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1 Climate policy challenges of the steel industry

As a basic industry at the beginning of value chains, the steel industry is one of the core sectors
of the German economy. Its products are used as intermediate inputs in many other sectors such
as vehicle construction or mechanical engineering, but also in the construction industry.

With the technology used so far, the blast furnace-converter route, the production of primary steel
is associated with the emission of considerable amounts of carbon dioxide (CO2). Both the Ger-
man federal government and the European Union have set themselves the goal of gradually re-
ducing greenhouse gas emissions (GHG emissions) in all sectors of the economy and of causing
no further net GHG emissions from the year 2045 (Germany) or 2050 (EU). This means that

the steel industry in Germany is also faced with the task of transformation to GHG neutrality.

In the year 2021, climate policy goals were tightened at both national and European level and
corresponding packages of measures were specified or expanded. At the national level, for exam-
ple, the German Federal Government decided to reduce GHG emissions more quickly: By 2030, a
reduction of emissions by 65 percent compared to 1990 is planned (previously 55 percent), and
by 2045, Germany is to be climate neutral (previously 2050). On July 15th, 2021, the European
Commission presented a legislative package with proposals to successfully transform the Euro-
pean economy towards climate neutrality ("Fit for 55"). Although the legislative package is cur-
rently still at the consultation stage, the main cornerstones of the EU's future climate action policy
are nevertheless becoming clear.

From the steel industry's point of view, central components of the "Fit For 55" package are, on the
one hand, the revision of the EU Emissions Trading System Directive. This provides for an increas-
ing reduction in the previously free allocation of emission certificates for the steel industry and
their complete abolition by the year 2035. On the other hand, the introduction of a Carbon Border
Adjustment Mechanism (CBAM) on imports from third countries is intended to ensure cost parity
for emission-intensive products on the European domestic market.

Steel companies in Germany have been planning for several years to implement the climate tar-
gets. To this end, the primary steel production is to be converted to low-CO2 and, in the future,
CO2-free production processes based on hydrogen, the so-called hydrogen direct reduction pro-
cess (H2-DRI).1 The steel action concept formulates the goal of converting one third of production
capacity to hydrogen direct reduction by 2030 (cf. BMWi 2020).

In this study, scenario calculations are used to examine under which climate policy conditions the
transformation of the steel industry in Germany can succeed. Successful transformation is under-
stood to mean that the production of primary steel is completely GHG-neutral at the end of the
transition phase, without any transformation-related losses in production volumes and employ-
ment.

1 The electric steel route, in which steel scrap is melted down in the arc and recycled, produces largely emission-free. However, the
possible production quantities are limited by the availability of steel scrap. In the previous study, the consequences of the climate pol-
icy framework conditions for the electric steel route are discussed in more detail (see Prognos 2020).
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The study shows that investments in climate-neutral production facilities and their operation are
associated with additional costs and that transformative processes, such as in the steel industry,
take place gradually and in international competition. This poses special challenges for compa-
nies and for the design of a suitable regulatory framework. The study thus complements the study
already carried out in 2020 on the climate challenges of the steel industry, in which transfor-
mation paths to climate neutrality were not explicitly modelled, but rather the burdens of a purely
nationally oriented climate action policy were examined in comparison to a business-as- usual
scenario (cf. Prognos 2020).

2 Procedure and central assumptions for the simulation
calculations

The outcome of the transformation process of the steel industry towards climate neutrality de-
pends on market developments, the political framework conditions and the tangible corporate de-
cisions of the individual steel producers. We assume that the general market developments (sup-
ply and demand on the global steel markets) will not change fundamentally compared to a hypo-
thetical reference without transformation.2 The various political framework conditions are
mapped in detail in the individual scenarios. Of course, we cannot anticipate the tangible entre-
preneurial decisions within the scope of this study. For this reason, we model typical companies
in the steel industry. A modelled plant and the decision on its transformation, therefore, do not
correspond exactly to a real plant and decision-making process. The great value of modelling lies
in the fact that influencing variables on typical and economically rational decisions can be repro-
duced in a comprehensible way.

