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ABSTRACT

COMPARISON OF SUB-PROCESSES AND FINAL PRODUCTS OF IRON AND
STEEL PRODUCTION WITH LIFE CYCLE ASSESSMENT

Olmez, Giilnur
M.Sc., Department of Environmental Engineering
Supervisor: Prof. Dr. Ulkii Yetis
Co-Supervisor: Prof. Dr. Filiz B. Dilek

November 2011, 191 pages

Iron and steel production is one of the most resource and energy demanding
industries around the world. Throughout the life cycle of iron and steel products, the
intensive use of raw materials and energy results in contributions to a wide range of
environmental impacts. This study conducts a life cycle assessment (LCA) for iron
and steel production in Turkey using SimaPro software and IMPACT 2002+ impact
assessment method with the purpose of comparing the impacts of life cycle stage
(coke making, sintering, iron making, steel making) and final products (billet, slab,
hot rolled wire rod, hot rolled coil). The system boundary was set as cradle-to-gate,
the functional unit was selected as 1 ton of product, and the study was conducted
using the inventory data collected from one of the three integrated iron and steel
facilities representing the majority of the industry in Turkey. Different production
scenarios for the final products were also evaluated to see the variation in the total
impacts. The results indicated that, liquid steel production process exhibited the
highest total environmental impact, which was followed by sinter production. Coke
production process showed the highest impact on depletion of non-renewable energy
sources. The comparison of the impacts for different final products revealed that hot
rolled coil causes the highest total environmental impact. Moreover, the
environmental impact of mechanical workshop of the facility was found negligible

when compared to the production processes.

Keywords: Iron and steel production, life cycle assessment, SimaPro software
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0z
DEMIR VE CELIK URETIMI ALT SURECLERi VE NIHAI URUNLERININ
YASAM DONGUSU DEGERLENDIRMEST ILE KARSILASTIRILMASI

Olmez, Giilnur
Yiiksek Lisans, Cevre Miihendisligi Boliimii
Tez Yoneticisi: Prof. Dr. Ulkii Yetis
Ortak Tez Yoneticisi: Prof. Dr. Filiz B. Dilek

Kasim 2011, 191 sayfa

Demir ve c¢elik iiretimi, diinyanin en biiyilk kaynak ve enerji gerektiren
endiistrilerden biridir. Demir ve c¢elik {riinlerinin yasam dongiisii boyunca,
hammadde ve enerjinin yogun kullanimi c¢ok cesitli ¢evresel etkilere sebep olur. Bu
calisma, SimaPro yazilimi ve IMPACT 2002+ degerlendirme metodu kullanilarak
yasam dongiisii asamalarinin (kok yapimi, sinterleme, demir iiretimi, c¢elik iiretimi)
ve nihai iirtinlerin (kiitiik, slab, sicak haddelenmis kangal, sicak haddelenmis bobin)
etkilerini karsilastirma amaci ile, Tiirkiye'de demir ve ¢elik iiretimi i¢in bir Yasam
Dongiisii Degerlendirmesi’ni (YDD) ortaya koymaktadir. Sistem sinir1 besikten
kapiya olarak belirlenmis, islevsel birim 1 ton iiriin olarak secilmis ve c¢alisma
Tiirkiye’de sektoriin cogunlugunu temsil eden ii¢ entegre demir ve ¢elik tesisinden
biri olan tesisten elde edilen envanter verileri kullanilarak yapilmistir. Nihai iriinler
icin farkli iretim senaryolart toplam etki iizerindeki degisiklikleri gérmek icin
degerlendirilmistir. Elde edilen sonuglara gore, sivi celik toplam cevresel etkiler
acisindan en bilyiik etkiye sahip oldugu ve bunu sinterin takip ettigi bulunmustur.
Kok iiretim prosesi yenilenemeyen enerji kaynaklarinin tiiketimine en biiyiik etkiyi
gostermistir. Farkli nihai dirtinlerin etkilerinin karsilastirilmasi, sicak haddelenmis
bobinin en yiiksek toplam cevresel etkiye sahip oldugunu ortaya koymaktadir.
Ayrica, iiretim siiregleri ile karsilastirildiginda, tesisin mekanik atolyesinin cevresel

etkisi goz ard1 edilebilir bulunmustur.

Anahtar Kelimeler: Demir celik iiretimi, yasam dongiisii degerlendirmesi, SimaPro
yazilimi
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CHAPTER 1

INTRODUCTION

1.1. General

Steel is one of the most attractive, most robust and sustainable basic materials for a
sustainable development of modern industrialized societies around the world.
Thousands of different types of steel products facilitate and improve our daily life in
innumerable applications [1]. With the increase in worldwide total economic
activities and the growth of economy reflecting the demand for more housing, car,
and white goods and for other iron and steel products/structures, and therefore
production has been increasing rapidly [2]. The global production of crude steel

reached 1.417.264 thousand tons in 2010 [3].

In the iron and steel production over world, China takes the first place, and Japan,
Russian, and U.S. follow it. Turkey, with a 25.304.000 tons production had a share of
1.9% of the total world production in 2009 [3] and ranked number ten among the 64
steel-producing countries in the World. Meanwhile, in Europe, Turkey ranks number
two after Germany [3]. So; iron and steel industry has a vital role in the economic

development of Turkey [2].

Iron and steel production is highly energy intensive and therefore it is associated with
significant CO, emissions. For instance, Japanese Steel Industry that accounts for
over 10% of the world steel production is responsible for 14% of the total CO,
emissions from Japan [5]. Similarly, the energy consumption by Turkish Iron and
Steel Industry is also high corresponding to 10.3% of the total electricity, 5.6% of the
total natural gas, 21,2% of the total hard coal and ultimately 6.4% of the total
industrial energy utilization in 2009 [6]. This high energy consumption indicates that

resource conservation, energy efficiency, and emissions reduction in iron and steel
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industry are important topics for Turkey. In this context, life cycle analysis (LCA)
tool has been applied widely for the assessment of environmental impacts associated

with process variants in the manufacture of many different industrial products.

LCA provides a method for assessment of all environmental impacts associated with
a service or product. Through the LCA analysis, all possible environmental loads of a
service are ultimately classified according to their contribution to a number of
environmental impacts, including ozone depletion potential, global warming
potential and human toxicity. While LCA can be applied to compare the
environmental impact of different products (product-based LCA), it can be also
applied to compare different production processes or to evaluate the sub-processes in
a production process between each other (process-based LCA), Hence, LCA can be
used to determine the hotspots in a life cycle, i.e. the stages causing greatest

environmental harm, so that these can be targeted for improvements [7].

Within the framework of harmonization period between Turkey and the European
Union (EU), various environmental EU directives have been transposed to national
legislation. In this context, Waste Framework Directive (2006/12/EC) was
transposed into national legislation and the Regulation on Hazardous Waste Control
(Official Gazette No. 25755 dated 14.03.2005) has been revised, Regulation on the
General Principles of Waste Management (Official Gazette No. 26927 dated
05.07.2008) was published. As of 11.12.2010, 2006/12/EC was repealed by the
Directive 2008/98/EC (Directive on waste and repealing certain Directives) that
defines the essential requirements for the management of wastes. This directive
recommends a life cycle approach to strengthen the measures that must be taken in
regard to waste prevention, taking into account the whole life-cycle of products and

materials [8].

Several studies on LCA for iron and steel industry have been conducted around the
world [8]. Some of these studies were conducted on a product basis and the
environmental effects of various metal products [8] and of specifically steel products
[12] were assessed accordingly. There are also other studies conducted on a process

basis, in which environmental effects of iron and steel production sub-processes have



been assessed [13]. However, as the studies used different approaches, system
boundaries and inventory data, they all showed different results in terms of
contributions to environmental impacts. For example, although the same impact
assessment methods were used by Burchart-Korol [13] and Tongpool et al. [12], the
results were not comparable since they have different basis. Tongpool et al. [12]
compared the proportional impacts of different steel products (i.e. product-based
LCA), while Burchart-Korol [13] assessed the impacts of production process (i.e.
process-based LCA). Furthermore, the impact categories considered in these studies
are not also comparable to each other. Tongpool et al [12] used mid-point impact
category assessment and reported that the slab exhibited the lowest impact in all
impact categories covered, while Burchart-Korol [13] compared different impact
categories and reported that the highest impact on the environment occurs in the
category of human health. So, it is hard to reach to a general conclusion out of these
literature studies available. It is clear that there is a need for further investigation to
clarify the situation regarding the life cycle assessment for iron and steel industry
because there is not any study covering all production stages together, in literature.
Moreover, the differences in the inventory data used could result in different results.
In most of the studies, country specific inventory data were used; therefore, the
results reported are somewhat specific to their country. In fact, conducting a LCA
study specific to country is of vital importance in order to reach the realistic results

representing country conditions.

In Turkey, as being one of the leading countries of the world's steel production, the
concept of LCA has become widespread by the day. In this regard, Turkey
participated in a study conducted by the International Iron and Steel Institute (IIST)
throughout the world in 2000 to communicate sustainable development activities of
the world steel industry [8]. In this study, the industries participated in are enabled to
compare their raw material, energy consumptions and emission levels with the levels
determined by IISI. In addition, there is another study conducted by Ertem et al. [21]
in an attempt to compare the specific energy consumptions of three integrated iron
and steel producers in Turkey. However, there is no any LCA study specifically
conducted on iron and steel industry in Turkey, which would put forward the

environmental impact issues. Therefore, within the context of this study, it is aimed



to fulfill this gap by assessing the environmental impacts of integrated iron and steel

industry in Turkey via conducting country specific LCA study.

1.2. The objective and scope of the study

The main objective of the study is to conduct a country specific LCA study for

integrated iron and steel industry in Turkey and to add to the understanding of

environmental impacts associated with steel production at an integrated plant and

discover the best opportunities for future impact reduction. In the context of this

main objective, the following tasks were undertaken:

Sub-process based environmental impacts were assessed in order to detect the
most polluting sub-process(es) during liquid steel production.  The
assessment was performed for the selected product of the corresponding sub-
process and to determine the contributions of each sub-process to various
environmental impact categories. Sub-processes of liquid steel production

cover coke making, sintering, iron making and steel making processes.

Product based environmental impacts were assessed. Evaluation was
performed for the semi-finished products, namely billet and slab, and for the

finished products, namely wire rod and coil.

In the light of the findings of the above-mentioned tasks, three different
production scenarios were evaluated for a given facility in order to see their
effects on the total environmental impact exerted. These scenarios comprise
of different production percentages for final products. First scenario was the
real production percentages of the facility where field studies conducted. The
second scenario was the case if all products are only semi-finished products
from casting, and the third scenario was the case that all products are only

finished products form hot-rolling.

The data required to achieve these objectives were gathered from one of the three

integrated iron and steel production facilities in Turkey. The plant was considered as



representative of the sector since it has features to reveal the average values of
integrated iron and steel industry in Turkey, having the share of about 35% in steel
production via integrated means, and also its manufacturing technology was common
to others in Turkey. The whole production processes in the facility were evaluated in
terms of raw materials utilized, products, by-products, wastes and emissions

generated and the production data of 2009 were used.

Then, the whole life cycle analysis was conducted using SimaPro version 7.2.4. The
life cycle boundaries were chosen as ‘cradle-to-gate’ covering upstream processes,
transportation, production processes and utility services. The functional units for the
first task were selected as 1 ton of product from sub-processes. The functional units
for the second task were selected as 1 ton of final steel product. The final products
are semi-finished products; slab and billet, and finished products; coil and wire rod.
Impact 2002+ was selected as the impact assessment method. Mass allocation was
made to allocate the environmental impacts of the process to products and co-

products. Normalization and single score results were used to interpret the data.

1.3. Thesis overview

This thesis includes seven chapters. Chapter 1, Introduction, covers the importance
of iron and steel industry in Turkey, the legislation basis of LCA and mainly the
objective and the scope of the study. In Chapter 2, LCA concept is introduced
covering the aim and the steps. In Chapter 3, basic iron and steel production methods
and the sub-processes are described. In Chapter 4, the literature review on previously
conducted studies is presented. Chapter 5 gives the methodology of the study. This
chapter also covers the details of inventory and use of the software. In Chapter 6,
LCA results are presented, interpreted and then discussed. Chapter 7 covers the
summary and conclusion of the study results and finally Chapter 8 covers the

recommendations.



CHAPTER 2

LIFE CYCLE ASSESSMENT

Society has become concerned about environmental problems such as climate
change, stratospheric ozone depletion, tropospheric ozone creation, eutrophication,
acidification, eco-toxicological and human-toxicological pollutants, depletion of
resources, water use, land use, and noise. The increased awareness of environmental
protection, and the possible impacts associated with products or service has increased
interest in the development of methods to better understand and address these
impacts. The life cycle concept provides the most comprehensive environmental
profile of product or services [25]. LCA is a technique for analyzing the
environmental aspects and potential impacts associated with a product at all stages in

their life cycle [26].

LCA is a “cradle-to-grave” approach for assessing industrial systems. “Cradle-to-
grave” begins with the extraction of raw materials continues through production, use,
and ends at the point of end-of-life treatment, either by reuse, recycling or final
disposal. LCA interprets all the stages of production independently from each other,
which means that one operation leads to the next. LCA is a tool for the estimation of
the accretive environmental impacts resulting from all the production stages in the
life cycle. Meanwhile, impacts not considered in more conventional analyses are
often included in LCA concept; such as, raw material extraction, transportation of
materials, and ultimate product disposal. Hereby, LCA provides a comprehensive
view of the environmental aspects of the product or process and a more accurate

picture of the true environmental trade-offs in product and process selection [26].



As displayed in Figure 1, there are four phases while conducting a LCA study:
¢ Goal and scope definition,
¢ Inventory analysis,
e Impact assessment, and

¢ Interpretation.

Goal and Scope

Definition
Inve nto_ry -+——p Interpretation
Analysis
Impact -
Assessment

Figure 1. Phases of LCA [31]

The International Organization for Standardization (ISO) has published guidelines
for each step of LCA which is named as “ISO 14040 series (Table 1). This series of
14040 describes the details of LCA. As noted in ISO Standards, LCA is a worldwide
accepted procedure on the collection and evaluation of the inputs and outputs and the

potential environmental impacts of a product system throughout its life cycle [29].

Table 1. ISO 14040 series [30]

Standart
Content
Number

ISO 14040 Principles and framework (1997, 2006)

ISO 14041 Goal and scope definition and inventory analysis (1998)
ISO 14042 Life cycle impact assessment (2000)
ISO 14043 Life cycle interpretation (2000)




ISO 14040 provides general framework for LCA, ISO 14041 provides guidance for
establishing the goal and scope of an LCA study and for conducting a life cycle
Inventory (LCI). ISO 14042 provides statements for the life cycle impact assessment
(LCIA) step and lastly ISO 14043 deals with the interpretation of the results
produced by an LCA. Furthermore, the technical guidelines illustrate how to apply
the standards [29].

2.1. Goal and scope definition

The first step in LCA is the goal and scope definition. It is important to define the
main purpose at the beginning of the study, since it has a strong influence on further
steps. If the objective of the study is to analyze the present status of a product or
system and future status after improvements, LCA study must be organized by
carefully dividing the process into sections or phases, to identify afterwards which
parts of the process are responsible for each environmental effect [30]. When
identification of the goal and scope definition is made, a description of the product
system in terms of the system boundaries and functional unit is provided [27], and
then comes the data quality requirements. System boundary defines the framework of
the study. Functional unit is quantified performance of a product or system for use of

a reference unit [14].

After the goal and scope definition of a LCA, it is important to define the system
boundaries. The system boundaries define the unit processes to be included in the
system to be modeled. It defines the extent of the system and determines the
processes included. In this sub step, the inputs and outputs to be taken into account
during the LCA study must be established. The product system should be modeled in
such a manner that inputs and outputs at its boundary are elementary flows [30]. The
inputs can be all the inputs of the production or can be input to a single; the same is
valid for output. Even for a quite subjective operation, the definition of the system
boundaries can be carried out according to following criteria: life cycle boundaries,

geographical boundaries and environmental load boundaries [30].



According to the extent of the study, different system boundaries can be defined. As
presented in Figure 2, if the entire life of a product or system is considered,
boundaries should begin with the raw material extraction and end with the final
disposal. This case is called as ‘cradle to grave’. When the destination of a product is
not known, the analysis should be continued to the end of manufacturing and the
boundary will be defined as cradle to gate 3. Each life-cycle step will carry out its
own gate-to-gate analysis and the entire cradle-to-grave process will be the result of

the composition of a set of gate-to-gate systems.

Prime Prime
Material Material
Extraction Transport Manufacture Distribution Disposal

CRADLE GATE1 GATE2 GATE 3 GATE4 GRAVE

Figure 2. Product life-cycle span steps [30]

The other type of system boundaries is geographical boundaries considering the
geographic limits for the establishment of product system. They can be considered
life-cycle boundaries when the different life-cycle steps are conducted in some
region. During site specific LCA studies, these criteria are recommended. Last type
of system boundaries is environmental load boundaries. There are different types of
environmental load which are renewable and non-renewable raw materials, energy
losses, air and liquid emissions, solid waste, radiation and noise. As demonstrated in
Figure 3, LCA can be carried out considering the entire list of inputs and outputs
(total LCA) or taking into account some of these (partial LCA). For instance, partial
LCA 1 comprises only air and liquid emissions and is carried out cradle to gate 2.
Partial LCA 2 takes into account only solid waste and energy losses and goes from

gate 1 to grave [30].



Raw Material TOTAL LCA
Air Emissions
PARTIAL LCA 1
Liquid Emissions
Solid Waste
PARTIAL LCA 2
Energy Losses
MNoise TOTAL LCA
Cradle Entry Gate Gate Grave

Figure 3. Boundaries in LCA [30]

The functional unit is a quantitative description of the service performance of the
investigated product system [31]. Since the functional unit is the measure of the
performance delivered by the system under studys, it is used as a basis for calculation
and usually also as a basis for comparison between different systems fulfilling the
same function. When different alternatives are available for a product or service for
comparison, the functional unit must be clear to enable a sound comparison of the
alternatives considered. Moreover, it must be measurable and when two products
with different life times are compared, it is important that the period of use is

considered for its establishment [30].

Data requirement is one of the important points when conducting a LCA and it
depends on the goal of the study. For each process of the product system, input and
output data set is needed related to the function or product generated by the process.
Data collection is generally the most complicated and time consuming steps in LCA.
Moreover, the quality of the data used is directly affects the quality of the final result
of LCA [27]. Data quality indicators such as time, geography, type of technology,
precision, completeness, representativeness, consistency and reproducibility should
be taken into consideration in a level of detail depending on the premises of the goal

and scope definition step.
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2.2. Inventory analysis

Life cycle inventory (LCI) analysis is the second phase of LCA. It is an inventory of
input and output data with regard to the system being studied. It involves data
collection, the most demanding step in performing LCAs, to meet the goals of the
defined study regarding environmental loads or environmental effects generated by a
product or process during its life-cycle is identified and evaluated [27].
Environmental loads are the amount of substances, radiation, noises or vibrations
emitted to or removed from the environment that cause potential harmful effects.
Environmental loads can be raw materials, energy consumption, air and water
emissions, waste generation, radiation, noise, vibration, odours, etc. what is
commonly known as environmental pollution. Since environmental loads must be
quantifiable, other types of effects such as aesthetic, social, etc. are not considered in

LCI [30].

In order to prepare a LCI, each environmental load generated by the process must be
added as material and energy inputs and the output associated with it. In other words,
the inventory basically consists of environmental load balance in which the
environmental loads assigned to a product are the sum of input environmental loads
plus the ones generated by the process. Data collection; the most time consuming
part of LCA, must be based on process establishing qualitative and quantitative
information about inputs and outputs. Data collection from different data sources,
such as, electronic databases, literature data, wunreported data and
measurements/computation shows large differences in the availability of input and
output data. Input data are usually accessible since energy and raw material
consumption is recorded by the companies. With respect to the output data, except
the information about products and by-products, it is difficult to achieve. This
difficulty is generally due to the absence of control records of all releases. When the
control record of releases is available, it is difficult to allocate the existing data to the
individual product depending on the size of the company in the study. Nevertheless,
in some cases output data can be calculated by carrying out mass and energy

balances from some inputs. This method can be entirely adequate in many cases, and
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sometimes, even better than using data from direct measurements of the releases and

emissions [30].

2.3. Impact assessment

The third step of LCA is the life cycle impact assessment (LCIA). In order to better
understand the environmental importance of a product system, LCIA aims to provide
additional information for assessment of LCI results. LCA establishes information
for interpretation providing a wide range of environmental and resource points and
affected impact categories. At this point, impact potentials are selected and category
indicator results are calculated for each impact category. The collection of these
results defines the LCIA profile of the product system, which provides information

on the relevance of resource use and emissions associated with it [30].

There are several obligatory and optional steps within the impact assessment phase.

Obligatory steps of LCIA are:

1. Selection of impact categories, category indicators and characterization models,
2. Classification - Assignment of inventory results to impact categories,

3. Characterization - Calculation of category indicator results.

Optional steps of LCIA are:

1. Normalization - Calculating the magnitude of category indicator results relative
to reference values,

2. Grouping - sorting and possibly ranking of the impact categories,

3. Weighting — quantitative comparison of impact potentials of the product or
service,

4. Data quality analysis - better understanding the reliability of the collection of

indicator results.
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The obligatory steps convert the results of life cycle inventory into indicator results.
These are selection of impact categories, category indicators and characterization
models, classification and characterization. The optional steps can be used depending
on the goal and scope of the study. These are normalization, grouping and weighting
of the indicator results and the data quality analysis [32]. Normalization exerts a
baseline for comparison of different types of environmental impact categories having
the same unit. The result of normalization is an input to grouping or weighting.
Grouping is a qualitative step in which results across impact categories are sorted and
ranked. Such a ranking can provide structure to help draw conclusions on the relative
importance of different impact categories. In the weighing step, by assigning a
weighing factor to each impact category, the relative importance of different impact

categories within an LCA study can be assessed.

There are different impact categories representing environmental issues of concern to
which LCI results may be assigned. Impact category is divided into two; category
midpoints and category endpoints [33]. The impact category indicator at the
midpoint level (category midpoints) could be the dose, while the impact category
indicator at the endpoint level (category endpoints) which are of direct societal
concern, could be at the level of damage to human health, resources, and ecosystem
quality [33]. Although indicators near endpoint level can have significant
uncertainties, indicators at endpoint level are much easier to understand than
indicators at midpoint [35]. Moreover category endpoints can enhance the

interpretation of category midpoint results for decision making.

Quantifiable representation of impact category is the life cycle impact category
indicator [29]. For example, the climate change category midpoint represents
emissions of greenhouse gases (LCI results) using infrared radiative forcing as the
category indicator [32]. The data from the inventory analysis are grouped together
into a number of impact categories. This grouping is performed by including data
from the inventory analysis into different impact categories. One data can be
included to more than one category midpoint; for instance, NOx can be assigned to a
category midpoint like acidification and eutrophication [36]. LCIA aims to examine

the product system using impact categories and category indicators connected with
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the LCI results. The LCIA phase also provides information for the life cycle
interpretation phase. There are three major category endpoints that should be
considered in the LCIA, these are resources, human health and ecosystem quality.
The three category endpoints can be divided into more specific impact categories,
category midpoints, presented in Table 2. There are also different category midpoints
besides the ones listed in Table 2 such as, desiccation, land use, ionizing radiation,

odor, noise, waste heat.

Table 2. List of impact categories

Mid-point impact categories End-point impact categories

Carcinogens

Non-carcinogens

Respiratory inorganics
Human Health

Ionizing radiation

Ozone layer depletion

Respiratory organics

Aquatic ecotoxicity

Terrestrial ecotoxicity

Terrestrial acid/nutri
Ecosystem Quality

Land occupation

Aquatic acidification

Aquatic eutrophication

Global warming Climate Change

Non-renewable energy
Resources

Mineral extraction

Udo de Haes et al. (1999) have proposed classifying impacts in input and output
related categories. In Table 3, an overview of input and output related impact

categories currently used in LCIA is presented with its possible indicators. Input-
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related categories represent the environmental impacts associated with material and
energy inputs to the system; and output refers to damages due to emissions or

pollutants [30].

Table 3. Impact Categories and Possible Indicators [29]

Impact Categories Possible Indicator

Input-Related Categories

Extraction of abiotic resources Resource depletion rate

Extraction of biotic resources Replenishment rate

Output-Related Categories

Climate change kg CO, as equivalent unit for GWP*

Stratospheric ozone depletion kg CFC-11 as equivalent unit for ODP**

Human toxicity

Eco-toxicity Aquatic eco-toxicity potential-AETP

kg ethene as equivalence unit for photochemical ozone

Photo oxidant formation . .
creation potential

Acidification Release of H as equivalence unit for AP

Stoichiometric sum of macronutrients as equivalence

Nutrification . o .
unit for the nutrification potential

*GWP: Global Warming Potential
**0ODP: Ozone Depletion Potential

2.4. Interpretation

An LCA only provides data about the environmental releases, consumptions, or
impacts of the system under the study [36]. To conclude the LCIA, analysis and
interpretation of the results are carried out to evaluate environmental performance of
the product or process under study. This is a comparative assessment, two or more
products can be compared or some information about the environmental performance
of the product can be included [30]. Proposed improvement options are determined
and assessed to reduce the environmental impact of product or system.
Determination and assessment can be performed by scenario modeling. Scenario
modeling allows testing the potential impact of improvement options for processes

within the product's life cycle [36].
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CHAPTER 3

IRON AND STEEL INDUSTRY

Iron and steel industry include production of iron by reducing iron ore and scrap; and
later production of steel by removing impurities in iron. The difference between iron
and steel is due to the relative amounts of impurities in the two metals, the liquid iron
being saturated with carbon and containing undesirable amounts of silicon,
manganese, phosphorus, and sulfur, which must be removed during steel making
process [40]. In order to produce steel, the carbon content of liquid iron
(approximately 4%) is reduced to less than 1%. The higher carbon content in metal

increases the hardness and brittleness.

Generally, four routes are currently used for the production of steel.
1. Classic blast furnace (BF)/basic oxygen furnace (BOF) route
2. Direct melting of scrap (electric arc furnaces (EAF))

3. Smelting reduction

4

. Direct reduction

The BOF process and the EAF have taken the place of less energy efficient steel
making processes such as the Thomas process and Open-Hearth Process (Bessemer,
Siemens-Martin) [40]. In the EU, the last Siemens-Martin ovens were taken out of
operation at the end of 1993. In the EU and in Turkey, only the BOF and the EAF
processes are being used in steel production [15]. And, the energy requirement for

BOF process is much higher than for EAF process [8].

There are six major activities in integrated steel production; (1) coke making, (2)

sintering, (3) iron making (blast furnace process), (4) steel making (basic oxygen
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furnace process), (5) casting, and (6) rolling [40]. Flow diagram of production

process is presented in Figure 4.
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Figure 4. Flow diagram of integrated iron and steel production process

3.1. Coke making

Coal processing involves production of coke, coke oven gas and by-product
chemicals during the coke making process. Coal, which is a complex mixture of
organic compounds, must be converted into coke, which is nearly elemental carbon
to be used in blast furnaces. The steps of coke making are; (1) coal charging, (2)
heating / firing of the chambers, (3) coking, (4) coke pushing, and (5) coke

quenching [15]. The flow of coke making process is presented in Figure 5.

The first step in coke making process is the charge of coal through ports in the top of
the oven. After charging, the pyrolysis of coal comes [40]. Coal pyrolysis means the
heating of coal in the absence of air for about 14-24 h indirectly heating the coal up
to 1000-1100 °C to produce gases, liquids and a solid residue (char or coke). At the
end of the heating cycle, the coke is pushed from the oven into a container called
coke quenching car. There are two different quenching methods, wet quenching and
dry quenching. In wet quenching, the container takes it to the quench tower, to cool
the coke with a water spray. In dry quenching, inert quenching gas circulates around

the container, which is isolated from the atmosphere. Then, the gas is cooled by a
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heat exchanger and thermal energy is gained [15]. The coke is then screened and sent
to the blast furnace or to storage. Volatile compounds arising from the coal are
collected and processed to produce coke oven gas and other coal by-products, such
as tar, ammonium sulfate and benzene, and also coke breeze is produced during the

coke quenching, handling, and screening operations [42].

By-
Coke oven > products
gas cleaning
Clean coke
oven gas
Hard coal Coke
Coke pushing _ Blast
Coal — | batteries | Quenching || furnace
Charging

|

Heating and
firing
chamber

Figure 5. Flow diagram of Coke making

Coke is the primary reducing agent in blast furnaces and cannot be completely
replaced by other fuels such as coal [15]. Coke has the purposes of providing the heat
necessary to smelt iron and reducing the iron oxides to iron by carbon monoxide

formed during cokes partial combustion [44].

Explosion may occur in the blast furnaces due to dust-like structure of coal, thus
coke is preferred on account of its resistance creating a skeleton in blast furnaces. In
addition, coke has very porous structure than coal. This porous structure and

difference in particle size provides gas and liquid permeability to ease burning [45].

18



3.2. Sintering

Sintering is an agglomeration process of fine particles. Through sintering process,
iron-rich materials, such as mill scale and processed slag can be recycled [42]. The
main three reasons for sintering are: (1) loading and unloading during transport from
the mine the ore into powder, that was caused by blockages in powder form to be
blast furnaces; brought to a certain size to be permeable; (2) excess sulfur, arsenic
and moisture in the ore will lead to breakage in finished steel, thus vaporized during
sintering; (3) since giving iron ore directly to blast furnaces will reduces efficiency,
the actual blending of raw materials are turned into semi-finished products called

sinter [45].

The sintering process converts fine iron ore, additives and recycled metallurgical
dusts into an agglomerated product that is proper for charging to blast furnaces in
terms of size [40]. The recycled metallurgical dusts from downstream operations are
coarse dust and sludge from blast furnace gas (BF gas) cleaning, sludge from basic
oxygen furnace gas (BOF gas) cleaning, mill scale from rolling and casting scale.
The additives are lime, limestone and MgO bearing raw materials (dolomite, dunite,
magnesite) [45]. The mixture of recycled metallurgical dusts and additives are
moistened and mixed with coke breeze (fine coke, particle sizes of < 5 mm) and
subjected to high heat (1300-1480°C) under an ignition hood. The most frequently
used fuel is coke breeze in sintering process. Coke breeze may be produced directly

in a coke oven plant on-site or off-site or may be obtained by coke crushing [15].

3.3. Blast Furnaces

Blast furnace (BF), into which iron bearing materials (iron ore lump, sinter and/or
pellets) are charged from the top of the blast furnace along with limestone and coke,

is a closed system to prevent escape of BF gas [15].

Hot air is enriched with oxygen and reducing agents, and then charged into the tuyere
providing a counter-current of reducing gases. Various reducing agents are available;

these may be coke, coal, oil, natural gas, or plastics. The use of reducing agents
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depends on preference except coke, since coke serves as a carrier of the bulk column
in the blast furnace, it is indispensable. The air blast reacts with the reducing agents

producing mainly carbon monoxide, which reduces iron oxides to iron.

Fluxes and additives are added to decrease the melting point, improve sulfur uptake
by slag, provide the required liquid pig iron quality and allow for further processing
of the slag. The limestone holds impurities in ore, forming a liquid slag. Since slag is
lighter than metal, it floats on top of metal. The slag and the liquid iron are tapped off
separately. Meanwhile, the sinter, pellet, iron ore and coke are periodically injected
on the tuyere, and heated air is blasted. The liquid iron is transported to steel plant
and the slag is processed to produce aggregate, granulate or pellet for road
construction and cement manufacture. The BF gas, collected from the top of the blast
furnace, is subjected to the treatment [15]. Whereafter BF gas is cleaned; it is used
for heating or for electricity production. During gas cleaning, dust from dry cleaning
and sludge from water treatment are generated and can be reused in the sintering

plant [42].

3.4. Basic Oxygen Furnace

The purpose of oxidation process is to reduce the carbon content to a specified level
(from approximately 4% to less than 1%, but often lower), to adjust the contents of
desirable foreign elements and to remove undesirable impurities to the greatest
possible extent. The steps of basic oxygen furnace (BOF) steel production are (1)
transfer and storage of liquid iron, (2) desulfurization of liquid iron, (3) oxidation in

the BOF, (4) secondary metallurgical treatment.

Desulfurization is a commonly used process as an upstream of blast-furnaces.
Desulfurization is generally applied off-site. Commonly used desulphurisation agents
are calcium carbide, caustic soda, soda ash, lime and magnesium impregnated

materials.

The waste products from the BOF process include slag, carbon monoxide, and dust

in the form of iron oxides. The BOF gas, which contains large amounts of carbon
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monoxide, is generally recovered to be used as an energy source. During the
steelmaking process, slag is formed. Usually, the slag is cooled and crushed, after
which metallic iron is recovered by magnetic separation. In BOF process,
undesirable impurities are removed by means of oxidation process with the off-gas or
the liquid slag. The main elements oxidized are carbon, silicon, manganese,
phosphorus, and sulfur. The oxidizing reactions are exothermic thus increasing the
temperature of the molten iron. The required energy to raise the temperature and melt
the input materials is supplied by the exothermic oxidation reactions, so that no
additional heat input is required, on the other hand scrap, iron ore or other coolants
are added to balance the temperature at approximately 1600-1650°C. The amount of
scrap charged depends on the pre-treatment given to the pig iron and the required
liquid steel tapping temperature. The oxidizing process in the converter is usually

followed secondary metallurgy to enable the quality requirements.

