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Ovako’s Fossil-Free Hydrogen Initiative

Goran Nystrom*' and Anders Lugnet*?

Background

While the steel industry’s transition to full decarbon-
ization, meaning zero carbon dioxide emissions, could
take decades, Ovako has been leading the way. It
has cut its emissions, that were already low, by 55%
since 2015. Its operations are now fully carbon neutral
thanks to a combination of low-carbon technologies
and certified carbon offsets. The journey to this position
is interesting and the initiative to use fossil-free hydro-
gen holds special importance for the continued prog-
ress towards true zero carbon emissions.

The starting part was the adoption of the “cradle-to-
gate perspective” . This takes a comprehensive sup-
ply chain perspective of all carbon dioxide emissions,
both directly and indirectly, until the point of delivery.
This was a trigger to benchmark all Ovako's operations
down to the finest details and to take responsible de-
cisions in purchasing. This exercise requires the con-
sideration of the footprint of all incoming goods and
services as well as the full yield losses right through
to the finished products. This is a particularly stringent
way of looking at climate impacts and is described ful-
ly in a special technical report.

Working from a basic building block of hot-rolled bar,
Ovako adopts cumulative calculation methods to es-
tablish the true cradle-to-gate footprint for all the in-
dividual product forms and alloy variations. In short,
the company is ready to provide its customers with the
exact information they need to establish the footprints
of their own products. The system used is the Interna-
tional EPD® System, a global program for environmen-
tal product declarations based on ISO 14025 and EN
15804.

To further develop its carbon dioxide equivalent (CO,e)
footprint from cradle to gate, Ovako's targets are to:
Reduce the CO,e carbon footprint for hot-rolled bar,
with 2015 as base:

-60% by 2030
-70% by 2040

Reduce the CO.e in operations Scope 1&2 accord-
ing to greenhouse gas (GHG) protocol, with 2015 as
base:

-80% by 2030
-90% by 2040

The targets are based on the Paris agreement and
in line with the Science Based Targets and Climate
Disclosure Protocol. There is also a target to expand
the use of special steel products in applications where
they help to achieve CO,e savings for end users. Fi-
nally, Ovako will make contributions to further improve
the recyclability of steel. Specifically, this will address
concerns related to increasing levels of copper in
scrap.

Once the cradle-to-gate approach was adopted, it be-
came necessary to take a holistic view on everything
that can be done to reduce carbon footprint, including
all incoming material and services. One area of special
interest is how to drive electrification further in the pro-
duction processes. This is a topic dear to Ovako, with
a proud history as a world pioneer in the electrification
of rolling operations that goes as far back as 1895.
For this purpose, Ovako built a special waterpower
plant, which is still in operation - a beautiful building in
a forest near its operations in Hofors, Sweden (Fig.1) .

*1 Executive Vice President, Group Marketing and Technology, Ovako Group
*2 Group Technical Specialist, Energy & Furnace Technology, Ovako Group
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Fig. 1

The waterpower plant in Hofors.

Electrification and Oxyfuel

Over many years Ovako has invested in replacing fos-
sil fuels with electricity where possible. For example,
the heat-treatment furnaces have been converted to
electrical heating, for all temperatures below 1000° C.
In the hot rolling mill, hot charging is used as much as
possible, enabling very significant savings in fuel and
CO, emissions. Ovako has also changed fuel from oil
to liquified petroleum gas (LPG) resulting in lower CO,
(as well as lower SO, and particles) emissions and fa-
cilitating the possibility of changing to other CO, free
fuels such as fossil-free hydrogen produced by elec-

Combustion Technologies

- o g

CHy = &My « 20y =+ 0 + 2Hp0 + AK; + HEAT

m Eu! "ED

CH, + 20,

= (0 + THD = HEAT

= (0 + 2H0 + HEAT

-

Hy+ 10, = =» Hy0+ HEAT
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trolysis of water.

At its Hofors site Ovako has converted almost all of
its 57 high temperature (around 1200°C) furnaces
to Oxyfuel. This means that the ballast of nitrogen in
the air is avoided and thereby the flue gas losses are
drastically reduced. The use of Oxyfuel reduces the
energy consumption with a consequent reduction in
CO, emissions by 20 to 50 percent depending on the
process.

Linde and Ovako have cooperated for around 30
years to develop, implement and upgrade the Oxyfuel
technology and other uses of industrial gases to fit
the different applications and their demands regard-
ing economy, quality and emissions. Ovako originally
used conventional Oxyfuel, it has now moved over to
Linde's Flameless Oxyfuel solutions from its REBOX®
portfolio to increase temperature uniformity and reduce
NOx emissions (Fig.2) .

To further reduce the emissions of greenhouse gas-
es Ovako decided to explore the possibility of using
Hydrogen-Oxyfuel technology for heating steel before
hot rolling and forging.