Agent-based model simulations with LABS (Large Agent Based Simulation)

The scenarios are created using the agent-based simulation model LABS from Prog- nos.
LABS models the real economy in which a large number of heterogeneous agents (i.e.
companies, private households, banks, the state) pursue their respective goals autono-
mously and depending on their individual states.

The steel industry is represented here by strongly typified companies that have similar
characteristics to the statistically available average of the steel industry in Germany. We
would like to point out that the modelled companies have no tangible equivalent in the
"real" world. This type of modelling allows the transformation to be implemented at the
level of individual plants, explicitly taking into account functional relationships at the
business and economic level.

2 For the development of the steel industry in the hypothetical reference, see detailed Prognos 2020.
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The simulation calculations are based on a series of assumptions for the period under considera-
tion. These are plausibly derived from available data and policy assessments, but do not consti-
tute forecasts in themselves. The central assumptions are in detail:

m Non-European countries pursue less ambitious climate action policies than the EU. As a re-
sult, European and non-European companies face different GHG emission costs.

m The prices for the allowances in EU Emissions Trading System are 50 euros per tonne of CO2
in 2020, the starting year of the simulation, and increase by 5 euros per year until 2045. In
non-European countries, it is assumed that emission costs for the steel industry are first in-
troduced in 2031 and will increase by 2 euros per tonne per year.

m The energy carrier prices approximately follow the assumptions made by Agora et al. 2021:
The coal price is stable at 140 euros per tonne, the hydrogen price starts at 170 euros per
MWh in 2020 and drops to 120 euros per MWh by 2045. The electricity price is 60 euros per
MWh in the starting year and declines slightly to just over 57 euros per MWh by 2045. The
price for natural gas is 12 euros per MWh in 2020, rising significantly to 24 euros per MWh
by 2045.

m The change in technology to low-emission processes on the part of domestic producers will
be carried out in any case. Conventional deliveries (with one exception in 2025) will no longer
be made. If the changeover is not economically viable, withdrawal from the market is the
only alternative.

m  With regard to alternative low-emission processes, we only consider hydrogen direct reduc-
tion (H2-DRI) in this study. We assume that the new H2-DRI plants to be built will initially be
operated predominantly with natural gas. In 2026, when the first installation is converted in
our scenario, the share of natural gas is 70 percent and decreases by 5 percentage points
p.a. in the following years.

m Forthe simulation calculations, we assume that there is sufficient availability of hydrogen
and that no energy industry or other restrictions stand in the way of a transformation of the
steel industry.

m According to Agora et al. 2021, the specific capital costs for conventional primary steel pro-
duction amount to 16 euros per tonne of steel, while those for alternative production in the
H2-DRI process are almost five times as high at 79 euros per tonne of steel. The capital costs
of both production processes are constant over the course of the simulation and are identical
in Germany and abroad.
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3 How can the transformation succeed?

The goal of GHG-neutral production in the steel industry by 2045/2050 presents companies with
a double challenge under the current and planned climate protection policy framework:

1. The expiry of the free allocation planned by the European Commission, coupled with rising
prices for allowances in the future, will significantly increase the emission costs of steel com-
panies in Europe. If conventional and emission-intensive production processes are main-
tained, European steel producers will be at a cost disadvantage compared to their interna-
tional competitors. Although the CBAM envisaged in the "Fit for 55" package of measures is
intended to ensure (emission) cost parity in the European domestic market, support for steel
exports to third countries is not envisaged. Moreover, its effectiveness in avoiding various cir-
cumvention strategies is also uncertain.

2. From an economic point of view, low-emission production processes do not offer a way out,
as these processes currently have higher production costs than conventional ones (including
emission costs) and will continue to do so for the foreseeable future.

The transformation scenario addresses these challenges. First of all, it is important to understand
that the transition to GHG-neutral production cannot take place overnight. Existing investments in
the blast furnace-converter route have an average lifespan of about 18 years. Only then, a plant
will be renewed ("relined") or replaced by a plant with a different technology. According to these
investment cycles, the conversion to GHG-neutral plants can only take place gradually.

