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1 INTRODUCTION

The iron and steel industry continues to transform
itself and evolve in the ever�changing global market
place—the raw material scenario is constantly chang�
ing with respect to quality and quantity (availability),
there is stiff competition in both global and local mar�
kets, and there is increasing pressure to address global
climate change issues, especially since the steel indus�
try is highly energy� and carbon�intensive. There is
growing importance of steel production in developing
countries such as China and India—this means that
the steel industry in these countries will play an impor�
tant role in defining and shaping the future of the
industry.

Climate change is expected to present new risks to
the steel industry with respect to ensuring a sustainable
business. Legislators are proposing to limit GHG emis�

1 The article is published in the original.

sion by placing an implicit price on CO2 emission—
market�based “cap and trade”, carbon tax etc. In this
scenario, it is important for the steel companies to
reduce exposure to climate�related risks and at the same
time, find business opportunities within these risks.
Thus, there is a need to strategically manage the climate
change risks; the key steps to strategically manage cli�
mate change risks are presented in Table 1 [1].

Some of the steps that are being taken by the steel
industry to address climate change risks are presented
as follows,

—Expand usage of current Energy—and CO2�
efficient technologies in steel plants to minimize
GHG emissions and energy consumption.

—Develop novel iron—and steelmaking techno�
logical solutions to significantly reduce specific energy
consumption and specific GHG emission.

—Optimize and maximize recycling of steel scrap.
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—Maximize value of steel industry by�products
(wastes); recycling of steel plant wastes.

—Facilitate use of new generation of steels to
improve energy efficiency of steel�using products in
partnership with customers.

For a given site (location), it is necessary to select
the best alternate ironmaking/steelmaking process
technology(ies).

In the selection of the best�suited alternate iron�
and steel making technologies for a given site, a two�
step approach is adopted for delivering a good end�
result [2]:

—The first step includes broad evaluation of all
available site�specific information followed by short�
listing of 2 to 3 potential process technologies based on
risk analysis, simple pay back period calculation, as
well as factored capital cost analysis and operating cost
estimates. During this stage, a preset process of tech�
nical and economic analyses is applied to screen and
filter all available technologies.

—The second step involves detailed financial anal�
ysis of the shortlisted process technologies, resulting in
the final selection of the best�suited technology.

In the two�step selection process, market opportu�
nities/weaknesses are also assessed to get an idea of
expected steel demand, quality requirements, and
price trends. On this basis, the appropriate (or the
best) site�specific process technology is selected
through a proper techno�economical evaluation of all
potential technologies as well as considering the con�
solidated impact of technology, cost of production and
transportation. The key evaluation metrics that are
typically included in the evaluation and selection of
process technology for a given site are presented in
Table 2 [2].

Considering the significance of climate change
risks for the highly energy� and carbon�intensive steel

industry, it is necessary to evaluate the environmental
aspects when considering an alternate process tech�
nology for implementation. This paper presents the
results of an analysis conducted to compare the
Energy Efficiency as well as GHG emissions associ�
ated with the different process technologies that are
relevant to the iron and steel industry.

PROCESS MODELLING AND TOOLS 
FOR DECISION SUPPORT

Modelling tools have been developed by Hatch to
quantify potential energy savings and CO2 abatement
within the iron and steel industry [3]—the tool
employed for abatement of greenhouse gas carbon is
called G�CAPTM (Green�House Gas Carbon Abate�
ment Process) while that employed for improving
energy efficiency is called En�MAPTM (Energy Man�
agement Action Planning) [3]. These tools are based
on formalized methodology for identifying, quantify�
ing, and ranking the available GHG abate�
ment/energy reduction opportunities in a steel plant,
so that a holistic understanding of the magnitude and
costs associated with the various reduction scenarios
can be achieved. With the help of these tools, it has
been possible to identify, with certainty, how much
CO2 emission and Energy Consumption can be abated
by a defined point in time and at what cost to business.
The G�CAPTM tool also has advanced features that
allows setting of the initial CO2 and energy reduction
targets, negotiating the CO2 cap allocation and man�
aging the emission reduction pathway into the future.
While the findings of G�CAPTM and En�MAPTM
are generally applicable across the entire industry sec�
tors, it is important to note that the calculations need
to be customized on a plant�by�plant basis, due to
variations in plant equipment, raw materials, and

