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ABSTRACT

Background: Iran's steel industry produced 32 million tonnes in 2025, ranking
tenth globally and first in the Middle East. However, the gap between official targets
(55 million tonnes) and actual output, along with the carbon impact of future
growth, has rarely been assessed quantitatively and probabilistically. This study
aims to evaluate whether production targets can coexist with climate constraints
by 2035 and to identify optimal decarbonization pathways, considering Iran's
unusual direct reduction-dominated starting point.

Methods: The study uses a mixed-methods approach: describing the 2021-2025
performance with World Steel Association data, and building three production
scenarios (Status Quo, Policy Target based on the Vision Document, and Optimistic
based on the five-percent growth of the 7th Development Plan) for 2026-2035. CO,
emissions under three technology pathways (current mix, full gas-based direct
reduction, and hydrogen-based direct reduction) were modeled using Monte Carlo
simulation with 10,000 iterations and a gate-to-gate system boundary. Iran was
also benchmarked against the world's ten largest producers.

Results: Iran's steel production reached 32 million tonnes at a compound annual
growth rate of 3.1%. Achieving the 55 million tonne target requires 11.5% annual
growth, four times the observed rate. Under the Policy Target scenario, the current
technology mix raises emissions to about 82 million tonnes by 2035, nearly
doubling them. Completing the shift to full gas-based direct reduction yields only a
14.5% reduction, since its low-carbon advantage has already been captured. In
contrast, hydrogen-based direct reduction cuts emissions by 80.6% and is the only
pathway aligned with Paris-compatible reduction targets (a 25% cut by 2030).

Conclusion: Iran's production targets are compatible with climate constraints only
if adjusted to a realistic growth of three to five percent. Early investment in green
hydrogen infrastructure, learning from shared challenges with India rather than
Europe, and reporting probabilistic ranges instead of single figures in policy
documents are the key practical contributions of this study for policymakers.
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Introduction

he global steel industry
accounts for roughly 7 to 9%
of global CO, emissions, and
no credible climate pathway
exists without deep cuts in
this sector. The challenge is
sharpest in emerging
producers, where expansion
plans and decarbonization pressures collide.
Iran illustrates this tension well: with 32.0
Mt of crude steel in 2025, it ranks tenth
globally and first in the Middle East, and its
output grew 13% over 2021-2025 while
world production contracted by about 6%.
Yet Iranian planning documents have long
targeted 55 Mt of crude steel, a figure first
attached to 2025 and achieved only 58%,
which now anchors longer-term ambitions.
Two features make Iran distinctive. Unlike
the blast-furnace-dominated industries of
Europe, Japan, or China, about three quarters
of Iranian steel is produced via gas-based
direct reduction with electric arc furnaces
(DRI-EAF), giving it a below-average carbon
intensity from the start; and the next step on
this platform, hydrogen-based direct
reduction (H,-DRI), is precisely the route
tested by leading green-steel pilots such as
HYBRIT. However, most techno-economic
studies are European and assume a blast-
furnace starting point that does not apply to
Iran, and the Iran-specific literature remains
fragmented, covering demand forecasting,
energy use, or qualitative green-steel
discussion  without combining target
assessment, benchmarking, and
probabilistic emissions analysis. This study
fills that gap by combining policy-anchored
scenarios, international benchmarking, and
Monte Carlo emission simulation for Iran
through 2035, which constitutes the novelty
of the work.

Methods

Production data for 2021-2025 and for the
ten largest producers were obtained from
the World Steel Association. Policy anchors
are the 55 Mt target of the national vision
document and the 5% annual growth of the
7th Five-Year Development Plan. Route-
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specific emission factors are taken from IEA
and green-steel assessments: 1.85 t CO, per
tonne of steel for BF-BOF, 1.10 for gas-based
DRI-EAF, and 0.25 for H,-DRI; the current-
mix factor is the 75/25 weighted average,
1.29 t (CO,/t. Because five annual
observations are too short and too volatile
(growth swung from +8.0% in 2022 to +0.3%
in 2023) for reliable statistical extrapolation,
projections are anchored in three policy
scenarios for 2026-2035: Status Quo
(continuation of the observed 3.1% CAGR),
Policy Target (linear path to 55 Mt by 2030,
then 3% per year), and Optimistic (5% per
year per the 7th Plan). Uncertainty is
propagated with 10,000 Monte Carlo
iterations, applying normal shocks of 5% to
production and 10% to emission factors;
medians and 95% intervals (2.5th-97.5th
percentiles) are reported. All simulations
were run in R with a fixed seed for
reproducibility. Benchmarking uses 2025
volume, 2021-2025 growth, and world
market share.

Results

Production rose from 28.3 to 32.0 Mt (CAGR
3.1%) but with sharp swings (+8.0% in 2022,
+0.3% in 2023), showing high sensitivity to
energy and sanction shocks. The Policy
Target implies about 11.5% average annual
growth to 2030, nearly four times the
observed rate, while the Optimistic scenario
reaches only 40.8 Mt by 2030 and 52.1 Mt by
2035, missing the official target within the
horizon. In the international comparison,
only four of the ten largest producers grew
during 2021-2025 (India +40.1%, Saudi
Arabia +23.5%, Iran +13.0%, Egypt +3.4%)
while world output fell 5.7%; Iran's growth
exceeded the world average by 187
percentage points, and it produces about
three times the next Middle Eastern
producer. Under the Policy Target, the
current mix reaches 70.6 Mt CO, [55-87] in
2030 and 81.9 Mt CO, [64-101] in 2035,
nearly double the 2026 level. Completing the
shift to full DRI-EAF cuts emissions by only
14.5%, because Iran has already captured
most of that route's low-carbon advantage;
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European studies that report large DRI gains
assume a blast-furnace baseline that does
not apply here. By contrast, H,-DRI cuts
emissions by 80.6% (15.9 Mt [13-19]) and is
the only pathway that stays below the Paris-
aligned benchmark (about 53 Mt) across the
whole horizon. From an engineering
standpoint, these results mean that capacity
expansion plans must be evaluated together
with decarbonization pathways, and that the
DRI platform already in place gives Iran a
credible base for hydrogen pilots. The global
shift of steel growth toward Asia and the
Middle East supports Iran's case for regional
leadership, and its challenges resemble
India's constrained expansion more than
Europe's BF-to-DRI transition, suggesting
South-South cooperation may be more
relevant than European partnerships.

Conclusion

Iran is a top-ten producer with positive
growth, but its targets outrun observed
trends; achieving them with the current mix
would nearly double emissions by 2035. DRI
completion offers only marginal cuts, while
hydrogen delivers about 81% and is the sole
Paris-compatible route. The principal
technical contribution is a probabilistic,
scenario-based framework that quantifies
the growth-carbon tension for a DRI-
dominated producer, an aspect missing from
earlier deterministic studies. Four practical
recommendations follow: anchor targets to
the observed 3-5% growth; invest early in
renewable electricity and hydrogen pilots
co-located with steel plants; benchmark
against India rather than Europe; and report
emission ranges, not single figures, in
planning documents. The main limitations
are the short data record and policy-
anchored parameters, partly compensated
by the explicit Monte Carlo uncertainty
treatment; future work should update the
scenarios as new production and energy data
become available.
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Iran Steel Production Scenarios (2026-2035)
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