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Abstract

This study examines Pakistan’s steel sector’s readiness to comply with the European
Union’s Carbon Border Adjustment Mechanism (CBAM), which mandates verified emis-
sions disclosures for carbon-intensive imports. Although the sector primarily uses electric
arc furnace (EAF) technology, recognized for its lower emissions, Pakistan lacks a formal
Monitoring, Reporting, and Verification (MRV) framework to support product-level emis-
sions certification. Through qualitative research, including stakeholder engagements and
policy analysis, the study identifies key barriers related to emissions data, institutional
capacity, and trade exposure. This study proposes actionable policy recommendations to
strengthen MRV systems, facilitate compliance, and enhance the sector’s competitiveness
in regulated markets.

Keywords: Carbon Border Adjustment Mechanism (CBAM); steel sector; emissions
reporting; Monitoring, Reporting and Verification (MRV); trade competitiveness; Electric
Arc Furnace (EAF)

1. Introduction

The steel industry is a major global emitter, contributing approximately 7% of green-
house gas (GHG) emissions and 11% of global CO, emissions [1]. Around 95% of these
emissions are linked to iron and steel production via blast furnace-basic oxygen furnace
(BF-BOF) routes, which are highly coal-dependent [2]. Average emissions have reached
1.89 tonnes of CO; per tonne of steel [3], underscoring the need for cleaner production
pathways. In contrast, emerging methods such as electric arc furnaces (EAFs) and hydrogen-
based direct reduction present lower-carbon alternatives and are gaining global traction [4].
The demand for low-carbon steel is rising rapidly, with market projections climbing from
USD 4.33 billion in 2024 to USD 117.13 billion by 2031 at a CAGR of 60.2% [5]. Notably,
93% of new global steel capacity aligns with EAF technology [6], marking a transition
toward secondary production and renewables-powered processes. This transformation
is being driven by decarbonization regulations, carbon pricing, ESG-aligned finance, and
shifting consumer preferences. Whereas, around the world, the shift toward low-carbon
steel is evident, developing economies such as Pakistan will have to survive under diverse
pressures due to the lack of policy and economic support.
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1.1. Overview of the Steel Sector in Pakistan

Pakistan’s steel sector, while modest in scale globally, plays a critical role domestically,
contributing approximately 3.5% to the country’s Large-Scale Manufacturing (LSM) output,
which itself accounts for 9.1% of GDP [7]. With an installed capacity of over 5 million
metric tons and annual production ranging between 3.3 and 4 million metric tons, the
sector supports infrastructure, energy, transportation, and industrial manufacturing [8].
The industry comprises nearly 600 enterprises across formal and informal segments and
is characterized by high energy intensity, capital costs, and dependence on iron ore and
scrap inputs.

Production in Pakistan is dominated by the EAF (secondary) route, which utilizes up
to 105% scrap and emits only 0.357 tonnes of CO, per tonne of steel, significantly lower than
the 1.987 tonnes associated with the BE-BOF route that uses just 13.8% scrap [9]. This makes
the domestic sector relatively cleaner compared to global norms. The market is segmented
into long products (54%), flat products (38%), and pipes/tubes (8%) [10]. Long products,
mostly rebars, wire rods, and structural steel, are produced using EAFs but suffer from
quality compliance issues, with only 10% of manufacturers meeting standard benchmarks.

1.2. Low Carbon Development

However, as global carbon regulations tighten, Pakistan’s steel industry faces serious
competitiveness risks. The EU’s Carbon Border Adjustment Mechanism (CBAM), in its
transitional phase since October 2023, mandates emissions reporting on carbon-intensive
imports like steel, with carbon levies taking effect from 2026 [11]. Without a national
Monitoring, Reporting, and Verification (MRV) system, Pakistani exporters risk being
assigned default, high-emission values, eroding the environmental advantage of their
cleaner EAF-based production [12]. Moreover, Pakistan’s updated Nationally Determined
Contributions (NDCs) under the Paris Agreement prioritize emissions reductions in energy,
agriculture, and transport but omit industry-specific pathways for sectors like steel [13].

