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Technical Article

Hot briquetted iron (HBI) is

the compacted, denser form

of direct reduced iron (DRI).
Manufactured for easier handling
and trans-ocean shipping, the
majority of this product has been
melted in electric arc furnaces
(EAFs). This paper discusses
voestalpine Texas, which is

the first HBI plant designed
specifically to supply blast
furnaces.
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voestalpine Texas — A New Market for

Hot Briquetted Iron

xploration of shale gas in North

America has drastically reduced
the price of natural gas (NG) and
opened up economic possibilities
of using NG for iron- and steelmak-
ing. One such project to capitalize
on this new North American NG
market is the voestalpine Texas LLC
hot briquetted iron (HBI) plant,
which recently began operation.
This plant is North America’s first-
ever HBI facility and is the largest
of its kind. The plant is also unique
in that it is the first HBI plant built
based on blast furnace demand
rather than the electric arc furnace
(EAF) market. About half of its
product will be shipped to voestal-
pine’s blast furnaces in Austria to
increase hot metal production. This
practice constitutes a revolutionary
step forward in carbon abatement
since the carbon footprint of the
blast furnace hot metal made via
this route will be decreased by half.

Discussion

The voestalpine Decision — Steel is
essential to our modern world. It
is used in a broad range of applica-
tions, from construction of bridges
and buildings to automotive and
machine parts, as well as food pack-
aging, power generation and aero-
space engineering. Steel is strong yet
formable, making it one of the most
versatile and adaptable engineering
materials available. However, the
production of steel is one of the
most energy-intensive industries,
and the steel production route most
widely used today — basic oxygen
furnace (BOF) coupled with coke

oven-blast furnace (CO-BF) iron-
making — is heavily dependent on
carbon-intensive fuels, which are
sources of significant COy emissions.

In future decades, the traditional
model of the integrated steel works
(i.e., taking in iron ore and using
coke to reduce it to metallic iron)
will come under great challenges.
Starting from scrap and using the
EAF rather than the blast furnace
to make steel could result in a sig-
nificant change in the carbon foot-
print of the steel production cycle.
However, as long as scrap remains
fairly scarce, production econom-
ics will tend to favor the BF-BOF
route. But what happens when new
steel enters the scrap cycle and a
transfer from carbon to renewable
energy takes place? There could
be a shift toward EAF metallurgy
for new units and a more or less
constant level of BF-BOF units, as
projected in Fig. 1.

However, there are two prima-
ry limitations related to replacing
carbon-intensive steel production:
plant lifetime and the availability of
carbon-lean energy. Iron and steel
production units have lifetimes mea-
sured in decades, and almost all
existing blast furnace plants of the
world’s leading steelmakers have the
latest technology and will remain in
production until the middle of the
century. The availability of carbon-
lean energy, such as natural gas, on
a continuous basis for more than
8,500 hours per year and at a com-
petitive price is not the case for most
integrated steel producers, especial-
ly in Europe and Asia.

Perhaps the DR/EAF route could
be a future option for an integrated

This article is available online at AIST.org for 30 days following publication.
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Projected developments in world steel production (Source:
Allwood, J., New Mindset for Material Efficiency and Reduced
Energy Demand, ECSC, 2014).

steelmaker, but such a significant technology change
could be considered only when significant new invest-
ment is planned.

So the question becomes, “What is now the best
available technology for a new production unit?” A
possible answer is the decision by the voestalpine AG
to build an HBI plant in Corpus Christi, Texas, USA,
to produce iron metallics for its BF-BOF steel works in
Austria, as well as to be a source of merchant product
to sell to other steelmakers.

voestalpine AG is a steel-based technology and
capital goods group and a world leader in the manu-
facture, processing, and development of sophisticated

steel products. With its cutting-edge technology, voes-
talpine is regarded as the European benchmark for
low-emissions steel production and processing.

On 3 July 2013, voestalpine signed a contract with
Siemens Industry Inc. and its consortium partner,
Midrex Technologies Inc., to build a MIDREX® direct
reduction plant designed to produce 2 million tons
per year of HBI (Fig. 2). The HBI project is voestal-
pine’s largest foreign direct investment and a major
step in its commitment to support the European
Union’s low-carbon economy goals.

When Wolfgang Eder, chief executive officer and
chairman of the management board of the voestal-
pine Group, announced the decision to invest in the
HBI plant in Texas, he pointed out that the use of a
natural gas-based reduction process will significantly
improve the overall carbon footprint of voestalpine
and will serve as an important step in achieving the
Group’s ambitious internal energy efficiency and cli-
mate protection objectives.