Air-Fuel combustion (methane as fuel)

Traditional Oxyfuel (methane as tuel)

Flameless Oxyfuel (methane as fuel)

Flameless Oxyfuel (Hydrogen as fuel)
REBOX Hyox

Fig.2 Linde's Flameless Oxyfuel solutions.
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Ovako's Fossil-Free Hydrogen Initiative
Laboratory and full-scale trials

To be able to heat steel of different grades in a near
100 percent H,O atmosphere, several questions had
to be answered regarding any impact on steel quality,
capacity/uniformity in the heating process, NOx-emis-
sions, safety issues and changes in the combustion
system. Therefore, to evaluate the scaling, descaling,
decarburization, hydrogen embrittlement, heating ca-
pacity, temperature uniformity and NOx formation, a pi-
lot-test campaign was performed (Fig.3) . These tests
involved heating small pieces of different steel grades
with H2-Oxyfuel and comparing the results with the
LPG-Oxyfuel combustion used by Ovako in Hofors.

Fig.3 The pilot-scale testing with different steel grades.

All results were encouraging. No negative impact
could be seen on the material, combustion or emis-
sions. After the successful pilot-scale demonstration,

1400

Ovako decided to demonstrate Hydrogen-Oxyfuel
heating in full scale in one of the pit furnaces in Ho-
fors. The existing combustion system was upgrad-
ed to handle both hydrogen and LPG as fuels. The
changeover between the fuels could be done in only
a second with complete safety, following all norms
and regulations. The demonstration was performed
in March 2020 when 24 bearing-steel ingots were
charged into four pits (Fig.4) . One pit was fired with

Hydrogen-Oxyfuel and the other three with normal fuel
(LPG-Oxyfuel).

Fig.4 Full-scale test in pit furnace.

All relevant data (flows, temperatures, oxygen levels in
the flue gases, etc.) were logged. This data indicated
that the capacity, temperature uniformity and control-
lability of the combustion system worked at least as
well as the normal fuel operation — as shown in the
graph below (Fig.5) .
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Fig.5 Temperature measurement results from full-scale test
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After heating and soaking, the billets were successfully
rolled to bars in the rolling mill (Fig.6) . Rolling forc-
es, dimensions, scale and temperature uniformity were
at the same high level of quality as always. A thorough
inspection and analysis of the final billets showed that
heating using hydrogen as fuel does not affect the
quality.

Furthermore, the use of hydrogen in combustion
would have a very positive effect on the environment
since the only emission generated is water vapor. This
demonstration proved that heating with hydrogen is
possible in full scale operation. With fossil-free hydro-
gen and oxygen from electrolysis of water, and a flexi-
ble Oxyfuel system, the CO, emissions associated with
heating may be eliminated.

Fig.6 Hot rolling test

For the first time ever, a heat treatment operation suc-
cessfully used fossil-free hydrogen - and oxygen - to
heat steel before rolling in a production environment.

Full-scale implementation

In June 2021 it was decided to invest in an electro-
lyzer and related equipment to implement the hydro-
gen heating method developed. The river Hoan that
runs beneath the Hofors facility has been the source
of power for steel making on this site since production
began in the 1500s. First as mechanical power and
then, in 1895, to provide electricity for the electrifica-
tion of the rolling process - a world first. Now Ovako
will use that same river water for another world first,
to use hydrogen for electrification of the large-scale
heating of steel before rolling. Jules Verne wrote in his
1874 novel “The Mysterious Island” , that “the ener-
gy of tomorrow is water that has been decomposed by
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electricity” . That time arrived in 2021 thanks to this
project funded in collaboration with the Swedish En-
ergy Agency, Volvo Group, Hitachi Energy, H2 Green
Steel and Nel Hydrogen.

The ambition is to minimize the use of fossil fuels and
burn Ovako's own-produced hydrogen with oxygen,
instead of using propane and natural gas. No new
storage facility is required, and the waste heat will be
captured and used for district heating. The electrolyz-
er will be the biggest in Sweden and is expected to be
completed by the first half of 2023. The first 20 MW
plant will generate 4,000 cubic meters of fossil-free
hydrogen per hour and the full conversion to hydro-
gen will enable Ovako to reduce CO, emissions in its
production by 50 percent from already low levels.

Because Ovako currently uses oxygen in steelmaking,
cutting, scarfing and other operations, the opportunity
also exists to expand production of hydrogen beyond
its direct needs. This would make the supply of hydro-
gen to a third party quite competitive, as the cost is off-
set by the oxygen usage at site together with an exist-
ing large electrolyzer and district heating infrastructure.
This kind of solution could contribute to the develop-
ment of the hydrogen infrastructure critical to help fuel
cells in vehicles become economically viable. If other
steel operations adopt the solution, it could soon be
possible to establish a network for fueling stations for
long-haul trucks — with either no or only limited need to
transport hydrogen or store it. This is of significant in-
terest to manufacturers of large vehicles such as Volvo.

Lars Stenqvist, Chief Technology Officer of Volvo Group
has said: “The transport sector is undergoing a paradigm
shift, and green hydrogen will be one of the most import-
ant energy vectors in the transport industry for long-haul
and heavy freight. Decentralized hydrogen production in
the steel industry fits very well with the transport indus-
try's need for fossil-free fuel. This technological solution
is scalable because it can be used by the steel industry
in large parts of the world. Working in partnership with
other industries to be involved in the entire value chain
around our transport solutions is essential.”