Table 1. Key Steps to Strategically Manage Climate Change Risks [1]

No. Steps Involved Details

1 Quantity Your Carbon “Footprint” Quantify the sources and sinks of CO2 within the business in order to 
commence the process of emissions management

2 Assess your Carbon Related Risks and 
Opportunities

Review the impact or opportunity within the following risks: regulatory, 
supply chain, product or technology, Litigation, Reputatio and physical. 
Understanding the risk is fundamental to managing the risk

3 Adapt your Business Develop and implement activities to reduce energy consumption and 
carbon emissions. Identify how to seize new opportunities

4 Do it Better that Rivals Take the lead in reducing exposure to climate change risk and realising 
opportunities. Promote success to the market and legislators
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operations. The key elements of these tools are out�
lined as follow [3]:

(1) Create inventory of all emission sources and
sinks at site/business boundary level.

(2) Disaggregate inventory to operating unit level.
(3) Accuracy audit of disaggregated inventory,

implement data quality improvements.
(4) Establish a comprehensive Energy/Mass bal�

ance for each unit.
(5) Collate operational key performance indicators

(KPI’s).
(6) Identify Best�in�Similar�Class and Best Prac�

tice benchmarks.
(7) Normalize units to benchmark conditions.
(8) Identify abatement opportunities to compress

the gap with the benchmark.
(9) Expected Improvement with CO2 Abate�

ment/Energy Reduction Technologies.
(10) Risk filter and eliminate unacceptable oppor�

tunities.
(11) Model remaining opportunities and eliminate

competing alternatives/suboptimal scenarios.
(12) Develop operational cash cost (Opex), capital

investment requirements (Capex), Abatement and
lead time estimates for opportunities and generate
MACC (Marginal Abatement Cost Curve) or MEEC
(Marginal Energy Efficiency Curve).

(13) Identify CO2 price scenarios.
(14) Map abatement and capital trajectories from

MACC over time.

(15) Set targets based on abatement cost/permit
price differential.

A sample MACC is presented for reference in
Fig. 1. The MACC/MEEC allows a business to iden�
tify, with certainty, how much CO2 emission or energy
consumption can be abated by a defined point in time
and at what cost to the business. The MACC is a well�
developed tool for setting the initial CO2 reduction
targets, negotiating the CO2 cap allocation and man�
aging emission reduction pathway into the future. The
MACC is equally relevant to identification of energy
reduction initiatives. For developing MEEC, a sample
of which is presented in Fig. 2, calculation of abate�
ment curve for energy reduction requires assessment
of the basket of energy consumptions in a given steel
plant.

The G�CAPTM/En�MAPTM tools have been
applied in several steel companies to assess energy effi�
ciency as well as GHG emissions associated with both
existing operations as well as new processes.

EVALUATION OF GHG EMISSIONS 
AND ENERGY EFFICIENCY

A number of CO2 abatement/Energy Efficiency
technologies are being considered by steel plants in the
different areas of iron and steelmaking. The abatement
opportunities were estimated for certain selected tech�
nologies/initiatives for a range of site conditions and
constraints imposed at the sites with respect to imple�
mentation. The expected range of improvements esti�

Table 2. Key Evaluation Metrics for Techno�Economic Analysis [2]

Parameters Details of the Evaluation Metrics

Market Analysis Requirements of final steel product

Raw Material Raw material requirement, its quality and availability

Fuel and Energy Fuel requirement, types of fuels, availability, related quality

Process Technology Analysis Principles of operation, concept flow�sheet, mass and energy balance, consumption fig�
ures, scaling principles, technical (feasibility) issues