Role of Ironmaking in Global CO, Emissions — A major
challenge for all industry worldwide is how to comply
with more stringent environmental emissions stan-
dards. This will be essential for sustainability. The
general consensus is that emissions restrictions will
get tighter for all industries globally and this will
severely affect the ability of many integrated steelmak-
ers going forward. Carbon dioxide (COy) has become
the symbol for the plight of society against industry
over the greenhouse gas (GHG) effect. Although not
the most powerful GHG, COy is the most abundant
and captures the most attention.

In December 2015, China had its first-ever red alert
for air pollution in Beijing. A red alert is issued when
the air quality index is above 300 (“Heavily Polluted”)

on a scale that tops out at 500
(“Severely Polluted”) for three
consecutive days. During the
red alert, PM, 5 (fine particulate
measured in micrometers) was

10 times the recommended level.
In addition, in 2015 the World
Health Organization named
India as having the worst air pol-
lution on the planet. As a result,
Delhi restricted the use of cars to
alternating days and is closing a
coal-fired power plant. Although
these examples of air quality are
not the same exact issue as GHGs,
they are causing media and gov-
ernment focus on industry emis-
sions as a whole.

Total production of COy by
human activities is currently

Rendering of voestalpine Texas LLC hot briquetted iron (HBI) plant.

around 35 billion tons per year.
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Ironmaking and steelmaking account for almost 7%
of mankind’s entire carbon footprint. Ironmaking
alone constitutes 80-85% of iron and steel’s total CO,
output. Integrated mills are the largest contributor of
COgy by both volume and percentage, with coke-fueled
blast furnaces currently producing well over 90% of
the world’s iron.

Based on the world steel industry’s coal consump-
tion, it is estimated that blast furnace ironmaking
(including the processing step to make the coke from
metallurgical coal) generates approximately 1.8 tons
of CO, for every ton of iron produced. As no proven
carbon capture system exists for blast furnaces, the
best way for integrated steelmakers to reduce COq
emissions is simply to not create the emissions in the
first place.

A practical way to keep BFs operational and comply
with tighter environmental standards is needed.

Direct Reduction Ironmaking — The Cleanest and Safest
Way of Making Iron — While there is no currently
known and proven path to totally eliminate carbon
from the iron and steel production cycle, the most
effective way to reduce CO, emissions is to replace
ironmaking capacity that relies on burning coals and
charcoal with natural gas—based direct reduction
ironmaking (DRI) plants. This type of technology is
the most environmentally friendly technology to pro-
duce ore-based metallics (OBMs).

Most naturally occurring iron oxide has the com-
position of hematite (Fe,Og) and contains about 30%
oxygen. The direct reduction process removes most
of this oxygen by exposing the iron oxide pellets to
a reducing gas comprised of hydrogen and carbon
monoxide produced from natural gas.

Direct reduction of iron using MIDREX technology
occurs in a low-pressure, shaft-type reactor (Fig. 3).
Iron oxide pellets enter the top of the reactor through
multiple feed pipes. The pellets are reduced to metal-
lic iron by intimate contact with counter-flowing
reducing gas while descending by gravity through
the reactor. The reducing gas is comprised primarily
of hydrogen (H,) and carbon monoxide (CO). The
reduced pellets are either cooled in the reactor’s lower
cone and discharged at close to ambient temperature
(in the case of cold DRI (CDRI)) or discharged while
hot but not molten (approximately 700°C or 1,300°F)
as hot DRI (HDRI). HDRI can be transferred by insu-
lated conveyor or container, charged directly into an
adjacent melting furnace, or discharged into a roller
press-type briquetting machine, where the HDRI
is compacted and formed into palm-sized, pillow-
shaped briquettes (HBI) without the use of a binder
material. After being cooled, the HBI can be handled
and stored similar to other bulk materials.

The hot briquetting system is specially configured
to provide voestalpine Texas the capability to produce

Tran Srwicle

Process Gas

MIDREX®
Shaft
Furnace .

Reducing Gas

CDRIHBI/HDRI

MIDREX® shaft furnace designed and equipped for HBI
production.

2 million tons per year of HBI, making it the largest
plant of its kind in the world. Midrex has worked for
three decades with Maschinenfabrik Képpern GmbH
& Co. KG (Koppern) to develop the most reliable and
productive system for producing HBI.