3.5. Casting

Liquid steel can be cast by means of two methods; ingot casting or continuous
casting. In ingot casting, the liquid steel is cast into moulds. The ingots are taken out
of the mould after cooling, and transported to the rolling mills. In recent years, ingot
casting has been replaced by continuous casting method, since continuous casting
provides important benefits. For instance, it provides energy savings, reduction in
emissions and water consumption due to the elimination of slab mills and billet mills;
it improves working conditions, yield rates and productivity [15]. By elimination of

several steps, in the continuous casting semi-finished products are directly produced.

3.6. Rolling

Rolling is forming of semi-finished product from casting process. Hot rolling, cold
rolling and drawing of steel are the types of forming. In hot rolling semi-finished
product from casting primarily heated the in annealing furnaces up to temperature of
1050-1300°C depending on the amount of carbon in steel [45]. The size, shape and
metallurgical properties are changed by compression between electrically powered

rollers. Products from hot rolling are generally classified in two basic types
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according to their shape: flat and long products. In cold rolling, thickness,
mechanical and technological characteristics of hot rolled products changed by

compression between rollers without heating [46].
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CHAPTER 4

LITERATURE REVIEW

This chapter provides an overview of previous research on LCA for iron and steel
production and introduces the framework that comprises the main focus of the

research described in this thesis.

The first part of this chapter will describe relevant studies conducted by international
organizations and the second part will provide an overview of previous research

published in the Literature.

4.1. Studies Conducted by International Organizations

The steel industry is often considered to be an indicator of economic progress, on
account of the critical role played by steel in infrastructural and overall economic
development. The LCA on iron and steel industry is gaining an importance in terms
of material and energy consumptions, and environmental concerns. The Society of
Environmental Toxicology and Chemistry (SETAC) [47], the American Iron and
Steel Institute (AISI), International Iron and Steel Institute (IISI) and The European
Confederation of Iron and Steel Industries (EUROFER) are the spearhead

organizations in this sector dealing with LCA.

AISI is heavily involved in efforts to evaluate the life cycle impacts of steel products.
Its predecessor organizations date back to 1855 making it one of the oldest trade
associations in the United States. There are studies conducted to integrate life cycle
inventory data, life cycle impact assessments, and risk assessment into an overall life
cycle evaluation. AISI launched a LCA program in 1994. This industry-wide life

cycle impact assessment is currently evaluated by the referees. The study addresses
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all relevant environmental issues, including resource depletion, for the full life cycle
of a steel product from mining of raw materials through the manufacturing and use
phases of the product and ultimate disposal or recycling of the material used in the

product [8].

IIST launched a comprehensive ‘cradle-to-gate’ data collection project in 1996,
known as the IISI Worldwide Life Cycle Inventory Study for Steel Products - in
order to gather the data necessary for initiating or participating in LCA's [8]. The aim
is to quantify resources use, energy and environmental emissions associated with the
processing of steel industry products from the extraction of raw materials in the
ground through to the steel factory gate. This exercise has subsequently been updated
for 1999/2000 data for steelmaking operations [20] and the current data set was
released in February 2010 [3]. 55 industries from 37 countries have participated in
this study. They are 29 blast furnace, 15 electric arc furnace, 11 hot and cold rolling
mills. One of three integrated steel producers in Turkey with blast furnace, Eregli
Iron & Steel Co. (ERDEMIR) has also participated in this study. As the output of the
study, the industries participated in gained the ability to compare their raw material
and energy consumptions together with emissions of IISI [49]. An integral part of the
project was the development of a common worldwide methodology for collating and
evaluating steel product LCI data. Since this innovative project was completed, the
results have been communicated to external audiences undertaking LCA studies for
steel-using products, and to steel producers active in benchmarking and in other
environmental improvement programs. An ongoing program is underway at IISI to
further improve the electronic database resulting from the study [20]. The LCI results
consist of approximately 800 flows which can be simplified into a smaller number of
flows depending on how the data is to be used providing worldwide and European
averages only. Request for LCI data of IISI can be made by filling in the online
questionnaire describing the application of the data. The world steel LCA Manager
receives approximately 200 data requests annually. The request is then discussed

with the LCA Manager [3].

The other spearhead organization, EUROFER and ISSF have undertaken a

commitment to provide the best possible information to the industry stakeholders in
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the area of LCA, delivering transparent and authoritative data on the production of
stainless steel from its raw materials. The experience gained from the life cycle
studies at EUROFER, and the IISI is being extended in order to complete a LCI for
global stainless steel. The datasets involved in this study is expected to cover major
stainless producers in Europe, Japan, Korea, and North America with the focus on

global averages for the production of flat products [50].

Since 2004, globally largest industry project on climate change called “ULCOS
Project” has been initiated in Europe with regard to the CO, emission from iron and
steel industry [15]. (ULCOS stands for Ultra—Low Carbon dioxide (CO,)
Steelmaking.) The European Steel Industry has initiated a consortium of 48
European industries and research organizations from 15 European countries that have
started a work to enable abatements in carbon dioxide emissions from steel industry.
The aim of the ULCOS program is to reduce the carbon dioxide emissions of today’s
best routes by at least 50%. In the frame of ULCOS project, LCA analyses are
performed to assess of the environmental impacts of metallurgical processes on the

environment and choice of new technologies [15].

4.2. Research Studies

In addition to the above-mentioned LCA investigations by several international
organizations, there are a few studies published in the Literature about life cycle
assessment in iron and steel industry. A limited number of LCA studies have
examined the impacts of steel production of which, some have compared the
environmental impacts of different metal products, some have dealt with the method
selection for impact assessment and some have used LCA methodology for the
selection of the best alternative for blast furnace slag recycling and for the

comparison of integrated steel production with electric arc furnaces.

There exists a limited number of LCA studies emphasizing on the environmental
impacts of steel production only. The only product-based study is conducted by
Tongpool et al. [12] covering slab, hot-rolled, cold-rolled, hot-dipped galvanized and

electro-galvanized steels to assess the environmental impacts via LCA. Functional
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unit was selected as “one ton of steel product” at the factory gate and the system
boundary was selected from cradle to gate. For allocation of environmental impacts
to products and co-products, mass allocation method was used. The impact
assessment methods of IPCC 2007 GWP 100a (Intergovernmental Panel on Climate
Change, Global Warming Potential, 100 years) and Eco-indicator 99 were applied
via SimaPro 7.1 software. According to the mid-point impact category results, the
slab showed the lowest impacts and the hot-dipped galvanized steel showed the
highest impacts in the impact categories of global warming potential, fossil fuels,
ecotoxicity, minerals, carcinogens, and respiratory inorganics. The reason of this is
that slab was in the upstream and the hot-dipped galvanized steel was in the
downstream of the studied products. The main causes of the impacts were attributed

to these inputs; steel, energy, and zinc [12].

Burchart-Korol [13] conducted two process-based LCA studies, the first one is a
LCA study on conventional blast furnace iron-making process and the second one is
an environmental impact assessment for sintering process. In the first study
conducted by Burchart-Korol, Eco-indicator 99 and IPCC GWP 100a life cycle
impact assessment methods were used via SimaPro 7 software as in the study of
Tongpool et al. [12]. As distinct from study of Tongpool et al. [12] the boundary of
the study was selected from gate-to-gate. Functional unit was taken as one ton of
liquid steel. The environmental impacts of inputs were evaluated taking the
production as a whole and using the inventory data of Central Mining Institute of
Poland. With regard to IPCC GWP method, coke which is the main fuel in the
process had the largest impact on greenhouse gas emissions followed by sinter, blast
furnace gas and coke oven gas respectively. Eco-indicator 99 method evaluates the
effects of BF iron making process on end-point impact categories, which are human
health, ecosystem quality and resources. The results indicate that the highest impact
on the environment occurs in the category of human health (83%) [13]. The second
study conducted by Burchart-Korol [14] was also a process-based LCA study. In this
study, Eco-indicator 99 method was preferred to calculate the environmental impacts
using the same inventory data with his first study. According to the impact
assessment results, the highest environmental effect during iron ore sintering process

is on human health caused by respiratory effects due to inorganic pollutants and dust
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[14]. On one hand, it can be concluded from the two studies conducted by Burchart-
Korol [13] using the same impact assessment method and same inventory data,
sintering process, a sub-process of steel making, shows similar impacts with iron-
making process. On the other hand, although the same impact assessment methods
were used in the first study of Burchart-Korol [13] and in the study of Tongpool et al.
[12], they are not comparable since they have different basis (product-based/process-
based), so they consider the issue from various aspects. For instance, Tongpool et al.
[12] compared the proportional impacts of different steel products, while Burchart-
Korol [13] assessed the production process. Additionally, since Tongpool et al. [12]
used mid-point impact category results, the impact categories were not compared
each other, and it was concluded that slab showed the lowest impacts in all impact

categories covered.

Another process-based LCA study was conducted by Huang et al. [15] in order to
identify factors that influence CO, emissions from a specific integrated steelworks in
China and to propose measures to reduce CO, emissions, using software called
Tornado Chart tool. The boundary was selected as ‘cradle to gate’ in this study
covering upstream processes, transportation, production and by-products recycling,
and the inventory data were obtained from Gabi 4 software. According to the results,
blast furnace gas in blast furnaces, liquid steel unit consumption of continuous
casting, slab unit consumption of hot rolling and hot metal ratio of steel making are
determined as the main influencing factors of CO, emissions in steelworks.
Herewith, the main inputs of sub-processes were determined as the main influencing
factors of CO, emissions. Ultimately, proposed measures were through removing
CO; contained in blast furnace gas, decreasing the hot metal ratio of basic oxygen
furnace, recycling blast furnace gas, and optimizing the products’ structure [15]. As
distinct from the study of Burchart-Korol [13] which takes the production process as
a whole, Huang et al. [15] evaluated the sub-processes separately. Additionally, they
have different boundaries, different inventory data and different impact categories
making comparison difficult. While Huang et al. [15] assessed the process in terms
of CO, emissions only, Burchart-Korol [13] assessed the process in terms of human

health, ecosystem quality and resources end-point impact categories.
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Caneghem et al. [16] conducted a study to show the effect of impact assessment
methods on the assessment results. The study was conducted in a major steelwork in
Belgium to assess the relative contribution of the individual resources to abiotic
depletion during steel production. The contribution of both energetic and non-
energetic resources to the total abiotic depletion was calculated by the CML
(Centrum voor Milieukunde Leiden, Center for Environmental Studies), CExD
(Cumulative Exergy Demand), EPS (Environmental Priority Strategies), Eco-
indicator 99 and mass and energy methods. Mass (a reference for non-energetic
resources) and energy (a reference for energetic resources) method was used for
comparison with other methods. Recommendations for reduction of abiotic depletion
were made for each method, based on the relative contribution of the considered
resources. The energetic resources in steel industry were natural gas, coke oven gas,
fuel, cokes, anthracite, coal, powdered coal and electricity, the non-energetic ones
are iron ore, iron scrap, lime(stone). In the study, boundaries were selected as gate-
to-gate, and coke making unit was excluded from the boundary of the steelwork.
According to the results of the assessment, CML method was found mainly to focus
on further improving energy efficiency, while EPS method was mainly to focus on
material efficiency improvement and Eco-indicator 99 and CExD methods focus on
both energy and material efficiency improvement. Similarly, Pizzol et al. [11] also
conducted a study using different methods for assessment of impacts on human
health. The result of the study indicated that there is no agreement between the
results of the methods showing the impacts on human health. According to the
studies of Caneghem et al. [16] and Pizzol et al. [11], it can be concluded that the
difference has resulted from the classification and characterization techniques of the

impact assessment methods.

In literature, there also exist a number of LCA studies conducted on metal industry
comparing their environmental impacts of different metal industries. Seppala et al.
[8] performed a product-based LCA study in Finnish metal industry compassing
inventory data of steel plates and coils, steel bars, steel wires, stainless steel, copper,
nickel, zinc and aluminium. The LCI data was gathered for concentrate (mining and
concentration); scrap (collection, transportation and processing of external scrap);

other materials (production of additives and chemicals); production (of metals);
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energy (grid electricity used in the production stage); transports (of raw materials);
and by-products (credits). An impact assessment method, called DAIA (Decision
Analysis Impact Assessment), developed by Seppala was used. Covered impact
categories are eutrophication, ozone formation, acidification and climate change. For
integrated steel industry, the main environmental effects occurred during production
stage due to significant carbon dioxide emissions. So, the impact assessment results
showed that the main influencing point of integrated steel production was the
production process and the impacts on climate change followed by acidification [8].
Another product-based LCA study was conducted by Norgate et al. [10]. This
‘cradle-to-gate’ LCA study aims to assess environmental impacts of a number of
metal production processes in Australia. The assessed metals were copper, nickel,
aluminium, lead, zinc, steel, stainless steel and titanium. The covered impact
categories were global warming potential, energy requirements and solid waste
burden. Environmental impacts of electric arc furnaces producing stainless steel were
not much when compared to titanium, aluminium and nickel, but higher than
integrated steel production. The results depicted that steel and lead (by the blast
furnace process) had the lowest cradle-to-gate environmental impacts in terms of all
impact categories covered [10]. Since Norgate et al. [10] used mid-point impact
category results, the impact categories were not compared each other as in the study

of Tongpool et al. [12].

LCA is also applied in some studies to select the best alternative. Lee and Park [17]
conducted a LCA study to propose a recycling option for granulated blast furnace
slag best suited for the maximization of the environmental credit concerning from
cradle-to-gate. It was reported that the environmental credit becomes higher when
the environmental loads of the substituted product system are high and the
environmental loads of the recycling process are low. In this study, weight allocation
method was used. The recycling options for granulated blast furnace slag were to use
it as a raw material for Portland cement, slag cement, slag powder and silicate
fertilizer. Moreover, three different perspectives were taken into account, these were
life cycle inventory on CO,, characterized impact on global warming, and weighted
impact of the product system using the Eco-indicator 99 method. From all three

perspectives, the use of granulated blast furnace slag as raw material for slag cement
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resulted in the highest environmental credit followed by Portland cement, slag
powder and silicate fertilizer. Since the environmental credits of using as a raw
material for Portland cement and slag cement are approximate values, the two
recycling options were proposed by the authors. Similarly, Birat [18] conducted a
study focusing on using of blast furnace slag as a substitute to clinker in cement
industry. And, he stated that CO, emissions can be reduced by 44% through this
replacement. In addition to this, it was emphasized that allocation has a great impact
on the results and mass allocation of slag shows the highest among different

allocation methods.

Li et al. [19] performed a LCA study in order to compare blast furnace/basic oxygen
furnace (BF/BOF) and direct reduction iron/electric arc furnace (DRI/EAF)
processes for both iron and steel productions. The boundary was selected as cradle-
to-gate, and the only products defined in the study were iron and steel, other by-
products were regarded as waste. In this study, the BE/BOF process was selected as
reference process. They reported that the environmental impact of the DRI/EF
process is only 60.22% of that of the BE/BOF process for the production of per unit
iron. This was because the sintering and coke making processes were omitted in the
DRI/EAF process. For the production of per unit steel, the environmental impact of
the DRI/EF process was only 52.4% of that of the BE/BOF process. The difference
was mainly attributed to from the difference in the input materials; the BF/BOF

process mainly uses molten ore causing resource depletion.

Summary of previously conducted research studies is presented in Table 4.
According to the mentioned research studies, it is hard to come to a conclusion or
make a comparison, since they have different concepts, different inventory data,

different boundaries and different impact assessment methods.
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4.3. LCA studies in Turkey

In Turkey, as being one of the leading countries of the world's steel production, the
concept of LCA has become widespread by the day. However, there is not yet any
LCA study conducted on iron and steel industry in Turkey. As mentioned in the
above parts of this chapter, Turkish Iron and steel producers participated in a study
conducted by the International Iron and Steel Institute (IIST) throughout the World in
2000 [49]. The industries participated in this study, could compare their raw material,
energy consumptions and emission levels with the levels determined by IISI. In
addition, there is a study regarding the specific energy consumption of three
integrated iron and steel producers in Turkey, conducted by Ertem et al. [21]. The
specific energy consumption analysis was performed by using the data of 2003-2005
in three integrated plants; Karabiik Iron and Steel Co. (KARDEMIR); Iskenderun
Iron and Steel Co. ISDEMIR); and Eregli Iron and Steel Co. (ERDEMIR). As the
reference control volume, plant boundaries were selected; in other words, study was
conducted as gate to gate, only the production process was incorporated into the
analysis. Specific energy consumptions of three integrated steel plants were
determined as follows: 30.3 GJ/Ton Crude Steel (TCS) for KARDEMIR; 29.8
GJ/TCS for ISDEMIR; and 21.5 GJ/TCS for ERDEMIR. The results of the specific
energy consumption analysis indicated that ERDEMIR has the lowest specific
energy consumption for steelmaking process in Turkey, and within the range of
average values around the world [21]. However, energy consumptions of the other
two steel plants in Turkey fall above the average. As a result, both studies provide a
comparison capability of the amounts of raw material, energy consumptions and

emissions, but not a real assessment of the environmental impacts of the industry.
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CHAPTER 5

METHODOLOGY

5.1. Study Approach

This study aimed to give a general view of integrated iron and steel production in
Turkey, concerning their material and energy consumptions, emissions and, hence,
environmental impacts through conducting a LCA study with cradle to gate
approach. To assess the whole life cycle, utility services were also included to the

boundary of the study together with upstream process and transportation.

In LCA studies, data quality and databases are of particular importance concerning
the reliability of the study outputs. LCA calculations can be accomplished either by
hand or using a software. In hand calculation, creating a database is a challenging
step, and can misguide the LCA. However, softwares have the databases from
different sources. There are many commercial softwares available in the market,
diversified in terms of their databases, assessment methods and compliance to ISO
14040 standards. Based on the market search among the available LCA softwares;
SimaPro seemed as the most appropriate to be used in this study. The reasons for the
selection were the compliance with ISO 14040 series; the quality of databases
provided and impact assessment methods used; the technical support provided by the
supplier; and the ease of use. Moreover, being one of the most widely used softwares

worldwide was also considered as a factor in this selection.
The selected software; SimaPro version 7.2.4, consists of goal and scope definition,

inventory analysis, impact assessment and the interpretation stages as required by

ISO 14040 series.
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In the context of the present thesis, a field study was carried out inone of the three
integrated iron and steel production facilities in Turkey in order to collect the
inventory data. The selected facility has the features to reveal the average values of
integrated iron and steel industry in Turkey having the share of about 35% in steel
production via integrated means. Thus, this facility is considered as a representative
sample of Turkish integrated iron and steel industry in terms of manufacturing

technologies and production capacity.

Firstly, the production processes of the integrated iron and steel production facility
were examined in detail, considering all inputs to and all outputs from the processes.

Data required for LCA study was provided by the facility.

After the data has been obtained covering the inputs and outputs of each process
together with the amount, data were introduced to SimaPro software. Each
production step (sub-processes, and utility services) was defined individually. Most
of the materials produced in the facility were defined manually though a few of them
were taken from the databases as they are raw materials and some energy sources.
The data not specific to country were directly taken from the database; such as
magnesite, fluorspar and ferrosilicat. And country-specific ones were selected
according to the suitability to the country conditions such as geographical
similarities. For instance, since most of the natural gas of Turkey came from Russia,
the natural gas data specific to Russia was selected. Moreover some of them were

adopted to Turkey, such as electricity and hard coal.

Related to the stages of life cycle analysis, the details are presented in the following

sections.

5.2. Life Cycle Methodology

5.2.1. Goal and Scope Definition

The goal of the study was to assess the environmental impacts of integrated iron and

steel industries in Turkey and to compare the impacts associated with the sub-
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processes as well as the impacts associated with the final products. The assumptions

made while conducting the study are listed in APPENDIX C.

Within the scope of the study, the system boundary was assigned as “cradle to gate”.
Upstream processes, transportation, production processes and utility services were
included to cradle to gate boundary. The upstream processes are acquisitions of raw
materials, energy and auxiliary materials. The transportation stage indicates the
transportation of materials such as raw materials, auxiliary materials and fuels. The
production processes for steel production is divided into two, the main production
system and the utility services. The main production process comprises the sub-
processes; coke production, sintering, blast furnaces, basic oxygen furnaces,
continuous casting and hot rolling. The flow chart of the facility is presented in

APPENDIX A.

The utility services include energy and water facilities and mechanical workshop.
Energy facility comprises boiler, turbo generator, turbo blower, pure water, waste
heat, and oxygen plants producing steam, electricity, compressed air, steam and
oxygen respectively. Water facility supplies pure water, service water and sea water.
Service water is the mixture of pure and well water. In this study, all water types
(pure water, service water and sea water) were considered separately. Lastly,

mechanical workshop is responsible for repair and manufacturing of machine parts.

Within the scope of upstream processes, the information about acquisitions of raw
materials, energy and auxiliary materials were not obtained from the facility as also
stated in Section 5.1, but, instead was taken from the inventories in the database of
SimaPro. The selected databases were presented in Figure 6. Except a library
specifically related to foods, ’LCA Food DK, all libraries were selected to be used.
Primarily Ecoinvent database was preferred; in case the information was not
available in this database, the other databases were used. Used data from the database
were also adapted to conditions of Turkey. For example, the electricity provided by
the network was adapted using the percentages of energy sources specific to

electricity production in Turkey; the energy sources are natural gas, domestic coal,

37



and hydraulic sources and their percentages are 55%, 25% and 20% respectively.

The details are given in Section 5.2.3.1.
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Figure 6. Databases of SimaPro used in the study

The functional unit, enabling alternative products to be compared, of this study were
selected as 1 ton of product. In this respect, the functional unit for the first task
(Section1.2) was considered as 1 ton of product from a corresponding sub-process
whereas the functional unit for the second task (Section 1.2) was considered as 1 ton
of final steel product. The final steel products are of basically two types, one being
semi-finished products, namely, slab and billet; and the other being finished

products, namely, coil and wire rod.
In the goal and scope definition step, there exist data quality indicator requirements

(time, geography, type of technology and representativeness of the data, etc.) to

identify the adequacy of inventory data to be used in the study. The data quality
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indicator requirements can be specified by means of SimaPro as presented in Figure
7. The study was conducted using the 2009 data of a facility in Turkey. Thereby,
according to the data used in studies, “time” was selected as ‘2005-2009” (Figure 7);
and “geography” was identified as Eastern Europe and Middle East Asia (Figure 8)
from SimaPro to be able to check the reliability of data.

As presented in Figure 9, in “type tab”, “technology and representativeness” of the
study were specified. In some parts of production “average technology” is applied
and in some parts “modern technology” is implemented, therefore both “average”
and “modern” technology options were selected. Since actual data of the facility was
used, “data from specific plant and company” option was selected along with some
“estimations”. Allocation and system boundaries were specified in this part. System
boundaries were selected as mentioned in the upper part of this section, and studies
were formed according to the boundaries. In Section 5.2.3, applied allocation

procedure is addressed.
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Figure 7. Data quality indicator requirements of LCA: Time
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5.2.2. Inventory Analysis

As a core part of LCA, inventory analysis can be defined as the quantitative
accounting of material inputs and outputs of processes in a system to produce better
understanding of the flow of materials through an industry. Since the objective of the

study is to conduct a LCA study for the integrated iron and steel industry in Turkey,

country specific inventory data collection for Turkey was aimed.

The quality of the data used in LCA is of crucial importance. The input and output
analysis for the sub-processes in the facility were conducted using the data belonging

to 2009. In analyzing the steel production in the facility, all the inputs (energy, raw
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material, water etc.) and outputs (product, by-product, waste etc.) of each sub-
process were described together with their amounts. A number of trips were made to
the facility to understand production processes. During these visits, steel production
processes were studied on site, information obtained from the literature was
discussed with the technical staff of the plant. Since facility gives a lot of importance
to input data, such as raw material and energy consumption amounts, these data were
registered and thus were readily available. Output data were sometimes difficult to
find, except the main products and co-products. This difficulty is mainly based on the
absence of register of releases. Some of the incomplete data was gathered through
consultation with technical staff and some were adapted to conditions in Turkey by
consultation with technical staff as well. The information about the facility and the
details of production steps are provided in APPENDIX B. Moreover, there are many
assumptions made in the study listed in APPENDIX C..

The sub-processes were coke making, sintering, iron-making (blast furnaces),
steelmaking (basic oxygen furnaces), continuous casting and rolling. Besides these
sub-processes, utility services of the facility were also examined covering energy and

water facilities and mechanical workshop.

The amounts were given for “one ton of target product” for sub-processes. For
instance, in coke making unit, the amount of consumed materials are given for “one
ton of coke”. The target products are sinter, liquid iron, liquid steel, billet and slab,
and wire rod and coil, in sinter making, blast furnaces, basic oxygen furnaces, casting
and hot rolling, respectively. For water facilities, the functional unit is taken as 1 m’
water for each type of water. The case is different for energy facilities, because there
is not a single target product in energy facilities and it is not possible to define a
base. Therefore, the amounts of inputs and emissions were given for 1 GJ of total

energy produced.
In SimaPro, emissions to air, water and soil are categorized as outputs. Besides raw

material and energy consumptions, air and water emissions were also taken into

account. Air emission levels were calculated according to a report of the facility [45]
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including emission concentration (mngm3) and the gaseous flow rate (m3/h0ur) and
then adapted to the software. CO, emissions were also calculated based on the
information taken from the facility. There exists a treatment plant in coke making
unit for the treatment of ammonia water from coke by-product unit; the details of
which are given in APPENDIX B. The concentrations of wastewater discharged to
the sea from treatment plant are taken for emissions to water. Data about emissions

to soil is not available, thus this part is excluded in the study.

The inventory data belonging to each sub-process and utility service are given in the

following sub-sections.

5.2.2.1. Coke making

In coke making unit, the target product is coke and the amount of inputs and outputs
are given for one ton of coke produced. Since there is no data recorded for the
amount of generated treatment sludge, is could not be added to the inventory (Table

5).

Table 5. Material inputs and outputs of coke making unit

Material Amount Unit
INPUTS
Hard coal 1.3356 ton/ton coke
Sulfuric acid 0.0111 ton/ton coke
Sodium hydroxide 0.0015 ton/ton coke
Oil 0.0002 ton/ton coke
Fusi 0.0009 ton/ton coke
Pure water 0.0599 m’/ton coke
Service water 18.5371 m’/ton coke
Electricity 0.0922 GJ/ton coke
Coke oven gas 3.1717 GJ/ton coke
Natural gas 0.0005 GJ/ton coke
Steam 0.6754 GJ/ton coke
Nitrogen 0.0367 GJ/ton coke

43



Table 5. Material inputs and outputs of coke making unit - continued

Material Amount Unit
OUTPUTS
Products and co-products
Coke 1.0000 ton/ton coke
Tar 0.0418 ton/ton coke
Ammonium sulphate 0.0123 ton/ton coke
Benzene 0.0062 ton/ton coke
Fusi 0.0009 ton/ton coke
Coke oven gas 7.5224 GJ/ton coke
Emissions to air
Carbon monoxide 1.7664 kg/ton coke
Sulfur dioxide 0.1167 kg/ton coke
Nitric oxide 0.2373 kg/ton coke
Nitrogen dioxide 0.3639 kg/ton coke
Dust 0.2750 kg/ton coke
Carbon dioxide 94.2101 kg/ton coke
Emissions to water
COD 0.2904 kg/ton coke
Cyanide 0.0050 kg/ton coke
Phenol 0.0019 kg/ton coke
Phosphorus 0.0016 kg/ton coke
Ammonia 0.0002 kg/ton coke
Suspended solids 0.0812 kg/ton coke

5.2.2.2. Sintering

Target product is sinter in sintering unit, thus the amount of inputs and outputs are

given for one ton of sinter production (Table 6).
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Table 6. Material inputs and outputs of sintering unit

Material Amount Unit
INPUTS
Magnesite 0.0016 ton/ton sinter
Iron ore 0.8902 ton/ton sinter
Limestone 0.1970 ton/ton sinter
Dolomite 0.0109 ton/ton sinter
Dunite 0.0312 ton/ton sinter
Coke breeze 0.0798 ton/ton sinter
Sinter dust 0.6918 ton/ton sinter
Pellet dust 0.0395 ton/ton sinter
Basic oxygen furnace slag 0.0184 ton/ton sinter
Flue dust 0.0227 ton/ton sinter
Gas cleaning sludge 0.0047 ton/ton sinter
Mill scale 0.0271 ton/ton sinter
Service water 1.1328 m’/ton sinter
Electricity 0.1896 GJ/ton sinter
Coke oven gas 0.1100 GJ/ton sinter
OUTPUTS

Products and co-products

Skip sinter 1.0000 ton/ton sinter
Sinter dust 0.6918 ton/ton sinter
Emissions to air

Carbon monoxide 45.1008 kg/ton sinter
Sulfur dioxide 5.1371 kg/ton sinter
Nitric oxide 0.7990 kg/ton sinter
Nitrogen dioxide 1.2269 kg/ton sinter
Hydrogen chloride 0.0100 kg/ton sinter
Hydrogen fluoride 0.0005 kg/ton sinter
Dioxin 0.0000019 g/ton sinter

Furan 0.0000019 g/ton sinter

Dust 1.6759 kg/ton sinter
Carbon dioxide 388.1348 kg/ton sinter
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5.2.2.3. Iron making

Since target product is liquid iron in iron making unit, the amount of inputs and

outputs are given for one ton of liquid iron production (Table 7).

Table 7. Material inputs and outputs of iron making unit

Material Amount Unit
INPUTS
Sinter 0.8222 ton/ton liquid iron
Pellet 0.6502 ton/ton liquid iron
Iron ore 0.1276 ton/ton liquid iron
Coke 0.4409 ton/ton liquid iron
Limestone 0.0046 ton/ton liquid iron
Dolomite 0.00004 ton/ton liquid iron
Pure water 0.0684 m’/ton liquid iron
Service water 0.0407 m’/ton liquid iron
Manganese ore 0.0187 ton/ton liquid iron
Quartzite 0.0277 ton/ton liquid iron
Air 1.3337 ton/ton liquid iron
Pulverized coal 2.2430 GJ/ton liquid iron
Natural gas 0.0006 GJ/ton liquid iron
Coke oven gas 0.2539 GJ/ton liquid iron
Blast furnace gas 1.3728 GJ/ton liquid iron
Electricity 0.0694 GJ/ton liquid iron
Steam 0.1420 GJ/ton liquid iron
Oxygen 0.2345 GJ/ton liquid iron
Nitrogen 0.1368 GJ/ton liquid iron
OUTPUTS
Product and co-products

Liquid iron 1.0000 ton/ton liquid iron
Blast furnace gas 4.8078 GJ/ton liquid iron
Liquid slag 0.2858 ton/ton liquid iron
Flue dust 0.0085 ton/ton liquid iron
Scale and scrap 0.0128 ton/ton liquid iron
Gas cleaning sludge 0.0077 ton/ton liquid iron
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Table 7. Material inputs and outputs of iron making unit - continued

Material Amount Unit
Emissions to air

Carbon monoxide 2.8152 kg/ton liquid iron
Sulfur dioxide 0.0229 kg/ton liquid iron
Nitric oxide 0.0478 kg/ton liquid iron
Nitrogen dioxide 0.0734 kg/ton liquid iron
Dust 1.1435 kg/ton liquid iron
Carbon dioxide 355.4365 kg/ton liquid iron

5.2.2.4. Steel making

Since target product is liquid iron in iron making unit, the amount of inputs and

outputs are given for one ton of liquid iron production (Table 8).

Table 8. Material inputs and outputs of steel making unit

Material Amount Unit
INPUTS
Liquid iron 0.9047 ton/ton liquid steel
Steel scrap 0.2197 ton/ton liquid steel
Iron dust 0.0001 ton/ton liquid steel
Iron ore 0.0035 ton/ton liquid steel
Desulphurization scale 0.0048 ton/ton liquid steel
Anthracite 0.0020 ton/ton liquid steel
Coke breeze 0.0006 ton/ton liquid steel
Coke 0.0013 ton/ton liquid steel
Lime 0.0502 ton/ton liquid steel
Pure water 0.3152 ton/ton liquid steel
Service water 8.5296 m’/ton liquid steel
Magnesite 0.0002 ton/ton liquid steel
Fluorite 0.0004 ton/ton liquid steel
FeSi 0.0016 ton/ton liquid steel
Fe Mn 0.0014 ton/ton liquid steel
FeCr 0.00002 ton/ton liquid steel
Al 0.0008 ton/ton liquid steel
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Table 8. Material inputs and outputs of steel making unit - continued

Material Amount Unit
Natural gas 0.1536 GlJ/ton liquid steel
Coke oven gas 0.2356 GlJ/ton liquid steel
Electricity 0.2424 GlJ/ton liquid steel
Steam 0.2182 GlJ/ton liquid steel
Oxygen 0.3825 GlJ/ton liquid steel
OUTPUTS

Product and co-products

Liquid steel 1.0000 ton/ton liquid steel
Basic oxygen furnace gas 0.3929 GlJ/ton liquid steel
Converter slag 0.1092 ton/ton liquid steel
Gas cleaning sludge 0.0406 ton/ton liquid steel
Desulphurization slag 0.0271 ton/ton liquid steel
Emissions to air
Carbon monoxide 0.0068 kg/ton liquid steel
Sulfur dioxide 0.0001 kg/ton liquid steel
Nitric oxide 0.0050 kg/ton liquid steel
Nitrogen dioxide 0.0078 kg/ton liquid steel
Dust 0.5140 kg/ton liquid steel
Carbon dioxide 284.0000 kg/ton liquid steel

5.2.2.5. Casting

The target products are billet and slab in casting unit. They are discussed separately,
so the amount of inputs and outputs are given for one ton of billet as shown in Table
9 and the amount of inputs and outputs are given for one ton of slab as shown in

Table 10.