Risk Analysis Risks assessment with respect to scaling, state of the development of the technology, and 
complexity of operation

Operating Cost Estimated operating cost based on key cost drivers and best practice operating conditions

Capital Cost Estimated complete capital cost including core process units as well as infrastructure 
directly associated with process technology

Financial Analysis Detailed financial analysis including analyses of local tax and depreciation implications 
and analysis of sustainable maintenance—these aspects of project are evaluated utilizing 
an IRR/NPV estimate, based on discounted cash flow analyses and analysis of project 
financing impact
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mated for certain CO2 abatement technologies/initia�
tives are presented in Table 3.

In addition to CO2 abatement/energy efficiency
technologies/initiatives that are being implemented by
steel companies, there are a number of alternate iron�
making process technologies that are provide valuable
options to steel companies in dealing with the current
issues. While the conventional blast furnace ironmak�
ing process is still widely implemented, a number of
these alternate ironmaking processes are being consid�
ered for implementation.

Current status of some selected ironmaking process
technologies are summarized in Table 4 [2].

Figure 3 presents some examples of future alterna�
tives using the new ironmaking processes as well as the
current options. Coal gasification technology allows
usage of low�grade coal to produce a synthetic gas for
DRI production; this option is especially useful in
countries such as India where coal is available in
plenty and there is limited natural gas availability.

In this work, the Energy Intensity (GJ/t) figures
were estimated considering consumption and energy
factors at the various stages of iron and steel produc�
tion—this includes all Direct Emission Sources (e.g.
coal, natural gas, heavy and light oil, etc.) as well as all
Upstream Emission Sources (e.g. purchased electric�
ity, oxygen, nitrogen, steam, coke, fluxes, etc.). Cred�
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Fig. 1. Sample of Marginal Abatement Cost Curve (MACC) developed in a previous work [3].
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its for Energy Sources that are produced within the
steel plant and sold/transferred outside the plant
boundaries (e.g. tar, slag, electricity), are subtracted.

The results of the analysis are presented in Table 5
(in terms of GJ/t of iron product, DRI or hot metal)
and Table 6 (in terms of GJ/t of hot rolled product). It
should be noted that end�product of these ironmaking

technologies can be liquid hot metal, DRI or nuggets.
The end product of rotary hearth and rotary kilns is
DRI; but in the case of smelter option, the DRI is
smelted and the final product is liquid hot metal (sim�
ilar to that obtained from blast furnace).

The estimated energy intensity figures of Blast Fur�
nace route compares well with those newer process
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Fig. 2. Sample Marginal Energy Efficiency Curve (MEEC) developed in a previous work [3].

Table 3. Range of Expected Improvements for some CO2 Abatement Initiatives

Technology Plant

Savings in CO2 
kg/t (ls) Constraint

low high

Pulverised Coal Injection BF 25 66 Oxygen requirements, Energy Balance

Maximise natural gas injection BF 25 140 Asabove

Increase Blast Temperature BF 1.5 6 Stove design

Top Gas Recovery Turbine BF 10 40 BF design, top temperature

BOS off�gas recovery BOS 60 160 Off�gas system, plant utilisation

BOS waste heat boiler BOS 6.5 20 Off�gas system

Upgrade power station ES 20 45 Operational security

Sinter cooler waste heat recovery SP 33 Corrosion, impact on sinter quality

Coke Dry Quenching CO 15 360 High maintance costs, offsets acceptable?

Coal drying CO 16 60 Steam requirements, maintance
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technologies that have been widely adopted (such as
Corex, Gas�based DRI—Midrex and Hyl). Only two
developing ironmaking technologies, namely Romelt

and Technored, have a superior energy intensity foot�
print as compared to the current processes namely
Blast Furnace, Corex and Gas�based DRI processes.
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Fig. 3. Current options and future alternatives for iron and steel production.

