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Chemistry is a fact of life.
t's a fact of energy, too.

Using gases from steel production processes
with Jenbacher gas engines.

GE imagination at work
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gases from steel production processes
can provide an energy source

High levels of power requirement and rising energy costs represent a major challenge for the steel industry. Gases created
as a “free” by-product during steel production processes serve as an attractive energy source option for efficient power
generation. In addition to the economic benefit, using these gases as engine fuel reduces industrial CO, emissions and saves
natural energy sources.

different gases from steel production processes

Steel production processes typically dispose large volumes of specialty gases. Three different process stages - from coal to
steel - provide three different gas types: coke gas, blast furnace gas and converter gas. These gases, with different compositions
and lower heating values (LHV), are shown in the following figure:

Coke gas Blast furnace gas Converter gas
Composition: 50 - 70% H, Composition: 5% H, Composition: 60+% CO
25-30% CH, 20% CO LHV: ~3 kWh/m3,,
LHV: ~5 kWh/m3,, LHV: ~0.9 kWh/m3,,
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the Jenbacher concept

Varying compositions, as well as calorific values and the combustion
behavior of gases from steel production processes, put greater
demands on engine design. GE offers specially modified Jenbacher
gas engines that make efficient use of these gases for combined
generation of heat and electricity.

such as carbon monoxide.

In general, the stable composition of coke gas makes it advanta-

geous as an engine fuel. The high hydrogen content of coke gas,
however, means the combustion process is very fast, which
increases the danger of engine knocking or backfiring. To avoid
this risk, GE has created an engine control system that is able to
fuel the Jenbacher engine with a very lean mixture and, at the
same time, react very quickly to variations in the engine load.

Coke

are even higher.

Coke gas
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Converter gas, with its high carbon monoxide content, has low
combustion speed and is very harmful. GE has developed the
specific Jenbacher engine combustion system that allows burning
the gas efficiently and reliably. Additionally, GE offers a safety
technology package that allows firm handling of harmful gases

Both gases can be used to create hot water, steam and electricity.
The hot water and exhaust gases from the gas engines are fed into
boilers. The resulting steam can be used within the steel production
processes. Electricity generated by the Jenbacher engines can either
be used on-site or sold to the public grid. Converter gas electrical
efficiencies of up to 37% can be achieved, and coke gas efficiencies

Gas treatment Gas
- Tar
- Sulphur L= A4
- Naphtalene
- Ammonia
Pig iron
Coke oven batter
Y Converter Gasometer
Gasometer
[u[u]
Steel
G Compressor 0 Compressor
Gas treatment
'S @] ® Steam O @] O Steam
Exhaust gas Exhaust gas
Steam boiler Steam boiler

> Electrical energy

> Electrical energy



GE provides highly developed Jenbacher gas engine technology for
efficient power generation with coke gas and converter gas.

coke gas

A by-product of industrial coke production from pit coal, coke gas

is created by high-temperature dry distillation of coking coals in the
absence of oxygen. The gas mainly consists of hydrogen (50 to 60%),
methane (15 to 30%) and a small percentage (10 to 20%) of carbon
monoxide, carbon dioxide and nitrogen. With a calorific value of 5
kWh/m?3,,, coke gas constitutes a high-value fuel for effective power
generation with Jenbacher gas engines.

converter gas

Converter gas is created from pig iron during the steel production
process. Steel-making technology can be categorized into two
different processes: blow moulding or open hearth.

Within the blow moulding process, the pig iron is refined with oxygen
or air, lowering the carbon proportion and providing enough process
heat to maintain the steel liquid. With 60% of the worldwide raw
steel production, the Linz-Donawitz (LD) process, classified as a
blow moulding process, is the most common production method
to generate raw steel.

On the other hand, the open hearth process extracts the oxygen
of the added scrap and ore, requiring additional heat supply for
the steel-making process. One of the most common open hearth
processes is the electrical melting process.

