the consumption of fuel in the reheating furnace as well as electricity in the EAF and rolling
mills.

1. Introduction
One of the industrial items that finds extensive application throughout a range of industries, including
transportation, construction, and building, is steel [1]. After the chemical sector, the iron and steel
industry consumes the second-highest amount of energy globally and ranks among the top emitters of
CO2 [2]4]. 3.2% of the emissions of greenhouse gases come from the steel industry. 15% of industrial
emissions come from this category of business [5]. Climate change can be brought on by greenhouse
gas emissions from industrial operations, hence this issue needs to be addressed [6]. A total of 84.26
million tonnes of crude steel were produced in 2019, more than double the amount produced over the
previous three decades [7]. A difficulty is that, in addition to the anticipated rise in infrastructure
development and demand for construction steel, there may also be significant environmental risks from
the steel manufacturing process. While there are potential environmental hazards that cannot be avoided,
infrastructure development is expanding. This illustrates the need for actions to lessen the effects of the
steel-making process on the environment. In order to determine how the steel production process affects
the environment, one way that can be used is the Life Cycle Assessment (LCA) method.

LCA is an assessment of the life cycle of a product system by compiling and evaluating inputs,
outputs and potential environmental impacts. The input in question is the flow of raw materials,

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
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materials, or energy that enters the process unit, while the output is the flow out of the process unit,
which can be in the form of emissions into the air and discharge to water and soil. or still in the form of
materials or materials to enter the next process unit [8]. LCA evaluates the environmental impacts
associated with collecting raw materials from the earth, until the materials return to the earth, including
all by-products to the air, water, and soil. LCA describes all activities and environmental impacts
comprehensively [9]. LCA results can be used to develop better production processes, foster initiatives
to innovate products or processes, design products, improve environmental management systems, and
assist companies in setting corporate strategies for sustainable development [10].

Impact assessment of steel products using LCA has been studied in a number of countries. Li
investigated the CO2 emissions from the iron and steel industry in China [11]. This study investigated
direct and indirect CO2 emissions, and the findings showed that the primary direct emission sources are
coke and coal, while indirect emissions are produced by the transportation sector, petroleum processing,
mineral production, and coal mining. Another study that analyzed the environmental effects of steel
manufacturing in Italy [1] came to the conclusion that using the slag from steel production as a raw
material in construction and agriculture can lessen the environmental impact of steel production. Backes
[2] used a 1 kg hot-rolled coil functional unit to undertake a cradle to gate examination of the steel
production process. According to this study, power plants, which have a 48% global warming potential
(GWP) value, are the biggest emitters, followed by blast furnaces, which have a 22% GWP value. To
ensure the sustainability of the steel industry in Indonesia, a life cycle evaluation of steel products must
be performed as there has been very little research done on the examination of the environmental impact
of steel manufacturing in Indonesia. With the help of LCA, this study examine the effects on the
environment of producing one type of steel product in Indonesia. In order to optimize that process,
hotspot detection is used to identify the step that affects the steelmaking process overall the most.

2. METHODS

SimaPro software was used to process the LCA data. According to ISO 14040 and 14044, the
attributional LCA processes were carried out and followed:

Goal and scope definition: The process with the greatest environmental impact from steel production
activities in one of the steel companies in Indonesia is identified by this study using the life cycle
assessment method. The research's objectives were accomplished within its parameters and purview.
The input and output of each step of production are converted in accordance with the functional unit of
1 ton of steel in 2020, which serves as the measurement or functional unit in this study. The steel
manufacturing process is covered by this study, which comprises the electric arc furnace (EAF), ladle
furnace (LF), continuous casting machine (CCM), reheating furnace (RF), rolling mills (RM), and
finishing mills (FM) (see Figure 1). This analysis excludes transport between processes. Global warming
potential (GWP), abiotic depletion (ADP), ozone layer depletion (ODP), human toxicity (HT),
freshwater aquatic ecotoxicity (FAETP), terrestrial ecotoxicity (TETP), photochemical oxidation (POP),
acidification (AP), and eutrophication (EP) are among the effect categories that are assessed using the
CML-IA baseline technique.