Table 4. Current Status of Selected Ironmaking Technologies [2]

Ironmaking 
Process Technologies Current Status

Blast Furnace Process Most proven ironmaking technology with more than 1000 installations in the world. 
Capacity of blast furnace ranges from 300000 to 4400000 tpy of hot metal/pig iron

COREX® Process Capacity range from 800000 to 1500000 tpy 6 installations in the world; hot metal, pig iron
Finex® Process One plant in operation at Posco, South Korea with 1500000 tpy hot metal capacity
Gas Based DRI Technologies 
(Midrex® and HYL®) Numerous installations exist in the world up to 1900000 tpy DRI

Coal Based DRI Technolo�
gies (Midrex® and HYL®)

Only one prototype operating⎯utilizing a reducing gas with similar composition 
to the proposed synthetic gas from coal gasifi cation⎯at Saldana Steel (ArcelorMittal), 
South Africa, Midrex® Megamodule. This plant uses reducing gas produced in a Corex® 
melter�gasifi er One plant is in operation and 2 more are in construction capacity up to 
1900000 tpy

Rotary Kiln/Smelter Combi�
nation

Several industrial installations in the world. Examples include New Zealand Steel and 
Highveld (South Africa)

Rotary Hearth/Smelter 
Combination

Several installations in the world. Examples include Iron Dynamics (Indiana, USA) and 
Inmetco (USA). Three rotary hearth furnaces are in operation in Japan for waste treatment

ITmk3® Process
The first industrial ITmk3® process plant is in commissioning stage and is expected to start 
routine operation in the summer of 2011. Two other plants are in the engineering and con�
struction stages in USA and Kazakhstan. Capacity⎯500000 (nugget) tpy

Tecnored® Process Tecnored® Process is currently at demonstration plant stage (in Brazil) The plant has an 
annual design capacity of 30000 tpy; not yet proven on an industrial scale

HIsmelt® Process The first and the only HIsmelt® process industrial plant in Kwinana, Western Australia has 
been at ramp�up stage over the past several years; not yet proven on an industrial scale

Romelt® Process First industrial Romelt® plant (in Burma) is currently being constructed and is expected 
to have a design annual capacity of 200000 tpy; not yet proven on an industrial scale
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CO2 emissions were also estimated for the various
process technologies. The results are presented in
Table 7 (in terms of t CO2 per t of iron product, either
liquid metal or solid DRI) and Table 8 (in terms of t
CO2 per t of hot rolled product).

On the basis of estimated CO2 emissions, it is noted
that Romelt and Technored processes have a better
CO2 footprint as compared to the conventional blast
furnace route. In contrast to the newer process tech�
nologies (such as Corex®, Midrex® and HyL®) that are
widely adopted in the industry, the performance of
conventional blast furnace ironmaking route is found
to be comparable. On the other hand, performance of
other developing technologies including Itmk3 and
HiSmelt are found to be adverse as compared to Blast
Furnace and the other technologies (Corex®, Midrex®

and HyL®). Although coal�based DRI process can be
a viable option for many regions (such as India) with
large coal�deposits, this is expected to have an adverse
CO2 footprint. Similarly, rotary hearth and rotary kiln
processes with smelter option, also have adverse CO2
footprint.

SUMMARY AND CONCLUSIONS

Climate change is presenting new risks to the highly
energy� and carbon�intensive, iron and steel industry.
The industry needs to focus on reduction of energy con�
sumption as well as green�house gas (GHG) emissions
to address climate change. Development of alternate
iron� and steelmaking process technologies can provide
steel companies with economically�sustainable alterna�
tives for steel production.