Converter gas from the LD and electrical melting processes can
be used in Jenbacher gas engines. The gas consists of about 65%
carbon monoxide, 15% carbon dioxide, 15% nitrogen and small
amounts of hydrogen and methane.
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advantages

- Independent power supply
- Reduced energy costs, and greater predictability and stability
— Efficient and economic combined heat and electricity supply

- High electrical efficiency compared to other power generation
technology (e.g., steam or gas turbines)

- Best suited for an electrical output range of a few hundred kW
up to 20 to 30 MW

- Considerably low gas pressure required

— Alternative disposal of a problem gas while simultaneously
harnessing it as an energy source

- Substitute to conventional fuels
- Environmental benefits by greenhouse gas reduction

key figures

Per ton of produced coke approximately 470 m3, coke gas are
produced; 60% of this volume is typically needed for internal

processes, the remaining part can be used for power generation
with Jenbacher gas engines resulting in about 400 kWh electrical

energy.

Per ton of steel produced through the LD process approximately
50 m?*, converter gas are released, which can be burned in

Jenbacher gas engines leading to about 50 kWh electrical power.

our competence

Substantial research has been completed on this application. GE
installed its first commercial Jenbacher gas engine applications for
coke gas already in 1995, and for LD converter gas in 2004.

About 30 Jenbacher gas engines now run on either coke gas

or LD converter gas. Underscoring GE's technological expertise,
these units recently reached a combined total of more than 1
million operating hours. In addition, by utilizing these “free” waste
gases compared to using natural gas for power generation, the
Jenbacher-technology equipped sites have achieved CO, emission
savings of about 2 million tons since commissioning.
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GE's Jenbacher gas engine division is one of the world’s leading manufacturers
of gas-fueled reciprocating engines, packaged generator sets and cogeneration
units for power generation. It is one of the only companies in the world focusing
exclusively on gas engine technology.

GE's Jenbacher gas engines range in power from 0.25 to 3 MW and run on
either natural gas or a variety of other gases (e.g., biogas, landfill gas, coal
mine gas, sewage gas, combustible industrial waste gases).

A broad range of commercial, industrial, and municipal customers use
Jenbacher products for on-site generation of power, heat, and cooling.
Patented combustion systems, engine controls, and monitoring enable its
power generation plants to meet stringent emission standards, while offering
high levels of efficiency, durability, and reliability.

GE's Jenbacher product team has its headquarters, production facilities, and
1,200 of its more than 1,400 worldwide employees in Jenbach, Austria.

for more information on Jenbacher gas engines

Austria (Headquarters)
AchenseestraBe 1-3
A-6200 Jenbach

T +43 5244 600-0

F +43 5244 600-527
jenbacher.info@ge.com
www.gejenbacher.com

Bulgaria

36, Dragan Tsankov Blvd.
1040 Sofia

T+359 29714390

F+359 2971 4384
jenbacherbulgaria@ge.com

China

8 Floor, The Lee Gardens

33 Hysan Avenue Causeway Bay
Hong Kong

T+852 2100 6976

F +852 2100 6630
jenbacher.asiapacific@ge.com

Denmark

Industrivej 19

DK-8881 Thorsg

T +45 86966788

F +45 86967072
jenbacherscandinavic@ge.com

Germany

Amselstral3e 28

D-68307 Mannheim

T+49 621 77094-0

F+49 621 77094-70
jenbacher.germany@ge.com

Hungary

Kisret Gt 1

H-2112 Veresegyhdz

T+36 2858 7376

F +36 2858 7491
jenbacherhungary@ge.com

Italy

Via Crocioni, 46/H
I-37012 Bussolengo (VR)
T+39 0456760211

F +39 045 6766322
jenbacher.italy@ge.com

North America

5244 North Sam Houston Pkwy E.
Houston, TX 77032

T+1 832 2955600

F+1 281 4429994
jenbacherus@ge.com
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Russia

Taganskaya Street, 17-23
Business Center Mosenka 4
109147 Moscow

T +7 495 7755885 1015
F+7 495 77558 84
jenbacher.russia@ge.com

Spain and Portugal

Avda. del Camino de lo Cortao, 34 - Nave 8
E-28700 San Sebastidn de los Reyes (Madrid)

T +34 916586800
F+34 916522616
jenbacher.iberica@ge.com

The Netherlands

Kelvinring 58

2952 BG Alblasserdam
T+31(0)88 0019700
F+31(0)88 0019701
jenbacher.netherlands@ge.com

United Arab Emirates

City Tower I, Sheikh Zayed Road
P.O. Box 11549, Dubai

T+971 43131486

F+971 43131586
jenbachermiddleeast@ge.com
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