This dual exposure to external trade risks from carbon pricing and the internal policy
vacuum signals an urgent need for sectoral reform. Yet, the steel industry remains under-
represented in climate policy and research discourse. So far, the decarbonization pathways
in the Pakistan steel sector have been barely empirically examined, especially as regards ex-
port competitiveness and international compliance mechanisms such as CBAM. This paper
addresses this gap focusing on assessing the readiness of Pakistan’s steel sector to comply
with the European Union’s Carbon Border Adjustment Mechanism (CBAM). Specifically,
it aims to (i) evaluate the current status of emissions monitoring and reporting practices
in relation to CBAM (ii) identify key institutional, regulatory, and technical barriers to
compliance, including gaps in data availability and sectoral capacity; (iii) examine the po-
tential trade and competitiveness risks that Pakistani steel exporters may face under CBAM
implementation; and (iv) propose a phased and actionable roadmap to support compliance
through improved MRV systems, policy alignment, and targeted industry support.

2. Methodology

Figure 1 illustrates the methodological framework of the study. To support the qualita-
tive analysis, the study conducted four Key Informant Interviews (KlIs) and four Focus
Group Discussions (FGDs) conducted during 2024 and 2025 with purposively selected par-
ticipants representing key institutional and industrial stakeholders, including large-scale
and SME steel producers, the Ministry of Commerce, the Ministry of Climate Change and
Environmental Coordination (MOCC&EC), the National Energy Efficiency and Conserva-
tion Authority (NEECA), and independent experts in trade and energy policy. Selection
criteria emphasized direct involvement in emissions reporting, steel production processes,
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and export compliance. Thematic coding was employed to analyze the qualitative data,
enabling the identification and synthesis of stakeholder insights across three principal
dimensions: (i) emissions profile and data availability, (ii) trade exposure and compliance
risks, and (iii) institutional preparedness for Monitoring, Reporting, and Verification (MRV).
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Figure 1. Methodological Framework.

Globally a higher share of emissions come from the carbon intensive sectors, whereas,
Pakistan’s steel sector operates primarily in the mid- and downstream segments of the
value chain, namely, billet reheating, rolling, and finishing, where global emissions shares
typically remain below 10% for each stage. The sector avoids the most carbon-intensive
upstream processes like ironmaking via blast furnaces, which account for 45-50% of global
steel emissions [14]. Moreover, Pakistan’s reliance on electric arc furnaces (EAFs) and
induction furnaces (IFs) for secondary steel production further positions it as relatively
lower emitting within the global steel landscape.

Despite this, Pakistan’s steel sector is estimated to emit between 1.9 and 2.5 million
tonnes of CO; annually, largely due to inefficient energy use and the absence of heat
recovery and emissions monitoring systems. With 30-40% of its semi-finished and fin-
ished steel products exported, primarily to markets with rising climate regulations, the
lack of a formalized Monitoring, Reporting, and Verification (MRV) framework exposes
exporters to default high-emission values under the EU’s Carbon Border Adjustment Mech-
anism (CBAM). As a result, the inability to credibly report lower emissions intensity could
undermine Pakistan’s competitiveness in regulated markets as highlighted in Table 1 below.

Table 1. Emission across the Global Value Chain [14].

Value Chain Stage Primary Energy Source Global Emission Share (%)
Mining Diesel, Electric (indirect) <5%
Upstream Transport and Logistics Diesel (trucks) ~10%
Ironmaking (BF-BOF) Coal/Coke 45-50%
Steelmaking (EAF/BF-BOF) Electricity (grid/diesel backup) 15-30%
Billet Reheating Natural Gas/Furnace Oil <10%
Rolling and Finishing Electricity /Gas <10%

Downstream Transport and Logistics Diesel (trucks) <5%
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3. Results and Discussion