Since the basic oxygen furnace and casting units were evaluated together, air
emissions from casting were also evaluated under basic oxygen furnaces. Emissions
from casting unit were not known separately except for carbon dioxide. The amount
of carbon dioxide emissions was generally higher that of other emissions [15], so it
was thought that exclusion of other emissions would not affect the result of the study

to a great extent.
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Table 9. Material inputs and outputs of billet casting

Material Amount Unit
INPUTS
Liquid steel 1.0164 ton/ton billet
LPG 0.0002 ton/ton billet
Pure water 0.0865 m’/ton billet
Service water 11.3892 m’/ton billet
Natural gas 0.0007 GlJ/ton billet
Coke oven gas 0.1576 GlJ/ton billet
Electricity 0.0473 GlJ/ton billet
Oxygen 0.0157 GlJ/ton billet
Nitrogen 0.0363 GlJ/ton billet
Argon 0.0007 GJ/ton billet
OUTPUTS
Product
Billet 1.0000 ton/ton billet
Billet losses 0.0142 ton/ton billet
Emissions to air
Carbon dioxide 7.4387 kg/ton billet

Table 10. Material inputs and outputs of slab casting

Material Amount Unit
INPUTS

Liquid steel 1.0470 ton/ton slab
LPG 0.0001 ton/ton slab
Pure water 0.0053 m’/ton slab
Service water 38.2762 m’/ton slab
Coke oven gas 0.1115 GJ/ton slab
Natural gas 0.0879 GJ/ton slab
Electricity 0.0428 GJ/ton slab
Electricity from network 0.0086 GJ/ton billet
Electricity in facility 0.0342 GJ/ton billet

49




Table 10. Material inputs and outputs of slab casting - continued

Material Amount Unit
Oxygen 0.0027 GJ/ton slab
Nitrogen 0.0035 GJ/ton slab
Argon 0.0012 GJ/ton slab
OUTPUTS
Product
Slab 1.0000 ton/ton slab
Slab losses 0.0478 ton/ton slab
Emissions to air
Carbon dioxide 16.5248 kg/ton slab

5.2.2.6. Hot rolling

The target products are wire rod and coil in hot rolling unit. Thus, the amounts of
inputs and outputs for one ton of each target product were given separately (Table

11).

Table 11. Material inputs and outputs of wire rod hot rolling

Material Amount Unit
INPUTS
Billet 1.0440 ton/ton wire rod
Service water 44.2339 m’/ton wire rod
Natural gas 1.4343 GlJ/ton wire rod
Electricity 0.4761 GlJ/ton wire rod
Electricity from network 0.0952 GlJ/ton wire rod
Electricity in facility 0.3809 GlJ/ton wire rod
Oxygen 0.0016 GlJ/ton wire rod
OUTPUTS
Product
Wire rod 1.0000 ton/ton wire rod
Mill scale 0.0105 ton/ton wire rod
Other losses 0.0335 ton/ton wire rod
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Table 11. Material inputs and outputs of wire rod hot rolling - continued

Material Amount Unit
Emissions to air

Carbon monoxide 0.0006 kg/ton wire rod
Sulfur dioxide 0.0004 kg/ton wire rod
Nitric oxide 0.0387 kg/ton wire rod
Nitrogen dioxide 0.0594 kg/ton wire rod
Dust 0.0191 kg/ton wire rod
Carbon dioxide 49.0577 kg/ton wire rod

Table 12. Material inputs and outputs of coil hot rolling

Material Amount Unit
INPUTS
Slab 1.0277 ton/ton coil
Service water 167.1421 m’/ton coil
Coke oven gas 2.0540 GJ/ton coil
Electricity 0.5428 GJ/ton coil
Electricity from network 0.1086 GJ/ton coil
Electricity in facility 0.4343 GJ/ton coil
Oxygen 0.0011 GJ/ton coil
Nitrogen 0.0030 GJ/ton coil
OUTPUTS
Product
Coil 1.0000 ton/ton coil
Mill scale 0.0204 ton/ton coil
Other losses 0.0073 ton/ton coil
Emissions to air

Carbon monoxide 0.0456 kg/ton coil
Sulfur dioxide 1.8982 kg/ton coil
Nitric oxide 0.3869 kg/ton coil
Nitrogen dioxide 0.6059 kg/ton coil
Dust 0.3989 kg/ton coil
Carbon dioxide 41.9339 kg/ton coil
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5.2.2.7. Utility services

5.2.2.7.1. Energy facilities

The case is different for energy facilities, because there is not a single target product
in energy facilities and it is not possible to define a base. Therefore, the amounts of
inputs and outputs different from the products were given for 1 GJ of total energy
produced (Table 13). There are five products in energy facilities, steam, electricity,
oxygen, nitrogen and argon. 1 GJ of total energy is distributed to the products by
means of their production percentages. For instance, 72.89 % of total energy
produced is steam, so for 1 GJ of total energy produced in energy facilities, 0.7289

GJ of steam is produced.

Table 13. Material inputs and outputs of energy facilities

Material Amount Unit
INPUTS
Tar 0.0028 ton/GJ energy
Pure water 0.0073 m’/GJ energy
Sea water 13.9642 m’/GJ energy
Service water 0.4028 m’/GJ energy
Natural gas 0.0340 GJ/GJ energy
Electricity 0.0535 GJ/GJ energy
Electricity from network 0.0107 GJ/GJ energy
Electricity in facility 0.0428 GJ/GJ energy
Coke oven gas 0.1701 GJ/GJ energy
Blast furnace gas 0.3055 GJ/GJ energy
Basic oxygen furnace gas 0.0394 GJ/GJ energy
Steam 0.6676 GJ/GJ energy
Nitrogen 0.0005 GJ/GJ energy
OUTPUTS
Products
Steam 0.7289 GJ/GJ energy
Electricity in facility 0.1296 GJ/GJ energy
Oxygen 0.0761 GJ/GJ energy
Nitrogen 0.0636 GJ/GJ energy
Argon 0.0018 GJ/GJ energy
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Table 13. Material inputs and outputs of energy facilities - continued

Material Amount Unit
Emissions to air
Carbon monoxide 0.0072 kg/GJ energy
Sulfur dioxide 0.3066 kg/GJ energy
Nitric oxide 0.1324 kg/GJ energy
Nitrogen dioxide 0.2038 kg/GJ energy
Dust 0.0244 kg/GJ energy
Carbon dioxide 101.5833 kg/GJ energy

5.2.2.7.2. Water facilities

For water facilities, the functional unit is taken as 1 m’ water for each type of water.
The data of amount of water processed was not available, therefore the amount is
assumed to be one m® for one m’® of water processing for all types of water; pure

water (Table 14), service water (Table 15) and sea water (Table 16).

Table 14. Material inputs and outputs of pure water facility

Material Amount Unit
INPUTS
Electricity 0.0067 | GJ/m’ pure water
Steam 0.3263 | GJ/m’ pure water
Steam water 1.0000 | m*/m’ pure water
OUTPUTS
Pure water 1.0000 m’/m’ pure water

Table 15. Material inputs and outputs of service water facility

Material Amount Unit
INPUTS
Electricity 0.0011 GJ/m’ service water
Steam water 1.0000 m’/m’ service water
OUTPUTS
Service water 1.0000 m’/m’ service water
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Table 16. Material inputs and outputs of sea water facility

Material Amount Unit
INPUTS
Electricity 0.0005 GJ/m’ sea water
Steam water 1.0000 m’/m’ sea water
OUTPUTS
Sea water 1.0000 m’/m’ sea water

5.2.2.7.3. Mechanical workshops

Mechanical workshop is not a production unit. Therefore, the product was defined as
“1 mechanical workshop”. The material and energy consumptions and emissions of
mechanical workshop were calculated for one ton of finished product. Since the total
annual amount of the production year for 2009 were taken from the facility, the
amount of material and energy consumptions and emissions from this unit were

divided to the amount of total final products of the facility.

Table 17. Material inputs and outputs of mechanical workshops

Material Amount Unit

INPUTS
Coke oven gas 0.0011 GJ/ton final product
Electricity 0.0052 GJ/ton final product
Steam 0.0013 GJ/ton final product
Oxygen 0.0010 GJ/ton final product
Service water 0.0002 m’/ton final product

OUTPUTS

Products

mechanical workhop 1.0000 point/ton final product
Emissions to air

Carbon monoxide 0.000030 kg/ton final product
Sulfur dioxide 0.0088 kg/ton final product
Nitric oxide 0.0027 kg/ton final product
Nitrogen dioxide 0.0042 kg/ton final product
Dust 0.0005 kg/ton final product
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5.2.3. Data integration to SimaPro

Under the main title of ‘Processes’ in Inventory part of SimaPro, several sub-titles
are available as shown in Figure 10, these are ‘Material’, ‘Energy’, ‘Transport’,
‘Processing’, ‘Use’, ‘Waste scenario’ and ‘Waste treatment’. There exist defined
materials, energies or processes taken from the databases of SimaPro. In this study,
most of the materials used or produced were defined manually. Only the raw
materials and some energy sources were taken from the databases. Some of the

materials were defined under ‘Material’ sub-title.
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Figure 10. Processes in Inventory of SimaPro

Coke and sinter are the materials used in blast furnaces, and also the liquid iron the
product of blast furnaces is also an input material to basic oxygen furnaces to
produce liquid steel. Also semi-finished products and finished products are all
materials. Since all products of sub-processes are the materials consumed to produce

the subsequent product, they were defined as a material under ‘Material’ sub-title. In
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addition to that, in terms of energy and water facilities, the produced energies and

waters were defined as materials.

A new folder was created under ‘Materials’ as ‘IISI TR’, indicating integrated iron
and steel industry in Turkey, to define the materials specific to Turkey in it. Creating

new pages under this title, all materials were defined.

The screenshot of empty page of SimaPro was presented in Figure 11. The page is

divided into three; products, inputs and outputs, and the sub-titles were given below.

Products

e ‘Known outputs to technosphere. Products and co-products’

e ‘Known outputs to technosphere. Avoided products’.
Inputs

e ‘Known inputs from nature (resources)’

¢ ‘Known inputs from technosphere (materials/fuels)’

e ‘Known inputs from technosphere (electricity/heat)’
Outputs

¢ ‘Emissions to air’

¢ ‘Emissions to water’

¢ ‘Emissions to soil’

¢ ‘Final waste flows’

e ‘Social issues’

¢ ‘Economic issues’

e ‘Known outputs to technosphere. Waste and emissions to treatment.’

All the outputs of the mentioned processes except emissions to air and water were
defined as products and co-products under the title of ‘Known outputs to
technosphere, products and co-products’. However, mechanical workshop was
excluded since there was not a product at the end of the process. The amounts of the
produced materials were entered, and the units were selected. Mass allocation was

used for products and co-products calculated with their mass percentages, only
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energy allocation was made for energy facilities. Allocation is an important point
since the allocation of environmental impacts was also conducted by means of these
percentages. After that ‘Known outputs to technosphere, Avoided products’ comes.
Avoided products are the co-products, which results in negative contribution to
environmental impacts. This means consumption of a material was avoided by
production of a material in this unit, so its environmental impacts are subtracted. For
instance, coke oven gas used as an energy source can avoid consumption of another
energy source, such as electricity. Here, electricity is the avoided product. If the
amount of electricity was entered as avoided product, SimaPro will subtract the
emissions and resource use associated with the production of electricity. However,
there was a gap in this software. The gap is that the avoided product cannot be linked
with the material produced. This means that electricity consumption was not avoided

by the coke oven gas production, it was avoided by the coke making unit.

After defining the products and co-products, inputs of the units were entered. The
materials directly taken from the natural sources were entered under the title of
‘Known inputs from nature (resources)’. The materials, such as manganese, oil,
magnesite, aluminium, air, etc., were taken from the databases. ‘Known inputs from
technosphere  (materials/fuels)” and ‘Known inputs from technosphere
(electricity/heat)’ has the same purpose. The inputs having mass and volume units
were defined under materials/fuels, and the inputs having energy units were defined

under electricity/heat.

Some inputs were not available in databases of the software and there was not
sufficient information to define the materials. In such cases, inputs having similar
characteristics were used. For instance, dunit was not available in the databases,
since dunit has similar characteristics with dolomite, both Mg bearing materials; the

amount of dunit was entered as dolomite.

Outputs of the units were entered to the title of ‘Emissions to air’ and ‘Emissions to
water’. Air emission levels were calculated according to a report of the facility
including emission concentration (mg/Nm3) and the gaseous flow rate (m3/h0ur) and

then adapted to the software. In terms of emissions to water, coke making unit was
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taken into account. There exists a treatment plant in coke making unit for treatment
of ammonia water from coke by-product unit. The concentrations of treated
wastewater discharged to the sea from treatment plant are taken for emissions to
water. Data about emissions to soil is not available, thus this part is excluded in the
study. Similarly, social and economic issues were also excluded. Besides that,
materials were not defined under the titles of ‘Final waste flows’ and ‘Known
outputs to technosphere, waste and emissions to treatment’, since the waste flows of
each unit were defined as products and co-products. The reason was that most of the
wastes were recycled without processing to the units of the facility. If there is a
processing such as incineration, landfilling or recycling, it would be defined here. In
the facility, some of the wastes were processed; however, the details of the individual
processes were not known and it was not defined individually. For instance, blast
furnace slag was granulated and then sent to cement plant. The material
consumptions for the granulation process were included to blast furnace unit;
therefore, the waste blast furnace slag was defined under products and co-products

title.
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In the facility steam, oxygen, nitrogen, argon and electricity were generated in the
energy facilities and then sent to other units. The allocation of environmental impact
were distributed to products in terms their energy percentages. The screenshot of
energy facilities was presented in Figure 39. 80% of the electricity consumed was
generated in the facility, and 20% of it is taken from electricity network. All
electricity consumptions were divided into two in proportion to their percentages
(80% and 20%). Coke oven gas, blast furnace gas, basic oxygen furnace gas and tar
were the consumed energy sources in energy facilities which were generated in sub-
processes and defined under sub-processes. The information of some consumed
energy sources was taken from databases, such as natural gas, electricity taken from

electricity network, liquefied petroleum gas and anthracite coal.

The outputs of the units were the air and water emissions. The information about air
emissions were taken from the emission report of the facility [45] and then adapted
to the software. In terms of water emissions, the discharge concentrations of
wastewater treatment plant were converted to mass by multiplying by volume of the

water.

5.2.3.1. Material defining to SimaPro

Most of the materials consumed in or produced from the units were integrated to
SimaPro manually. Some of them were taken from the databases of the software.
These exceptions taken from the databases were the raw materials and some energy
sources. Magnesite, fluorspar, ferrosilicat, ferromanganese, ferrochromium,
aluminium, oil, quartzite and air are not country-specific materials and taken from
database directly. However, the characteristics of iron ore, scrap, dolomite, sodium
hydroxide, sulfuric acid, lime, limestone, LPG, natural gas, anthracite coal, hard coal
and electricity from network vary country to country. At this point, most of the
materials were selected according to the geographical location of the countries.
Generally, the data from European countries were preferred due to the closeness to
Turkey. For instance, European data was used for dolomite, sodium hydroxide,
sulfuric acid and scrap, the data from Germany was used for pulverized coal, the data

from Switzerland was used for LPG, lime and limestone. Due to unavailability of
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appropriate data for Turkey, North American data was used for anthracite coal, and
global data was used for iron ore. Since most of the natural gas of Turkey came from
Russia, the data of natural gas specific to Russia was selected. Moreover, some of the
data were adapted to Turkey, such as electricity and hard coal. The list of

assumptions made during data integration to the software is presented in APPENDIX

C.

For example, the electricity taken from the network was adapted to Turkey using the
data taken from the Electricity Production Sector Report of 2009 as presented in
Table 18. The minor generation supplies were excluded, and percentages ware
calculated on the basis of natural gas, domestic coal, and hydraulic sources.
According to the calculations, natural gas, domestic coal, and hydraulic sources

generation were 55%, 25% and 20% in 2009 [52].

The natural gas is mainly taken from Russia, thus for electricity generation natural
gas production in Russia was used from the database of the software. Natural gas,
domestic coal and hydraulic energy used for electricity production have been already

defined in databases; this information was taken from the inventories.

Table 18. Supply percentages of energy generation in Turkey [52]

Energy Supply %0
(2009)

Natural Gas 48.6
Domestic coal 21.7
Hydraulic Source 18.5
Imported Coal 6.6
Fuel Oil 34
Wind 0.76
Geothermal & Biogas 0.34
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In addition to this, some of the energy utilized was generated in the facility in energy
facilities. Energy facilities were defined as well, the details of energy generation

were taken from the activity reports of the facility.

Moreover, hard coal is taken from the databases, in order to calculate the
transportation distance; the information about the supplier countries of is taken from
the facility and adapted to SimaPro. For instance, hard coal used in coke plants is
imported from USA, Australia, Canada, Indonesia, and Zonguldak. Since the states
where coal was taken were known as well as the countries, approximate distances
were calculated by means of Google maps. For very long intercontinental distances,
only sea routes are taken into consideration due to the negligible distances of land
routes. The hard coals from mentioned countries were defined individually and then

combined under hard coal mix of the facility.

In this part, the integration of materials to SimaPro was examined, and the details of
the sub-processes in SimaPro were given. Assumptions made in material defining
were also given in this part. The sub-processes of production, energy and water
facilities and mechanical workshop were covered separately. First of all, sub-
processes of production were defined; in the meantime the products of energy and
water facilities were also defined, since the products of energy and water facilities
were consumed by the sub-processes. Relevant analyses are presented in the

following sub-sections for each sub-process.

5.2.3.1.1. Coke making

The product of coke making units was coke, and the co-products were coke oven gas,
tar, ammonium sulfate and benzene. Fusi was used as an energy source in coke
batteries without processing; therefore fusi was also defined as a co-product of this
unit. The environmental impacts were distributed to the products and co-products in
proportion to their mass percentages. The allocations of products calculated with
their mass percentages are shown in APPENDIX D in Figure 31. All products except

coke oven gas were in mass units. The amount of coke oven gas was converted to
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mass via the density of 0,490 Kg/m3 [53], and converted to energy by using the

calorific value of 4407 kcal/m”.

The information about hard coal was taken from the inventory of SimaPro. While
taking hard coal from databases, some modifications were made as mentioned before

and the defined hard coal mix of the facility was used.

In defining the inputs of coke making unit, the information of hard coal, sulfuric
acid, sodium hydroxide, oil, natural gas and electricity from network was taken from
the inventories in the database of SimaPro. And, the others were defined manually as

shown in APPENDIX D.

The outputs of the unit were only emissions to air. The emissions were carbon
dioxide, carbon monoxide, sulfur dioxide, nitric oxide, nitrogen dioxide and dust.
These data was selected from the database through airborne emissions. The recorded
emissions to water were chemical oxygen demand, cyanide, phenol, phosphorus,
ammonia and suspended solids. These data was selected from the database through

waterborne emissions.

5.2.3.1.2. Sintering

The product of this unit was sinter. And, sinter dust was recycled to the sintering unit
without processing; therefore sinter dust was also defined as a co-product of this unit.
The allocations of the environmental impacts were distributed to the products and co-
products in proportion to their percentages. The allocations of products calculated

with their mass percentages are shown in Figure 32 in APPENDIX D.

In defining the inputs of sintering unit, the information of iron ore, limestone,
dolomite, magnesite and electricity from network were taken from the inventories in
the database of SimaPro. Some of the inputs are not available in the software; the
unavailable materials were defined as the materials having similar characteristics. In
sintering unit, coke breeze was defined as coke; pellet and pellet dust as sinter and

sinter dust, dunit as dolomite. And the mill scale input is assumed to be 50 % of wire
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rod mill scale and 50 % of coil mill scale. And similarly, the gas cleaning sludge is
taken as 50 % blast furnace gas cleaning sludge and 50 % basic oxygen furnace gas

cleaning sludge. Remainings were defined manually.

The outputs of the unit were emissions to air. The emissions to air were carbon
dioxide, carbon monoxide, sulfur dioxide, nitric oxide, nitrogen dioxide, hydrogen
chloride, hydrogen fluoride, dioxin, furan, and dust. These data was selected from the

database through airborne emissions and the amounts were entered.

5.2.3.1.3. Iron making

The product of blast furnace was liquid iron, and the co-products were blast furnace
gas, blast furnace slag, blast furnace flue dust, iron scrap and blast furnace gas
cleaning sludge. Blast furnace gas was an input to energy facilities, blast furnace flue
dust and flue gas cleaning sludge were sent to sintering unit, iron scrap is utilized in
blast furnaces and blast furnace slag is sent to cement factor as a raw materials,
therefore they were also defined as co-products of this unit. The allocations of the
environmental impacts were distributed to the products and co-products in proportion
to their percentages. All products except blast furnace gas were in mass units and the
energy unit of blast furnace gas was converted to mass via the density of 1,290 kg/m3
[53]. The allocations of products calculated with their mass percentages are shown in

Figure 33 in APPENDIX D.

In defining the inputs of iron making unit, the information of iron ore, manganese
ore, quartz, air, limestone, dolomite, natural gas and electricity from network were
taken from the inventories in the database of SimaPro. And, the others were defined
manually. Pellet input to blast furnaces was also taken as sinter input due to their
similar characteristics. Pulverized coal input to blast furnaces is taken from database

as pulverized lignite.

The outputs of the unit were emissions to air. The emissions were carbon dioxide,
carbon monoxide, sulfur dioxide, nitric oxide, nitrogen dioxide and dust. These data

was selected from the database through airborne emissions.
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5.2.3.1.4. Steel making

The product of basic oxygen furnace was liquid steel, and the co-products were basic
oxygen furnace gas, converter slag, basic oxygen furnace gas cleaning sludge and
desulfurization slag. Basic oxygen furnace gas was an input to energy facilities, and
the others were sent to sintering unit, so they were also defined as co-products of this
unit. The allocations of the environmental impacts were distributed to the products
and co-products in proportion to their percentages. All products except basic oxygen
furnace gas were in mass units and the volume unit of basic oxygen furnace gas was
converted to mass via the density of 1,429 kg/m3 [15] as mentioned in inventory part.
The allocations of products calculated with their mass percentages are shown in

Figure 34 in APPENDIX D.

In defining the inputs of steel making unit, the information of magnesite, fluorspar,
ferrosilicat, ferromanganese, ferrochromium, aluminium, anthracite coal, iron ore,
steel scrap, quicklime, natural gas and electricity from network were taken from the
inventories in the database of SimaPro. Since iron dust is not available in software, it
is taken as iron ore from the software. And, the other inputs were taken from the

manually defined items.

The outputs of the unit were emissions to air. The emissions were carbon dioxide,
carbon monoxide, sulfur dioxide, nitric oxide, nitrogen dioxide and dust. These data

were selected from the database through airborne emissions.

5.2.3.1.5. Casting

Billet casting
The product of this unit was billet. Since billet losses were sent to basic oxygen

furnaces as an input, it was also defined as a co-product of billet casting unit (Figure

35, in APPENDIX D).
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The inputs of the unit were generally energy inputs, the information of liquefied
petroleum gas was taken from the inventories in the database of SimaPro and the

other inputs were taken from manually defined energy facilities.

Since the basic oxygen furnace and casting units were evaluated together, the air
emissions from billet casting were also evaluated under basic oxygen furnaces.
Emissions from casting unit were not known separately except for carbon dioxide as
mentioned in Section 5.2.2.5. The data of carbon dioxide was selected from the

database through airborne emissions.

Slab casting

The product was slab. Since slab losses were sent to basic oxygen furnaces as an
input, slab losses was also defined as a co-product of this unit (in Figure 36 in

APPENDIX D).

The inputs of the unit were generally energy inputs, the information of liquefied
petroleum gas was taken from the inventories in the database of SimaPro and the

others were taken from manually defined energy facilities.

Since the basic oxygen furnace and casting units were evaluated together, the air
emissions from slab casting were also evaluated under basic oxygen furnaces as in
the case of billet casting and mentioned in Section 5.2.2.5. The data of carbon

dioxide was selected from the database through airborne emissions.

5.2.3.1.6. Hot rolling

Wire rod hot rolling

The product of this unit was hot rolled wire rod. Since wire rod losses were sent to
basic oxygen furnaces as an input, it was also defined as a co-product of wire rod hot
rolling unit. Although mill scales were processed before sending to sintering, since

the environmental effects were combined with sintering unit and not individually
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known, it was also defined as a co-product of wire rod hot rolling unit as in the case

of coil rolling (in Figure 37 of APPENDIX D).

The inputs of the unit were generally energy inputs, the information of natural gas
and electricity from network were taken from the inventories in the database of

SimaPro and the others were taken from manually defined energy facilities manually.

The outputs of the unit were emissions to air. The emissions were carbon dioxide,
carbon monoxide, sulfur dioxide, nitric oxide, nitrogen dioxide and dust. These data

was selected from the database through airborne emissions.

Coil hot rolling

The product of this unit was hot rolled coil. Since coil losses were sent to basic
oxygen furnaces as an input, it was also defined as a co-product of coil hot rolling
unit. Although mill scales were processed before sending to sintering, since the
environmental effects were combined with sintering unit and not individually known,
it was also defined as a co-product of coil hot rolling unit. Since it was not processed
in this unit, the environmental impacts of processing mill scales were included in the

sintering unit (Figure 38, APPENDIX D).

The inputs of the unit were generally energy inputs, the information of inputs were

taken from manually defined energy facilities except electricity from network.
The outputs of the unit were emissions to air. The emissions were carbon dioxide,

carbon monoxide, sulfur dioxide, nitric oxide, nitrogen dioxide and dust. These data

was selected from the database through airborne emissions.
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5.2.3.1.7. Utility services

5.2.3.1.7.1. Energy facilities

The products of energy facilities were steam, electricity, oxygen, nitrogen and argon;
they are all defined under products and co-products. For generation of these energies,
energies generated from other units in the facility are utilized. The inputs of the unit
were generally energy inputs and the information of natural gas and electricity from
network were taken from the inventories in the database of SimaPro. Since the
outputs of the facility are inputs to the same facility as well, they were taken from

newly defined energy facilities manually (Figure 39, APPENDIX D).

The outputs of the unit were emissions to air. The emissions were carbon dioxide,
carbon monoxide, sulfur dioxide, nitric oxide, nitrogen dioxide and dust. These data

were selected from the database through airborne emissions.

5.2.3.1.7.2. Water facilities

The products of water facilities were pure water (Figure 40, APPENDIX D), service
water (Figure 41, APPENDIX D) and sea water (Figure 42, APPENDIX D). They
were defined individually. For preparation of all types water, electricity both from
network and generated in the facility was utilized. For production of pure water,
steam generated in the facility was utilized additionally. There are no emissions

recorded from water facilities.

5.2.3.1.7.3. Mechanical workshops

Mechanical workshop is not a production unit. Therefore, the product was defined as
1 mechanical workshop (Figure 43, APPENDIX D). The material and energy
consumptions and emissions of mechanical workshop were calculated for one ton of

finished product.
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5.2.4. Impact Assessment

As a first step, impact assessment methods should be selected. The capabilities of
impact assessment methods embodied in SimaPro are presented in Table 19. The
assessment steps are Characterization, Damage Assessment, Normalization,
Weighting and Single Score. The details of assessment steps are indicated below.
Each assessment method does not have to cover all the steps. There are endpoint and
midpoint methods available in SimaPro. Midpoint methods include emission, fate,
and exposure, and endpoint methods include emission, fate, exposure, effect, and
damage. Midpoint methods have less uncertainty than endpoints; however
interpretation of results is complicated. Although indicators near endpoint level can
have significant uncertainties, the results of indicators at endpoint level are much
easier to interpret than the results of indicators at midpoint. Therefore, a method
covering the category indicators at endpoint level was favored in this study. By this
way, the results of midpoint level can also be seen and to ease the interpretation step
endpoint results were used. In SimaPro, it is also allowed to change the impact
categories of methods and also to develop completely new methods. In this study, the

method is taken as developed by the authors of the impacts assessment method.

Table 19. The capabilities of impact assessment methods

=
(=]
= =
g £ o
IMPACT ASSESSMENT METHODS = i 2 &0 5
2 g 8|S | | &
= |27 g ) 2
g |E g |5 |2 2
c |8 < z. = 7
CML 2 BASELINE 2000 + +
CML 2001 + +
ECO-INDICATOR 99 (E-H-T) + + + + +
ECOLOGICAL SCARCITY 2006 + + +
EDIP 2003 + + + N
EPD (2008) +
EPS 2000 + + + +
IMPACT 2002+ + + + + N
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Table 19. The capabilities of impact assessment methods - continued
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IMPACT ASSESSMENT METHODS ‘E ’%’ E 20 §
T |9 E |5 | E <
S ] »n E o0 p—
g |E 2|5 |2 z
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ReCiPe Endpoint (E-H-I) + + + + +
ReCiPe Midpoint (E-H-I) + +
BEES +
TRACI 2 +
CUMULATIVE ENERGY DEMAND + + +
CUMULATIVE EXERGY DEMAND (CEXD) + + +
ECOLOGICAL FOOTPRINT + + +
ECOSYSTEM DAMAGE POTENTIAL (EDP) + + +
GREENHOUSE GAS PROTOCOL + +
Characterization

Characterization factors for each substance are determined by the authors of
the impact assessment methods. These factors are readily available in
SimaPro. The amount of substance is multiplied by its characterization factor
expressing the relative contribution of the substance. For all substances
contributing to an impact category at the midpoint level (category midpoints),
the amounts are multiplied by their characterization factor, and then are
summed up. The total amount represents the impact category indicator at the

midpoint level. The unit of characterization factor is presented in Table 21.

Damage assessment

The impact category indicators at the midpoint level related to an impact
category indicator at the endpoint level (category endpoints) are combined.
Category endpoints are mentioned as damage categories. In this step, the units
of category midpoints are converted to a common unit to make them additive.
For instance, the units of all category midpoints having effect on Human

Health are converted to DALY (Disability Adjusted Life Years). This
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conversion is done by damage factors which are different for all category
midpoints, and readily available in SimaPro. Then the amounts in DALY can
be added to one another. In Table 21, the damage factors are shown in the

fourth column used to get midpoint categories into a common damage unit.

Normalization

In order to facilitate the interpretation step, normalization summarizes the
contribution of impact categories to the overall environmental impact. The
aim is to equalize the units of the endpoint impact categories. Contribution to
overall environmental impact is determined after dividing the impact category
by normalization factors, called as reference. Factors specific to impact
assessment methods are also readily available in SimaPro. The reference is
the average annual environmental load in a country or continent per person
living there. After normalization the impact category indicators all get the
same unit, which makes it easier to compare them. In SimaPro, the
normalization factor is given as the inverse of the reference value
(1/reference), so the impact category is multiplied by the normalization
factors. Factors specific to IMPACT 2002+ methods are presented in Table
21. A sample calculation for hydrocarbon (air) in coke making process is

presented in APPENDIX E.

Weighting

Weighting is an optional step conducted by using weighting factor. Weighting
factor expresses the judgment on the importance of an impact category. This
means the impact category indicator results at midpoint or endpoint are

multiplied by weighting factors, and are added to create a total score.

Single Score
In single score step, the values from normalization or weighting are added

together, and presented as a single value.

In order to select the impact assessment method to be used in this study, methods

were screened and compared with each other in terms of the impact assessment steps,
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impact categories covered and their preferabilities in literature. Firstly, the
assessment methods covering the normalization and single score steps were preferred
to enable easy interpretation; these methods were Ecoindicator 99 (E-H-I), EDIP
2003, IMPACT 2002+ and ReCiPe Endpoint (E-H-I). The second elimination is
based on the impact categories important for iron and steel industry. Respiratory
inorganics, non-renewable energy sources and global warming are the most
prominent impacts expected for iron and steel industry, and then come mineral
extraction and carcinogens. Ecoindicator 99 (E-H-I) and IMPACT 2002+ methods
cover both the prominent impacts for iron and steel industry and the secondary ones;
and then comes the ReCiPe Endpoint (E-H-I) method covering only the prominent
impacts. The midpoint impact category indicators of Ecoindicator 99 (E-H-I) and
IMPACT 2002+ methods were presented in Table 20. The last elimination criterion
was selected according to the preference of methods in literature. The mostly
preferred methods for metals were determined as Ecoindicator 99 and Impact 2002+.
Thereof, Ecoindicator 99 and Impact 2002+ embodied in SimaPro software were
compared with each other. These methods differ from each in terms of their impact
categories, characterization factors, normalization factors and weighting factors.
Impact 2002+ grouped 15 midpoint categories under four damage categories (human
health, ecosystem quality, climate change and resources) whereas Ecoindicator 99
grouped 11 midpoint categories under three damage categories (human health,
ecosystem quality and resources). Moreover, in IMPACT 2002+, carcinogens, non-
carcinogens, respiratory inorganics, ionizing radiation, ozone layer depletion and
respiratory organics are grouped under human health; aquatic ecotoxicity, terrestrial
ecotoxicity, terrestrial acidification/nutrificaiton and land occupation are grouped
under ecosystem quality; global warming is taken under climate change; and non-
renewable energy and mineral extraction are grouped under resources. The midpoint
impact categories of aquatic acidification and aquatic eutrophication are grouped
under ecosystem quality; however, since their damage factors are under
development, they are not evaluated at present. On the other hand, in Ecoindicator
99, carcinogens, respiratory inorganics, radiation, ozone layer and respiratory
organics are grouped under human health; ecotoxicity, land use and acidification/
eutrophication are grouped under ecosystem quality; and lastly fossil fuels and

minerals are grouped under resources.
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While comparing these two methods in term of their impact categories, firstly the
impact categories that can substitute each other were taken into consideration. The
list is presented in Table 20. For instance, as fossil fuels, included in Eco-indicator
99 method, is a non-renewable energy source can be substitute for non-renewable
energy source included in IMPACT 2002+ method. In common with this example,
climate change included in Eco-indicator 99 method can be substitute for global

warming included in IMPACT 2002+ method.