For managing climate change risks, novel model�
ling tools have been developed by Hatch to quantify
and qualify potential energy savings and CO2 abate�
ment within the iron and steel industry. The tool devel�

Table 5. Estimated Energy Intensity for Process Technolo�
gies in terms of GJ per t Iron Product

Energy Intensity 
(GJ/t Iron 
Product)

Process Technologies

<15.0 Gas�based DRI (Midrex and HyL); 
Romelt

>15.0 to 17.5
Itmk3;
Coal�based DRI (Midrex and Hyl); 
Blast Furnace

>17.5 to 20.0 Corex with Power Generation; Hismelt

>20.0 to 22.5
Corex with DRI Production; 
Technored; 
Finex

>22.5 to 25.0 Rotary Hearth with Smelter

>25.0 Rotary Kiln with Smelter

Table 6. Estimated Energy Intensity for Process Technolo�
gies in terms of GJ per t Hot Rolled Product

Energy Intensity 
(GJ/t Iron 
Product)

Process Technologies

<20.0 Romelt; Technored

>20.0 to 22.5
Gas�based DRI (Midrex and Hyl); 
Corex with Power Generation; Blast 
Furnace

>22.5 to 25.0 Hismelt; Itmk3

>25.0 to 27.5 Finex; Coal�based DRI

>27.5 to 30.0 Corex with DRI Production; Rotary 
Kiln with Smelter

>30.0 Rotary Kiln with Smelter

Table 7. Estimated CO2 Emissions for Process Technolo�
gies in terms of t CO2 per t Iron Product

CO2 Emission 
(t CO2 /t 

Iron Product)
Process Technologies

<1.00 Gas�based DRI (Midrex and HyL); 
Romelt

>1.00 to 1.25 Corex with Power Generation; Itmk3

>1.25 to 1.50 Blast Furnace; Technored

>1.50 to 1.75 Coal�based DRI (Midrex and Hyl); 
Hismelt

>1.75 to 2.00 Finex; Rotary Hearth with Smelter; 
Corex with DRI Production

>2.00 Rotary Kiln with Smelter

Table 8. Estimated CO2 Emissions in terms of t CO2 per t of
Hot Rolled Product

CO2 Emission 
(t CO2/t Hot 

Rolled Product)
Process Technologies

<1.50 Romelt; Technored

>1.50 to 2.00
Gas�based DRI (Midrex and HyL); 
Corex with Power Generation; Blast 
Furnace

>2.00 to 2.50 Itmk3; Hismelt

>2.50 to 3.00
Finex; Rotary Hearth with Smelter; 
Coal�based DR; Corex with DRI 
Production

>3.00 Rotary Kiln with Smelter
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oped for abatement of greenhouse gas carbon is called
G�CAPTM (Green�House Gas Carbon Abatement
Process) while that developed for improving energy
efficiency is called En�MAPTM (Energy Manage�
ment Action Planning). Evaluation of existing opera�
tions have shown that most integrated plants have
GHG and energy abatement opportunities; on the
other hand, the best�in�class plants may not have a lot
of low�risk abatement opportunities left, even at high
CO2 price.

The traditional blast�furnace integrated route will
continue to be a major process technology in the glo�
bal steel industry (since this is a mature technology
with a long history of optimization). In addition, its
performance can be improved with the incorporation
of available energy�savings and CO2 abatement tech�
nologies.

The CO2 footprint of the newer, widely�accepted
processes including Corex and Gas�based DRI option
(Midrex and HyL) is comparable to that of the con�
ventional blast furnace ironmaking route. It was found
that only two developing technologies (Romelt and
Technored) have a superior CO2 footprint as com�
pared to the process technologies in use today.

There are no currently available alternate iron� and
steel�making technologies which can provide a signif�
icant (for example, over 20%) reduction in GHG
emissions or energy reduction versus a best�in�class
conventional blast furnace ironmaking process route.
Carbon capture and sequestration (CCS) on Gas�

Based DRI processes, has the potential to emerge as a
future technology that can provide large reduction in
GHG emissions.
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