The results are organized thematically to reflect the structure of the steel value chain
and the core dimensions of the study, including emission profile, trade exposure and
compliance risk, MRV, and Institutional Readiness. Each thematic area is discussed with
reference to global decarbonization benchmarks, contextual challenges specific to Pakistan’s
steel sector, and implications for policy and practice. Notably, Pakistan is already exporting
steel and related products to the European Union, placing its producers within the scope of
the EU’s Carbon Border Adjustment Mechanism (CBAM). While the current transitional
phase requires emissions reporting, full implementation beginning in 2026 will introduce
financial levies on embedded carbon. The mechanism is expected to gradually expand
beyond its initial coverage of cement, iron and steel, aluminum, fertilizers, hydrogen, and
electricity. Although only 1.23% of Pakistan’s total exports are currently at risk under
CBAM, this figure is expected to grow as both the product scope and enforcement of
the regulation expand. This underscores the urgency for Pakistani exporters to establish
credible emissions reporting and low-carbon production pathways to maintain market
access and competitiveness [15]. The integration of qualitative insights with international
evidence allows for a grounded yet forward-looking understanding of the sector’s readiness
for climate-aligned transformation.

3.1. Emissions Profile and Data Availability

Pakistan’s steel sector is largely based on secondary production technologies, primarily
electric arc furnaces (EAFs) and induction furnaces (IFs), which use scrap metal as the
principal feedstock. These technologies are significantly less carbon-intensive compared
to primary steelmaking routes, such as the blast furnace-basic oxygen furnace (BF-BOF)
process. According to PACRA’s sector analysis, the average emissions intensity for EAF-
based steel production in Pakistan is approximately 0.357 tonnes of CO; per tonne of steel,
in contrast to 1.987 tonnes of CO; per tonne for BE-BOF production.

Despite using electric arc furnace (EAF) technology, which is generally less carbon-
intensive than conventional blast furnace-basic oxygen furnace (BF-BOF) routes, the sector
lacks the necessary systems and protocols to quantify and report product-level emissions as
required under CBAM. Most firms do not conduct facility-level energy audits or maintain
reliable records of Scope 1 and Scope 2 emissions. There is currently no standardized
methodology in place for calculating embedded emissions, and mechanisms for third-party
verification or product carbon footprint certification are virtually absent.

This absence of credible emissions reporting infrastructure presents a material com-
pliance risk. Under the CBAM transitional phase (2023-2025), importers are obligated to
submit emissions declarations based on verified product-level data. From January 2026
onward, carbon levies will be imposed on imports based on these declared values. In cases
where exporters fail to provide verifiable data, the EU assigns default emissions values
reflecting high-emitting BE-BOF benchmarks. As a result, Pakistani steel, despite having a
significantly lower emissions profile, may be treated as if it has over 450% higher embed-
ded carbon content, leading to disproportionately high carbon costs and undermining the
sector’s trade competitiveness.

3.2. Trade Exposure and Compliance Risks

Although steel currently constitutes a minor share of Pakistan’s exports to the Euro-
pean Union, its presence in CBAM-covered product categories is growing. According to
data from the State Bank of Pakistan, exports to Western Europe reached USD 7.533 billion
during the first ten months of FY2025, marking an 8.62% year-on-year increase. Within
this portfolio, products such as rebars, flat-rolled steel sheets, and welded steel tubes are
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increasingly being exported to CBAM-participating member states, including Germany,
the Netherlands, and Italy [16].

Under CBAM provisions, exporters are required to submit quarterly emissions decla-
rations for covered goods and subsequently pay a carbon levy reflecting the embedded CO,
content of each product. As of mid-2025, the prevailing EU Emissions Trading System (ETS)
price for carbon ranges between EUR 70 and EUR 80 per tonne of CO, [17]. For instance, as
mentioned in Table 2 below, a Pakistani steel product that is not accompanied by verified
emissions data could be assigned the default BF-BOF value of 1.987 tCO,/tonne, resulting
in a CBAM cost of EUR 139.09-EUR 158.96 per tonne. In contrast, a properly verified
EAF-based product with actual emissions of 0.357 tCO, /tonne would incur a significantly
lower cost of EUR 24.99-EUR 28.56 per tonne.