IMPACT 2002+ method, combination of four methods (IMPACT 2002, Ecoindicator
99, CML and IPCC) covering Ecoindicator 99, is a comprehensive method;
therefore, it was selected in this study as the assessment method. The summary table
for the details of assessment steps is given in table 21 and the details of impact
categories are presented in Table 22. The weighting step was excluded from the
study as suggested by the authors of the IMPACT 2002+; the weighting factor ‘1’ is

used as default value.

Table 20. Midpoint impact categories of IMPACT 2002+ and Ecoindicator 99 (H)

IMPACT 2002+ ECO-INDICATOR 99 (H)

Carcinogens Carcinogens

Non-carcinogens

Respiratory inorganics Respiratory inorganics
Ionizing radiation Radiation
Ozone layer depletion Ozone layer
Respiratory organics Respiratory organics
Aquatic ecotoxicity .
- — Ecotoxicity
Terrestrial ecotoxicity
Terrestrial acid/nutrification
Land occupation Land use

Aquatic acidification

; . Acidification/ Eutrophication
Aquatic eutrophication

Global warming Climate change
Non-renewable energy Fossil fuels
Mineral extraction Minerals
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5.2.5. Interpretation

The last phase of LCA is interpretation step. In this step, the results of impacts
assessment were evaluated. The normalized and single score results were used for

evaluation of products of sub-processes and final products.
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CHAPTER 6

RESULTS AND DISCUSSION

In this section, the results obtained from the LCA study conducted for the iron and
steel industry in Turkey are presented. In reading these results, the following points
should be taken into consideration. First of all; as is was also stated in Chapter 35,
during the analysis, environmental impacts were calculated by means of IMPACT
2002+ method. The units of all mid-point impact categories were different in
characterization step and, therefore the results are shown in percentages. And this
makes it difficult to interpret. If more than one product were compared, the product
having the most environmental impact was made equal to 100% and the
environmental impacts of other products were proportioned to this product.
However, it was also not possible to make comparison between different mid-point
impact categories. At the end of damage assessment step, the units of mid-point
impact categories under the same end-point impact categories were equalized. In
order to compare all mid-point impact categories between each other, normalized
results were preferred. The results of weighting step were same with normalization
results since the weighting factor was selected ‘1’ as the default value of IMPACT
2002+ impact assessment method. In single score step, the normalization results were
added together, and presented as a single value. The results of single score were

presented to facilitate the understanding.

The results of standard IMPACT 2002+ method are regarded as dimensionless. The
unit used for presentation of figures was Pt (point), unless otherwise specified. It
should be recalled that 1 Pt equals to 1000 mPt (milli-point) and also 1 MPt (million-
point) equals to 1.000.000 Pt.
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In configuration, normalized results of mid-point impact categories are used and for
comparison purposes, single score presentation of the results are preferred in the text.
Normalized values together with their percentages of mid-point impact categories
and their contributions to end-point impact categories are presented in APPENDIX
G. The contribution of inputs and outputs of all products assessed in Section 6.1 and
6.2 to end-point impact categories are covered in APPENDIX H and the
contributions to mid-point impact categories are covered in APPENDIX I
APPENDIX J cover the normalized impact assessment results per mid-point impact

categories of different production scenarios stated in Section 6.3.

Based on the LCA results, the impact contributors are evaluated under two titles;
these are inputs and outputs (emissions). In reading the results provided in the
following sections, it should be emphasized that the contribution of each input to
total impact reflects the effect of each input exerted before it enters the facility.
However, the effect of output reflects the impact of processes applied in the facility.
In other words, in calculating the emissions’ impacts, inputs are taken into account
only for their previous impacts just in proportion to their used amounts. So,
additional contribution of each input to the emissions during the processes is not

known.

6.1. Sub-process based environmental impacts

In this part, sub-process based environmental impacts were assessed per one ton of
product in order to detect the most polluting sub-process during the entire liquid steel
production process. Environmental impacts of the sub-processes for one ton of
product were calculated and the contributors to these impacts were identified. The
products of coke making, sintering, blast furnaces and basic oxygen furnaces were
coke, sinter, liquid iron and liquid steel, respectively. Therefore, the results obtained
for each sub-process are presented as for the relevant product. And then, the

environmental impacts are compared.
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Coke

In coke making unit, the target product is coke and the co-products are coke oven
gas, tar, ammonium sulfate, benzene and fusi. As stated in Section 5.2.3.1.1,
calculated environmental impacts were allocated in terms of masses of products and

co-products as also presented in APPENDIX D in Figure 31.

Figure 12 shows the normalized results obtained for the mid-point impact categories.
As presented in Figure 12, the impacts on ‘non-renewable energy’ (0.109 Pt), which
was categorized under ‘Resources’, showed the second highest rate after ‘respiratory
inorganics’ (0.145 Pt) categorized under ‘Human Health’ end-point impact category.
The impact on ‘terrestrial ecotoxicity’ (0.0185 Pt) appeared in the third rank. In
accordance with this finding, the percentage contributions of these mid-point impact
categories to the total impact were realized as 67.6, 50.86 and 8.58%, respectively
(Table 30 in APPENDIX G). All other impact categories were found negligible. The
compilation of the relevant data is given in Table 30 (in APPENDIX G) where the
figures for the other impact categories can also be depicted for both mid-point and

end-point impacts.

According to the single score results presented in Table 38 in APPENDIX H, the
main contributors of total environmental impact were hard coal (136%) and steam
(61.57%). The high contribution of steam can be resulted from the environmental
impact of energy facility. Since energy facility has the aim of providing inputs to
other units of the facility, they are not evaluated separately. At this point the
contribution of energy facilities can be realized from contribution of steam which is
one of the products of the energy facility. Electricity taken from the network (-136%)
stated earlier as avoided product showed negative contribution to total environmental

impact.
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Figure 12. Normalized impact assessment results for 1 ton of coke

As a matter of fact, hard coal consumption has a great impact on ‘non-renewable
energy’. Burchart-Korol (2011) stated that the effect of coke has the largest impact
on greenhouse gas emissions [13]; however, the present study reached the opposite
finding. Global warming had a negative share in environmental impacts (-28.48%, as
presented in Table 30); this is probably because the production of coke oven gas
avoids the external energy consumption. It can be stated that, the negative

contribution of coke oven gas is higher than the contribution of coke production and

thus coke oven gas recycling reduces global warming potential.

Sinter

In sintering unit, the target product is sinter and besides this sinter dust is produced
as a co-product. The calculated environmental impacts were allocated in terms of

masses of sinter and sinter dust. 60 % of the environmental impacts of sintering unit

were allocated to sinter as also presented in Figure 32 in APPENDIX D.
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The normalized results of environmental impacts calculated by SimaPro for 1 ton of
sinter product are presented in Figure 13 and the numerical data of environmental
impacts per both for mid-point and end-point impact categories are given in Table 31
of APPENDIX G. From Figure 13, it can be depicted that sinter production had
significant impacts on ‘respiratory inorganics’ (0.35 Pt) showing similar result with
the study of Burchart-Korol on sintering process [14]. According to the LCA results
presented in Table 47 in APPENDIX I , the main contributor to ‘Respiratory
Inorganics’ was found as emissions from the process (50.18%), recycled sinter dust
(28.26%) and iron ore (5.25%). Considering that ‘Respiratory Inorganics’ are
categorized under ‘Human Health® end-point impact category, the highest
environmental impacts occurs in the category of ‘Human Health’. The percentage
contribution of ‘Respiratory Inorganics’ to the total impact was realized as 80.08%
(in Table 31 of APPENDIX G). The impacts on ‘Non-renewable Energy’ (3.69%),
‘Terrestrial Ecotoxicity’ (1.85%) and ‘Terrestrial Acidification/Nutrification’
(0.51%) were relatively low. Since, in sintering unit, there are no avoided products,
the global warming effect of sinter production (13.44%) is remarkable when
compared with coke making unit. As known, global warming impact originates

mainly from CO, emissions.

Regarding the environmental impact on ‘Mineral Extraction’ (0.07%), one would
expect to observe a higher impact considering the high amounts of iron ore
consumed; but this was not the case. This could indicate that impact on mineral
extraction was low in comparison to impacts that are directly associated with the
production process of sinter. Here, it should be emphasized that the impacts

presented in Figure 13 represent the relative magnitudes of impacts.
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Figure 13. Normalized impact assessment results for 1 ton of sinter

Liquid iron

In blast furnaces, the target product is liquid iron. Besides this, the co-products are
blast furnace gas, blast furnace slag, flue dust, scrap and gas cleaning sludge. The
calculated environmental impacts were allocated in terms of masses of products and

co-products as also presented in Figure 33 in APPENDIX D.

The normalized results of environmental impacts of 1 ton of liquid iron produced are
presented in Figure 14. The highest environmental impact is observed to be in the
category of ‘Human Health’ caused by respiratory effects (0.269 Pt). Liquid iron
production exhibited similar results with sinter production. Since coke and sinter are
the inputs to blast furnaces, their impacts were realized substantially, as expected, on

‘Respiratory Inorganics’. As presented in Table 32 of APPENDIX G, the percentage
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contribution of ‘Respiratory Inorganics’ to the total impact was 89.51%. The main
contributor to ‘Respiratory Inorganics’ category appeared to be as sinter (31.88%)
which was followed by pellet (25.21%) and the total emission of blast furnaces with
a contribution of 13.19%, based on the results of LCA presented in Table 48 in
APPENDIX I. Since pellet was also introduced as sinter to the software due to their
similar characteristics as mentioned in Section 5.2.3.1.3, the total impact of sinter

and pellet is more pronounced for their cumulative amounts.
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Figure 14. Normalized impact assessment results for 1 ton of liquid iron

Huang et al. [15] stated that the main contributor of CO; is blast furnace gas in iron
making process and they proposed recycling of the produced gas. In the facility
where inventory data was taken and also in all integrated iron and steel facilities in
Turkey, the produced blast furnace gas is recycled. Therefore, in the present study
the environmental impact on ‘Global Warming’ (4.50%) is not remarkable (Table 32
of APPENDIX G); moreover, the impact is further lowered by means of the avoided

products.
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The impacts on ‘Non-renewable Energy’ (2.36%), ‘Terrestrial Ecotoxicity’ (2.71%)
and ‘Terrestrial Acidification/Nutrification” (0.55%) are found to be relatively low as
in the case of coke and sinter. The normalized environmental impacts per both mid-
point and end-point impact categories and their contributions in percentages are

given in Table 32 of APPENDIX G.

Liquid steel

As also stated earlier, the target product of basic oxygen furnaces is liquid steel and
the co-products are basic oxygen furnace gas, slag, gas cleaning sludge, and
desulfurization slag. The calculated environmental impacts were allocated in terms of

masses of products and co-products as given in Figure 34 in APPENDIX D.

The normalized results of environmental impacts of 1 ton of liquid steel produced are
presented in Figure 15. The compilation of the data belonging to normalized results
is presented in Table 33 in APPENDIX G both for mid-point and end-point impact
categories. From Figure 15, it can be depicted that the highest environmental impact
is observed to be in the mid-point category of ‘Respiratory Inorganics’ (0.394 Pt).
Compatible with this finding, Table 33 shows that liquid steel production has the
highest environmental impacts in the category of ‘Human Health’ mainly caused by
respiratory effects (70.2%) as in sinter and liquid iron production cases, possibly due
to the fact that it is the downstream of the liquid steel production sub-processes. The
main contributor of environmental impact on ‘Human Health’ is liquid iron with a
percentage of 46.86%, as presented in Table 41 in APPENDIX H. Liquid steel has
the second highest impact on ‘Global Warming’ impact category (16.9%). The
impacts on ‘Non-renewable Energy’ (7.29%), ‘Terrestrial Ecotoxicity’ (2.27%) and
‘Terrestrial Acidification/Nutrification’ were relatively low as compared with
‘Respiratory Inorganics’ and ‘Global Warming’. The relevant data for the other
impact categories can also be depicted for both mid-point and end-point impacts is

given in Table 33 (in APPENDIX G).
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Figure 15. Normalized impact assessment results for 1 ton of liquid steel

Comparison of environmental impacts of sub-process products

Coke, sinter, liquid iron and liquid steel were compared in terms of their
environmental impacts. The normalized results are presented in comparative manner
in Figure 16 and gathered versions of normalized results are given in single score
results, in Figure 17. As stated earlier, coke and sinter are independent processes,
both being the inputs to blast furnace. Liquid iron, the product of blast furnaces, is
sent to basic oxygen furnaces to produce liquid steel. Then, liquid steel is shaped in
casting and hot rolling processes. Except sinter and coke production; blast furnaces,
basic oxygen furnaces, casting and hot rolling are successive processes. Therefore,
the environmental impacts of these processes should be expected to build up
cumulatively. However, the expected cumulative increase was not observed in each
sub-process of liquid steel production, namely, coke, sinter, liquid iron and liquid

steel.
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Figure 16. Comparison of normalized impact assessment results for 1 ton of each
product
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Figure 17. Comparison of single score results for 1 ton of each product

In fact, there is a cumulative increase in impacts except for the liquid iron. Coke and
sinter are utilized to produce liquid iron, thus their impacts are expected to build up.
According to the inventory data, per production of 1 ton of liquid iron, 1.47 tons of
sinter (0.82 tons sinter and 0.65 tons pellet) and 0.44 tons coke are utilized as
mentioned earlier in Section 5.2.2.3; hence the environmental impacts were expected
to increase in these proportions. Although a certain effect of sinter was observed in
terms of contribution to impact categories, considering the allocation given for blast
furnaces (29.22% as presented in Figure 33 of APPENDIX D), the environmental

impact of liquid iron was observed in proportion to its allocation percentage.

The cumulative increase is valid for liquid steel. For 1 ton of liquid steel production
0.9 tons of liquid iron is utilized and the allocation percentage of liquid steel was
79.59% (in Figure 34 of APPENDIX D). Thus, environmental impacts increased

further in these proportions, as expected.
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To summarize, since liquid steel is the downstream of the sub-process of liquid steel
production, 1 ton of liquid steel was appeared as the most polluting step in terms of
total environmental impacts. Sinter followed liquid steel in terms of environmental
impacts in the category of ‘Human Health’ caused by respiratory effects and in the
category of ‘Climate Change’ caused by global warming as well. Coke has the
priority causing depletion of non-renewable energy sources, followed by liquid steel.
Also, it was observed that the allocation percentages assigned for the products have a
significant influence on the results especially for blast furnaces. The use of produced
gases from coke making, blast furnaces and basic oxygen furnaces resulted in
significant negative contribution to global warming potential, due to leading to avoid

the consumption of other external energy sources.

6.2. Product based environmental impacts

The environmental impacts of one ton of product were calculated and the
contributors to these impacts were assessed. As stated in Section 5.2.2 , the products

are semi-finished products, billet and slab, and finished products, wire rod and coil.

Semi-finished products: Billet and Slab

In billet casting, the target product is billet. Billet losses are also defined as a co-
product since they are sent to basic oxygen furnaces. The calculated environmental
impacts were allocated in terms of masses of billet and billet losses. Billet had
accounted for 98.6% of the products of billet casting unit (Figure 35 of APPENDIX
G). Similarly, in slab casting unit, the target product is slab and slab losses are
defined as co-products. The calculated environmental impacts were allocated in
terms of masses of slab and slab losses. Slab had accounted for 95.44% of total

products of slab casting unit (Figure 36 of APPENDIX D).

The normalized results of environmental impacts of 1 ton of billet and 1 ton of slab
are presented in Figure 18 and Figure 19, respectively. The compilation of the data
belonging to mid-point impact categories and the version adjusted to end-point

impact categories is given in Table 34 and Table 35 in APPENDIX G, respectively.
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Figure 19. Normalized impact assessment results for 1 ton of slab
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It can be depicted from Figure 18 and Figure 19 that the two semi-finished products
had significant impacts on ‘Respiratory Inorganics’ (for billet 0.419 Pt, for slab 0.408
Pt) categorized under ‘Human Health’ followed by in the category of ‘Climate
Change’ caused by ‘Global Warming’ (for billet 0.102 Pt, for slab 0.1 Pt). In
accordance with this finding, the percentage contribution of these mid-point impact
categories to the total impact were realized as 70.3 and 17.04% for billet, and 69.96
and 17.21 % for slab respectively (Table 34 and Table 35 in APPENDIX G). The
main contributor to all impact categories, both end-point and mid-point, appeared as
liquid steel consumption as presented in Table 42 and Table 43 in APPENDIX H
(end-point impact categories) and in Table 50 and Table 51 in APPENDIX I (mid-
point impact categories). The third highest impact is on the category of ‘Resources’
caused by depletion of non-renewable energy sources (for billet 0.0429 Pt, for slab
0.0428 Pt) and their percentage contributions presented in Table 34 and Table 35 (in
APPENDIX G) are 7.19% for billet and 7.34% for slab. The impacts on
‘Carcinogens’ ‘Non-carcinogens’, ‘Mineral Extraction’, ‘Terrestrial Ecotoxicity’ and

‘Terrestrial Acidification/Nutrification’ were found negligible.

Finished products: Wire rod and Coil

The semi-finished products are sent to hot rolling unit to produce finished products;
wire rod and coil. In hot rolling of billet, the target product is wire rod. Wire rod
losses and mill scales are also defined as a co-product since they are sent to basic
oxygen furnaces. The calculated environmental impacts were allocated in terms of
masses of the products and co-products (Figure 37 in APPENDIX D). Wire rod had
accounted for 95.79% of the products of wire rod hot rolling unit. In hot rolling of
slab, the target product is coil. Coil losses and mill scales are also defined as a co-
product as in case of wire rod hot rolling. As a result of mass allocation, wire rod had
accounted for 97.3% of the products of wire rod hot rolling unit (Figure 38 in

APPENDIX D).
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The normalized results of environmental impacts of 1 ton of wire rod and 1 ton of
coil are presented in Figure 20 and Figure 21, respectively. The compilation of the
data belonging to mid-point and end-point impact categories is presented in Table 36

and Table 37, respectively.

From Figure 20 and Figure 21, it can be depicted that both wire rod and coil shows
highest environmental impact in the mid-point category of ‘Respiratory Inorganics’
(0.499 and 0.590 Pt respectively). The finished products showed similar impacts as
in the case of semi-finished products. For both mid-point and end-point impacts, the
obtained normalized results of the relevant data is given in Table 36 and Table 37 (in
APPENDIX G). From these figures, it can be realized that, the impacts of wire rod
and coil on ‘Respiratory Inorganics’ were 68.55% and 72.47% of total environmental
impact resulted from their production, respectively. The proportion of ‘Respiratory
Inorganics’ is high in coil production due to the high amounts of emissions.
‘Respiratory Inorganics’ is followed by in the category of ‘Climate Change’ caused
by ‘Global Warming’ (for wire rod 18.55%, for coil 15.97%). Based on the results of
LCA presented in Table 44 and Table 45 in APPENDIX H, the main contributors to
the impact categories were basically billet consumption (81.77%) in wire rod
production and slab consumption (71.60%) in coil production. The third highest
impact is on the category of ‘Resources’ caused by depletion of non-renewable
energy sources (for wire rod 8.04%, for coil 6.89%). All other impact categories
were found negligible. The compilation of the relevant data is given in Table 36 and
Table 37 (in APPENDIX G) where the details of the other impact categories can also
be depicted for both mid-point and end-point impacts.

Tongpool et al. [12] stated that downstream products show higher impacts on
environment while upstream products show lower impacts. Similar findings were
encountered in this study, while the upstream product liquid steel shows lower

impacts, the downstream products, wire rod and coil, show higher impacts.
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Figure 20. Normalized impact assessment results for 1 ton of wire rod

Normalized value (Pt)

0,7
0,6
0,5
0,4
0,3
0,2
0’1 l
0 — i
’
o $J (& N . O
& & FF LSS S S @S
P F @ @ &N FLE LGS S
S I R U S SR S
P O N G AN R SN N
&N E & S S &
F K & @ F NG RO R
N R R A R G QRPN & &
& & S

Mid-point impact categories

Figure 21. Normalized impact assessment results for 1 ton of coil
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Comparison of environmental impacts of final products

Billet, slab, wire rod and coil were compared in terms of their environmental impacts
per one ton of production. The normalized results are presented in Figure 22, and
single score results (i.e. gathered versions of normalized results), are given in Figure
23. These figures show that the environmental impacts of finished products were
higher than the semi-finished products as expected due to additional processing

causing energy consumptions and also air emissions as well.
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Figure 22. Comparison of normalized impact assessment results for 1 ton of each
final product
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Figure 23. Comparison of single score results for 1 ton of each final product

According to the single score results presented in Figure 23, the comparison of two
semi-finished products shows that the environmental impacts of 1 ton of billet (0.597
Pt) were higher than 1 ton of slab (0.584 Pt), despite the fact that the emissions per
slab production (16.5 kg CO,/ton slab) were higher than billet production (7.4 kg
COy/ton billet), and also liquid steel utilized per one ton of slab (1.0470ton LS/ton
slab) was higher than per ton of billet (1.0164 ton LS/ton billet) as mentioned in
Section 5.2.2.5. The reason for this could be explained in terms of the allocation
percentages of products. Since billet had accounted for 98.6% (Figure 35,
APPENDIX D) of the products of billet casting unit and slab had accounted for
95.44% (Figure 36, APPENDIX D) of total products of slab casting unit, the impacts
of 1 ton of billet show a higher rate. Coils exhibited the greatest impact (0.815 Pt)

not only among the finished products but also among the all products.
Among the studied semi-finished and finished products, slab showed the lowest

environmental impact and the coil showed the highest impact. Although having

different impact rates, they have contributed to same impact categories. According to
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the normalized impact assessment results given in Table 34, Table 35, Table 36 and
Table 37, all semi-finished and finished products showed the highest environmental
impacts in the category of ‘Human Health’ caused by respiratory effects followed by
‘Climate Change’ caused by global warming and ‘Resources’ caused by non
renewable energy sources, as in the case of liquid steel. Since the main inputs of both
casting and rolling is liquid steel, most of the environmental impacts resulted from
the liquid steel, so they showed similar features with it. The upstream product is
liquid steel and the downstream products are wire rod and coil, and billet and slab are
the mid-products, and therefore, the successive processes showed cumulatively
building environmental impacts. The impacts on ‘Terrestrial Ecotoxicity’,
‘Carcinogens’ and ‘Terrestrial Acidification/Nutrification” were relatively low as in

case of all sub-processes.

6.3. Production scenarios

In this section, in an attempt to evaluate the effect of having different production
scenarios implemented in the facilities, three different scenarios were considered and
the evaluation was made per one ton of total product. First scenario was the real
production percentages of the facility where field studies conducted. The second
scenario was the case if all products are only semi-finished products from casting,
and the third scenario was the case that all semi-finished products are sent to hot
rolling and all products are only finished products. The results of three scenarios

were then compared with each other.

In the facility, approximately 70% of total liquid steel produced is sent to billet
casting and 30% of liquid steel is sent to slab casting. And, 25% of billet produces is
sent to hot rolling unit to produce wire rods while 75% of slab produces is sent to hot
rolling unit to produce coils. Briefly, 52.5% of all products stand for the billet.
Remainings are belonging to the slab, the wire rod and the coil with sharing
percentages of 7.5%, 17.5% and 22.5%, in respective orders. In the second scenario,
it was considered that, of the products, 70% is for the billet and 30% is for the slab.
Third scenario represented the case in which the production percentages for the wire

rod and the coil are 70% and 30%, respectively. In this part, unlike in the previous
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evaluations (Sections 6.1 and 6.2), mechanical workshop is also included to see its
contribution to the environmental effects, considering that this evaluation will be
done for the facility studied. As it was also pointed in Section 5.2.3, the mechanical
workshop had been excluded during the LCA evaluations conducted for the sub-

processes and products as this unit does not lead to any product.

The details of production scenarios considered are given in Table 23.

Table 23. Details of production scenarios

Scenario 1 Scenario 2 Scenario 3
(semi-finished + (semi-finished (finished
Product
finished products) products) products)
Billet 0.525 tons 0.7 tons
Slab 0.075 tons 0.3 tons
Wire rod 0.175 tons 0.7 tons
Coil 0.225 tons 0.3 tons
Mechanical . . .
p p p
workshop
1ton+1
1 ton + 1 mechanical | 1 ton + 1 mechanical
Total mechanical
workshop workshop
workshop

Figure 24 shows the results obtained for the first scenario. As seen from this figure,
billet has the highest impact (313 mPt), as expected, due to its highest share among
the products. Impacts of products are proportional with their amounts. The details of
Figure 24 are presented in Table 54 (APPENDIX J) with their percentage
contributions to total environmental impact. The impacts of slab, wire rod and coil
are 43.8, 128, 183 mPt corresponding to 6.54, 19.04 and 27.37% of total impact in
respective order. The environmental impacts of mechanical workshop appeared to be
too low (normalized impact value: 1.88 mPt and contribution to total environmental
impact: 0.28%) when compared with the impacts of final products as presented in

Figure 24.
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Figure 24. Single score results for Scenario 1

The results obtained for the Scenario 2 are presented in Figure 25 and the details of
the result are given in Table 55 in APPENDIX J. From this figure, it can be depicted
that the contribution of billet (418 mPt) to total environmental impact (595 mPt)
corresponds to 70.23% (in Table 55 in APPENDIX J), as expected, in consequence
of the proportionality with its amount. The impact of slab is 175 mPt corresponding
to 29.45% of total impact. The environmental impacts of mechanical workshop
(normalized impact value: 1.88 mPt and contribution to total environmental impact:

0.32%) appeared to be too low as in the case of Scenario 1.

The impact assessment results for the Scenario 3 are presented in Figure 26 and the
details of the result with their percentage contributions to total environmental impact

are given in Table 56 in APPENDIX J. It can be depicted from this figure that wire
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rod has the highest impact, the contribution of wire rod (510 mPt) to total
environmental impact (756 mPt) corresponds to 67.44% of total impact as presented
in Table 56 in APPENDIX J, as expected, proportional with its amount. The
environmental impacts of mechanical workshop (normalized impact value: 1.88 mPt
and contribution to total environmental impact: 0.25%) appeared to be too low as in

the case of Scenario 1 and Scenario 2.
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Figure 25. Single score results for Scenario 2
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Figure 26. Single score results for Scenario 3

The results obtained for the production scenarios introduced to the LCA software
were compared with each other. Gathered versions of normalized results are
presented in terms of single score results in Figure 27. As depicted from this figure,
Scenario 3 showed the highest impact than other scenarios, because higher
processing results in higher environmental impact. The normalized value of total
environmental impact of the first production scenario per one ton of product was
calculated as 0.67 Pt. If all products of the facility were semi-finished products
(Scenario 2), the total impact would come out to be 0.595 Pt whereas if all products
of the facility were finished products (Scenario 3), the total impacts would be 0.756
Pt. In other words, if all products of the facility are the semi-finished products, the
total environmental impact will be decreased by about 11%; on the contrary, when
all products of the facility are the finished products, the total environmental impact

will be increased by about 13% as compared to Scenario 1. According to the changes
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in environmental impacts of different production scenarios, hot rolling of one ton
product corresponds to approximately 24% higher environmental impacts than
casting of one ton of product, in a sense the hot rolling of casting products covers
approximately 24% of the total environmental impacts of the full production cycle of

one ton of product.
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Figure 27. Comparison of single score results for three production scenarios
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6.4. Suggestions for sustainable production

All semi-finished and finished products showed the highest environmental impact in
the category of ‘Respiratory Inorganics’ and ‘Global Warming’. In order to reduce
the environmental impacts it is beneficial to give the priority to the processes having
the highest contribution to those categories for reasonable investment. Therefore, to
determine the main contributors of the mentioned impact categories, the results are
combined and presented in a different way. Since coke, sinter and pellet are inputs to
blast furnace, their contributions are presented separately and the contribution of
liquid iron (LI) production from blast furnaces other than coke, sinter and pellet
consumptions is indicated as ‘LI-other’ in the below presented Figures. Contribution
of liquid steel (LS) production other than liquid iron consumption is indicated as
‘LS-other’. Casting (C) process excluding liquid steel consumption and hot rolling
(HR) process excluding semi-finished product consumptions are indicated as ‘C-
other’ and ‘HR-other’, respectively. The calculation procedure for these figures is

given in APPENDIX F.

From Figure 28, it can be depicted that liquid steel production excluding the
contribution of liquid iron showed the highest impact in the category of ‘Respiratory
Inorganics’. As mentioned before in Section 5.2.2.4, since the basic oxygen furnace
and casting units were evaluated together, air emissions from casting were also
evaluated under basic oxygen furnaces. For this reason, although casting process
showed the lowest impact in the category of ‘Respiratory Inorganics’, basic oxygen
furnace and casting processes should be evaluated together and it is recommended to
take measures for both liquid steel and casting processes. Liquid steel production is
followed by hot rolling of both slab and wire rod for finished products, and followed
by liquid iron production for semi-finished products. To lower the impacts of
finished products, avoiding hot rolling process can be an alternative, but it may not
be applicable because the production rates of products generally depend on demand
of products. For this reason, it will be beneficial to use effective dust collection

methods for emission reduction.
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Figure 28. Contributions of processes to ‘Respiratory Inorganics’ impact category

The contributors of ‘Global Warming’ impact category are presented in Figure 29.
This figure shows that for both semi-finished and finished products, liquid steel
production excluding the contribution of liquid iron showed the highest impact as in
the case of ‘Respiratory Inorganics’. And, the second highest environmental impact
is resulted from liquid iron production. In order to decrease the environmental
impacts in the category of ‘Global Warming’, it is beneficial to reduce the impacts of

liquid steel and liquid iron production processes especially carbon dioxide emissions.
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Figure 29. Contributions of processes to ‘Global Warming’ impact category

In investment planning stage aiming to reduce the total environmental impacts, it will
be effective to give the priority to the impact category having the largest contribution
to the total environmental impact. For all final products, the environmental impact of
‘Respiratory Inorganics’ catgory is very high when compared to the other impact
categories. Thus, giving importance to this category is beneficial especially to liquid
steel production and hot rolling processes for finished products and to liquid steel
production and liquid iron production processes for semi-finished products. It is
recommended that second-ranked investment area is the ‘Global Warming’ impact
category to reduce the total environmental impact. In this category, liquid steel and

liquid iron productions become prominent.
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CHAPTER 7

SUMMARY AND CONCLUSION

The results obtained from the LCA study conducted for integrated iron and steel
industry in Turkey are summarized in Table 24. This table presents the results for the
products of sub-processes and the final products, in terms of impact categories in a

comparative way.

Table 24. Summary of the normalized impact assessment results

Impact Impact Total
Impact on .
on on Impact on | Environmental
Ecosystem .
Process Product | Human Qualit Climate | Resources Impact
Health y Change (Single Score)
(Pt) (Pt) (Pt) (Pt) (Pt)
Coke
. Coke 1,46E-01 2,1E-02 -6,13E-02 1,09E-01 2,15E-01
making
Sintering Sinter 3,51E-01 1,06E-02 5,87E-02 1,65E-02 4,37E-01
Blast | ¢ uid
Furnace il('lon 2,70E-01 1,00E-02 1,35E-02 7,30E-03 3,00E-01
Process
Basic
Oxygen | Liquid |, \op 0 | (57500 | 949E-02 | 4.14E-02 5,62E-01
Furnace steel
Process
. Billet 4,35E-01 1,67E-02 1,02E-01 4,33E-02 5,97E-01
Casting
Slab 4,24E-01 1,63E-02 1,00E-01 4,32E-02 5,84E-01
Wire | 5 15501 1,94E-02 | 1,35E-01 5,91E-02 7,29E-01
Hot rod
Rolling Coil | 606E-01 | 2,18E-02 | 130E-01 | 566E-02 8,15E-01

Based on the results summarized in Table 24, following conclusions can be drawn:
e Among the sub-processes applied, basic oxygen furnace process shows the

highest total environmental impact when assessed for its product of liquid steel.
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e Liquid steel shows the highest impact in the category of ‘Human Health’ and
‘Climate Change’ followed by sinter among the products of sub-processes.

e (Coke has the priority causing depletion of non-renewable energy sources
categorized under ‘Resources’.

e (Coke has a negative contribution in the category of ‘Climate Change’ because
the production of coke oven gas avoids the external energy consumption and so
the impact on ‘Climate Change’ is lowered. Furthermore, the environmental
impact of liquid iron on ‘Climate Change’ is also further lowered by means of
the blast furnace gas recycling.

e The comparison of final products reveals that hot rolled coil has the highest
total environmental impact followed by wire rod, billet and slab.

e  Slab shows lower environmental impacts than billet and this is explained by the
allocation percentages. Similarly, the allocation percentages have a significant

influence on liquid iron.