The system installed at voestalpine Texas includes
seven roller-type briquetting machines, each equipped
with a briquette separator and a hot screen, which
removes undersized material for recycling back to
the briquetting machines. The briquetting machines
are arranged in two rows, with each row serviced by a
product cooling system that cools the HBI and trans-
ports it to the plant’s product handling system.

Benefits of HBI Use in BF — Conventional wisdom has
held that DRI is not suitable as a significant feed mate-
rial for a blast furnace. However, the advent of HBI
has more and more integrated steel producers consid-
ering its use in their blast furnaces on a regular basis
in order to increase hot metal output when needed
and to help limit COy emissions.

Some of the benefits of using HBI in the blast fur-
nace are:

¢ Higher productivity: When using HBI, the pri-
mary reduction work has already taken place
outside of the BF in a direct reduction plant.
Therefore, more reduction gas is available in
the blast furnace to reduce the remaining bur-
den, which results in increased blast furnace
productivity. A rule of thumb is that for each
10% increase in burden metallization, produc-
tion output rises by 8%.

® Lower coke consumption: A direct reduction
plant uses only natural gas, which is much more
environmentally friendly than using coke as
the main reducing agent, as in traditional blast



Figure 4

furnaces. Less reduction gas is
required to reduce the burden
in the blast furnace at the same
productivity level when HBI
is used. Therefore, coke con-
sumption is reduced. Again, a
rule of thumb is that each 10%
increase in burden metalliza-
tion decreases the coke rate by
7%.

Reduced CO, emissions:
Iron oxides are reduced in
a MIDREX plant by the use
of natural gas, which is pro-
cessed by a reformer to gener-
ate a reduction gas consisting
of approximately two-thirds
H, and one-third CO. During
the reduction process, CO is
converted to COy and Hy to HyO (water). The
reduction of iron oxides by means of hydrogen
gas creates no COy at all. In a blast furnace, the
major source of the reduction gas is coal, which
produces mostly CO and CO, and very little Ho.
Therefore, the carbon footprint of voestalpine’s
steelmaking operations is reduced, as is the car-
bon footprint of other HBI users.

Safer handling, transport and storage of HBI:
Despite its high temperature when exiting the
reduction furnace (approximately 700°C or
1,300°F), DRI is not in a molten state and is
not subject to manual handling until after
being compacted into HBI and the briquettes
are cooled to close to ambient temperature.
This reduces the danger of product handling
compared to traditional blast furnaces where
hot metal is tapped at temperatures of approxi-
mately 1,500°C (2,700°F).

Due to its outstanding physical characteristics, HBI
can be shipped more easily and safely than CDRI. In
fact, the International Maritime Organization (IMO)
recognizes HBI as the only form of DRI that is to safe
to transport by sea without additional precautions.
Ships carrying non-briquetted DRI cargoes must have
their holds inerted with a non-reactive gas, such as
nitrogen, and maintained at safe levels throughout
the voyage, which can be costly over long voyages. As a
result, the insurance cost for HBI cargoes is consider-
ably less than for non-briquetted DRI shipments and
there is no additional cost for inerting the cargo holds.

HBI can be stored outdoors much like scrap steel.
In contrast, non-briquetted DRI must be kept out of
the rain in order to prevent contact with moisture,
which could lead to oxidation and combustion.

View of voestalpine Texas LLC HBI plant site.

The voestalpine Texas Project — The voestalpine Texas
LLC HBI plant is the first investment in the U.S. for
its steel division and is simultaneously the largest
foreign investment in the history of the voestalpine
Group. voestalpine examined a total of 17 sites for the
project before choosing the La Quinta Trade Gateway
in San Patricio County just outside the city of Corpus
Christi, Texas. The La Quinta Trade Gateway proved
to be the best fit in terms of logistics, energy supply,
a well-educated workforce and the political environ-
ment. The site, strategically located on Corpus Christi
Bay, covers an area of almost 500 acres (approximately
2 km?) and has direct access to the shipping channel
to the Gulf of Mexico (Fig. 4).

The plant is equipped to accommodate deep sea
freighters dimensioned to support the innovative
logistics plan of the voestalpine Texas plant. Based
on the concept of circular hauls, the same ships that
deliver iron oxide pellets from raw materials sources
will transport HBI to customers, thus reducing freight
costs. Here’s how it works:

e Approximately 3 million tons of iron oxide pel-
lets will be received by the plant each year from
suppliers in the Americas.