Table 2. Simulated CBAM Cost Scenarios for Pakistani Steel Exports under Verified and Default
Emissions Values.

. Emission Intensity ETS Price Range
Scenario (tCO,/tonne) (EUR 70-EUR 80) CBAM Cost per Tonne (EUR )
Verified (EAF route) 0.357 EUR 70-EUR 80 EUR 24.99-EUR 28.56
Unverified (Default BF-BOF) 1.987 EUR 70-EUR 80 EUR 139.09-EUR 158.96
Cost Penalty ~EUR 114-EUR 130 per tonne

Under CBAM’s transitional phase, exporters are required to submit quarterly decla-
rations of embedded emissions for each covered product. From January 2026, a financial
levy will be imposed based on the declared or default emissions content, calculated using
the prevailing carbon price under the EU Emissions Trading System (ETS). If an exporter
provides verified emissions data, the CBAM levy is calculated accordingly. In the absence
of verification, the EU applies a default value, typically based on the more carbon-intensive
blast furnace-basic oxygen furnace (BF-BOF) method.

To illustrate the cost differential, this study simulated CBAM charges using the verified
emissions intensity of Pakistan’s electric arc furnace (EAF)-based steel (0.357 tCO, /tonne)
versus the default BE-BOF value (1.987 tCO, /tonne). The following Table 2 outlines the
estimated CBAM cost per tonne of steel using mid-2025 EU ETS carbon prices, ranging
from EUR 70 to EUR 80 per tonne of CO,.

Assuming a medium-sized steel exporter ships 10,000 tonnes of steel products annually
to the EU, the total CBAM cost under each scenario would be as follows:

e  Verified data: EUR 249,900-EUR 285,6001
e  Unverified (default): EUR 1,390,900-EUR 1,589,600
o Difference (penalty): EUR 1.14-EUR 1.3 million annually

This highlights the severe financial disadvantage faced by exporters who lack the
capacity to verify and report actual emissions. Even though Pakistani steel is inherently
less carbon-intensive due to its reliance on EAF-based production, the absence of MRV
infrastructure exposes exporters to default carbon pricing, resulting in disproportionately
high adjustment costs.

These findings underscore the urgency of establishing a robust national MRV system
and emissions verification mechanism. Without credible data and third-party certification,
Pakistan’s exporters will struggle to maintain price competitiveness in CBAM-regulated
markets. Moreover, as CBAM expands its scope and enforcement, the scale of exposure is
likely to increase, affecting a broader range of industrial exports.
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3.3. MRV and Institutional Preparedness

A foundational requirement of CBAM is the existence of robust national systems for
Monitoring, Reporting, and Verification (MRV) of greenhouse gas emissions. As of 2025,
Pakistan does not possess a sector-specific MRV framework tailored to the needs of the steel
industry. The country’s existing greenhouse gas inventories are aggregated at the macro-
sectoral level and lack the granularity needed for product-level emissions accounting.

Currently, no domestic guidelines exist that are aligned with internationally recognized
standards such as ISO 14067 [18] (Carbon Footprint of Products) or EN 19694 (Industrial
Emissions Quantification) [19]. Furthermore, Pakistan lacks accredited third-party verifi-
cation bodies and digital infrastructure to support firm-level emissions monitoring and
lifecycle assessments, both of which are required for CBAM compliance.

Institutional fragmentation further hinders the development of an integrated MRV
framework. The Ministry of Climate Change and Environmental Coordination (MOCC&EC),
while responsible for reporting under the Paris Agreement, does not oversee trade-related
MRV functions. The Ministry of Commerce, which is responsible for export facilitation, has
yet to issue formal guidance on CBAM-related obligations. The Pakistan Environmental
Protection Agency (Pak-EPA) currently lacks the legal mandate and technical expertise to
serve as a coordinating body for industrial MRV.