Furthermore, hot rolling of casting products corresponds to approximately 24% of
the total environmental impacts of the full production cycle of one ton of product. It
is also concluded that the allocation percentages of the products have a significant

influence on the impact assessment results.

To conclude, integrated iron and steel products have impacts mainly on ‘Respiratory
Inorganics’ and ‘Global Warming’ impact categories and it is recommended the
facility giving the priority to those impact categories in investment planning stage for
environmental impact reduction. In ‘Respiratory Inorganics’ impact category, the
prior processes are liquid steel and hot rolling processes for finished products and
liquid steel and liquid iron production processes for semi-finished products. It is
beneficial to use effective dust collection methods to decrease the particulate
emissions. In ‘Global Warming’ impact category, liquid steel and liquid iron
production processes become prominent and carbon dioxide emission reduction is

recommended to the facility.
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CHAPTER 8

RECOMMENDATIONS

In addition to the above mentioned conclusions, the assessments performed in this
thesis were mainly based on assumptions and these assumptions can affect the
accuracy of the results. As can be concluded from this study that impact assessment
results are sensitive to some parameters; such as allocation percentages and the
characterization, damage, normalization factors of impact assessment methods. Thus,
different allocation percentages and different impact assessment methods using
different factors will change the impact assessment results. When the results of the

study are used, this aspect should be taken into consideration.

Moreover, there may be uncertainties in the results due to the assumptions. It is
necessary to conduct an uncertainty analysis. The software has the ability of
conducting uncertainty analysis. However, this analysis cannot assess the uncertainty
of inventory data collected from the facility. Therefore, the results of the uncertainty
analysis conducted by the software are thought to be inadequate. Conducting a
comprehensive uncertainty analysis is required an extensive study, so it could not be
covered in the present study due to time limitations. In further studies, uncertainty

analysis should be conducted in order to ensure the accuracy of the data.
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APPENDIX A

FLOW CHART OF PRODUCTION AT INTEGRATED

IRON AND STEEL PLANT
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APPENDIX B

PROCESSES APPLIED IN THE FACILITY

The facility is an integrated steel facility in Turkey that produces both flat and long
products. Production process in the facility consists of several sub-process; coke
making, sintering, iron-making (blast furnaces), steelmaking (basic oxygen
furnaces), continuous casting and rolling. The products of the facility are billet, wire
rod, slab, coil and a variety of by-products. Billets and slabs are produced via
continuous casting of liquid steel from blast furnaces. Billets and slabs are semi-
finished products used in manufacturing of hot rolled products, wire rod and coil
respectively. Along with steel production process, by-products are produced. These
by-products are granulated BF slag, coke, crude benzene (light oil), ammonium
sulfate (fertilizer), and tar. Details of sub-processes were presented afterwards.
Besides production process covering sub-processes, utility services were available in
the facility. These utility services were energy and water facilities and mechanical

workshop.

B.1. Coke making

The main purpose of coke oven plant is to produce metallurgical coke which is a
need for blast furnaces. Coke oven plant in the facility consists of coal preparation,
batteries and by-products units as presented in Figure 5. The functions of
metallurgical coke in the blast furnace are procurement of gas and liquid

permeability, providing the necessary heat for reactions, and it’s reducing features.

The main input of coke making process is hard coal to produce coke via pyrolysis.
Sulfuric acid, sodium hydroxide and wash oil were utilized during the formation of
by-products in coke oven gas cleaning unit. Waters used in coke making process are

wet quenching water, steam, cleaning water and pump cooling water. Quenching
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water input is the amount of water added during the wet quenching instead of water
loss as water vapour into the atmosphere. Energy used in combustion chamber is
coke oven gas and natural gas, in the same time fusi, the mixture of tar and coal dust
from by-product formation, is an input to coke batteries as a fuel and also an output
of coke oven gas cleaning unit. Electricity is used to provide the energy required for
machineries. The outputs from the system are coke produced from hard coal, coke
oven gas produced while coking in coke batteries. The other outputs are benzene, tar,
ammonium sulfate as by-products. Steam is produced while dry coke quenching. The
wastes produced are biological treatment sludge formed during treatment of
ammonia water in coke oven gas cleaning unit, and steam wasted from wet coke
quenching process. The main emissions from the system are carbon dioxide, carbon

monoxide, sulfur dioxide, nitric oxide, nitrogen dioxide and dust.

The intention of coal preparation plant is stocking, stock taking, crushing, preparing,
blending, weighing and charging of foreign-sourced hard coal having different
properties. Hard coals used in coke plants are brought from USA, Australia, Canada,
Indonesia, and Zonguldak. Hard coals are sent to the crusher with the help of
conveyor belt. Coal sent to crushers, having maximum size of 50 mm, is crushed to
be under 3 mm. After the crushed coal is stocked in silos, coals blended in different

characteristics are sent to 3 coal towers located above coke batteries.

In addition, the integrated iron and steel production process requires large amounts of
energy and stores large amounts of energy as well. Some of the energy is produced in
batteries during the coke production. Manufacture of coke is distillation of coal
blends in the airless environment in refractor built coke cabins. Coke batteries consist
of a combination of a certain number of coke cabins. Heat required for coking of
hard coal is obtained through burning of coke oven gas and natural gas in heating

cabins.
Coke oven gas is very valuable due to its high calorific value (approximately

4400 kcal/m®) and the by-products produced during cleaning of coke oven gas.

Coke oven gas content is as follows:
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Table 25. Content of coke oven gas

Components Percentages (%)
CO 6
CO, 3
H, 60
N, 6
CH, 20

Two different quenching methods which are coke wet quenching and coke dry
quenching were applied for coke produced in batteries. In wet quenching, water input
is the amount of water added instead of water loss as water vapour into the
atmosphere. In dry system, coke is quenched via circulation gas (75% of the
nitrogen-carbon-carbon-hydrogen-oxygen) until it is cooled at 150-200 °C, and the
temperature of circulation gas is 800 °C. Steam is obtained by using excess heat in

circulation gas (420 °C., 39 atmospheres, 25 ton/hour).

Quenched coke was sent to the manipulation unit. In coke manipulation unit, coke is
classified by grain thickness. According to grain thickness, broken coke is divided
into three. 0-10 mm coke (coke breeze) is sent to sintering, 10-25mm nut coke and

the 25-60 mm metallurgical coke are sent to the blast furnaces.

Crude coke oven gas, evolved while coking in coke batteries, is cleaned in coke by-
product unit, and during cleaning of gas, tar, benzene and ammonium sulfate are
derived. After deriving the by-products cleaned coke oven gas is sent to gasometers
in energy facility to balance the pressure and to be stored, and to be used as fuel in
different units of the facilities of the plant. Ammonium sulfate is sold to the domestic
market for use as fertilizer in agriculture. Benzene as a fuel and input in the chemical

plants is sold abroad.

Ammonia water is sprayed on the coke oven gas from coke batteries; thus the

temperature coke oven gas is reduced. Meanwhile, tar and steam, in the coke oven
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gas resulting from the humidity of the coal, condenses and passes through the liquid
phase. Then, coke oven gas is separated from the mixture of tar and ammonia water
in the separator unit. The mixture of tar and ammonia water is sent to decanter and
separated by the difference of specific gravity. Tar is sent to tar storage tank to be
sold, and ammonia water is sent to gas cleaning unit for re-cooling. The mixture of
tar and coal dust at the bottom due to its specific gravity is called fusi in the field.

Fusi is sent to the batteries to be burned.

Coke oven gas from separator is sent to the fertilizer plant. Ammonia in the coke
oven gas is converted to the fertilizer (ammonium sulfate) by spraying acid solution

on it. The reaction here is as follows:

2NH3(gas) + HZSO4 (liquid) > (NH4)2504 (fertilizer)+ heat

Finally, benzene in the coke oven gas is kept by benzene wash oil. Then, a mixture of
benzene and oil are separated by distillation method. Benzene is sent to storage tanks

to be sold, clean wash oil is used again.

There is a steady increase in the amount of gas cleaning water (ammonia water)
arising from humidity available in hard coal. Therefore, excessive ammonia water is
withdrawn from the system continuously and sent to biological treatment plant. The
amount of ammonia in the water is trying to keep constant in the system because the
more ammonia leads to the formation of corrosive salt (NH4Cl, NH;SCN, (NHy)

2S0y).

The amount of wastewater involves cleaning water and pump cooling water, steam
used during the separation of benzene and oil, and ammonia waste water from
humidity of the coal, are also included. Total amount of wastewater was
calculated approximately from the water flow rate coming to the wastewater

treatment plant.
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B.2. Sintering

Sintering is partial melting and bringing into ingots of powdered iron ore, coke
breeze and alkalinity adjusting materials, and the product obtained is called sinter.
The main three purposes for sintering are: (1) loading and unloading during transport
from the mine the ore into powder, that was caused by blockages in powder form to
be blast furnaces; brought to a certain size to be permeable; (2) excess sulfur, arsenic
and moisture in the ore will lead to breakage in finished steel, thus vaporized during
sintering; (3) since giving iron ore directly to blast furnaces will reduces efficiency,
the actual blending of raw materials are turned into semi-finished products called

sinter.

Sintering unit can be thought as a recycling unit of the facility, there are many inputs
from different units of the facility. The inputs of sintering process are iron ore with
the additives of limestone, lime, dolomite, dunite and magnesite. In addition, the
wastes are utilized from different units of the facility. These wastes are sinter dust,
pellet dust, iron ore dust, basic oxygen furnace slag, iron bearing flue dust from dry
gas cleaning, iron bearing sludge from wet gas cleaning, and mill scales from rolling.
The purpose of using basic oxygen furnace slag in sinter not blast furnace slag is that
the iron content of basic oxygen furnace slag is higher than that in blast furnace slag.
In the facility, a mixture of mill scale, flue dust, lime and gas cleaning sludge called
‘wastes’ from prior years is added to the blend. Energy used in the unit is electricity
required for machineries and coke oven gas and coke breeze for ignition of sinter
blend. The product is sinter and the wastes are sinter dust, multicyclone sludge from
dust collecting system. Finally the main air emissions are carbon monoxide, sulfur
dioxide, nitric oxide, nitrogen dioxide, hydrogen chloride, hydrogen fluoride, dioxin,

furan, and dust.

In preparing the blend material for sintering, limestone, magnesium oxide (MgO)
bearing raw materials (dolomite, dunite, magnesite) is used as additives. To this
mixture, the sintered powder earned in the system and for burning purposes
anthracite powder and coke breeze is added. As grain size and moisture content of

the blend increases, coke addition is prompted. The most important thing is to set the
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degree of acidity and alkalinity. The acidic minerals in the ore are SiO; and Al,O3,
alkaline minerals are CaO, MgO, and CuO. Elements in the composition of the ore
such as sulfur and arsenic are burned and vaporized as oxides during sintering.
Na20, K20 remain in the ore, and vaporized in blast furnaces at 900-1000 °C. Sinter
blend have a thickness of approximately 380 mm. Sintering begins with ignition of
sinter blend with coke oven gas (1100 ° -1200 ° C) while passing through the

furnace. Owing to the high temperature, a hard and a porous structure is obtained.

Chemical properties of sinter are as follows:

¢ Sinter bearing high degree of CaO is not used hot to avoid fragmentation,

e Alkaline (1.4-1.5) sinter provides coke consumption since it is easy to reduce,

e If alkalinity value is 1:20 to 1:25, physical strength is in the minimum,

e The higher the softening temperature of sintering, the better the gas
permeability of furnace,

® FeO should be 10% maximum (Increases fayalite formation and the coke
consumption)

o Alkaline and sulfur must be minimum in sinter.

The ore by rail and sea is drained to the main stock area. In the area four stacker-
reclaimer, in blending area one stacker and one reclaimer are available. The iron ore
from main stock area is broken in the crushing buildings and turned into dust. Broken
ores above 7 mm sometimes sent as a piece of ore to the blast furnaces. Broken ores
less than 7 mm are stocked out in blending area. The ore blending area is the area
where the ore for sintering, piece of ore, limestone, dolomite, quartzite, manganese
for blast furnace and basic oxygen furnace are stocked. After the obtained sinter is

sieved and weighed, it is charged into the blast furnace.

The dust during sinter breaking, sieving and transport process is kept by
electromagnetic methods with 5 electro filter. 0-250 micron size dust particles are
kept by plate-type electrostatic precipitator. Dusts is sent to dosing unit and in

blended again.
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B.3. Blast Furnaces

A blast furnace is a heating process where solid metal in the form of pieces of iron
ore, sinter and pellet turned into liquid iron. 3 blast furnaces — one new, two old- are

in operation, and the 4th blast furnace is under construction.

The inputs of blast furnaces are sinter, pellet, iron ore, coke, and pulverized coal with
the additives of limestone, dolomite, manganese ore, and quartzite. Energy utilized in
the unit is natural gas, coke oven gas, blast furnace gas, electricity, steam, oxygen,
air, and nitrogen. Coke oven gas is used for cleaning of slag channels and heating of
stoves. Blast furnace gas is also used for heating of stoves. Nitrogen is used during
transmission of pulverized coal from pulverized coal injection unit into the blast
furnace, and air is used for combustion in stoves. The water used in the unit is gas
cleaning water and cooling water. The outputs of the unit are liquid iron as product
and blast furnace gas as by-product. The wastes are flue dust, gas cleaning sludge,
and wastewater from gas cleaning unit and liquid slag, scale and scrap. The main
emissions from the system are carbon monoxide, sulfur dioxide, nitric oxide,

nitrogen dioxide and dust.

Blast furnaces takes combustion air from a turbo blower unit connected to energy
facilities. Increasing pressure of the air absorbed from the suction chimneys above
the blower are sent to blast furnace stoves. There are a total of 6 turbo-blowers. Blast
furnace stove aims to heat the cold compressed air from turbo blower and sends to
blast furnaces. Stoves are heated by blast furnace gas and coke oven gas. Hot air
from stoves (900-1000 °C) is routed to furnaces by means of tuyeres. The furnace

starts to work by giving hot air.

Bunkers are used to stock material needed by blast furnace and to screen the material
in unwanted sizes affecting permeability. After weighed materials are charged into
the furnace, moisture of material flies and the temperature increases when moving
down. As a result of increasing temperature materials heats up and reacts. At the
level of tuyere, at 2000 °C the pig iron and slag dropwise goes down into the

reservoir. In the meantime, pulverized coal is injected into tuyeres. Reduced pig iron,
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irreducible other metal oxides and coke ash accumulate in a reservoir creating slag.

Pig iron in the reservoir is send to the pig pots; slag is send to the slag pots.

Slightly reduced elements in blast furnaces like manganese and silisium are included
in the structure of liquid iron. Also impurities in reduced iron are kept in the slag. As
a result, due to density differences liquid iron is collected at the bottom of the
furnace, the slag is collected on the top. The majority of liquid iron separated from
slag is sent to basic oxygen furnace to produce steel and the remaining part is sent to
the pig machine to produce and sold pig iron. And, blast furnaces gas having a
calorific value of 880 kcal/m”’ is subjected to the treatment to be used as a fuel. The
gas treatment unit consists of dry cleaning and wet cleaning parts. Firstly, BF gas is
sent to dust collection system, and then fine particles are turned into sludge by
spraying water on it. Held dust and sludge is sent to the sinter. The content of

produced blast furnaces gas is presented in Table 26.

Table 26. Content of blast furnace gas

Components Percentages (%)
CO 26
CO, 18
H, 6
N, 50
CH4 0

Liquid iron is shaped into ingots of various weights in pig machine. Lime from the

lime calcining plants is mixed with water and poured over the pig ingots.

Slag consisting of not reduced oxides and coke ash at 1450 °C is moved to slag
granulation plant. In slag granulation plant, while the evacuation of hot slag 7-8 atm
pressure water is sprayed to granulate slag. Granulated slag as raw material for
cement production sold in the domestic and foreign markets, and slag cannot be

granulated is sent to the waste area.
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Scales solidified and stuck in the pots are cleaned by means of hammer blows.

Meanwhile shell lime is sprayed to ease this operation.

B.4. Basic Oxygen Furnace

Liquid iron produced in blast furnaces is converted to liquid steel in 3 Basic Oxygen
converters of Basic Oxygen Furnace (BOF) unit. Basic Oxygen Furnace gas (BOF

gas) cleaning unit is Venturi Wet Washing System.

The main input to basic oxygen furnace is liquid steel which is the product of blast
furnace. The other metallic inputs to convertor are steel scrap, pig iron dust,
desulphurization scale and iron ore. The other inputs to converter are magnesite,
fluorite, coke, the mixture of anthracite (%50) and pulverized coal (%50), FeSi, lime
and oxygen. Pot inputs are FeMn, FeSi, SiMn, coke breeze, coke, Al, FeCr, FeMo,
FeV, fluorite, and calcium aluminate. Energy used in the unit is natural gas, coke
oven gas, electricity and steam. The water used in the unit is gas cleaning water and
cooling water. The outputs of the unit are liquid steel as product and basic oxygen
furnace gas as by-product. The wastes are converter slag, desulphurization slag, gas
cleaning sludge, and wastewater from gas cleaning unit. The main emissions from
the system are carbon monoxide, sulfur dioxide, nitric oxide, nitrogen dioxide and

dust.

Liquid crude iron produced in blast furnaces is moved to BOF unit with torpedoes,
and in drain pit iron is charged from torpedoes to charging pots. Liquid iron
transferred to charging pots is moved to sulfur removal stations. Desulfurization
process is done by insufflations of oiled lime powder and magnesium and nitrogen as
carrier gas from nozzles to charging pots. The amount of use is automatically
calculated by taking into account the initial sulfur content of liquid iron and the
required sulfur content at the end of the sulfur removal process. After sulfur removal
process is completed; the slag formed on top of the pots is moved to slag pots via

deslagging machine.
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Before liquid iron charging, scrap is charged to the converter. Scrap allocated
according to their quality in scrap preparation plant is charged to converter by
weighing the desired amounts. Charged scrap to the converter is approximately 15-

20 %.

Steel production process begins by making the charge of liquid iron to converter after
scrap charge. One of the most important materials used in the steel production in
converter is oxygen. Converter reaction is an exothermic reaction. Since high heat
comes out during oxygen blowing on mine at 1300 °C, heat balance is set by scrap
charge. 99.5% pure oxygen produced in air separation unit (oxygen production
plant), is blown with immersion of nozzles up to a certain depth of hot metal and

scrap bath.

Besides the production of liquid steel, slag and waste gas is formed. The removal of
unwanted elements is provided by charging slag forming materials (calcined lime,
dolomite and Ferro-alloys) to the liquid steel. Due to differences in specific gravity,
liquid steel is located at the bottom and slag on the upper part of the converter. Slag
in converter is sent to the slag pool for evacuation. After the iron bearing material in

BOF slag is taken, the rest of is stocked.

During the burning of carbon in iron by blowing oxygen, the CO and CO, gases are
generated. Waste gas generated during steel production process is sent to store of
basic oxygen furnace gas (BOF gas) through pipelines and then, used as a fuel in
boilers of power plants. Since complete combustion cannot be achieved in boiler
system, the amount of CO is higher than the amount of CO,. 60- 65 % gas released
during Oxygen blowing is CO gas. If the ratio of CO gas formed during the oxygen
blowing is up to 30%, it is burned in stacks; if the ratio is above 30%, the gas is
collected on the gas holder of converter. The content of basic oxygen furnace gas is
given in Table 27. In converter boilers steam flow of 30 tons/hour is generated.

Steam produced is used for process and heating in various parts of the plant and.
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Table 27. Content of basic oxygen furnace gas

Components Percentages (%)
CcO 72,5
CO, 16,2
H, 3,3
N, + Ar 2,7
Other 5,3

The liquid steel taken to casting pots is transferred to ladle metallurgy stations. Ladle
metallurgy stations provide control of temperature in liquid steel, alloying, and
refining in the pots. It also ensures time compliance with the converter and
continuous casting machines, and thus plays a role in increasing the efficiency of
steel production. 3 units are old and 2 new lime kiln. The new lime kiln calcination
process is made using 40-80 mm size limestone; the produced lime is dimensioned

and then transported.

B.5. Continuous Casting

Casting is a shaping process where liquid steel is poured on the mould. As a result of
casting process semi-finished product occurs. In the facility continuous casting is
done. Liquid steel is continuously cast into semi-finished products. The casting
material is named according to its shape. The thin and long semi-finished product is

named billet and flat semi-finished product is named slab.

The basic input to continuous casting is liquid steel. The necessary energy is met
from natural gas, LPG, coke oven gas, blast furnace gas, electricity, oxygen, nitrogen
and argon. Water consumed is pure and cooling water. The outputs are billet and
slab, and losses of them. The billet and slab losses are resent to basic oxygen
furnaces. The main emissions from the system are carbon monoxide, sulfur dioxide,

nitric oxide, nitrogen dioxide and dust.

There exist two rolling mills in the facility, wire rod and coil rolling mill. Hot rolling

is applied in both of them.

124



The most basic of waste from continuous casting and rolling mills is the mill scale
the oxide layer formed on the surface of product. Pressurized water is sprayed on the
surface of semi-finished and finished product for cooling and cleaning purposes.
During this process, oxide layer is mixed with a little oil from cleaning machines
while water flow to the pit. Here, the heavy rough mill scale sinks to the bottom and
oil is get to the top. The thin mill scales not separated from oil suspense. Mill scale
collected from the bottom and sent to the sintering after drying. Oil collected and

sent to the oil firing plants.

Fine mill scale is sent to radial tanks. Here, fine mill scale separated from water is
belt filtered and sent to sintering. Clean water is cooled and resent to cooling towers

to be used as the cooling water.

B.6. Hot Rolling

Wire Rod Mill

The annual capacity of wire rod mill in the facility is 500.000 tones. The semi-
finished products -billets- from continuous casting are primarily heated up to
annealing temperature (1050-1300°C) depending on the amount of carbon in steel.
After cleaning the mill scales on the billet, it is passed through rollers. The billet
having a cross-sectional area of 130x130 mm? is rolled to produce wire rod in 5.5-16

mm diameter weighing approximately 1.5 tons.

Together with billet input, the inputs to the system are generally energy, which are
natural gas, electricity and oxygen. Cooling water is used for cooling and cleaning
purposes. The outputs are mill scales, losses of wire rod and emissions. Mill scales
are sent to sintering and wire rod losses sent to basic oxygen furnaces. The main
emissions from the system are carbon monoxide, sulfur dioxide, nitric oxide,

nitrogen dioxide and dust.
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Coil Mill

Shaping slabs heated to the temperature of rolling is called hot rolling. Hot rolling
mill process in the facility is semi-continuous having annual capacity of 3,500,000
tons. 225 mm thick slabs are annealed in slab reheating furnace at about
1250 °C temperature and send to a line for rolling. After tip and tail is cut, then
thinned slab is sent to strip rolling. The hot-rolled strip having its final thickness is

cooled and turned into hot rolled coil by coilers.

The main input is slab, and the energy inputs are is coke oven gas, electricity, oxygen
and nitrogen. During annealing process of slabs, oxide layer is formed on the surface
as an output. The oxide layer called mill scale is rinsed with water up to 220 bar
pressure. Water used for cooling and cleaning purposes is cooling water. Mill scales
are sent to sintering and coil losses sent to basic oxygen furnaces. The main
emissions from the system are carbon monoxide, sulfur dioxide, nitric oxide,

nitrogen dioxide and dust.

B.7. Utility services

Energy Facilities

The organization purpose and functions of energy facilities include;
e production of energy to interconnected system
e procurement of pressurized air for blast furnaces

e supply of distilled water, hot water and steam for the units of the facility

Energy Facility is comprised of 6 main divisions including boiler, turbo generator,

turbo blower, waste heat, and oxygen plants.
Boilers: Boiler was formed to acquire steam at 100 Atm. Pressure and 540 °C

temperature. Each of five boilers has a capacity of 220 tons/hour. Blast furnace gas,

coke oven gas and natural gas are used as fuel.
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Turbo Generator: There are 5 generators driven by steam obtained from boilers, 2 of
which have a capacity of 25 MV, 3 having a capacity of 55 MV. Decreasing the
pressure and the temperatures of steam obtained from boilers is sent to various parts

of the plant through pipes.

Turbo Blower: There are 6 turbo blowers to produce compressed air. Generated
compressed air used in the units that are listed below:
e Basic Oxygen Furnaces (converter blowing, continuous casting shears,
tundish and ladle cooling)
¢ Rolling Mill (shear and oven cooling)
e Blast Furnaces (belt tracking, the opening of the oven mouth, cleaning,
tuyere, casting hall)

e (Coke Making (coal flow, coal silos above the battery)

Oxygen Plants: This unit meets the required oxygen, nitrogen and argon of basic
oxygen furnace, continuous casting, blast furnaces, rolling mill, coke ovens and other
units. Oxygen and nitrogen are produced from the air in the atmosphere. Facility
consisting of 5 blocks consumes 17,500 kwh of electricity per hour to produce

18,000 m® of oxygen and 6,000 m® of nitrogen gas per hour.

Waste Heat Unit: Hot water from power station is passed through deaerators BOF
converter. Steam obtained from boilers is taken to accumulators. Here, after passing

through steam regulators sent to 10 atm steam station.

Water Facility

Pure water: This unit meets the needs of pure water in the Power Plant and Boilers
in the field. Water directly taken from stream or coming from water purification
systems is gradually passed through several filters to treat the water for the foreign
matters and hardness of it. Also subjected to chemical reactions in different systems

and turned into pure water to prevent calcification in the pipes.
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Service water: Service water is used in different units of the facility for cooling

purposes.
Sea water: Sea water is used for heat transfer in turbo blowers and in electricity

generation.

Mechanical Workshop

Directorate of Mechanical and Auxiliary Workshop is responsible for repair and
manufacturing of machine parts during production, maintenance and repair, revision
and modernizations. Mechanical and auxiliary workshops consist of the following
workshops:

Manufacturing workshops performs the production and repair of spare parts.

Machinery workshop contains lathes, horizontal drilling machines, submerged arc

welding machines, planer, trolley, milling, gear grinding machines and presses.

Hot forging workshop contains drop hammers and annealing furnaces.

Steel construction workshop contains transporters, steel structures, pressure vessels

necessary for the maintenance and repair different units of the facility.
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APPENDIX C

LIST OF ASSUMPTIONS

1. The selected facility is considered as a representative sample of Turkish

integrated iron and steel industry in terms of manufacturing technologies and

production capacity.

2. The inputs and outputs of facility together with the amounts belonging to

2009 are assumed to represent the average values for Turkey.

3. Assumptions made in inventory analysis;

a.

C.

In input and output analysis, for all production process average amounts
belonging to 2009 are used except emission values. Since there is a not
continuous measurement in flue gases, the average of three months’
measurements are used.

In coke making process, the amount of treatment sludge is not known,
and it is considered negligible.

In casting process, since the basic oxygen furnace and casting units
were evaluated together, air emissions from casting were also evaluated
under basic oxygen furnaces. Emissions from casting unit are not
known separately except for carbon dioxide.

The amount of processed water is not available, therefore the amount is
assumed to be one m® for one m3 of water processing for all types of

water; pure water, service water and sea water.

4. Assumptions made during data integration to SimaPro;

a.

Mass allocation was used for products and co-products calculated with
their mass percentages, only energy allocation was made for energy
facilities. This method is assumed to reflect the allocation of impacts to

the products and co-products.
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b. A few of the data were taken from the databases and it is assumed that

these data represent the data belonging to Turkey.

i.

ii.

iii.

The data not specific to country were directly taken from the
database. These are magnesite, fluorspar, ferrosilicat,
ferromanganese, ferrochromium, aluminium, oil, quartzite and
air.

Country-specific data were selected from the database according
to the suitability to the country conditions such as geographical
similarities. These are iron ore, scrap, dolomite, sodium
hydroxide, sulfuric acid, lime, limestone, LPG, natural gas and
anthracite coal.

Some of the country specific data were adapted to Turkey, such as
electricity and hard coal. While adapting the electricity, natural
gas, domestic coal, and hydraulic sources generation were taken
as 55%, 25% and 20% respectively. For transportation,
approximate distances were calculated by means of Google maps.
For very long intercontinental distances, only sea routes are taken

into consideration due to the negligible distances of land routes.

Avoided products are taken as electricity.

d. Some inputs were not available in databases of the software and there

was not sufficient information to define the materials. In such cases,

inputs having similar characteristics were used.

i.
ii.
iii.
iv.
V.
vi.

vii.

viii.

Dunit is defined as dolomite

Pellet is defined as sinter

Pellet dust is defined as sinter dust

Coke breeze was defined as coke

Pulverized coal is defined as pulverized lignite

Iron dust is defined as iron ore

Mill scale input is assumed to be 50% of wire rod mill scale and
50% of coil mill scale

The gas cleaning sludge is taken as 50% blast furnace gas
cleaning sludge and 50% basic oxygen furnace gas cleaning

sludge
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e. The density of produced gases is taken from literature.
i. The density of coke oven gas is taken as 0,490 Kg/m3.
il. The density of blast furnace gas is taken as 1,290 Kg/m3.
iii. The density of basic oxygen furnace gas is taken as 1,429
Kg/m3.
5. Characterization, damage assessment and normalization factors of IMPACT

2002+ method are taken from software as developed by the authors.
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APPENDIX D

THE SCREENSHOT OF PROCESSES IN SIMAPRO
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APPENDIX E

A SAMPLE CALCULATION FOR HYDROCARBON (AIR)

IN COKE MAKING PROCESS
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APPENDIX F

CALCULATION PROCEDURE OF PROCESS CONTRIBUTIONS TO
TOTAL ENVIRONMENTAL IMPACT
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APPENDIX G

NORMALIZED IMPACT ASSESSMENT RESULTS PER MID-POINT AND
END-POINT IMPACT CATEGORIES

Table 30. Normalized impact assessment results for 1 ton of coke

End-point impact category

Mid-point impact category

Pt % Pt %

Carcinogens 3,62E-04 0,17

Non-carcinogens 1,22E-04 0,06

Respiratory inorganics 1,45E-01 67,60

Human Health 1,46E-01 67,84

Ionizing radiation 7,44E-06 0,00

Ozone layer depletion 7,46E-07 0,00

Respiratory organics 1,45E-05 0,01

Aquatic ecotoxicity 4,75E-04 0,22

Terrestrial ecotoxicity 1,85E-02 8,58

. Terrestrial acid/nutri 1,98E-03 0,92

Ecosystem Quality 2,1E-02 9,75 -

Land occupation 5,29E-05 0,02

Aquatic acidification 0,0E+00 0,00

Aquatic eutrophication 0,0E+00 0,00
Climate Change -6,13E-02 | -28,48 Global warming -6,13E-02 | -28,48
Non-renewable energy 1,09E-01 50,86

Resources 1,09E-01 50,90

Mineral extraction 8,51E-05 0,04

Total 2,15E-01 100,00 Total 2,15E-01 100,00

Table 31. Normalized impact assessment results for 1 ton of sinter

End-point impact category

Mid-point impact category

Pt % Pt %
Carcinogens 6,11E-04 0,14
Non-carcinogens 6,78E-04 0,16
Respiratory inorganics 3,50E-01 80,08

Human Health 3,51E-01 80,38

Ionizing radiation 1,38E-05 0,00
Ozone layer depletion 3,21E-07 0,00
Respiratory organics 9,97E-06 0,00
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Table 31. Normalized impact assessment results for 1 ton of sinter - continued

End-point impact category

Mid-point impact category

Pt % Pt %
Aquatic ecotoxicity 2,35E-04 0,05
Terrestrial ecotoxicity 8,09E-03 1,85
. Terrestrial acid/nutri 2,24E-03 0,51
Ecosystem Quality 1,06E-02 2,42
Land occupation 9,74E-06 0,00
Aquatic acidification 0,00E+00 0,00
Aquatic eutrophication 0,00E+00 0,00
Climate Change 5,87E-02 13,44 Global warming 5,87E-02 13,44
Non-renewable energy 1,62E-02 3,70
Resources 1,65E-02 3,77
Mineral extraction 2,92E-04 0,07
Total 437E-01 | 100,00 Total 4,37E-01 100,00
Table 32. Normalized impact assessment results for 1 ton of liquid iron
End-point impact category Mid-point impact category
Pt % Pt %
Carcinogens 3,88E-04 0,13
Non-carcinogens 3,02E-04 0,10
Respiratory inorganics 2,69E-01 | 89,51
Human Health 2,70E-01 | 89,74
Ionizing radiation 2,63E-06 0,00
Ozone layer depletion -3,30E-07 | 0,00
Respiratory organics -1,06E-06 | 0,00
Aquatic ecotoxicity 2,28E-04 0,08
Terrestrial ecotoxicity 8,14E-03 2,71
. Terrestrial acid/nutri 1,64E-03 0,55
Ecosystem Quality | 1,00E-02 3,33
Land occupation 1,46E-05 0,00
Aquatic acidification 0,00E+00 0,00
Aquatic eutrophication 0,00E+00 | 0,00
Climate Change 1,35E-02 | 4,50 Global warming 1,35E-02 4,50
Non-renewable energy 7,09E-03 2,36
Resources 7,30E-03 2,43
Mineral extraction 2,07E-04 0,07
Total 3,00E-01 | 100,00 Total 3,00E-01 | 100,00
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Table 33. Normalized impact assessment results for 1 ton of liquid steel