® The same ships that deliver the pellets will
transport up to 110,000 tons of HBI each voy-
age to ports in northern Europe (Rotterdam,
the Netherlands) and southern Europe (Koper,
southwestern Slovenia). The annual volume
of HBI received at the ports is expected to be
approximately 800,000 tons.

® Barges or trains will move the HBI to voestal-
pine’s steel mills in Linz and Donawitz, Austria,
where the blast furnaces will use about 40%.
The remaining 60% will be sold to external cus-
tomers worldwide.
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Magnuson-Stevens Fishery Conservation and
Management Act (MSA)

Air Permits
Texas Administrative Code [ Additional Agencies
Gg%:eggg Species Act (ESA) Federal Level USFWS
E lglr’,_-. hﬁ bl't ¢ (EFH EPA U.S. Fish and Wildlife Services
e Environmental Protection Agency NMFS

National Marine Fisheries Service

Federal State Level
TCEQ

Texas Commission on
Environmental Quality

Water Permit (intake, discharge,
stormwater)
Clean Water Act, National Pollutant Discharge
Elimination System (NPDES)
Texas Pollutant Discharge Elimination
System (TPDES)

HBI Production

N

Local Level
PCCA
Port of Corpus Christi Authority

- J

Construction shipping container
terminal, port

Construction and wetland permitting
requirements

Applicable environmental regulations and authorities.

® When possible, HBI will be loaded and transport-
ed to users in North and South America in the
same ships that deliver it to the European posts.
Already Altos Hornos de México (AHMSA),
Mexico’s largest steel manufacturer, has signed
a five-year agreement with voestalpine for the
supply of 400,000-650,000 tons per year of HBIL

The logistics plan will keep empty trips to a mini-
mum, which will lower freight costs by conserving fuel
while reducing the environmental impact of the ship-
ping operations.

The layout of the plant is designed with the neigh-
boring communities and the environment in mind.
Best available emissions control technologies will be
applied in strict compliance with all applicable envi-
ronmental regulations and standards (Fig. 5). Natural
gas and pre-treated iron oxide pellets are the only raw
materials needed for producing HBI, ensuring that no
hazardous and/or toxic byproducts will be produced.
All conveyors and transfer towers are enclosed and
equipped with baghouse filters, and iron oxide pellets
will be stored in a fully enclosed building, which will
keep dust emissions well below the significant impact
level. The collected iron oxide dust is a valuable raw
material and can be recycled in the process.

The plant’s core technology, process engineering,
mechanical equipment and electrical systems for the
direct reduction plant have been supplied by Midrex
Technologies Inc. and consortium partner, Primetals
Technologies Ltd.

The voestalpine Texas plant is able to meet its cool-
ing and process water needs without impacting the
local freshwater resources by drawing in seawater
from Corpus Christi Bay. Approximately 80% of the
seawater is used for non-contact cooling in a heat
exchanger loop with closed-circuit cooling towers and
a filter backwash system. The process water is treated
in an on-site process water treatment facility, which
allows approximately 97% of the water to be recycled
in the plant. More than 80% of the water withdrawn
from Corpus Christi Bay is returned, meeting or
exceeding all regulatory requirements.

Conclusion

The decision by the voestalpine Group to invest in an
HBI plant in the U.S. ushers in a new way of address-
ing the challenge of lowering emissions while simul-
taneously maintaining production at an integrated
works. The new voestalpine Texas plant is an example
of a cleaner and safer form of ironmaking that takes
advantage of lower-cost U.S. natural gas.
Sustainability is ultimately the key issue for every
steelmaker going into the future. DRI products, which
have been viewed by integrated steelmakers as an
EAF-specific charge material, may actually present a
long-term scalable solution going forward. The use of
HBI as a charge material in the blast furnace is now
being seen as a powerful way to help displace COq



emissions while increasing hot metal production of
the BF.

Investing in natural gas—based direct reduction
plants, either directly or through long-term supply
contracts, in strategically located sites around the
globe is no longer a hypothetical scenario, as the first
direct reduction plant built specifically to supply HBI
to blast furnaces in Austria is in operation on the Gulf
Coast of Texas in the U.S. The first shipment of about
100,000 tons was dispatched from Corpus Christi on
22 November 2016, making voestalpine Texas a pio-
neer in opening a promising new market for HBI.
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