In this transition phase, the companies in the transformation scenario will continue to receive free
allowances for their conventional plants to an extent that ensures parity with non-European coun-
tries in terms of emission costs ("level playing field"). The conversion of the plants to direct hydro-
gen reduction takes place gradually according to the usual investment cycles. For this purpose,
the steel manufacturers receive financial grants in the transformation scenario that compensate
for the differential costs between the (cheaper) conventional and the (more expensive) GHG-neu-
tral technology. The financial grants are modelled in such a way that they compensate for both
the higher investment costs (capex) and the higher operating costs (opex).

The calculation of the additional investment costs follows the assumptions of Agora (2021). If the
Capex grants for an H2-DRI plant (annual production capacity two million tonnes) are granted in
full, they amount to 1.2 billion euros. The maximum possible grants for ongoing operating costs
corresponds to the difference in production costs at the time and depends in particular on the de-
velopment of the costs for "green" hydrogen and its share in the operation of the plant. Since the
plants are initially operated primarily with natural gas, the values initially amount to 150 euros
per tonne of steel (2026) and rise to a maximum of 242 euros per tonne of steel when the plants
are almost completely operated with "green" hydrogen at the end of the 2030s.

Under this condition, the conventional production capacity in the initial year 2020 will be com-

pletely converted to hydrogen direct reduction by the year 2045. The previous production capacity
will be maintained without any losses.
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Figure 1: Production capacity of the primary steel production in Germany in the transformation sce-
nario, as a percentage of initial capacity (2020 = 100%0)3
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The question arises as to whether full compensation of the additional costs is necessary for the
transformation to succeed, or whether proportional compensation would be sufficient. The simu-
lation calculations arrive at the following results:

m If the capex grant is only 50 percent, this still leaves around 93 percent of the initial capacity
until 2045 in the market. With reduced support companies have to raise more equity and
debt capital to finance the investment, resulting in a slightly hhiigher risk of insolvency.

m A reduction of the opex grant to 75 percent, on the other hand, leads to low profit margins
and falling sales. In such a scenario, a cost-covering operation of the H2-DRI plants at com-
petitive prices is hardly possible, the financial reserves of the individual companies/ plants
from the time before the conversion are reduced and the risk of market exits increases mas-
sively. As a consequence, about 80 percent of the initial capacity exits the market by the end
of the simulation period in 2045. If the simulation period is extended beyond 2045, the re-
maining plants would also exit the market.

An important finding from these simulation runs is that a complete closure of the profitability gap
in additional operating costs is crucial for a successful transformation. This is explained above all
by the high intensity of competition on the international steel markets and the associated low
profit margins. Based on the ramp-up of H2-DRI plants realized in this transformation scenario, a
complete coverage of the economic efficiency gap results in an average annual subsidy require-
ment of 4.6 billion euros in the period 2026 to 2045. In the first decade of the ramp-up (until
2035), this amounts to a cumulative 27.5 billion euros. In addition, there are investment grants,

3 In the case of an optimal transformation, the H2-DRI production capacity corresponds exactly to the mirrored conventional (resid-
ual) capacity: the BF-BOF plants are converted according to the blast furnace's last year of delivery in the simulation period, i.e. taken
from the stock of conventional plants and assigned to the stock of H2-DRI plants. In the case of incomplete extraction, the stock of
converted H2-DRI plants is reduced accordingly.
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which, if fully granted, amount to a total of 18 billion euros in the entire simulation period (2026
to 2045). The vast majority of this will be incurred in the first decade of the ramp-up.

About one third of the greenhouse gases emitted in primary steel production (approx. 55 million
tonnes per year (average 2016-2018) can be saved in the transformation scenario by 2030, and
by 2035 it is higher than 90 percent.

In the long term, the additional operating costs can be earned on the market. The establishment
of "green" lead markets will first create sales niches for the transformed plants, while in the
longer term the profitability gap can also be permanently closed for the subsequently transformed
plants. The need for financial support can also be reduced if the ramp-up of the hydrogen econ-
omy and the associated expected cost degressions take place more quickly than assumed here.

As the decarbonisation of the steel industry is plant-specific and thus takes place in individual
steps, it is crucial for the success of this process in summary that not only the new H2-DRI plants
can be operated in a cost-covering manner. The existing blast furnaces must also be able to con-
tinue producing economically, because once existing plants have been eliminated from the mar-
ket, they can no longer be transformed afterwards.