End-point impact category Mid-point impact category
Pt % Pt %
Carcinogens 8,86E-03 1,58
Non-carcinogens 6,40E-03 1,14
Respiratory inorganics 3,94E-01 70,20
Human Health 4,10E-01 | 72,93
Ionizing radiation 4,99E-05 0,01
Ozone layer depletion 1,59E-06 0,00
Respiratory organics 2,78E-05 0,00
Aquatic ecotoxicity 3,43E-04 0,06
Terrestrial ecotoxicity 1,27E-02 2,27
. Terrestrial acid/nutri 2,63E-03 0,47
Ecosystem Quality | 1,57E-02 2,80
Land occupation 3,18E-05 0,01
Aquatic acidification 0,00E+00 0,00
Aquatic eutrophication 0,00E+00 0,00
Climate Change 9,49E-02 | 16,90 Global warming 9,49E-02 16,90
Non-renewable energy 4,09E-02 7,29
Resources 4,14E-02 7,36
Mineral extraction 4,23E-04 0,08
Total 5,62E-01 | 100,00 Total 5,62E-01 | 100,00
Table 34. Normalized impact assessment results for 1 ton of billet
End-point impact category Mid-point impact category
Pt % Pt %
Carcinogens 8,93E-03 1,50
Non-carcinogens 6,46E-03 1,08
Respiratory inorganics 4,19E-01 | 70,30
Human Health 4,35E-01 | 72,89
Ionizing radiation 5,05E-05 0,01
Ozone layer depletion 1,61E-06 0,00
Respiratory organics 2,83E-05 0,00
Aquatic ecotoxicity 3,62E-04 0,06
Terrestrial ecotoxicity 1,34E-02 2,25
. Terrestrial acid/nutri 2,85E-03 0,48
Ecosystem Quality 1,67E-02 2,80 -
Land occupation 3,33E-05 0,01
Aquatic acidification 0,00E+00 | 0,00
Aquatic eutrophication 0,00E+00 | 0,00
Climate Change 1,02E-01 17,04 Global warming 1,02E-01 17,04
Non-renewable energy 4,29E-02 7,19
Resources 4,33E-02 7,27
Mineral extraction 4,39E-04 0,07
Total 5,97E-01 | 100,00 Total 5,97E-01 | 100,00
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Table 35. Normalized impact assessment results for 1 ton of slab

End-point impact category

Mid-point impact category

Pt % Pt %
Carcinogens 8,88E-03 1,52
Non-carcinogens 6,42E-03 1,10
Respiratory inorganics 4,08E-01 | 69,96
Human Health 424E-01 | 72,59
Ionizing radiation 5,02E-05 0,01
Ozone layer depletion 1,60E-06 0,00
Respiratory organics 2,87E-05 0,00
Aquatic ecotoxicity 3,54E-04 0,06
Terrestrial ecotoxicity 1,31E-02 2,25
. Terrestrial acid/nutri 2,75E-03 0,47
Ecosystem Quality | 1,63E-02 2,79
Land occupation 3,26E-05 0,01
Aquatic acidification 0,00E+00 | 0,00
Aquatic eutrophication 0,00E+00 | 0,00
Climate Change 1,00E-01 | 17,21 Global warming 1,00E-01 | 17,21
Non-renewable energy 4,28E-02 7,34
Resources 4,32E-02 7,41
Mineral extraction 4,31E-04 0,07
Total 5,84E-01 | 100,00 Total 5,84E-01 | 100,00
Table 36. Normalized impact assessment results for 1 ton of wire rod
End-point impact category Mid-point impact category
Pt % Pt %
Carcinogens 9,12E-03 1,25
Non-carcinogens 6,60E-03 0,91
Respiratory inorganics 4,99E-01 | 68,55
Human Health 5,15E-01 | 70,72
Ionizing radiation 5,22E-05 0,01
Ozone layer depletion 1,61E-06 0,00
Respiratory organics 3,91E-05 0,01
Aquatic ecotoxicity 4,15E-04 0,06
Terrestrial ecotoxicity 1,54E-02 2,11
. Terrestrial acid/nutri 3,58E-03 0,49
Ecosystem Quality | 1,94E-02 2,66 -
Land occupation 3,71E-05 0,01
Aquatic acidification 0,00E+00 | 0,00
Aquatic eutrophication 0,00E+00 | 0,00
Climate Change 1,35E-01 18,51 Global warming 1,35E-01 18,51
Non-renewable energy 5,86E-02 8,04
Resources 5,91E-02 8,11
Mineral extraction 4,84E-04 0,07
Total 7,29E-01 | 100,00 Total 7,29E-01 | 100,00
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Table 37. Normalized impact assessment results for 1 ton of coil

End-point impact category Mid-point impact category
Pt % Pt %
Carcinogens 9,16E-03 1,12
Non-carcinogens 6,63E-03 0,81
Respiratory inorganics 5,90E-01 | 72,47

Human Health 6,06E-01 | 74,42

Ionizing radiation 5,29E-05 | 0,01

Ozone layer depletion 1,64E-06 0,00

Respiratory organics 3,12E-05 | 0,00

Aquatic ecotoxicity 4,54E-04 | 0,06

Terrestrial ecotoxicity 1,68E-02 | 2,07

. Terrestrial acid/nutri 4,42E-03 0,54
Ecosystem Quality | 2,18E-02 | 2,67

Land occupation 4,08E-05 | 0,01

Aquatic acidification 0,00E+00 | 0,00

Aquatic eutrophication | 0,00E+00 | 0,00

Climate Change 1,30E-01 | 15,97 Global warming 1,30E-01 | 15,97

Non-renewable energy 5,61E-02 | 6,89
Resources 5,66E-02 | 6,95

Mineral extraction 5,00E-04 0,06

Total 8,15E-01 100 Total 8,15E-01 | 100,00
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APPENDIX H

CONTRIBUTION OF INPUTS AND OUTPUTS TO END-POINT IMPACT

CATEGORIES
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Table 39. Contribution of inputs and outputs to end-point impact categories for 1 ton of sinter production

Human Health Ecosystem Quality Climate Change Resources Single Score

Inputs/Outputs Pt % Pt % Pt % Pt % Pt %
Emission contribution 1A7E-01 | 50.00 | 8.63E:04 | 976 | 2.83B-02 | 57.61 | 0.00E+00 | 0.00 | 1.76E-01 | 48.17
Wire rod mill scale TR A20E-03 | 144 | 159504 | 1.80 | LIOE03 | 224 | 4.83E-04 | 351 | 596E03 | 1.63
Sinter dust TR 4756-03 | 1.62 | 143E04 | 1.62 | 793804 | 161 | 2.22E04 | 1.6 | 591E03 | 1.62
Sinter dust TR (Pellet dust) | 831E-02 | 2826 | 2,50E-03 | 2827 | 1.39E-02 | 28.30 | 3.89E-03 | 2829 | LO3E0l | 2827
Service water TR L17E-04 | 004 | 405E06 | 005 | 3.10B-05 | 0.06 | 8.00E06 | 006 | L60E-04 | 004
Limestone, at mine/CH U 2.00E-04 | 007 | 1.08E-04 | 122 | 2.12E05 | 004 | 2.04E05 | 0.5 | 3.50E:04 | 0.10
Iron ore, 65% Fe, at
phon ore, 03 % S 156B-02 | 531 | 2.87E-03 | 3245 | 9.14B-04 | 186 | 125E:03 | 9.09 | 206E-02 | 564
Electricity, production mix
el 2.89E-04 | 0.10 | 6.64B-06 | 008 | 448E-04 | 091 | 3.90B-04 | 2.84 | 1.13B-03 | 031
%llgcmc‘ty generated in facility | | - 1p 5 | sg> | 508804 | 676 | 422E03 | 859 | 843B-04 | 613 | 228802 | 622
Dolomite, at plant/RER U 6.13E-08 | 000 | 1.99E-08 | 0.00 | 5.08E-08 | 000 | 6.19E08 | 0.00 | 1.94E-07 | 0.00
g’:“l’l‘i‘t‘;te’ at plant/RER U 2.14E-05 | 001 | 6.94E-06 | 008 | 177E-05 | 004 | 2.16E-05 | 0.16 | 6.76E-05 | 0.02
Converter slag TR 4576-03 | 155 | 1.76E04 | 1.99 | 1.06E-03 | 2.16 | 4.61E04 | 335 | 627603 | 1.71
Coke TR 701E-03 | 242 | 1.02E03 | 1153 | 2.09E-03 | 6.09 | 5.34E-03 | 38.84 | 1.05E02 | 2.87
Coke oven gas TR 243E-04 | 008 | 3.49E-05 | 039 | -1.02E-04 | -021 | 1.82E-04 | 132 | 3.58E-04 | 0.10
Coil mill scale TR 5.00E-03 | 170 | 1.80E-04 | 2.04 | 1.07E:03 | 2.18 | 4.67E-04 | 340 | 6.72E-03 | 1.84
BOF gas cleaning sludge TR | 5,87E-04 | 020 | 2.26E-05 | 026 | 1,36E-04 | 028 | 593E05 | 043 | 8,05E04 | 022
BF gas cleaning sludge TR 3.056.04 | 0.3 | 147B-05 | 0.7 | 198E05 | 004 | 1.07B-05 | 0.08 | 4.40E04 | 0.12
BF flue dust TR 3.72E-03 | 127 | 138604 | 1.56 | 1.86E04 | 038 | 1.01E04 | 0.73 | 415803 | L.I3
Total 2.04E-01 | 100,00 | 8.84E-03 | 100.00 | 491E-02 | 100,00 | 1.37E-02 | 100.00 | 3.66E-01 | 100,00




€91

Table 40. Contribution of inputs and outputs to end-point impact categories for 1 ton of liquid iron production

Inputs/Outputs Human Health Ecosystem Quality Climate Change Resources Single Score
Pt % Pt % Pt % Pt % Pt %

Emission contribution 343E02 | 1314 | 1.88B-05 | 0.19 | LOSE02 | 86.81 | 5.17B:06 | 007 | 451B-02 | 1555
Blast furnace gas TR 396E02 | 1517 | 1.47B-03 | 15.11 | 1.98E-03 | 1592 | 1,07E-03 | 1524 | 441E-02 | 15.0
Coke oven gas TR 273604 | 0.0 | 3.93E-05 | 040 | -1.I5B-04 | -092 | 2,05E-04 | 2,92 | 402E-04 | 0.14
Coke TR 1.92B-02 | 736 | 275E-03 | 2827 | -8.05E-03 | 6471 | 144E-02 | 20503 | 2.83E02 | 9.75
Dolomite, at plant/RER U 383608 | 000 | 1.24B-08 | 000 | 3.17E:08 | 000 | 3.87B-08 | 000 | 1.21E07 | 0.0
Electricity generated in facility TR 3,05E-03 1,17 1,07E-04 1,10 7,52E-04 6,04 1,50E-04 2,14 4,06E-03 1,40
Electricity, production mix /TR2009/ U 517605 | 002 | 119E-06 | 001 | 8,01E-05 | 064 | 698E-05 | 099 | 2.03E-04 | 007
Electricity, production mix /TR2009/ U 179E-02 | -6.86 | -4.11E-04 | -422 | -277E-02 | -222.65 | -2.41E-02 | -34315 | -7.01E-02 | -24.16
(Avoided product)
Iron ore, 65% Fe, at beneficiatio/GLO U | 1,09E-03 | 042 | 2,00E-04 | 2,06 | 639E-05 | 051 | 8.76E-05 | 125 | 144E-03 | 0,50
Limestone, at mine/CH U 208606 | 000 | 1,23E-06 | 001 | 241E-07 | 000 | 2.32E-07 | 000 | 3.986-06 | 0,00
Natural gas, burned in gas motor, for 1,58E-07 | 000 | 2.67B-09 | 000 | 1,06E-06 | 001 | 135806 | 002 | 257806 | 0,00
storage/RU U
Nitrogen TR 753603 | 2.88 | 2.63E-04 | 270 | 1.85B-03 | 14.87 | 3.71E04 | 528 | 1.00E02 | 345
Oxygen TR 129B-02 | 494 | 450E04 | 463 | 3.18E-03 | 2556 | 636E04 | 9.06 | 172802 | 501
Pulverised lignite, at plant/DE U 275603 | 1.05 | 3.19E-05 | 033 | 247B-03 | 19.85 | 6,69E-03 | 9526 | LIOE-02 | 4.11
Pure water TR 125B-03 | 048 | 436E-05 | 045 | 3.085-04 | 248 | 619E-05 | 088 | 166E03 | 057
Service water TR 205606 | 0,00 | 7.10E-08 | 000 | 543E-07 | 000 | 140E-07 | 000 | 2.80E-06 | 0,00
Sinter TR 833E02 | 3191 | 251B-03 | 25.80 | 1.39E-02 | 111,73 | 3.90E-03 | 5553 | 1,04E-01 | 35.70
Sinter TR (Pellet) 6.58E-02 | 2521 | 198E-03 | 2035 | LI0E-02 | 88.42 | 3.09E-03 | 4400 | 8.19E-02 | 2821
Steam TR 7.82E-03 | 3.00 | 2.73E-04 | 281 | 1.92E-03 | 1543 | 3.85E-04 | 548 | 104E-02 | 3.58
Total 2.61E-01 | 100,00 | 9,73E-03 | 100,00 | 1,24E-02 | 100.00 | 7,02E-03 | 100,00 | 2.90E-01 | 100,00
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Table 41. Contribution of inputs and outputs to end-point impact categories for 1 ton of liquid steel production

Inputs/Outputs Human Health Ecosystem Quality Climate Change Resources Single Score
Pt % Pt % Pt % Pt % Pt %

Emission contribution 4,10E-02 | 10,01 | 520606 | 0,03 | 231E-02 | 24,12 | 1,01E05 | 002 | 641E-02 | 11,39
Anthracite coal, at mine/RNA 1,28E-04 | 0,03 | 349E-06 | 002 | 8,69E05 | 009 | 41904 | 1,01 | 637E-04 | 0,11
Coke oven gas TR 6,85E-04 | 017 | 985E-05 | 0,62 | -2.88E-04 | 030 | 514E-04 | 124 | 1,01E-03 | 0,18
Coke TR 1,53E-04 | 004 | 219605 | 0,4 | 296505 | -0,03 | 115604 | 028 | 2,60E-04 | 005
Coke TR 7,05:05 | 0,02 | 1,0IE05 | 006 | -641E-05 | 0,07 | 529E05 | 0,13 | 6,94E-05 | 0,01
Desulfurisation slag TR 1,58E-03 | 039 | 607605 | 038 | 3066504 | 038 | 1,59E-04 | 038 | 2,17E-03 | 038
Electricity generated in facility TR 28802 | 703 | 101E-03 | 640 | 7,10E-03 | 741 | 142E-03 | 342 | 3.83E-02 | 681
Electricity, production mix /TR2009/ U 487604 | 0,12 | LI2E05 | 007 | 7.55E-04 | 079 | 6,58E-04 | 158 | 191E-03 | 0,34
Iron ore, 65% Fe, at beneficiatio/GLO U__ | 2,30E-06 | 0,00 | 424E-07 | 0,00 | 1,35E-07 | 0,00 | 1,85E-07 | 0,00 | 3,04E-06 | 0,00
Iron ore, 65% Fe, at beneficiatio/GLOU 1 ¢ o6p o | 000 | 148508 | 000 | 47309 | 000 | 649509 | 000 | 107E-07 | 000
(Iron ore dust)
Liquid iron TR 19201 | 46,86 | 7,156-03 | 4533 | 9,64E-03 | 1007 | 52103 | 12,54 | 2,14E-01 | 38,02
Natural gas, burned in gas motor, for 109E-04 | 0,03 | 1,85B-06 | 001 | 732E-04 | 076 | 932E-04 | 224 | 177803 | 032
storage/RU U
Oxygen TR S,69E-02 | 13,89 | 1,08E-03 | 12,55 | 140B-02 | 14,62 | 280E-03 | 6,74 | 7,576:02 | 1345
Pure water TR 1,55E-02 | 3,78 | 5426-04 | 344 | 383603 | 400 | 7,71E-04 | 186 | 2,06E-02 | 3,67
Quicklime, in pieces, loose, at plant/CH U | 6,35E-04 | 0,15 | 7,71E-05 | 049 | 395E-03 | 412 | 142603 | 342 | 608E-03 | 1,08
Reinforcing steel, at plant/RER U 381E-02 | 930 | 3,63E-03 | 2301 | 243E-02 | 2537 | 2,54E-02 | 61,12 | 9,14E-02 | 16,24
Service water TR 1,16E-03 | 028 | 402605 | 025 | 308504 | 032 | 793605 | 0,9 | 1,59E-03 | 0.8
Steam TR 324E-02 | 791 | LI3E-03 | 7,16 | 799E-03 | 834 | L6OE-03 | 3385 | 431E-02 | 7.66
Total 4,10E-01 | 100,00 | 1,58E-02 | 100,00 | 9,58E-02 | 100,00 | 4,16E-02 | 100,00 | 5,63E-01 | 100,00
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Table 42. Contribution of inputs and outputs to end-point impact categories for 1 ton of billet production

Inputs/Outputs Human Health Ecosystem Quality | Climate Change Resources Single Score
Pt % Pt % Pt % Pt % Pt %

Emission contribution 0.00E+00 | 0,00 | 0.00E+00 | 0.00 | 7.45E-04 | 0.74 | 0.00E+00 | 0.00 | 7.45B-04 | 0.13
Argon TR 128E-04 | 0.03 | 447E:06 | 003 | 3.16B-05 | 003 | 631E-06 | 001 | 1,70E:04 | 003
Coke oven gas TR 5.65E-04 | 013 | 812E-05 | 049 | 237E-04 | -023 | 424E-04 | 0098 | 8.33E-04 | 0,14
Electricity generated in facility TR 6,93E-03 1,60 2,42E-04 1,46 1,71E-03 1,69 | 3,41E-04 0,79 9,22E-03 1,55
[EJleCt“c‘ty’ production mix /TR2009/ | | 1ep 04 | 003 | 2,70E:06 | 002 | 1.82B-04 | 0.18 | 1.59E-04 | 037 | 4.62E:04 | 0,08
SLt;qt‘i‘:g'éal‘I’}“’le“m gas, at service 1.08E-05 | 000 | 3.67E-07 | 000 | 1,12E-05 | 0,01 | 7.17E-05 | 017 | 9.41E-05 | 0,02
Liquid steel TR 4.08E-01 | 9435 | 1.57E02 | 9451 | 946E-02 | 9348 | 4.12E02 | 95.66 | 5.60E-01 | 9430
Natural gas, burned in gas motor, for | ¢35 7 | 000 | 1,048-08 | 000 | 411E-06 | 0,00 | 523E-06 | 001 | 9.96E-06| 0,00
storage/RU U
Nitrogen TR 6.65E-03 | 154 | 232604 | 140 | 1.64E-03 | 1.62 | 327604 | 076 | 8.85E-03 | 149
Oxygen TR 2.88E-03 | 0.67 | 100E-04 | 0,60 | 7.08E:04 | 0.70 | 142E-04 | 033 | 3.836-03 | 0.65
Pure water TR 526E-03 | 122 | 183E-04 | 1,10 | 1.30E03 | 128 | 2.61E-04 | 0,61 | 7,006-03 | L.18
Service water TR 1.91E-03 | 044 | 6.61E-05 | 040 | 5.06E-04 | 050 | 1.30E-04 | 030 | 2.61E-03 | 044
Total 432E-01 | 100,00 | 1,66E-02 | 100,00 | 1,OIE-0I | 100,00 | 431E-02 | 100,00 | 5.93E-01 | 100,00
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Table 43. Contribution of inputs and outputs to end-point impact categories for 1 ton of slab production

Inputs/Outputs Human Health Ecosystem Quality Climate Change Resources Single Score
Pt % Pt % Pt % Pt % Pt %

Emission contribution 0,00E+00 | 0,00 | 0,00E+00 | 0,00 | 1,60E-03 | 1,60 | 0,00E+00 | 000 | 1,60E-03 | 028
Argon TR 2,13E-04 | 005 | 7.42E-06 | 005 | 5024E-05 | 0,05 | 1,05E-05 | 002 | 2,83E-04 | 0,05
Coke oven gas TR 3.87E-04 | 0,09 | 556E-05 | 034 | -1,62E-04 | 0,16 | 2,90E-04 | 067 | 5,71E-04 | 0,10
Electricity generated in facility TR 6,06E-03 1,44 2,12E-04 1,31 1,49E-03 1,49 2,99E-04 0,70 8,06E-03 1,39
Electricity, production mix /TR2009/ U | 1,03E-04 | 0,02 | 2,37E06 | 001 | 1,60E-04 | 0,16 | 1,39E-04 | 032 | 4,04E04 | 0,07
sLt;qt‘i‘:g‘ngpi}“"e“m gas, at service 524E-06 | 000 | 1,78E-07 | 0,00 | S40E-06 | 001 | 347E-05 | 008 | 4,55E-05 | 0,01
Liquid steel TR 407E-01 | 96,57 | 1,57E-02 | 96,66 | 943E-02 | 9435 | 411E-02 | 9557 | 5,58E-01 | 96,12
Natural gas, burned in gas motor, for 746E-05 | 002 | 126E-06 | 001 | 500804 | 050 | 636E-04 | 148 | 121E-03 | 021
storage/RU U

Nitrogen TR 6,21E-04 | 0,15 | 2,17E-05 | 0,13 | 1,53E-04 | 0,15 | 3,06E-05 | 007 | 826E-04 | 0,14
Oxygen TR 4,79E-04 | 0,11 | 1,67E-05 | 0,10 | 1,I8E-04 | 0,12 | 236E05 | 005 | 6,37E-04 | 0,11
Pure water TR 3,12E-04 | 0,07 | 1,09E-05 | 007 | 7.,69E-05 | 0,08 | 1,55E-05 | 0,04 | 4,15E-04 | 007
Service water TR 6,20E-03 | 147 | 2,15E-04 | 132 | 1,65E-03 | 1,65 | 424E-04 | 099 | 849E-03 | 146
Total 421E-01 | 100,00 | 1,62E-02 | 100,00 | 9,99E-02 | 100,00 | 4,30E-02 | 100,00 | 5,81E-01 | 100,00
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Table 44. Contribution of inputs and outputs to end-point impact categories for 1 ton of wire rod production

Inputs/Outputs Human Health Ecosystem Quality Climate Change Resources Single Score
Pt % Pt % Pt % Pt % Pt %
Emission contribution 3,24E-03 0,63 4,75E-05 0,25 4,75E-03 3,54 0,00E+00 0,00 8,04E-03 1,11
Billet TR 4,32E-01 84,31 1,66E-02 86,00 1,01E-01 75,25 4,31E-02 73,22 5,93E-01 81,77
Electricity generated in facility TR 6,74E-02 13,15 2,35E-03 12,17 1,66E-02 12,37 3,32E-03 5,64 8,97E-02 12,37
Electricity, production mix /TR2009/ U 1,14E-03 0,22 2,61E-05 0,14 1,76E-03 1,31 1,54E-03 2,62 4,47E-03 0,62
Natural gas, burned in gas motor, for 121E-03 | 024 | 2,05805 | 0,11 | 814E03 | 6,06 | 1,04E-02 | 17.67 | 1,98E-02 | 2,73
storage/RU U
Oxygen TR 2,83E-04 0,06 9,88E-06 0,05 6,97E-05 0,05 1,39E-05 0,02 3,76E-04 0,05
Service water TR 7,15E-03 1,40 2,48E-04 1,28 1,90E-03 1,42 4,90E-04 0,83 9,79E-03 1,35
Total 5,12E-01 100,00 1,93E-02 100,00 1,34E-01 100,00 5,89E-02 100,00 | 7,25E-01 100,00
Table 45. Contribution of inputs and outputs to end-point impact categories for 1 ton of coil production
Inputs/Outputs Human Health Ecosystem Quality Climate Change Resources Single Score
Pt % Pt % Pt % Pt % Pt %
Emission contribution 6,72E-02 11,14 6,27E-04 2,90 4,13E-03 3,18 0,00E+00 0,00 7,20E-02 8,88
Coke oven gas TR 7,23E-03 1,20 1,04E-03 4,82 -3,03E-03 -2,34 5,42E-03 9,69 1,07E-02 1,32
Electricity generated in facility TR 7,81E-02 12,95 2,72E-03 12,59 1,92E-02 14,80 3,84E-03 6,86 1,04E-01 12,82
Electricity, production mix /TR2009/ U 1,32E-03 0,22 3,03E-05 0,14 2,04E-03 1,57 1,78E-03 3,18 5,17E-03 0,64
Nitrogen TR 5,39E-04 0,09 1,88E-05 0,09 1,33E-04 0,10 2,66E-05 0,05 7,17E-04 0,09
Oxygen TR 1,98E-04 0,03 6,90E-06 0,03 4,87E-05 0,04 9,74E-06 0,02 2,63E-04 0,03
Service water TR 2,74E-02 4,54 9,53E-04 441 7,29E-03 5,62 1,88E-03 3,36 3,75E-02 4,63
Slab TR 4,21E-01 69,82 1,62E-02 75,01 9,99E-02 77,02 4,30E-02 76,85 5,80E-01 71,60
Total 6,03E-01 100,00 | 2,16E-02 | 100, 00 | 1,30E-01 100,00 5,60E-02 100,00 | 8,10E-01 100,00




APPENDIX 1

CONTRIBUTION OF INPUTS AND OUTPUTS TO MID-POINT

IMPACT CATEGORIES
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Table 46. Contribution of inputs and outputs to mid-point impact categories for 1 ton of coke production-continued 2

Respiratory Organics | Aquatic Ecotoxicity | Terrestrial Ecotoxicity Aci difc;rlgf)ﬁ;:;lﬁca tion Land Occupation
Inputs/Outputs (kg C;H, eq) (kg TEG water) (kg TEG soil) (kg SO, eq) (mzorg.arable)
2

Amount % Amount % Amount % Amount % Amount %
Emission Contribution 0,00E+00 0,00 0,00E+00 0,00 0,00E+00 0,00 3,27E+00 12,55 0,00E+00 | 0,00
Coke oven gas TR 2,91E-03 6,29 8,07E+03 6,25 1,99E+03 6,25 1,63E+00 6,25 4,14E-02 6,25
Electricity generated in 3,33E-04 0,72 2,08E+03 | 1,61 | 477E+02 | 1,50 1,23E+00 472 | 6,80E-03 | 1,03
facility TR
Electricity, production mix
/TR2009/ U 2,67E-04 0,58 1,05E+01 0,01 3,65E+00 0,01 2,68E-02 0,10 9,96E-05 0,02
Electricity, production mix
/TR2009/ U (avoided -1,09E-01 -235,61 -4,30E+03 | -3,33 -1,49E+03 -4,68 -1,09E+01 -41,83 -4,07E-02 | -6,15
product)
Fusi TR 3,27E-05 0,07 9,06E+01 0,07 2,24E+01 0,07 1,83E-02 0,07 4,65E-04 0,07
Hard coal mix, at regional 148E-01 | 31991 | 102E+05 | 78,95 | 2.60E+04 | 81,60 | 1,81E+01 69.45 | 5.84E-01 | 88,22
storage/ U
Natural gas, burnedin gas | ¢ 175 o6 | (0 1,14B-03 | 000 | 539E-04 | 0,00 7,38E-05 0,00 | 6,55E-08 | 0,00
motor, for storage/RU U
Nitrogen TR 1,66E-04 0,36 1,04E+03 0,81 2,37E+02 0,74 6,13E-01 2,35 3,38E-03 0,51
Pure water TR 9,08E-05 0,20 5,61E+02 0,43 1,28E+02 0,40 3,32E-01 1,27 1,83E-03 0,28
Service water TR 1,29E-04 0,28 4,73E+02 0,37 1,09E+02 0,34 2,84E-01 1,09 1,56E-03 0,24
Sodium hydroxide, 50% in
H20, production mix, at 1,18E-04 0,26 5,59E+01 0,04 1,24E+01 0,04 1,54E-02 0,06 8,47E-04 0,13
plant/RER U
Steam TR 3,05E-03 6,59 1,91E+04 14,78 4,37E+03 13,72 1,13E+01 43,36 6,22E-02 9,40
Sulphuric acid, liquid, at
plant/RER U w/o 1,58E-04 0,34 7,40E+00 0,01 1,50E+00 0,00 1,41E-01 0,54 9,46E-05 0,01
transportation
Total 4,63E-02 100,00 1,29E+05 | 100,00 | 3,19E+04 100,00 2,61E+01 100,00 6,62E-01 | 100,00
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Table 46. Contribution of inputs and outputs to mid-point impact categories for 1 ton of coke production-continued 3

Aquatic Acidification Eu t?o(:)l;f;zl:tion Global Warming Nonﬁl;t::regv;able Mineral Extraction
Inputs/Outputs (kg SO, eq) (kg PO, P-lim) (kg CO, eq) (MJ primary) (MJ surplus)
Amount % Amount % Amount % Amount % Amount %
Emission Contribution 4.96E-01 1296 | 8.956-03 | 991 7.69E+01 | -1278 | 0.00E+00 | 0.00 | 0.00E+00 | 0,00
Coke oven gas TR 2.39E-01 625 | 5.69E03 | 630 | -3.78E+0l 628 | 1.04E+03 | 629 | 8.06B-01 | 626
%‘ﬁ“r‘“ty generated in facility 2.98E-01 779 | 2.60B-03 | -2.88 2.64E+01 439 | 7.99E+01 | 048 | 1.00E+00 | 7.77
Electricity, production mix i i i i
e 1.09E-02 028 | 17303 | 1.92 2.80E+00 047 | 3.74B+01 | 023 | 237B-04 | 0,00
Electricity, production mix i i i i i i i i i i i
FTR2009/C avorded product 4.46E+00 116,58 | -7.08E-01 | -784.04 | -1,14E+03 | 189.51 | -1.53E+04 | -92.60 | -9.68E-02 | -0.75
Fusi TR 2.68E-03 007 | 638605 | 007 424E01 007 | LI6E+01 | 007 | 9.04E03 | 0.07
Hard coal mix, at regional 4,09E+00 10690 | 8.10E-01 | 897.00 | 2.01E+02 | -3341 | 2.98B+04 | 18035 | 9.91B-01 | 7.70
storage/ U
Natural gas, burned in gas 2.56B-05 000 | 472809 | 0,00 2.33B-02 000 | 454B-01 | 000 | 1.31B-08 | 0.00
motor, for storage/RU U
Nitrogen TR 1.48E-01 387 | -1.29E-03 | -143 1 31E+01 218 | 3.98E+01 | 024 | 4.98E-01 | 3.87
Pure water TR 8.03E-02 210 | -6.92E-04 | -0.77 711E+00 | -1.18 | 2.17E+01 | 013 | 270E01 | 2.10
Service water TR 6.96E-02 182 | 2.38E-04 | -026 6.50E+00 | -1.08 | 2.56E+01 | 0.15 | 2.26E01 | 1.76
Sodium hydroxide, 50% in H20, | 5 5, )3 0.14 | 392E04 | 043 1LI6E+00 | -0.19 | 238E+01 | 014 | 631E-04 | 0,00
production mix, at plant/RER U
Steam TR 2.73E+00 7136 | 238B-02 | -2636 | 241E+02 | -40.06 | 7.32B+02 | 443 | 9.17E+00 | 71.23
Sulphuric acid, liquid, at § § i i i
PURER U /o manssortation | 1116E! 303 | 952805 | 0.1 6.51B-01 0.1 | 1.08B+01 | 007 | 2388-05 | 0,00
Total 3.83E+00 100.00 | 9.03E-02 | 100,00 | -6.02E+02 | 100.00 | 1.65E+04 | 100.00 | 1.29E+01 | 100,00




IL1

Table 47. Contribution of inputs and outputs to mid-point impact categories for 1 ton of sinter production

Ozone Layer

Carcinogens Non-carcinogens Respiratory Inorganics Ionizing Radiation Depletion
Inputs/Outputs (kg C;H3Cl eq) (kg C;H3Cl eq) (kg PM2.5 eq) (Bq C-14 eq) (ke CFC-11 eq)
Amount % Amount % Amount % Amount % Amount %