Life Cycle Inventory: Inventory analysis gathers data on physical flows for product systems, including
inputs of resources, materials, semi-products, products, emission outputs, and waste products. At this
point, data input is recapitulated in the form of electrical energy, raw materials, and chemicals, and the
outputs take the form of the goods produced by each unit that processes products.

Life Cycle Impact Assessment (LCIA): process for assessing potential environmental effects by
categorizing LCI outcomes. Characterization is done during the environmental impact evaluation stage
by directly comparing the results (LCI) in each effect category that is investigated based on the method
used.

Interpretation: conclusions, constraints, and recommendations are all part of interpretation.
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Figure 1. The system boundaries of steel production

3. Results and Discussion
The initial stage carried out is the Life Cycle Inventory, which is a data recapitulation of electrical
energy, raw materials, chemicals and products produced from each product processing unit. The data
obtained from the data recording of the Steel Melting Department and the Rolling Mills. For units that
are not the same, a unit value conversion is carried out for each unit to facilitate data input and processing
in the Simapro software. After entering the process, as well as the number of inputs and outputs from
each process, analysis is carried out which will quantify the inputs that have been entered so that the
magnitude of the impact is obtained. The following is the table of inflow and outflow of each process
of steel production.

The life cycle impact evaluation was calculated by characterizing using the ISO 14040 process, so
the results are not normalized. By multiplying LCI results by the characterisation factor and grouping
the conversion results into the same impact category, one can calculate indicator outcomes

(characterization).
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Table 1. The life cycle inventory of steel production (1 ton)

Input Output
Material Amount Unit Material Amount Unit
Electric Arc Furnace
Scrap 1,101 tons Liquid steel 1,011 tons
Electricity 390.82 KwH Slag 0.064 tons
CaO 0.036 tons Dust 0.064 tons
Carbonizer 0.002 tons
LNG 101.8 MIJ
Oxygen 8.07 Nm 3
Electric Dust
Collector 24.68 KwH
Ladle Furnace
Liquid steel 1,011 tons Liquid Steel 1.03 tons
Carbonizer 0.003 tons
FeSi 0.001 ton
SiMn 0.011 ton
FeCrom 0.002 ton
CaO 0.007 ton
Argon 34,784 kg
Nitrogen 1,491 ppm
Electricity 47.86 KwH
Continuous Casting Machine
Liquid steel 1.03 ton Billets 1.03 ton
Electricity 13.06 KwH
Water 0.879 m?
Oxygen 0.183 m?
LPG 0.382 kg
Reheating Furnace
Billets 1.03 tons Heated billets 1.03 tons
LPG 47,127 m 3
Rolling Mills
Heated billets 1.03 ton  Deformed Steel 1 ton
Electricity 363.57 KwH Mill scale 0.03 ton
Water 0.310 m ? Water 0.310452864 m 3
Finishing Line
Deformed Steel 1 ton  Deformed Steel 1 ton
Electricity 18.49 KwH

The ISO 14040 standard approach was used to determine the environmental effect data up until the
characterization stage, hence the results are not normalized. According to the classification and
characterization processes of the impact analysis per functional unit, the impact of each category for
each lifecycle phase is represented in Table 2 as absolute values.

Based on the Table 1, it can be seen that 1 ton of steel produces an impact on Global warming of
1215.165 kg CO; eq, with the process that has the greatest contribution to the category of Global
warming impact is the Electric Arc Furnace with an impact contribution of 477.36 kg CO; eq, followed
by Rolling Mills with a contribution of 395.55 kg CO; eq, Ladle furnace with a contribution of 174.37
kg CO; eq, and Reheating Furnace with a contribution of 132.99 kg CO, eq. The cause of the large
contribution to Global Warming from the Electric Arc Furnace, and Rolling Mills process is the result
of indirect emissions resulting from large electricity consumption. Meanwhile, the Reheating Furnace
is caused by the use of LPG fuel to reheat the billet before entering the Rolling Mills. Characterization
can also be displayed in graphic form. Figure 2 displays the quantification and characterisation of each
step of the manufacturing process in relation to the impact category.
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Table 2. Characterization of Steel Product