4 What does the "'Fit for 55" package mean for the steel
industry?

The plans of the European Commission's "Fit for 55" package mean additional burdens for the
steel industry in Germany and Europe compared to the transformation scenario. In order to model
the effects, the two central aspects of the package are implemented in the simulation model:

m According to calculations by the German Steel Federation (Wirtschaftsvereinigung Stahl), the
steel industry in Germany currently receives free allowances amounting to 83 percentage of
the actual emissions. With the tightening of regulations in the European emissions trading
system from 2026, we assume in the calculations a gradual decrease in the proportion of
free allocation. From 2035, no more free allowances will be allocated.

m In order to prevent the European steel industry from losing international competitiveness due
to the reduction of the cost-free allocation of emission certificates, the "Fit for 55" package
provides for an emission-based border adjustment mechanism (CBAM). This is intended to
effectively ensure emissions-based cost parity between domestic and foreign conventional
steel production on the domestic market. The amount of the CBAM tax, which domestic cus-
tomers have to pay on foreign steel products, corresponds to the difference in the certificate
prices to be paid between domestic and foreign markets.

In order to take into account the current uncertainties about the actual introduction as well as the
effectiveness of the CBAM - both of which are equivalent from a methodological point of view -
two different load scenarios are modelled:
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m Load scenario 1: Expiry of free allowances and ineffective CBAM
m Load scenario 2: Expiry of free allowances and fully effective CBAM

Thus, the spectrum of different degrees of effectiveness of the CBAM - especially against the
background of still open trade law and trade policy questions - is fully covered.

4.1 Load scenario 1: Expiry of free allowances and ineffective CBAM

Due to the expiry of the free certificates, the difference in production costs between Germany and
abroad is steadily increasing and amounts to approx. 248 euros per tonne of steel in 2045. As-
suming an ineffective CBAM is available here, the emission-related cost differences with other
countries are not compensated.

Our simulation calculations show that under these conditions the domestic blast furnace- con-
verter route collapses before a switch to the low-emission H2-DRI technology can take place. The
insufficient coverage by free allowances puts the companies of the conventional route under
pressure from the beginning of the simulation calculation. As a result, they are only insufficiently
able to raise the necessary financing for delivery or conversion. In 2026, when the share of free
allocation drops significantly, the steel companies concerned are no longer able to produce com-
petitively in terms of price. The consequence will be market exits before the blast furnaces reach
the end of their operating life. The transformation would thus have failed before it had begun. Any
capex or opex grants for the conversion would no longer apply.

Even an early technology change offers no way out: an opex grant for newly installed H2-DRI
plants is measured by the differential costs compared to domestic conventional steel production.
Without an effective CBAM, however, the financial support would not be sufficient to compensate
for the cost disadvantage compared to conventional generation abroad. In this variant, too, the
transformation would not take place.

Even if the hydrogen direct reduction were subsidised in full, the decarbonisation of the steel in-
dustry in Germany would have failed. The steel formerly produced in Germany would now be pro-
duced abroad and the greenhouse gases emitted in the process would also be emitted abroad in
at least the same amount ("carbon leakage").
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Figure 2: Production capacity of the primary steel production in Germany in the load scenario without
CBAM, as a percentage of initial capacity (2020 = 100%0)
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4.2 Load scenario 2: Expiry of free allowances and fully effective CBAM

The second load scenario differs from the previous one in that the CBAM introduces an emis-
sions-based tax on domestic steel imports and is fully effective. In line with the European Com-
mission's proposal, this is not associated with any relief on exports. For the simulation, we as-
sume that the specific GHG emissions of the domestic and foreign blast furnace-converter routes
are identical. Under these conditions, the companies on the conventional route are already under
increased competitive pressure at the beginning of the simulation period, analogous to the first
burden scenario, but increased market exits are effectively prevented by the CBAM.

The construction of the H2-DRI route does not fully succeed even with full support: Exports by do-
mestic steel producers are not protected by the CBAM and are not price-competitive on the for-
eign market. The share of turnover with non-European countries in the total turnover of the steel
industry is statistically under 20 percent. In this order of magnitude, the corresponding production
capacities are also "missing" in the simulation calculations towards the end of the period. And this
despite an assumed complete promotion of the new H2-DRI plants.