As a result, the institutional architecture necessary for operationalizing MRV in the
steel sector remains underdeveloped. Stakeholder interviews revealed that more than 80%
of firms were unaware of the emissions documentation required under CBAM, and none
had obtained certification aligned with EU-recognized protocols. This unpreparedness
limits the sector’s ability to demonstrate compliance and participate effectively in low-
carbon trade regimes.

3.4. Discussions

Assessing Pakistan’s preparedness for the EU’s Carbon Border Adjustment Mechanism
(CBAM) gains further clarity when viewed in relation to the experiences of other developing
countries similarly exposed to carbon-related trade measures. Although institutional
and technical capacity constraints are common across the Global South, several peer
economies have taken more proactive steps to align their industrial policies with emerging
carbon regulations. Comparative insights from India, Vietnam, South Africa, and Brazil
demonstrate a spectrum of policy responses ranging from the development of national
MRYV systems to pilot certification mechanisms and engagement with EU regulators. These
international examples offer valuable lessons for Pakistan and underscore the urgency of
institutionalizing emissions tracking and compliance infrastructure to remain competitive
in carbon-sensitive markets.

While Pakistan’s steel sector faces mounting pressure to comply with the EU’s Carbon
Border Adjustment Mechanism (CBAM), other developing countries have taken more
proactive steps to prepare their industries for this emerging trade reality. In India, for
example, authorities have initiated sector-wide consultations and are developing a Green
Steel Taxonomy under the Ministry of Steel, alongside domestic certification frameworks
spearheaded by the National Institute of Secondary Steel Technology (NISST). Studies
estimate that small and medium enterprises (SMEs) in India may face cost increases of up
to 25% under CBAM due to limited emissions data and compliance infrastructure [20].

Vietnam has projected a potential revenue loss of up to USD 1.1 billion in steel exports
to the EU by 2030 if MRV reforms are not implemented. Major firms such as Hoa Phat
and VNSteel are already investing in green energy strategies and emissions monitoring
to avoid CBAM-related penalties [21]. Similarly, South Africa, whose iron and steel sector
comprises about 19% of its exports to the EU, has begun developing MRV pilot systems and
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engaging in trade and sustainability policy dialogues, although it still lacks a centralized
registry [22].

In Brazil, while the EU accounts for only about 10% of the country’s iron and steel
exports, producers have integrated Environmental Product Declarations (EPDs) into their
carbon disclosure practices and aligned their operations with voluntary carbon market
frameworks. The World Economic Forum notes that Brazil’'s alignment with internationally
recognized MRV systems is part of a broader strategy to decarbonize its steel, aluminum,
and aviation sectors [23].

In contrast, Pakistan has yet to establish a national MRV framework, third-party
verification bodies, or a product-level emissions registry. Unlike its peers, it has not
initiated national dialogues, sectoral certification mechanisms, or pilot tools to prepare
exporters for CBAM enforcement. This comparative analysis underscores that while
many developing countries face similar challenges, Pakistan risks falling behind unless it
rapidly institutionalizes emissions tracking and compliance infrastructure aligned with
international standards.

4. Policy Recommendations

Building on the sectoral assessment, stakeholder inputs, and compliance risks outlined
in this study, the following policy recommendations propose a phased and actionable
framework to guide Pakistan’s steel industry toward a competitive, climate-aligned future.

The key policy recommendations highlighted below aim at improving the institutional
readiness of Pakistan to adhere to the Carbon Border Adjustment Mechanism (CBAM).
Ensuring the effectiveness of the proposed MRV and certification systems will require clear
institutional mandates, coordinated implementation, and a designated national authority
to anchor Pakistan’s CBAM response.