Emission Contribution 1,I2E-05 | 0,00 | 2,63E-13 | 0,00 1,49E+00 50,18 | 0,00E+00 | 0,00 | 0,00E+00 | 0,00
BF flue dust TR 1356-02 | 1,05 | 1,06B-02 | 0,74 3.75E-02 1,26 1,22E400 | 031 | -3,07E-08 | -1,69
BF gas cleaning sludge TR 1,44E-03 | 0,11 | 1,12E-03 | 0,08 3,99E-03 0,13 130E-01 | 003 | -327E-09 | -0.18
BOF gas cleaning sludge TR 320B-02 | 249 | 2,32B-02 | 1,62 5,73E-03 0,19 241E+00 | 0,62 | 1,54E-08 | 0,85
Coil mill scale TR 1,92E-01 | 14,87 | 1,39E-01 | 9,68 4,94E-02 1,66 1,48E+01 | 3,81 | 9,16E-08 | 5,05
Coke oven gas TR 1,53E-03 | 0,12 | 5,16E-04 | 0,04 2,45E-03 0,08 4,18E-01 | 0,11 | 839E-09 | 0,46
Coke TR 448E-02 | 347 | 1,51E-02 | 1,05 7,18E-02 242 123E+01 | 3.16 | 2.46E-07 | 13,57
Converter slag TR 2,50E-01 | 1936 | 1,81E-01 | 12,61 4,46E-02 1,50 1.88E+01 | 4.84 | 1,I9B-07 | 6,56
Dolomite, at plant/RER U 545E-04 | 004 | 7,26E-04 | 0,05 2.11E-04 0,01 358E+00 | 092 | 1,398-08 | 0.77
g;’lll‘r’l‘i‘t‘;te’ at plant/RER U 1.56E-06 | 000 | 20806 | 000 | 6,03E-07 000 | 1.03E:02 | 000 | 399E-11 | 0,00
Electricity generated in LO4B01 | 805 |7,72E02 | 538 | 1,73B-01 583 | 949E+00 | 244 | -486E-08 | -2,68
facility TR
Electricity, production mix
TR2009/ 0 303B-03 | 023 | 5.82E-03 | 041 2,89E-03 0,10 369E+00 | 095 | 5,73E-08 | 3.16
Iron ore, 65% Fe, at 705E-02 | 546 | 4,13E-01 | 28,78 1,56E-01 525 1,91E+02 | 49,12 | 6,86E-07 | 37,84
beneficiation/GLO U ’ ’ ’ ’ ’ ’ ’ ’ ’ ’
Limestone, at mine/CH U 123E-03 | 0,10 | 1,23E-03 | 0,09 2,01E-03 0,07 1,93E-01 | 005 | 2,63E-08 | 145
Service water TR 714E-04 | 006 | 553E-04 | 0,04 1,18E-03 0,04 858E-02 | 0,02 | 1,59E-11 | 0,00
Sinter dust TR 366E-01 | 2834 | 4,06E-01 | 2829 8,39E-01 2826 | 1,I0E+02 | 2829 | 5,13E-07 | 2830
Sinter dust TR (Pellet dust) 2,09E-02 | 1,62 | 2,32E-02 | 1,62 4,79E-02 1,61 6.29E+00 | 1,62 | 2.93E-08 | 1.62
Wire rod mill scale TR 1,89E-01 | 14,64 | 1,37E-01 | 9,55 4,14E-02 1,39 1.44E+01 | 3,70 | 8,93E-08 | 4.93
Total 1,29E+00 | 100,00 | 1,44E+00 | 100,00 | 2,97E+00 100,00 | 3,89E+02 | 100,00 | 1,81E-06 | 100,00
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Table 47. Contribution of inputs and outputs to mid-point impact categories for 1 ton of sinter production-continued 2

Respira?ory Aquatic Ecotoxicity Terresfrial - Tt?rrestria.l . Land Occupation
Inputs/Outputs Organics (kg TEG water) Ecotox1c1t3; Acidifcation/Nitrification (mlorg.arable)
(kg C,H, eq) (kg TEG soil) (kg SO, eq)
Amount % Amount % Amount % Amount % Amount %

Emission Contribution 0,00E+00 | 0,00 | 0,00E+00 | 0,00 | 0,00E+00 | 0,00 | 1,14E+01 46,14 0,00E+00 | 0,00
BF flue dust TR 4.85E-05 | -0,17 | 858E+02 | 1,60 | 1,94E+02 | 1,65 | 2,97E-01 1,20 2.53E-03 | 247
BF gas cleaning sludge TR | -5,16E-06 | 0,02 | 9,13E+01 | 0,17 | 2,07E+01 | 0,18 | 3,I6E-02 0,13 2,70E-04 | 0,26
BOF gas cleaning sludge TR | 133E-04 | 048 | 134E+02 | 025 | 3,16E+01 | 027 | 4,97E-02 0,20 573E-04 | 0,56
Coil mill scale TR 8,57E-04 | 3,09 | 1,02E+03 | 1,90 | 2.41E+02 | 2,05 | 481E-01 1,95 423E03 | 414
Coke oven gas TR 777E-05 | 028 | 2,16E+02 | 040 | 532E+01 | 045 | 435E-02 0,18 LIIE03 | 1,09
Coke TR 228E-03 | 822 | 6,32E+03 | 11,78 | 1,56E+03 | 13,30 | 1,27E+00 5,14 3,24E-02 | 31,69
Converter slag TR 103E-03 | 3,71 | 104E+03 | 194 | 2,46E+02 | 2,10 | 3.86E-01 1,56 446E-03 | 436
Dolomite, at plant/RER U 531E05 | 0,19 | 434E+01 | 0,08 | 1,12E+01 | 0,10 | 3,90E-03 0,02 9,10E-05 | 0,09
3‘:33‘)“‘3’ atplant/RERU 1 550 09 | 000 | 124801 | 000 | 321B-02 | 000 | 1,12E-05 0,00 2.61E-07 | 0,00
Electricity generated in 528E-04 | 1,90 | 330E+03 | 6,15 | 7.56E+02 | 645 | 1,95E+00 7,89 1,08E-02 | 10,56
facility TR
/]f:r"l’fztg'.f;yﬁpr"d“Ct“’“ MIX | 4 04E-04 | 153 | 167E+01 | 0,03 | 5.79E+00 | 005 | 4.25E-02 0,17 1.58E-04 | 0,15
Iron ore, 65% Fe, at 125B-02 | 4504 | 229E+04 | 4268 | 4.70E+03 | 4007 | 9.35E-01 3,78 1.09B-02 | 10,66
beneficiation/GLO U ’ ’ ’ ’ ’ ’ ’ ’ ’ ’
Limestone, at mine/CH U 547E-04 | 197 | 695E+02 | 1,30 | 1,78E+02 | 1,52 | 3,85E-02 0,16 2.63E-04 | 026
Service water TR 6,08E-06 | 0,02 | 2.23E+01 | 0,04 | 5,11E+00 | 004 | 1,34E-02 0,05 732E-05 | 0,07
Sinter dust TR 785E-03 | 2829 | 1,52E+04 | 2833 | 3,32E+03 | 2830 | 6,98E+00 2825 2,89E-02 | 2827
Sinter dust TR (Pellet dust) | 4.48E-04 | 161 | 8,67E+02 | 162 | 1.89E+02 | 1,61 | 3,99E-01 1,61 1,65E-03 | 1,61
Wire rod mill scale TR 107E-03 | 3,86 | 928E+02 | 1,73 | 2,18E+02 | 1,86 | 3.86E-01 1,56 3,82E-03 | 3,74
Total 2.78E-02 | 100,00 | 537E+04 | 100,00 | 1,17E+04 | 100,00 | 2,47E+01 100,00 1,02E-01 | 100,00
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Table 47. Contribution of inputs and outputs to mid-point impact categories for 1 ton of sinter production-continued 3

f&(!uatlc. Aqua}tic . Global Warming Non-renewable Mineral Extraction
Inputs/Outputs Acidification Eutrophlcatllon (kg CO, eq) Ene.rgy (M]J surplus)
(kg SO, eq) (kg PO, P-lim) (MJ primary)
Amount % Amount % Amount % Amount % Amount %
Emission Contribution 4,19E+00 | 54,08 | 0,00E+00 | 0,00 2,80E+02 57,54 | 0,00E+00 | 0,00 | 0,00E+00 | 0,00
BF flue dust TR 7,57E-02 | 0,98 | -1,46E-03 | -32,06 | 1,84E+00 038 | 1,49E+01 | 0,73 | 4,34E01 | 1,17
BF gas cleaning sludge TR 8,05E-03 | 0,10 | -1,55E-04 | -3.40 1,96E-01 0,04 | 1,58E+00 | 008 | 4,62E-02 | 0,12
BOF gas cleaning sludge TR 124E-02 | 0,16 | -831E-05 | -1,82 1,35E+00 028 | 8,92E+00 | 043 | 922E-02 | 025
Coil mill scale TR 123E01 | 1,59 | -523E-04 | -1149 | 1,06E+01 218 | 7.04E401 | 343 | 628E-01 | 1,69
Coke oven gas TR 6,39E-03 | 0,08 | 1,552E-04 | 334 ~1,01E+00 021 | 2777E+01 | 135 | 2,15E-02 | 0,06
Coke TR 1,87E-01 | 2,41 | 445B-03 | 97,73 | -2,96E+01 6,08 | S11E+02 | 39.49 | 6,30E-01 | 1,69
Converter slag TR 965602 | 125 | -647E-04 | -1421 1,05E+01 216 | 6,94E+01 | 338 | 7.17E01 | 1,93
Dolomite, at plant/RER U 9,19E-04 | 0,01 | 437E-05 | 0096 1,76E-01 0,04 | 329E+00 | 0,16 | 9,67E-05 | 0,00
3‘:33‘)“‘3’ at plant/RER U 2.63E-06 | 0,00 | 1258-07 | 0,00 5,03E-04 000 | 941E-03 | 000 | 277E:07 | 0,00
I;i:““c‘ty generated in facility | , ;op 0 | 609 | 411803 | 9026 | 4.18B+01 8,59 127E+02 | 6,18 | 1,59E+00 | 4,28
/]f:r"l’fztg'.f;yﬁpr"d“Ct“’“ mix 173602 | 022 | 2,75EB-03 | 6039 | 4.44E+00 091 | 593E+01 | 2.89 | 3,76E-04 | 0,00
Iron ore, 65% Fe, at 1,40E-01 | 1,81 | 333E-03 | 73,13 9,05E+00 1,86 | 1,69E+02 | 823 | 2,13E+01 | 57,30
beneficiation/GLO U ’ ’ ’ ’ ’ ’ ’ ’ ’ ’
Limestone, at mine/CH U 517E-03 | 0,07 | 2,07E-05 | 045 2,10E-01 0,04 | 3,10E400 | 0,15 | 1,41E-03 | 0,00
Service water TR 327E-03 | 0,04 | -1,12E-05 | -0,25 3,07E-01 0,06 | 1,20E+00 | 006 | 1,07E-02 | 0,03
Sinter dust TR 2,19E+00 | 28,27 | 1.28E-03 | 2811 1,38E+02 2836 | 5.81E+02 | 2829 | 1,05E+01 | 2825
Sinter dust TR (Pellet dust) 125601 | 1,61 | 732E05 | 161 7,85E+00 1,61 | 3,32E+01 | 1,62 | 6,00E-01 | 161
Wire rod mill scale TR 953E-02 | 123 | -557E-04 | -12,23 1,09E+01 224 | 729E+01 | 3,55 | 6,03E-01 | 1,62
Total 7,75E+00 | 100,00 | 4,55E-03 | 100,00 | 4,87E+02 100,00 | 2,05E+03 | 100,00 | 3,72E+01 | 100,00
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Table 48. Contribution of inputs and outputs to mid-point impact categories for 1 ton of liquid iron production

Ozone Layer

Carcinogens Non-carcinogens | Respiratory Inorganics | Ionizing Radiation (Bq Depletion
Inputs/Outputs (kg C;H;Cl eq) (kg C;H;Cl eq) (kg PM2.5 eq) C-14 eq) (kg CFC-11 eq)
Amount % Amount % Amount % Amount % Amount %
Emission Contribution 0.00E+00 | 0,00 | 0,00E+00 | 0,00 | 3.48E-01 13.19 | 0.00E400 | 0,00 | 0.00E+00 | 0.00
Blast furnace gas TR 1.44E-01 | 1520 | 1,13E-01 | 1544 | 4.00E-01 1516 | 1.30E+01 | 1611 | 327607 | 14.68
Coke oven gas TR 1,72E:03 | 0,18 | 5.81B-04 | 0.08 | 2.76E-03 0.10 | 471E-01 | 058 944E-09 | -0.42
Coke TR 121B-01 | 1277 | 407602 | 556 | 1.93E-01 732 | 330E+01 | 4090 | 6.62E-07 | -29.73
Dolomite, at plant/RER U 975607 | 0.00 | 1,30E:06 | 0,00 | 3,77B-07 0.00 | 641E-03 | 001 249E-11 | 0,00
Electricity generated in facility TR | 1,85B-02 | 1,05 | 1,38E-02 | 1,89 | 3,08E-02 117 | L69E+00 | 209 | -8.67E-09 | 039
plectricity, production mix /TR200%1 ‘s 41504 | 006 | 104503 | 014 | S17E04 | 002 | 659E01 | 082 | L02E08 | 046
El‘(’;g:fégl g;ggﬂﬁg“n mix /TR2009 1 | ¢7E.01 | -19.73 | -3.60E-01 | 49.18 | -1.79E-01 678 | -228E+02 | -282,58 | -3,54E-06 | 158,96
Iron ore, 65% Fe, at 493E-03 | 052 | 2.88E-02 | 393 | 1.09E-02 041 | 134E+01 | 1661 | 479E-08 | -2.15
beneficiation/GLO U ’ ’ ’ ’ ’ ’ ’ ’ ’ ’
Limestone, at mine/CH U 1.40B-05 | 0.00 | 1,40E-05 | 0,00 | 2.29E-05 0.00 | 2.20E-03 | 000 | 2.99E-10 | -0.01
Natural gas, burned in gas motor, | 5¢qp ¢ | (00 | 226E:07 | 000 | 1.59E-06 0.00 | 230E-04 | 000 | 2.53E-12 | 0,00
for storage/RU U
Nitrogen TR 455602 | 480 | 3.39B-02 | 463 | 7.60E-02 283 | 4176400 | 517 | -2.14E-08 | 0.96
Oxygen TR 781E-02 | 824 | 5.81B-02 | 7.94 | 130E-01 493 | 7.16E400 | 887 | -3.66E-08 | 1.64
Pulverised lignite, at plant/DE U 8ASE-03 | 089 | 322E-02 | 440 | 277602 1,05 | 3296401 | 4078 | 8.25E-08 | -3.70
Pure water TR 755603 | 0.80 | 5,63E-:03 | 077 | 1,26B-02 048 | 696E-01 | 086 | -3.48E-09 | 0.16
Service water TR 125605 | 0,00 | 9,69E-06 | 0,00 | 2,06E-05 0.00 | 150E03 | 000 | 2.78E-13 | 0.00
Sinter TR 3.67E-01 | 38.73 | 407601 | 55.60 | S8.41B-01 3188 | 1IOE+02 | 13633 | 5.14E-07 | -23.08
Sinter TR (pellet) 2.90E-01 | 30,60 | 3.22E-01 | 43.99 | 665E-01 2521 | 8.72E+01 | 108,07 | 4.06E-07 | -18.23
Steam TR 473E-02 | 499 | 3.52E02 | 481 | 7.89E-02 299 | 433E+00 | 537 | -2.22E08 | 1,00
Total 9.48E-01 | 100,00 | 7.32B-01 | 100,00 | 2.64E+00 | 100.00 | 8.07E+01 | 10000 | -2.23E-06 | 100,00
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Table 48. Contribution of inputs and outputs to mid-point impact categories for 1 ton of liquid iron production-continued 2

Respirator Aquatic . .. Terrestrial .
Inputs/Outputs Olgganicsy Ecot(gdcity (kg Terr?litgr:l?]lzléc:(:ﬁ;ﬂclty Acidifcation/Nitrification Lf‘;?()?gc;‘r‘gﬁ::)’“
(kg C,H, eq) TEG water) (kg SO, eq)
Amount % Amount % Amount % Amount % Amount %

Emission Contribution 0,00E+00 | 0,00 | 0,00E+00 | 0,00 | 0,00E+00 | 0,00 2.47E-01 118 | 0,00E+00 | 0,00
Blast furnace gas TR 5.17B-04 | 13,19 | 9.15E+03 | 15.13 | 2,07E+03 | 15.10 3.17E+00 15.19 | 2,70E-02 | 15,03
Coke oven gas TR 8,75B-05 | 223 | 2.43E+02 | 040 | 599E+01 | 044 4,90E-02 023 | 1,25E6-03 | 0,70
Coke TR 6.13E-03 | -156,38 | 1,70E+04 | 28.10 | 4,20E+03 | 30,64 3.43E+00 16,44 | 8,73E-02 | 48,60
Dolomite, at plant/RER U 9.50E-08 | 000 | 7.76E-02 | 0,00 | 2,01E-02 | 0,00 6,97E-06 0,00 | 1.63E-07 | 0,00
Electricity generated in facility TR | 9.41E-05 | 2,40 | 5,89E+02 | 097 | 135E402 | 0,99 3.48E-01 167 | 1.92E-03 | 1,07
/]f:r"l’fztg'.f;yﬁpr"d“Ct“’“ mix 758E-05 | -1,93 | 2.98E+00 | 0,00 | 1,03E400 | 0.01 7.59E-03 0,04 | 2.83E-05 | 0,02
/]f:r"l;czt(r)‘.;jyﬁlzz‘ig;‘;gl"gr‘:(‘lﬁc 0 2.62E-02 | 66836 |-1,03E+03 | -1,70 | -3.58E+02 | -2.61 -2,63E+00 12,60 | -9.77E-03 | -5.44
{)‘;‘:l‘;tﬁ:zfa gf;//”GFLeba:J 8,74E-04 | 22,30 | 1,60E+03 | 2,64 | 3,28E+02 2,39 6,54E-02 031 | 7,60E-04 | 0,42
Limestone, at mine/CH U 6.23E-06 | -0,16 | 7.91E+00 | 0,01 | 2,03E+00 | 0,01 4,38E-04 0,00 | 3,00E-06 | 0,00
Natural gas, burned in gas motor, | 135 06 | 11 | 5.158:04 | 000 | 243E-04 | 000 3.33E-05 0.00 | 2.95E-08 | 0.00
for storage/RU U
Nitrogen TR 232E-04 | 502 | 145B+03 | 240 | 332E+02 | 242 8.58E-01 411 | 473E-03 | 2.63
Oxygen TR 3,08E-04 | -10.15 | 2.49E+03 | 4,12 | 570E+02 | 4.16 1.47E+00 7.04 | 8.11E-03 | 451
Pulverised lignite, at plant/DE U | 5,25E-04 | -13,39 | 4,15E+01 | 0,07 | 1,53E+01 | 0,11 3.01E-01 144 | 7.17E-04 | 040
Pure water TR 3.90E05 | -0.99 | 241E+02 | 040 | 551E+01 | 040 1.42E-01 0,68 | 7.85E-04 | 0,44
Service water TR 1.06E-07 | 000 | 3.90E-01 | 000 | 896E-02 | 0,00 2,34E-04 0,00 | 1,28E-06 | 0,00
Sinter TR 7.87E-03 | -200,76 | 1,52E+04 | 25.13 | 332E+03 | 2422 6,99E+00 3350 | 2.90E-02 | 16,14
Sinter TR (pellet) 6,22E-03 | -158,67 | 1,20E+04 | 19.84 | 2.63E+03 | 19,19 5.53E+00 2650 | 2.29E-02 | 12,75
Steam TR 241E-04 | 6,15 | 1,51E+03 | 2,50 | 345B+02 | 2,52 8.90E-01 426 | 491E-03 | 2,73
Total 3.92E-03 | 100,00 | 6,05E+04 | 100,00 | 1,37E+04 | 100,00 |  2,09E+01 100,00 | 1,80E-01 | 100,00
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Table 48. Contribution of inputs and outputs to mid-point impact categories for 1 ton of liquid iron production-continued 3

{\(!uatlc. Aquz}tlc . Global Warming Non-renewable Energy | Mineral Extraction
Inputs/Outputs Acidification Eutrophlcat.lon (kg CO, eq) (MJJ primary) (MJ surplus)
(kg SO, eq) (kg PO, P-lim)
Amount % Amount % Amount % Amount % Amount %

Emission Contribution 3,74E-02 | 071 | 0,00E+00 | 0,00 | 1,07E+02 | 86,15 | 0,00E+00 0,00 7.85E-01 | 2,58
Blast furnace gas TR 8,06E-01 | 1522 | -1,55E-02 | 14,84 | 1,96E+01 1578 | 1,58E+02 1541 | 4,63E+00 | 1520
Coke oven gas TR 7.19E:03 | 014 | 171E-04 | -0,16 | -1,14E+00 | -092 | 3,12E+01 3,04 242602 | 0,08
Coke TR SO4E-01 | 952 | 120E02 | -1149 | -7.97E+01 | -64.17 | 2.18E+03 | 21257 | 1,70E+00 | 5.58
Dolomite, at plant/RER U 164E-06 | 000 | 7.82E-08 | 000 | 3,14E-04 0,00 | 588E-03 0,00 173607 | 0,00
Electricity generated in facility TR | 8,42E-02 | 1,59 | -733E-04 | 0,70 | 7,45E+00 6,00 | 2.26E+01 2,20 2.83E-01 | 0,93
ﬁ;’ggﬁ;ﬁyﬁp“’d“a‘"“ mix 3.10B-03 | 006 | 491E-04 | -047 | 7.93E-01 0,64 | 1,06E+01 1,03 6,72E-05 | 0,00
FTlffztf)'oc;y{J‘z;‘ig;‘(fgfgr’::lflct) 107E+00 | -20.21 | -1,70E-01 | 162,80 | -2,74E+02 | -220,61 | -3.67E+03 | -357.85 | -2,32E-02 | -0,08
Iron ore, 65% Fe, at
P e GO U 9.81E-03 | 0,19 | 2,33B-04 | -022 | 6,32E-01 0,51 | 1,18E+01 1,15 149E+00 | 4,89
Limestone, at mine/CH U S.88E05 | 0,00 | 2.36E-07 | 0,00 | 239E-03 0,00 | 3,53E-02 0,00 1,61E-05 | 0,00
Natural gas, burned in gas motor, | | 1cp o5 | 000 | 2,13E-09 | 000 | 1,05E-02 001 | 2.05E-01 0.02 591E-09 | 0,00
for storage/RU U
Nitrogen TR 2,08E-01 | 3,93 | -1.81E-03 | 1,73 | 1,84E+01 1481 | 5,56E+01 5.42 6,97E-01 | 2.29
Oxygen TR 356E-01 | 6,72 | -3.10E-03 | 2,97 | 3,15E+01 | 2536 | 9,54E+01 9,30 120E+00 | 3,94
Pulverised lignite, at plant/DE U 160E-01 | 3,02 | 737E-02 | 7058 | 245E+01 1973 | 1,02E+03 99.46 | 223E-04 | 0,00
Pure water TR 3.44E02 | 0,65 | -2.97E-04 | 028 | 3,05E+00 246 | 9,29E+00 0,91 116E-01 | 038
Service water TR 5,74E-05 | 0,00 | -1,96E-07 | 0,00 | 5,38E-03 0,00 | 2,11E-02 0,00 1.87E-04 | 0,00
Sinter TR 220E+00 | 41,55 | 128E-03 | -1,23 | 1,38E+02 | 111,11 | 5,82E+02 56,75 | 10SE+01 | 3448
Sinter TR (pellet) 174E+00 | 32.86 | 1,02E-03 | -098 | 1,09E+02 | 87,76 | 4.61E+02 | 4495 | 833E+00 | 27.35
Steam TR 2.15E01 | 4,06 | -1,88E-03 | 1,80 | 1.91E+01 1538 | 5,78E+01 5,64 724E01 | 238
Total 5,30E+00 | 100,00 | -1,04E-01 | 100,00 | 1,24E+02 | 100,00 | 1,03E+03 | 100,00 | 3,05E+01 | 100,00
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Table 49. Contribution of inputs and outputs to mid-point impact categories for 1 ton of liquid steel production

Ozone Layer

Carcinogens Non-carcinogens | Respiratory Inorganics | Ionizing Radiation (Bq Depletion
Inputs/Outputs (kg C;H;3Cl eq) (kg C;H;3Cl eq) (kg PM2.5 eq) C-14 eq) (kg CFC-11 eq)
Amount % Amount % Amount % Amount % Amount %
Emission Contribution 0.00E+00 | 0,00 |0,00E+00 | 0,00 | 41501 | 10,36 | 0.00E+00 0,00 0.00E+00 | 0,00
Anthracite coal, at mine/RNA 326E-04 | 0,00 |3,72B-03 | 0,02 | 128603 | 003 | 0.00E+00 0,00 1.74B-12 | 0.00
Coke oven gas TR 431E-03 | 002 | 146E-03 | 0.01 | 692E-03 | 017 | 1,I8E+00 0.07 237608 | 022
Coke TR 90.60E-04 | 0,00 | 3.24E-04 | 0,00 | 1,54E-03 | 004 | 2.63E-01 0.02 527609 | 0,05
Coke TR (coke breeze) 443604 | 0,00 | 1,50E-04 | 0,00 | 7.11B-04 | 002 | 121E-01 0.01 243600 | 0.02
Desulfurisation slag TR 8.64E-02 | 038 | 625602 | 038 | 1.54E-02 | 038 | 649E+00 0.38 413608 | 038
Electricity generated in facility TR 1,74E-01 | 0,77 | 130E01 | 0,80 | 2.91E-01 727 | 1.60E+401 0.94 8.18E-08 | -0.75
E‘e“"c'ty’ production mix /TR200%/ | 5 10k 03 | 002 | 981E-03 | 006 | 487E-03 | 0,12 |621E+00 0,36 9.66E-08 | 0,89
Iron ore, 65% Fe, at
pron ore, 63% 1ot 1,04E-05 | 0,00 | 6,11E-05| 0,00 | 230E-05 | 000 | 2.83E-02 0,00 1,OIE-10 | 0,00
Iron ore, 65% Fe, at
beetieis o/ GLO.U (iron dust) 365807 | 0,00 |2,14E-06 | 0,00 | 8,06E-07 | 000 | 9.91E-04 0,00 3,55E-12 | 0,00
Liquid iron TR 7O1E01 | 3,10 | 547B-01 | 335 | 1,95B+00 | 48,69 | 634E+01 372 1.59B-06 | -14.64
Natural gas, burned in gas motor, for |4 51p o5 | 000 | 1,56E04 | 000 | 1,10E-03 | 003 | 159E01 | 001 175E-00 | 0,02
storage/RU U
Oxygen TR 344E-01 | 152 | 2.56E-01 | 157 | 5.74B-01 | 1433 | 3.15E+01 1.85 1.61B-07 | -1.48
Pure water TR 940E-02 | 042 | 7.01E-02 | 043 | 1,57B-01 392 | 8,67E+00 051 433E-08 | -040
Quicklime, in pieces, loose, at 1,63E-02 | 007 | 1,I8E-02 | 0,07 | 627E-03 | 0.6 |6,06E+01 3,56 273606 | 25,13
plant/CH U
Reinforcing steel, at plant/RER U 2.10E+01 | 92,80 | 1,51E+01 | 92.39 | 2.41E-01 602 | 149E+03 | 8747 9.93E-06 | 9141
Service water TR 7.08E-03 | 0,03 | 5.48E-03 | 0,03 | LI7B-02 | 029 |851E-0I 0,05 157B-10 | 0,00
Steam TR 1.06E-01 | 087 | 146E-01 | 0,89 | 3.27E-01 817 | 1.80E+01 1,06 921B-08 | -0.85
Total 2.06E+01 | 100,00 | 1,63E+01 | 100,00 | 4,00E+00 | 100,00 | 1,70E+03 | _ 100,00 1,09E-05 | 100,00
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Table 49. Contribution of inputs and outputs to mid-point impact categories for 1 ton of liquid steel production-continued 2

Respirafory Aquatic Ecotoxicity Terresfrial - Tt?rrestria.l . Land Occupation
Inputs/Outputs Organics (kg TEG water) Ecotox1c1t3-' Acidifcation/Nitrification (m’org.arable)
(kg C;H, eq) (kg TEG soil) (kg SO, eq)
Amount % Amount % Amount % Amount % Amount %

Emission Contribution 0.00E+00 | 0,00 | 0.00E+00 | 0.00 |0.00E+00| 0,00 | 6.85E-02 020 | 0.00E+00 | 0.00
Anthracite coal, at mine/RNA 772605 | 008 | 1.98E+01 | 0.02 | 2.61E+00 | 001 | 2.51E-02 0.07 | 0.00E+00 | 0.00
Coke oven gas TR 2.19E-04 | 023 | 6,08E+02 | 0.65 | 1,50B+02| 0,68 | 1.23E-01 035 | 3.12B-03 | 0.8
Coke TR 488E-05 | 005 | 1.36E+02 | 0.15 |3.34E+01| 0.15 | 2,73E-02 0.08 | 6.95E-04 | 0.17
Coke TR (Coke breeze) 205605 | 002 | 625E+01 | 0.07 | 1.54E+01 | 007 | 1.26E-02 004 | 321B-04 | 0.08
Desulfurisation slag TR 357604 | 038 | 3.61E+02 | 039 |8.50E+01| 038 | 1.33E-01 038 | 1.54B-03 | 038
Electricity generated in facility TR 8.88E-04 | 0.5 | 5.56E+03 | 593 | 127E+03 | 574 | 3.28E+00 9046 | 181E-02 | 451
E‘e“"c'ty’ production mix /TR2009/ | - 155 04 | 076 | 2.81E+01 | 003 |9.75E400| 004 | 7.16E-02 021 | 2.66B-04 | 007
{;‘;‘;gﬁa t?jr;'//oGI;fE)a[tJ 1,85B-06 | 0,00 | 339E+00 | 0,00 | 6.95E-01 | 0,00 | 1,38E-04 000 | 1,61E-06 | 0,00
Iron ore, 65% Fe, at
beetieis o/ GLO.U (iron dust) 6.48E-08 | 0,00 | 1,19E-01 | 0,00 |243E-02| 000 | 484E-06 000 | 5.63E-08 | 0,00
Liquid iron TR 251B-03 | 2.68 | 4456404 | 4747 | 1.01E+04 | 4561 | 1.54E+01 4440 | 131B-01 | 32.65
Natural gas, burned in gas motor, for |, gcp 3 | 305 | 3568:01 | 000 | 168601 | 0,00 | 230E-02 007 | 2,04B-05 | 0,01
storage/RU U
Oxygen TR 175603 | 1.87 | LIOE+04 | 11,73 | 2.51E+03 | 11,34 | 6.48E+00 18.68 | 3.57E-02 | 8.90
Pure water TR 485E-04 | 052 | 3.00E403 | 320 | 6,86E+02| 3.10 | 1.77E+00 510 | 9.77E-03 | 2.43
Quicklime, in pieces, loose, at 8.56E-03 | 9.14 | 490E+02 | 052 |1.10B+02| 050 | 1.57E-01 045 | 572B-04 | 014
plant/CH U
Reinforcing steel, at plant/RER U 701E-02 | 8448 | 2.15E+04 | 22.04 | 5.69E+03 | 25,70 | 3.28E+00 946 | 1.79E-01 | 44.61
Service water TR 6.03E-05 | 006 | 2.21E+02 | 024 |5.07B+01| 023 | 1.32E-01 038 | 7.26B-04 | 0.8
Steam TR 1.00B-03 | 1,07 | 6.25E403 | 6.67 | 1.43E+03 | 646 | 3.70E+00 10.67 | 2.04E02 | 5.08
Total 9.36E-02 | 100,00 | 9,37E+04 | 100,00 | 2.21E+04 | 100,00 | 3 47E+01 100,00 | 4,01E-01 | 100,00
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Table 49. Contribution of inputs and outputs to mid-point impact categories for 1 ton of liquid steel production-continued 3

f&quatic. Aqua}tic . Global Warming Non-renewable Miner?l
Inputs/Outputs Acidification Eutrophlcatllon (kg CO, eq) Ene.rgy Extraction
(kg SO, eq) (kg PO, P-lim) (MJ primary) (M surplus)
Amount %0 Amount %0 Amount % Amount % Amount %o

Emission Contribution 8,78E-03 0,10 0,00E+00 0,00 | 2,29E+02 | 24,12 | 0,00E+00 0,00 | 1,53E+00 | 2,37
Anthracite coal, at mine/RNA 1,45E-02 0,17 3,75E-07 0,00 8,61E-01 | 0,09 | 6,37E+01 1,02 | 0,00E+00 | 0,00
Coke oven gas TR 1,80E-02 0,21 4,29E-04 -0,75 |-2,85E+00| -0,30 | 7,81E+01 1,25 | 6,07E-02 | 0,09
Coke TR 4,01E-03 0,05 9,55E-05 -0,17 | -2,93E-01 | -0,03 | 1,74E+01 0,28 1,35E-02 | 0,02
Coke TR (coke breeze) 1,85E-03 0,02 4,41E-05 -0,08 | -6,35E-01 | -0,07 | 8,03E+00 0,13 | 6,24E-03 | 0,01
Desulfurisation slag TR 3,33E-02 0,38 -2,23E-04 0,39 | 3,62E+00 | 0,38 | 2,40E+01 0,38 | 2,48E-01 | 0,38
Electricity generated in facility TR 7,95E-01 9,17 -6,92E-03 12,11 | 7,03E+01 | 7,40 2,13E+02 3,40 2,67E+00 | 4,14
Electricity, production mix /TR2009/ U 2,92E-02 0,34 4,63E-03 -8,10 | 7,48E+00 | 0,79 | 1,00E+02 1,60 | 6,33E-04 | 0,00
Iron ore, 65% Fe, at beneficiation/GLO U 2,08E-05 0,00 4,93E-07 0,00 1,34E-03 | 0,00 | 2,50E-02 0,00 | 3,15E-03 | 0,00
o e % Tes at beneliclation/GLO'Y 727E07 | 000 | 173E-08 | 000 | 468E-05 | 0.00 | 876E-04 | 000 | 1,10E-04 | 0.00
Liquid iron TR 3,92E+00 | 4523 | -7,54E-02 | 131,93 | 9,55E+01 | 10,06 | 7,70E+02 | 12,30 | 2,25E+01 | 34,86
Natural gas, burned in gas motor, for 799E-03 | 009 | 147E-06 | 000 |7.25E+00| 0,76 | 142E+02 | 227 | 4,09E-06 | 0,00
storage/RU U