Production in Europe is now only for the domestic market, and "green" steel would also have no
export prospects.
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Figure 3: Production capacity of the primary steel production in Germany in the load scenario with
CBAM, as a percentage of initial capacity (2020 = 100%b)
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Source: own calculations, average over 200 simulation runs BF-BOF: blast furnace converter technology, H2-DRI: hydrogen direct
reduction First percentage figure for capex grant, second figure for opex grant.
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An effective CBAM is in principle suitable to effectively support the transformation of the Euro-
pean steel industry. However, the lack of a level playing field in foreign markets remains a major
shortcoming of this instrument. Measured against the capacity level of the transformation sce-
nario, the steel industry would have a capacity level of around 80 percent at the end of the transi-
tion.

5 Macroeconomic consequences and conclusion

The simulation calculations show that decarbonisation of the steel industry in Europe and Ger-
many is not feasible for the companies concerned on their own, as the production costs of low-
emission generation processes in the primary steel production are currently and in the medium
term significantly higher than those of conventional processes.

If the transformation were to fail, the economic costs would have an impact beyond the steel in-
dustry itself (updated on the basis of Prognos 2020): In Germany, the industry has a relatively
high value-added multiplier. If the value added in the steel industry falls by one euro, 2.7 euros of
value added are "missing" in the economy as a whole. In addition, there are negative circular ef-
fects resulting from the reduction in investment spending by the affected companies as well as
the consumption expenditure of their former employees and the additional demand for steel im-
ports. The overall effect on value creation in Germany is greater by a factor of 4 than the value
creation losses of the steel industry itself.
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Based on this ratio, each lost percentage point of production capacity in the primary steel produc-
tion is approximately associated with a loss of macroeconomic value added amounting to 200
million euros. In the first adverse scenario, the "worst case", the total economic value added loss,
taking direct steel processing into account, amounts to almost 19 billion euros. Around 200 thou-
sand jobs would be lost directly and indirectly as a result.

From this, the overall economic emission avoidance costs - defined as the loss of gross value
added per tonne of greenhouse gases avoided - can be derived, which are around 600 euros per
tonne. These costs clearly exceed the differential costs between low-emission and conventional
production processes (maximum 242 euros per tonne of steel in 2039). Moreover, in the case of
carbon leakage - i.e. a displacement of domestic production by additional imports from abroad -
the emissions are not avoided, but at least the same amount is produced abroad. It is therefore
advantageous, not only from an economic but also from a climate policy perspective, to support
the steel industry in its decarbonisation.

Figure 4: Hydrogen-based production capacity of the primary steel production in Germany in 2045, in
percent of (conventional) initial capacity 2020
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If there is (emission) cost parity between domestic and foreign conventional production (e.g.
through free allowances in the transformation scenario), then according to the results of the sim-
ulation calculations for the conversion to the H2-DRI process, a (state) grant for the investment
expenditure (capex) of fifty percent is approximately sufficient.
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For current operating costs, on the other hand, a financial grant in the full amount is necessary if
the companies in question are to remain in the market permanently. In the longer term, emission
costs will also be introduced in non-European countries and a decarbonisation of the steel indus-
try will take place, so that support for the steel industry in Europe may have a temporary charac-
ter.

A significant increase in allowance prices within the framework of the European emissions trading
system and a reduction in freely allocated allowances - as envisaged by the European Commis-
sion iin its "Fit for 55" plan - reduce the relative costs of alternative processes. However, these
measures have the consequence that steel-producing companies in Europe will leave the market
before a changeover to low-emission processes can succeed. The introduction of an effective
emission-based border adjustment (CBAM) creates (emission) cost parity on the (European) do-
mestic market vis-a-vis suppliers from third countries, but leads to the loss of non-European ex-
port business and a corresponding reduction in production capacities. The two load scenarios
take the two possible extreme positions with regard to the effectiveness of the border adjustment
mechanism. If the CBAM is not effective, the effects of the climate policy framework conditions
will lie between the two shown here.
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