Impact category Unit EAF LF CCM RF RM FM Total
GWP kg CO2 eq 47137 174.37 14.26 132.99 395.44 20.73 1215.17
5.77x10°
ODP kgCFC-11-eq 2.95x10° 7.69x10° 4.17x107 1.65x10°  1.16x10°  6.07x107 5
HT kg 1,4-DB eq 356.91 96.52 8.44 11.56 234.09 12.27 719.81
FAETP kg 1,4-DB eq 447.78 86.10 12.90 9.28 357.87 18.76 932.69
ADP kg Sbeq 3.6x1073 2.2x10* 1.2x10°% 1.7x10* 3.3x10* 1.75x10°  4.3x107
TETP kg 1,4-DB eq 0.96 0.29 0.03 0.045 0.83 0.04 221
POP kg C2H4 eq 0.073 0.052 0.002 0.013 0.057 0.003 0.200
AP kg SO2 eq 222 0.82 0.063 0.11 1.77 0.09 5.07
EP kg PO4--- eq 2.37 0.47 0.08 0.02 2.17 0.11 5.23

The contribution of each production step to the effect category is depicted in Figure 2. Overall,
Electric Arc Furnace contributes the most to all impact categories, with very little help from scrap, lime,
and other additives, with the majority of this contribution coming from the high energy usage. Due to
the lack of certain materials added to either production process, as well as the comparatively low
quantity of electricity needed, finishing mills and continuous casting machines contribute the least
overall to all impact categories. Except for the effect category for the ozone layer depletion, where the
usage of LPG makes the reheating furnace the second largest contributor after the electric arc furnace,
production activities associated to rolling mills are the second largest contributor in every impact
category. Due to the employment of chemicals as a material in the Ladle furnace process to generate the
required steel requirements, the contribution of ladle furnaces to the impact of photochemical oxidation
has a value that is practically equivalent to Rolling mills.
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Figure 2. Classification of the product lifecycle according to impact category — analysis of the
contribution of the steel production stages for all impact categories

Based on the results of previous studies on a steel melting industry in Poland [12], it is known that
the contribution to Global Warming from electricity consumption in the EAF is 469 kg CO; eq. In
addition, an LCA study on a steel industry in China found that the total impact on the global warming
category was 1042.8 kg CO; eq, slightly lower than the total impact on global warming in this study.
However, in that study, the steel melting process used the basic oxygen furnace [13]. Figure 3 show the
impact contribution of each raw material in the steel production process. It is known that the process
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that has the largest contribution is electricity. So based on the results, an effort is needed to minimize
the use of electricity in the EAF and rolling mills, as well as the use of fuel in the reheating furnace.

. Electricity, medium voltage {ID}| market for | Cut-off, S

D Heat, central or small-scale, natural gas {GLO}| market group for | Cut-off, S

. Silicon, metallurgical grade {GLO}| market for | Cut-off, S

. Iron scrap, sorted, pressed {RoW}| market for iron scrap, sorted, pressed | Cut-off, S
. Ferrosilicon {GLO}| market for | Cut-off, S

. Lime, packed {RoW}| market for lime, packed | Cut-off, S

Figure 3. Characterization distribution of materials

4. Conclusions

Utilizing the LCA method, an environmental impact analysis of the steel production process in Indonesia
was conducted. Using Simapro software and the CML-IA baseline method, the environmental impact
was calculated. GWP, ADP, ODP, HT, FAETP, TETP, POP, AP, and EP are among the effect categories
that were examined. A ton of steel has a functional impact of 1215.17 kg CO2 eq, and 39% (477.37 kg
CO2 eq) of the total CO2 emissions from the steel manufacturing process come from EAF. The reason
EAF and rolling mills have such a significant influence on global warming and each category of impact
is because of how much electricity they require. LPG is utilized for billet reheating, which in turn fuels
the reheating furnace process. Due to the extensive and intensive use of power in the steel smelting and
processing business, electricity consumption is the most significant effect category. Based on these
findings, an effort is therefore required to reduce the use of fuel in the RF as well as power in the EAF
and rolling mills. By presenting multiple scenarios for the steel production process, more research may
be done by using LCA to analyze each scenario's environmental impact. The ideal scenario for
enhancing the manufacturing process that can reduce the environmental impact of the steel production
process can be used by steel producers based on the findings.
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