Oxygen TR 1,57E+00 | 18,12 | -1,37E-02 | 23,97 | 1,39E+02 | 14,64 | 4,20E+02 6,71 | 5,27E+00 | 8,16
Pure water TR 4,29E-01 4,95 -3,69E-03 6,46 | 3,80E+01 | 4,00 | 1,16E+02 1,85 | 1,44E+00 | 2,23
Quicklime, in pieces, loose, at plant/CH U 3,52E-02 0,41 2,81E-04 -0,49 | 3,91E+01 | 4,12 2,15E+02 3,43 1,19E-03 0,00
Reinforcing steel, at plant/RER U 8,73E-01 10,07 4,52E-02 -79,09 | 2,41E+02 | 25,38 | 3,84E+03 61,35 | 2,77E+01 | 4291
Service water TR 3,25E-02 0,38 -1,11E-04 0,19 | 3,05E+00 | 0,32 | 1,19E+01 0,19 1,06E-01 | 0,16
Steam TR 8,94E-01 10,32 | -7,79E-03 13,63 | 7,91E+01 | 8,33 | 2,40E+02 3,83 | 3,00E+00 | 4,65
Total 8,67E+00 | 100,00 | -5,72E-02 | 100,00 | 9,49E+02 | 100,00 | 6,26E+03 | 100,00 | 6,45E+01 | 100,00
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Table 50. Contribution of inputs and outputs to mid-point impact categories for 1 ton of billet production

Ozone Layer

Carcinogens Non-carcinogens | Respiratory Inorganics | Ionizing Radiation (Bq Depletion
Inputs/Outputs (kg C;H;Cl eq) (kg C;H;3Cl eq) (kg PM2.5 eq) C-14 eq) (kg CFC-11 eq)
Amount % Amount % Amount % Amount % Amount %

Emission Contribution 0,00E+00 | 0,00 | 0,00E+00 | 0,00 | 0,00E+00 0,00 | 0,00E+00 0,00 0,00E+00 | 0,00
Argon TR 7,75E-04 | 0,00 | 5,78E-04 | 0,00 | 1,29E-03 0,03 | 7,11E-02 0,00 3,.64E-10 | 0,00
Coke oven gas TR 3,55E-03 | 0,02 | 1,20E-03 | 0,01 | 5,70E-03 0,13 | 9,73E-01 0,06 1,95E-08 0,18
Electricity generated in facility TR | 4,19E-02 | 0,19 | 3,12E-02 | 0,19 | 6,99E-02 1,65 | 3,84E+00 0,23 1,96E-08 | -0,18
E‘e“‘"‘c‘ty’ production mix /TR2009/\ | »3p 63 | (01 | 237B-03 | 001 | 1,18E-03 0.03 | 1,50E+00 | 0,09 233608 | 022
Liquefied petroleum gas, at service | ¢ 435 04 | (00 | 580E-04 | 000 | 1.03E-04 0,00 | 4,50E-01 0,03 1,37E-07 1,27
station/CH U
Liquid steel TR 224E+01 | 99,34 | 1,62E+01 | 9932 | 3,98E+00 94,17 | 1,68E+03 | 99,03 1,07E-05 | 9891
Natural gas, burned in gas motor,
for storage/RU U 2,25E-07 | 0,00 | 879E-07 | 0,00 | 6,16E-06 0,00 | 8,95E-04 0,00 9,83E-12 0,00
Nitrogen TR 4,02E-02 | 0,18 | 3,00E-02 | 0,18 | 6,71E-02 159 | 3,69E+00 0,22 1,89E08 | -0,17
Oxygen TR 1,74E-02 | 008 | 1,30E-02 | 0,08 | 2,90E-02 0,69 | 1,59E+00 0,09 _8,16E-09 | -0,08
Pure water TR 3,18E-02 | 0,14 | 2,37E-02 | 0,15 | 5,30E-02 125 | 2,93E+00 0,17 1,46E08 | -0,13
Service water TR LIGE-02 | 005 | 9,02E-03 | 0,06 | 1,92E-02 045 | 1,40E+00 0,08 2,59E-10 0,00
Total 2,25E+01 | 100,00 | 1,63E+01 | 100,00 | 4,23E+00 | 100,00 | 1,70E+03 | 100,00 1,08E-05 | 100,00




Table 50. Contribution of inputs and outputs to mid-point impact categories for 1 ton of billet production-continued 2

181

Respirator . . . . . . Terrestrial .
Inputs/Outputs Oll':ganicsy A?E;E}%Ig(:gfg;ty Terr?litgr:l?]lzléc:;ﬁ;ﬂclty Acidifcation/Nitrification Lf‘;?()?gc;‘r‘gﬁ::)’“
(kg C,H, eq) (kg SO; eq)
Amount % Amount % Amount % Amount % Amount %

Emission Contribution 0,00E+00 | 0,00 | 0,00E+00 | 0,00 | 0,00E+00 0,00 0,00E+00 0,00 | 0,00E+00 | 0,00
Anthracite coal, at mine/RNA | 3,95E-06 | 0,00 | 2,47E+01 | 003 | 5,66E+00 0,02 1,46E-02 0,04 | 8,06E-05 | 0,02
Coke oven gas TR 1,81E-04 | 0,19 | 501E+02 | 0,51 | 1,24E+02 0,54 1,01E-01 027 | 2,57E-03 | 0,62
Coke TR 2,13E-04 | 023 | 1,33E+03 | 1,35 | 3,06E+02 1,32 7,89E-01 211 | 435E-03 | 1,05
Liquid iron TR 1,73E-04 | 0,18 | 6,78E+00 | 0,01 | 2,35E+00 0,01 1,73E-02 0,05 | 6,43E-05 | 0,02
Natural gas, burned in gas 364E-04 | 039 | 322E400 | 0,00 | 277E-01 | 0,00 2,57E-03 001 | 1,178-05 | 0,00
motor, for storage/RU U
Oxygen TR 923E-02 | 98,39 | 9,33E+04 | 94.84 | 2,20E+04 | 94,93 3 45E+01 9243 | 398E-01 | 95,78
Pure water TR 1,6IE-05 | 0,02 | 2,00E-03 | 0,00 | 9,44E-04 0,00 1,29E-04 0,00 1,ISE-07 | 0,00
Quicklime, in pieces, loose, at | , 155 o4 | 00p | 1288403 | 130 | 2.94E+02 127 7,57E-01 2,03 | 4,18E-03 | 1,01
plant/CH U
Reinforcing steel, at 886E-05 | 0,09 | 554E+02 | 0,56 | 127E+02 | 0,55 3,28E-01 0,88 | 1,81E-03 | 0,44
plant/RER U
Service water TR 1,64E-04 | 0,17 | 1,01E+03 | 1,03 | 2,32E+02 1,00 5,99E-01 1,60 | 3,30E-03 | 0,79
Steam TR 9.92E-05 | 0,11 | 3,63E+02 | 037 | 8,34E+01 0,36 2,18E-01 0,58 1,19E-03 | 0,29
Total 9,38E-02 | 100,00 | 9,84E+04 | 100,00 | 2,32E+04 | 100,00 3,73E+01 100,00 | 4,16E-01 | 100,00
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Table 50. Contribution of inputs and outputs to mid-point impact categories for 1 ton of billet production-continued 3

Aquatic Acidification Aquatic Global Warming Non-renewable Mineral
Inputs/Outputs (kg SO, eq) Eutrophlcat.lon (kg CO, eq) Ene.rgy Extraction
(kg PO, P-lim) (MJ primary) (MJ surplus)

Amount % Amount % Amount % Amount % Amount %
Emission Contribution 0,00E+00 | 0,00 | 0,00E+00 | 0,00 7,37E+00 0,74 | 0,00E+00 | 0,00 | 0,00E+00 | 0,00
ﬁ‘l‘:e};";cN‘f coal, at 3,53E-03 0,04 | -3,08E-05 | 0,05 3,13E-01 0,03 | 948E-01 | 0,01 | 1,19E-02 | 0,02
Coke oven gas TR 1,49E-02 0,16 | 3,53E-04 | -0,57 | -2,35E+00 023 | 644E+01 | 0,99 | 500E-02 | 0,08
Coke TR 1,91E-01 2,05 | -1,66E-03 | 2,69 1,69E+01 1,69 | S,12E+01 | 0,79 | 641E-01 | 0,97
Coke TR 7,04E-03 0,08 | 1,12E-03 | -181 1,80E+00 0,18 | 2,41E+01 | 037 | 1,53E-04 | 0,00
Desulfurisation slag TR 6,35E-04 0,01 | 234E-05 | -0,04 1,10E-01 0,01 | 1,09E+01 | 0,17 | 6,77E-06 | 0,00
Oxygen TR 8,62E+00 | 92,71 | -5,78E-02 | 93,65 | 9,37E+02 9349 | 6,20E+03 | 95,66 | 6,41E+01 | 96,61
Pure water TR 4,49E-05 0,00 | 825E-09 | 0,00 4,07E-02 0,00 | 7,95E-01 | 001 | 2,30E-08 | 0,00
Quicklime, in pieces, loose, at | ¢3p 61 | 197 | .1 60E-03 | 2,59 | 1.62B+01 162 | 491E+01 | 076 | 6,16E-01 | 093
plant/CH U
Reinforcing steel, at 793602 | 085 | -691E-04 | 112 | 7.01E+00 | 070 | 2.13E+01 | 033 | 2.66E-01 | 0.40
plant/RER U
Service water TR 1,45E-01 1,56 | -1,25E-03 | 2,03 1,28E+01 128 | 391E+01 | 0,60 | 487E-01 | 0,73
Steam TR 5,34E-02 0,57 | -1,83E-04 | 0,30 5,01E+00 0,50 | 1,97E+01 | 0,30 | 1,74E-01 | 0,26
Total 930E+00 | 100,00 | -6,17E-02 | 100,00 | 1,00E+03 | 100,00 | 6,48E+03 | 100,00 | 6,63E+01 | 100,00
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Table 51. Contribution of inputs and outputs to mid-point impact categories for 1 ton of slab production

Carcinogens Non-carcinogens I;;?:_lgr:;?:g Ionizing Radiation (Bq C- O]Z)(:;)ielgi?){]er
Inputs/Outputs (kg C;H;Cleq) | (kg C;H;Cl eq) (kg PM2.5 eq) 14 eq) (kg CFC-11 eq)
Amount % Amount % Amount % Amount % Amount %

Emission Contribution 0,00E+00 | 0,00 |0,00E+00| 0,00 | 0,00E+00 | 0,00 0,00E+00 0,00 0,00E+00 | 0,00
Argon TR 1,29E-03 | 0,01 |9,59E-04| 0,01 | 2,15B-03 | 0,05 1,18E-01 0,01 6,04E-10 | -0,01
Coke oven gas TR 2,43E-03 | 0,01 | 822E-04| 0,01 | 3,91E-03 | 0,9 6,66E-01 0,04 134E-08 | 0,13
Electricity generated in facility TR 3.67E-02 | 0,16 | 2,73E-02 | 0,17 | 6,12E-02 | 1,49 3,36E+00 020 | -1,72E-08 | -0,16
Electm“y’ production mix /TR2009/ |, op 63| 00 |2.08E-03 | 001 | 1.03E:03 | 003 | 131E+00 008 | 2.04E-08 | 0,19
Liquefied petroleum gas, at service 4,08E-04 | 0,00 |2,81E-04 | 0,00 | 4,97E-05 | 0,00 2,18E-01 0,01 6,64E-08 | 0,62
station/CH U
Liquid steel TR 2.23E+01| 99,61 | 1,61E+01| 99,58 | 3,97E+00 | 96,46 | 1,67E+03 9934 | L,06E-05 | 9925
Natural gas, burned in gas motor, for | , -, 65| (00 | 1,076-04 | 000 | 749E-04 | 0,02 1,09E-01 0,01 1.19E-09 | 0,01
storage/RU U
Nitrogen TR 3,75E-03 | 0,02 | 2,80E-03 | 0,02 | 626E-03 | 0,15 3 44E-01 002 | -1,76E-09 | -0,02
Oxygen TR 2,90E-03 | 0,01 |2,16E-03 | 0,01 | 4.83E-03 | 0,12 2,65E-01 002 | -1,36E-09 | -0,01
Pure water TR 1,89E-03 | 0,01 | 1,41E-03 | 0,01 | 3,158-03 | 0,08 1,74E-01 0,01 _8,68E-10 | -0,01
Service water TR 379E-02 | 0,17 | 2,94E-02 | 0,18 | 6,25E-02 | 1,52 4,55E+00 0,27 8,42E-10 | 0,01
Total 2.24E+01 | 100,00 | 1,62E+01 | 100,00 | 4,12E+00 | 100,00 | 1,68E+03 100,00 | 1,07E-05 | 100,00
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Table 51. Contribution of inputs and outputs to mid-point impact categories for 1 ton of slab production-continued 2

Respirafory Aql.la.tic Terresfrial o Tt?rrestf'ia.l . Land Occupation
Inputs/Outputs Organics Ecotoxicity (kg Ecotox1c1t3-' Acidifcation/Nitrification (mlorg.arable)
(kg C;H, eq) TEG water) (kg TEG soil) (kg SO, eq)
Amount % Amount % Amount % Amount % Amount %

Emission Contribution 0,00E+00 | 0,00 | 0,00E+00 | 0,00 | 0,00E+00 | 0,00 0,00E+00 0,00 | 0,00E+00 | 0,00
Argon TR 6,56E-06 | 0,01 | 4,10E+01 | 0,04 | 9,39E+00 | 0,04 2,42E-02 0,07 1,34E-04 | 0,03
Coke oven gas TR 124E-04 | 0,13 | 3,43E+02 | 036 | 8,48E+01 | 0,38 6,93E-02 0,19 1,76E-03 | 0,43
Electricity generated in facility TR | 1,87E-04 | 020 | 1,17E+03 | 1,22 | 2,68E+02 | 1,19 6,91E-01 1,91 3.81E-03 | 0,3
E‘e“r‘“ty’ production mix /TR2009/ |, 5, 04 | 016 | 594400 | 0,01 | 2.06E+00 | 0.01 1.51B-02 004 | 563E05 | 001
Liquefied petroleum gas, at service | | ;o0 04 | 019 | 1.56E+00 | 0,00 | 1.34E-01 | 0,00 1,24E-03 0,00 | 567E-06 | 0,00
station/CH U
Liquid steel TR 9.21E-02 | 96,88 | 9,30E+04 | 96,86 | 2,19E+04 | 96,91 3,44E+01 9533 | 3,97E-01 | 97,41
Natural gas, burned in gas motor, for | | o5 43 | 505 | 2438-01 | 0,00 | 1.ISE-01 | 0,00 1.57E-02 0,04 | 1.39E-05 | 0,00
storage/RU U
Nitrogen TR 1,91E-05 | 0,02 | 1,20E+02 | 0,12 | 2,74E+01 | 0,12 7,07E-02 020 | 3.90E-04 | 0,10
Oxygen TR 1,48E-05 | 0,02 | 923E+01 | 0,10 | 2,11E+01 | 0,09 5.45E-02 0,15 | 3,01E-04 | 0,07
Pure water TR 9,72E-06 | 0,01 | 6,01E+01 | 0,06 | 1,38E+01 | 0,06 3,55E-02 0,10 | 1,96E-04 | 0,05
Service water TR 323E-04 | 034 | 1,I8E+03 | 123 | 2,71E+02 | 1,20 7,09E-01 196 | 3,89E-03 | 095
Total 9,51E-02 | 100,00 | 9,60E+04 | 100,00 | 2,26E+04 | 100,00 | 3,61E+01 100,00 | 4,08E-01 | 100,00
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Table 51. Contribution of inputs and outputs to mid-point impact categories for 1 ton of slab production-continued 3

f&quatic. Aquz}tic ) Global Warming Non-renewable Miner?l
Inputs/Outputs Acidification Eutrophlcat.lon (kg CO, eq) Ene‘rgy Extraction
(kg SO, eq) (kg PO, P-lim) (MJ primary) (M surplus)

Amount % Amount % Amount % Amount % Amount %
Emission Contribution 0,00E+00 | 0,00 | 0,00E+00 | 0,00 | 1,59E+01 | 1,61 | 0,00E+00 | 0,00 | 0,00E+00 | 0,00
Argon TR 586E-03 | 0,07 | -511E-05 | 009 | 519E01 | 0,05 | 1,57E4+00 | 0,02 | 1,97E-02 | 0,03
Coke oven gas TR 1,02E-02 | 0,11 | 242E-04 | -041 |-1,61E+00]| -0,16 | 4,41E+01 | 0,68 | 3,43E-02 | 0,05
Electricity generated in facility TR 1,67E-01 | 1,85 | -146E-03 | 248 | 148E+01| 1,50 | 4,48E+01 | 0,69 | 5,62E-01 | 0,86
E‘e“r‘“ty’ production mix /TR2009/ | ¢ 175 o3 | 007 | 97904 | -166 |1.58B+00| 016 | 2.11E+01 | 033 | 1.34E-04 | 0.00
Liquefied petroleum gas, at service 307E-04 | 0,00 | 1,13B-05 | -0,02 | 534E-02 | 0,01 | 527E+00 | 0,08 | 3,28E-06 | 0,00
station/CH U
Liquid steel TR 8,60E+00 | 9547 | -5,76E-02 | 97,94 | 934E+02 | 9435 | 6,18E+03 | 95,55 | 6,39E+01 | 97,99
Natural gas, burned in gas motor, for | 5 /50 3 | 606 | 100E-06 | 000 |4.95B+00 | 050 | 9.67E+01 | 150 | 2.79E-06 | 0.00
storage/RU U
Nitrogen TR 1,71E-02 | 019 | -149E-04 | 025 |1,51E+00| 0,15 | 4,59E+00 | 0,07 | 575E-02 | 0,09
Oxygen TR 132E-02 | 015 | -1,I5B-04 | 020 | 1,I7E+00 | 0,12 | 3,54E+00 | 005 | 443E-02 | 0,07
Pure water TR 8,59E-03 | 0,10 | -7,40E-05 | 0,13 | 7.61E-01 | 0,08 | 2,32E+00 | 0,04 | 2,89E-02 | 0,04
Service water TR 1,74E-01 | 193 | -595E-04 | 101 | 1,63E+01 | 1,65 | 6,39E+01 | 099 | 566E-01 | 0,87
Total 9,01E+00 | 100,00 | -5,88E-02 | 100,00 | 9,90E+02 | 100,00| 6,47E+03 | 100,00 | 6,52E+01 | 100,00




981

Table 52. Contribution of inputs and outputs to mid-point impact categories for 1 ton of wire rod production

Carci . Respiratory . . . Ozone Layer
arcinogens Non-carcinogens Tnorganics Ionizing Radiation Depletion
Inputs/Outputs (kg C;H;3Cl eq) (kg C;H;3Cl eq) (ke PM2.5 eq) (Bq C-14 eq) (kg CFC-11 eq)
Amount %0 Amount %o Amount %0 Amount %0 Amount %0
Emission Contribution 0,00E+00 0,00 0,00E+00 0,00 3,28E-02 0,65 0,00E+00 | 0,00 | 0,00E+00 | 0,00
Billet TR 2,25E+01 97,97 1,63E+01 97,82 4,23E+00 83,91 1,69E+03 | 96,62 | 1,08E-05 | 99,50
Electricity generated in facility TR 4,08E-01 1,78 3,04E-01 1,82 6,80E-01 13,49 3,74E+01 2,14 -1,91E-07 | -1,76
Electricity, production mix /TR2009/ U 1,19E-02 0,05 2,29E-02 0,14 1,14E-02 0,23 1,45E+01 0,83 2,26E-07 2,08
Natural gas, burned in gas motor, for 446E-04 | 000 | 1,74E-03 | 001 | 122802 | 024 | 1,77E+00 | 0,10 | 1,95E-08 | 0,18
storage/RU U
Oxygen TR 1,71E-03 0,01 1,28E-03 0,01 2,86E-03 0,06 1,57E-01 0,01 | -8,04E-10 | -0,01
Service water TR 4,37E-02 0,19 3,39E-02 0,20 7,21E-02 1,43 5,25E4+00 | 0,30 | 9,71E-10 | 0,01
Total 2,30E+01 | 100,00 | 1,67E+01 100,00 5,04E+00 100,00 | 1,75E+03 | 100,00 | 1,09E-05 | 100,00
Respirator . . . Terrestrial Terrestrial .
Inputs/Outputs Oll':ganicsy Aquatri%lél;av):;fégty (kg Ecotoxicity Acidifcation/Nitrification L?:lgl(,?gc_;l:-gs::)m
(kg C;H, eq) (kg TEG soil) (kg SO, eq)
Amount %0 Amount %0 Amount %0 Amount %0 Amount %0
Emission Contribution 0,00E+00 | 0,00 | 0,00E+00 0,00 0,00E+00 | 0,00 6,26E-01 1,34 0,00E+00 | 0,00
Billet TR 9,38E-02 | 72,30 | 9,84E+04 87,17 2,32E+04 | 87,45 3,73E+01 79,57 4,16E-01 | 89,67
Electricity generated in facility TR 2,08E-03 1,60 1,30E+04 11,52 2,98E+03 | 11,23 7,68E+00 16,38 4,24E-02 9,14
Electricity, production mix /TR2009/U | 1,67E-03 | 1,29 | 6,57E+01 0,06 2,28E+01 | 0,09 1,67E-01 0,36 6,22E-04 | 0,13
Natural gas, burned in gas motor, for | 3 1ep > | 2451 | 396E+00 0,00 1,87E+00 | 0,01 2,56E-01 0,55 | 2.27E-04 | 0,05
storage/RU U
Oxygen TR 8,73E-06 | 0,01 5,46E+01 0,05 1,25E4+01 | 0,05 3,23E-02 0,07 1,78E-04 | 0,04
Service water TR 3,72E-04 | 0,29 1,36E+03 1,20 3,13E+02 | 1,18 8,18E-01 1,74 4,48E-03 | 0,97
Total 1,30E-01 | 100,00 | 1,13E+05 100,00 2,65E+04 | 100,00 4,69E+01 100,00 4,64E-01 | 100,00
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Table 52. Contribution of inputs and outputs to mid-point impact categories for 1 ton of wire rod production-continued 2

Aquatic Acidification Aquatic. Global Warming Non-renewable Mineral
Inputs/Outputs (kg SO, eq) Eutrophication (kg CO; eq) Energy Extraction
(kg PO, P-lim) (MJ primary) (M surplus)

Amount %o Amount % Amount %o Amount % Amount %
Emission Contribution 7,99E-02 0,69 0,00E+00 0,00 4,70E+01 3,54 0,00E+00 | 0,00 | 0,00E+00 | 0,00
Billet TR 9,29E+00 80,12 -6,16E-02 90,94 1,00E+03 75,27 | 6,48E+03 | 73,16 | 6,63E+01 | 90,55
Electricity generated in facility TR 1,86E+00 16,04 -1,62E-02 23,92 1,64E+02 12,34 | 4,98E+02 5,62 6,24E+00 8,52
Electricity, production mix /TR2009/ U 6,82E-02 0,59 1,08E-02 -15,94 1,75E+01 1,32 2,34E+02 2,64 1,48E-03 0,00
Natural gas, burned in gas motor, for 888E-02 | 077 | 1,63E-05 | -0,02 | 806E+01 | 6,07 | 1,57E+03 | 17,72 | 4,54E-05 | 0,00
storage/RU U
Oxygen TR 7,80E-03 0,07 -6,80E-05 0,10 6,91E-01 0,05 2,09E+00 | 0,02 2,62E-02 0,04
Service water TR 2,00E-01 1,72 -6,86E-04 1,01 1,88E+01 1,42 7,38E+01 0,83 6,52E-01 0,89
Total 1,16E+01 100,00 -6,77E-02 | 100,00 1,33E+03 100,00 | 8,86E+03 | 100,00 | 7,32E+01 | 100,00

Table 53. Contribution of inputs and outputs to mid-point impact categories for 1 ton of coil production

Carci . Respiratory . . L. Ozone Layer
arcinogens Non-carcinogens Inorganics Ionizing Radiation Depletion
Inputs/Outputs (kg C;H;3Cl eq) (kg C;H;3Cl eq) (ke PM2.5 eq) (Bq C-14 eq) (kg CFC-11 eq)
Amount %0 Amount % Amount %0 Amount %0 Amount %0
Emission Contribution 0,00E+00 0,00 0,00E+00 0,00 6,81E-01 11,45 | 0,00E+00 0,00 0,00E+00 0,00
Coke oven gas TR 4,55E-02 0,20 1,53E-02 0,09 7,30E-02 1,23 1,24E+01 0,70 2,49E-07 2,27
Electricity generated in facility TR 4,72E-01 2,04 3,52E-01 2,10 7,88E-01 13,24 | 4,33E+01 2,44 -2,22E-07 -2,02
Electricity, production mix /TR2009/ U 1,38E-02 0,06 2,66E-02 0,16 1,32E-02 0,22 1,68E+01 0,95 2,61E-07 2,37
Nitrogen TR 3,26E-03 0,01 2,43E-03 0,01 5,44E-03 0,09 2,99E-01 0,02 -1,53E-09 -0,01
Oxygen TR 1,20E-03 0,01 8,91E-04 0,01 2,00E-03 0,03 1,10E-01 0,01 -5,61E-10 -0,01
Service water TR 1,68E-01 0,73 1,30E-01 0,78 2,77E-01 4,66 2,02E+01 1,14 3,73E-09 0,03
Slab TR 2,24E+01 | 96,95 1,62E+01 96,85 4,11E+00 | 69,08 | 1,68E+03 94,75 1,07E-05 97,36
Total 2,31E401 | 100,00 | 1,67E+01 | 100,00 | 5,95E+00 | 100,00 | 1,77E+03 | 100,00 1,10E-05 100,00
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Table 53. Contribution of inputs and outputs to mid-point impact categories for 1 ton of coil production-continued 2

Respira?ory Aquatic Ecotoxicity Terresfrial - Te.rrestf'ia.l . Land Occupation
Inputs/Outputs Organics (kg TEG water) Ec0t0x1c1t).' Acidifcation/Nitrification (mlorg.arable)
(kg C;H, eq) (kg TEG soil) (kg SO, eq)
Amount %0 Amount %o Amount %0 Amount %0 Amount %0
Emission Contribution 0,00E+00 | 0,00 0,00E+00 0,00 0,00E+00 | 0,00 8,26E+00 14,25 0,00E+00 | 0,00
Coke oven gas TR 2,31E-03 2,24 6,41E+03 5,22 1,58E+03 | 5,47 1,29E+00 2,23 3,29E-02 | 647
Electricity generated in facility TR 2,41E-03 2,34 1,50E+04 12,21 | 3,45E+03 | 11,94 8,89E+00 15,34 491E-02 | 9,66
Electricity, production mix /TR2009/ U 1,94E-03 1,88 7,61E+01 0,06 2,64E+01 | 0,09 1,94E-01 0,33 7,21E-04 | 0,14
Nitrogen TR 1,66E-05 | 0,02 1,04E+02 0,08 2,38E+01 | 0,08 6,14E-02 0,11 3,39E-04 | 0,07
Oxygen TR 6,09E-06 | 0,01 3,81E+01 0,03 8,73E+00 | 0,03 2,25E-02 0,04 1,24E-04 | 0,02
Service water TR 1,43E-03 1,39 5,23E+03 4,26 1,20E+03 | 4,15 3,14E+00 5,42 1,72E-02 | 3,38
Slab TR 9,50E-02 | 92,13 9,60E+04 78,14 | 2,26E+04 | 78,23 3,61E+01 62,29 4,08E-01 | 80,25
Total 1,03E-01 | 100,00 | 1,23E+05 100,00 | 2,89E+04 | 100,00 | 5,80E+01 100,00 5,08E-01 | 100,00
Aquatic Acidification Aquatic Global Warming Non-renewable Mineral
Inputs/Outputs (kg SO, eq) Eutrophlcat.lon (kg CO, eq) Ene.rgy Extraction
(kg PO, P-lim) (MJ primary) (M surplus)
Amount %0 Amount %o Amount %0 Amount %0 Amount %0
Emission Contribution 2,66E+00 17,89 0,00E+00 0,00 4,09E+01 | 3,19 0,00E+00 0,00 0,00E+00 | 0,00
Coke oven gas TR 1,90E-01 1,28 4,52E-03 -7,14 | -3,00E+01 | -2,34 | 8,23E+02 9,76 6,40E-01 0,85
Electricity generated in facility TR 2,15E+00 14,46 -1,87E-02 29,55 1,90E+02 | 14,80 | 5,77E+02 6,85 7,23E+00 | 9,56
Electricity, production mix /TR2009/ U 7,90E-02 0,53 1,25E-02 -19,75 | 2,02E+01 | 1,57 2,71E+02 3,21 1,72E-03 | 0,00
Nitrogen TR 1,49E-02 0,10 -1,29E-04 0,20 1,32E+00 | 0,10 3,99E+00 0,05 4,99E-02 | 0,07
Oxygen TR 5,45E-03 0,04 -4,715E-05 0,08 4,82E-01 | 0,04 1,46E+00 0,02 1,83E-02 | 0,02
Service water TR 7,69E-01 5,17 -2,63E-03 4,16 7,22E+01 | 5,62 2,83E+02 3,36 2,50E+00 | 3,31
Slab TR 9,00E+00 60,53 -5,88E-02 9291 | 9,89E+02 | 77,02 | 6,47E+03 76,75 | 6,52E+01 | 86,20
Total 1,49E+01 100,00 -6,33E-02 100,00 | 1,28E+03 | 100,00 | 8,43E+03 100,00 | 7,56E+01 | 100,00
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NORMALIZED IMPACT ASSESSMENT RESULTS PER MID-POINT
IMPACT CATEGORIES OF DIFFERENT PRODUCTION SCENARIOS
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Table 55. Normalized impact assessment results of Scenario 2

Mid-point impact category Bil:;tt)T R Slz(lg t’)l‘R Mechanical(Iv,‘;())rkshop TR Total (Pt) rl;(,;f)‘l
Carcinogens 6,25E-03 | 2,67E-03 2,93E-06 8,92E-03 1,50
Non-carcinogens 4,52E-03 | 1,93E-03 2,24E-06 6,45E-03 1,08
Respiratory inorganics 2,94E-01 | 1,22E-01 1,44E-03 4,17E-01 70,22
Ionizing radiation 3,53E-05 | 1,50E-05 2,46E-08 5,04E-05 0,01
Ozone layer depletion 1,12E-06 | 4,79E-07 -1,16E-10 1,60E-06 0,00
Respiratory organics 1,98E-05 | 8,61E-06 1,70E-08 2,85E-05 0,00
Aquatic ecotoxicity 2,54E-04 | 1,06E-04 8,64E-07 3,61E-04 0,06
Terrestrial ecotoxicity 9,42E-03 | 3,94E-03 3,13E-05 1,34E-02 2,25
Terrestrial acid/nutri 1,99E-03 | 8,26E-04 1,47E-05 2,84E-03 0,48
Land occupation 2,33E-05 | 9,79E-06 6,21E-08 3,31E-05 0,01
Aquatic acidification 0,00E+00 | 0,00E+00 0,00E+00 0,00E+00 0,00
Aquatic eutrophication 0,00E+00 | 0,00E+00 0,00E+00 0,00E+00 0,00
Global warming 7,12E-02 | 3,01E-02 3,13E-04 1,02E-01 17,09
Non-renewable energy 3,00E-02 | 1,28E-02 7,84E-05 4,30E-02 7,22
Mineral extraction 3,07E-04 | 1,29E-04 7,34E-07 4,37E-04 0,07
Total Pt 4,18E-01 | 1,75E-01 1,88E-03 5,95E-01 100,00
Total % 70,20 29,50 0,32 100,00 -
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Table 56. Normalized impact assessment results of Scenario 3

Mid-point impact category "},Ee(ll;(t))d C(zili S‘R Mechanical(Iv)‘;())rkshop TR Total (Pt) 1;?722)11
Carcinogens 6,38E-03 2,75E-03 2,93E-06 9,14E-03 1,21

Non-carcinogens 4,62E-03 1,99E-03 2,24E-06 6,61E-03 0,87

Respiratory inorganics 3,50E-01 1,77E-01 1,44E-03 5,28E-01 69,84
Ionizing radiation 3,65E-05 1,59E-05 2,46E-08 5,25E-05 0,01

Ozone layer depletion 1,13E-06 4,93E-07 -1,16E-10 1,62E-06 0,00

Respiratory organics 2,74E-05 9,35E-06 1,70E-08 3,68E-05 0,00

Aquatic ecotoxicity 291E-04 1,36E-04 8,64E-07 4,28E-04 0,06

Terrestrial ecotoxicity 1,08E-02 5,05E-03 3,13E-05 1,58E-02 2,09

Terrestrial acid/mutri 2,50E-03 1,33E-03 1,47E-05 3,84E-03 0,51

Land occupation 2,60E-05 1,22E-05 6,21E-08 3,83E-05 0,01

Aquatic acidification 0,00E+00 | 0,00E+00 0,00E+00 0,00E+00 0,00

Aquatic eutrophication 0,00E+00 | 0,00E+00 0,00E+00 0,00E+00 0,00

Global warming 9,44E-02 3,90E-02 3,13E-04 1,34E-01 17,68
Non-renewable energy 4,10E-02 1,68E-02 7,84E-05 5,79E-02 7,66

Mineral extraction 3,39E-04 1,50E-04 7,34E-07 4,90E-04 0,06

Total Pt 5,10E-01 2,44E-01 1,88E-03 7,56E-01 100,00
Total % 67,40 32,30 0,25 100,00 -