Pakistan’s limited preparedness for CBAM is largely attributable to institutional frag-
mentation and the absence of clearly defined mandates. The Ministry of Climate Change
and Environmental Coordination (MoCC&EC), while responsible for national greenhouse
gas inventories and international climate commitments, lacks jurisdiction over trade-related
emissions reporting. Conversely, the Ministry of Commerce, which oversees export facilita-
tion, has yet to issue CBAM-specific guidance, and the Pakistan Environmental Protection
Agency (Pak-EPA) neither holds the legal mandate nor possesses the technical capacity
to conduct product-level emissions verification. To address these institutional gaps, the
MoCC&EC should be designated as the lead agency for coordinating the national CBAM
response, supported by an inter-ministerial task force comprising representatives from the
Ministries of Commerce, Industries, and Pak-EPA. This coordinating body should be tasked
with developing the MRV framework, aligning emissions reporting with export procedures,
and serving as a liaison with EU regulatory authorities. Simultaneously, Pak-EPA’s legal
mandate should be expanded to include industrial emissions verification, accompanied by
targeted capacity-building investments in digital MRV systems, third-party certification
protocols, and international compliance alignment. Without such structural reforms and
institutional leadership, Pakistan risks falling short of CBAM enforcement requirements
and losing competitiveness in an increasingly climate-regulated global trade environment.
The key policy recommendations to strengthen the institutional readiness for CBAM in the
case of Pakistan are summarized below in Table 3.
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Table 3. Phased Policy Roadmap for CBAM Compliance in Pakistan’s Steel Sector.

Time Period Action Area

Short-Term (0-12 Months) Pilot MRV frameworks in large, export-oriented steel firms
Develop standard emissions templates and Scope 1/2 guidelines
Conduct CBAM training and awareness campaigns
Establish a CBAM coordination cell under a lead ministry
(e.g., Climate Change or Commerce)
Medium-Term (12-24 Months) Establish a national carbon emissions registry
Accredit third-party verifiers for emissions certification
Launch digital emissions documentation platform
Introducing fiscal incentives for MRV adoption
(e.g., tax credits and concessional financing)
Long-Term (24-36+ Months) Expand MRV to SMEs and additional CBAM-exposed industrial sectors
Pursuing mutual recognition agreements with EU regulators
Integrate CBAM compliance into broader climate policy instruments
(e.g., carbon markets)
Invest in long-term capacity-building via academia, industry associations,
and training centers

5. Conclusions

This study finds that while Pakistan’s steel sector predominantly uses lower-emission
technologies like electric arc furnaces (EAFs) and induction furnaces (IFs), it remains ill-
prepared for the EU’s Carbon Border Adjustment Mechanism (CBAM) due to the absence
of standardized MRV systems, lack of accredited verification mechanisms, and weak
institutional coordination. These gaps risk subjecting exporters to default emissions values,
resulting in elevated carbon costs and reduced trade competitiveness. A phased policy
response is urgently required, focusing on MRV development, capacity building, and
institutional reforms to align industrial emissions transparency with international trade
demands and to unlock opportunities in green exports and climate finance.

This study is limited by its qualitative methodology, drawing on key informant inter-
views, focus group discussions, and policy reviews without access to firm-level emissions
data or lifecycle assessments. As a result, it cannot provide quantitative estimates of sector-
wide emissions performance or CBAM-related cost impacts. Moreover, while respondents
were selected for their institutional relevance, their views may be shaped by organizational
affiliations or commercial interests. These constraints highlight the need for future research
based on standardized emissions datasets and robust, empirical benchmarking.
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Abbreviations

The following abbreviations are used in this manuscript:

CBAM  Carbon Border Adjustment Mechanism EPA Environmental Protection Agency (Pakistan)
CO, Carbon Dioxide EU European Union

EAF Electric Arc Furnace ETS Emissions Trading System

BF-BOF  Blast Furnace-Basic Oxygen Furnace SME Small and Medium Enterprise

GHG Greenhouse Gas IF Induction Furnace

MRV Monitoring, Reporting, and Verification FGD Focus Group Discussion

LSM Large-Scale Manufacturing KII Key Informant Interview

NDC Nationally Determined Contribution ISO International Organization for Standardization
SDPI Sustainable Development Policy Institute =~ NUST National University of Sciences and Technology

National Energy Efficiency and Ministry of Climate Change and

NEECA MOCC&EC

Conservation Authority Environmental Coordination
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