Another important aspect is the integration with the

power supply. Coincidentally, Ovako is a long stand-
ing and important supplier to the wind power industry.
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Of all the many thousands of wind turbines installed
each year, a significant portion of the rings used for
the large wind-bearings are manufactured from Ova-
ko steel, as well as other components. Ovako's clean
steel in the form of large rings, contains very small
amounts of the critically sized inclusions that are the
enemy of fatigue performance. This is a key factor
to enable reliable wind power operations that con-
tribute to steady CO, savings year after year. In fact,
one years supply of Ovako clean steel rings enables
lifetime savings of an estimated 260 million tonnes of
CO,. Now Ovako's importance for the wind industry is
ready to take on a new dimension.

It is clear that the world will need much more renewable
energy, and especially wind power, to meet the ambi-
tious climate targets that have been established. This
need will only increase when hydrogen from electrolyz-
ers achieves its anticipated growth in popularity. How-
ever, introducing a larger share of renewable energy
into power grids does create some important concerns.
This is something that is already being experienced with
the challenges of maintaining the frequency stability
critical for the stability and reliability of power grids. The
technical solution being pioneered has a unique ability
to be used flexibly, as and when required, to provide
the capability to regulate the grid. Therefore, it is an
integral element for the ambitions of this project that
producing hydrogen by electrolysis will also support

Local industrial fossil-free
hydrogen production

climate-neutral

steel production m

|
E“,

Providing
the transport sector
with fossil-free

more production of renewable energy. The world needs
it, and in Sweden alone there are many very large and
important industrial projects that soon will challenge the
power grid. Ovako looks forward to providing part of the
solution that will stabilize the future power grid.

The use of the oxygen from the electrolysis process is
an interesting aspect in its own right. In other electro-
lyzer projects, the oxygen is released “over the roof”
into the atmosphere. Therefore, to use it in the pro-
duction process, practical experiences from drying and
compressing the oxygen gas as well as integration
with the existing oxygen system will be important.

Another important lesson is how to use the waste heat
from the electrolyzer to contribute to the district heat-
ing network. Instead of cooling the heat in a cooling
tower, and effectively going to waste, it will be used
for district heating. In this way about 10 percent of
the electrical power used will become useful for district
heating. The heat integration with the district heat-
ing also contributes to CO, emissions savings and
represents an innovative sector coupling and circular
economy approach. This not only benefits the project
partners but society as a whole (Fig.7) .

A further possible area for learning is the potential en-
ergy gains from flue gas condensation with 95-100
percent steam in the exhaust gases.

Generating
district heating for
nearby communities

Stabilizing the
future power grid

hydrogen

Q0 O

I B
(=) 00

Fig.7 Systemic benefits of fossil-free hydrogen plant
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The economy and funding of the project

Having the electrolyzer on site means the hydrogen
will not have to be stored or transported, keeping
costs down. This is an important consideration and will
also remove the need for any middle-men in transac-
tions. In fact, the solution is something of a paradigm
change to current strategies in Europe, with distribut-
ed production of hydrogen, rather than distribution of
hydrogen itself.

The investment in the electrolyzer can be partly off-
set by the sale of excess hydrogen to other industrial
users. Economy of scale and the potential to use the
oxygen, and waste heat, produced will subsidize the
costs of producing for a third party.

Another potential income stream could be to provide
demand response services to the grid. Retaining the
ability to switch back to propane fuel would allow the
steelmaker to dial down its electrolyzer production if
needed, helping to overcome grid constraints. This
is an important opportunity and can, depending on
country tariffs, be an important income stream. It can
also be used to avoid peak electricity prices.

Ovako will also enjoy benefits over time as penalties
for CO, increase combined with rising preference by
customers for zero carbon products. The competitive
advantages of this can be substantial.

The project was successfully funded as a result of its
very favorable economics when compared with other
hydrogen projects:

- I nfrastructure largely in place

- Oxygen usage in place

- No storage needed for hydrogen

- Heat can be recovered for the district heating system

- Electricity flexibility comes with a distinct value

- Hydrogen fuel station subsidized by the oxygen us-
age and infrastructure

It is noteworthy that important parts of the payback
lies in gains for society at large, not only within Ovako.

81

Ovako's Fossil-Free Hydrogen Initiative

In summary

As a world-first, the hydrogen project will show the
way for significant CO, savings in the steel industry
and also the downstream industries that heat steel for
hot working. This has a global potential of saving CO,
emissions in the order of 300-400 million tonnes.

In summary, the global potential for CO, savings from
this type of use of hydrogen is large, provided that
fossil-free electricity is available. This model offers a
fast implementation time and cost-efficient solution for
many industrial locations around the world. It would
open up opportunities for electricity balancing as well
as creating a grid of cost-efficient fueling stations for
fuel-cell-driven vehicles.

Ovako is excited to bring this technology into opera-

tion in the hope that it will be an important contribu-
tion to eliminating carbon dioxide emissions.
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