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Abstract

Shandong Province, China’s third-largest steel producer with 76-80 million tonnes an-
nual capacity (7-8% of national output), represents a critical case study in managing the
tension between recent industrial modernization and aggressive decarbonization mandates.
Following major facility relocations and expansions between 2017-2020, including the Ji'nan
Steel relocation to coastal Rizhao and significant new steelmaking capacity commissioning,
the province now faces China’s stringent 1.5:1 capacity replacement policy requiring 1.5
tonnes of old capacity retirement per tonne of new capacity added. This paper, part of
the MIFUS initiative, analyzes Shandong’s steel transformation through comparative lenses:
contextualizing against Germany’s hydrogen-focused premium steel strategy and China’s Oc-
tober 2024 policy revolution emphasizing pragmatic EAF expansion and scrap mobilization.
With strategic port infrastructure (Qingdao, Rizhao), balanced economic structure, and
positioning among China’s top candidates for both CCUS deployment and hydrogen DRI
development, Shandong faces the challenge of achieving 15-20 Mt net capacity reduction by
2030 while protecting recent capital investments totaling RMB 80-120 billion. The analysis
examines technology pathways, infrastructure requirements, economic competitiveness, so-
cial implications, and policy effectiveness in a province where steel contributes substantially
to regional GDP yet environmental pressures from the Yellow River Delta ecosystem and
proximity to Beijing-Tianjin-Hebei air quality control zones demand urgent action.

Keywords: Steel decarbonization, Shandong Province, China 1.5:1 policy, hydrogen DRI,
CCUS, coastal steel production, port infrastructure, MIFUS, industrial transformation
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1 Introduction: Shandong’s Strategic Position in China’s Steel
Transformation

1.1 The MIFUS Framework and Study Context

This paper is part of the MIFUS initiative (A Global Journey Through Steel Decarbonization),
providing comparative analysis of steel decarbonization strategies across major producing nations
and regions. The analysis draws upon:
e Global overview documents analyzing worldwide steel decarbonization trends
e China’s transformative October 2024 policies and provincial implementation frameworks
e European Union framework analysis, particularly Germany’s hydrogen-focused approach
e Cross-regional comparisons including Hebei, Jiangsu, and Liaoning provinces within China
Shandong Province offers a particularly instructive case study as it simultaneously embodies:
1. Recent modernization success: Major facility relocations (2017-2020) representing bil-
lions in capital investment
2. Rapid production growth: 25.7% year-on-year increase in 2020, surpassing Liaoning to
become third-largest
3. Strategic coastal advantages: Port infrastructure at Qingdao and Rizhao facilitating
raw material imports and potential green steel exports
4. Policy implementation pressure: Subject to China’s stringent 1.5:1 capacity replace-
ment mandate
5. Technology diversity potential: Positioned for balanced deployment of hydrogen DRI,
CCUS, and EAF routes

1.2 Shandong’s Position in Chinese and Global Context

1.2.1 Production Scale and National Significance

Table 1: Shandong Steel Production in Context (2024)

Metric Shandong China Total Share (%)
Crude Steel Production 76-80 Mt 1,005 Mt 7.6-8.0%
Provincial Ranking 3rd - -
Growth Rate (2020) +25.7% +5.2% -
Capacity (2024) 82-85 Mt 1,050 Mt 7.8-8.1%
Capacity Utilization 90-92% 88-92% -

Key observations:

Third-largest Chinese steel province after Hebei (225-250 Mt) and Jiangsu (119-121 Mt)
Higher capacity utilization (90-92%) than national average, indicating efficient operations
Dramatic 2020 growth reflects completion of major modernization projects

Global context: Shandong alone produces more steel than Germany (37 Mt), South Korea
(67 Mt comparable), or Brazil (31 Mt)

1.2.2 Economic Significance

Steel sector contribution to Shandong’s economy:
e GDP contribution: Approximately 6-8% of provincial GDP (lower than Hebei’s 15-20%,
reducing political resistance to capacity reduction)
e Direct employment: 180,000-220,000 workers in steel production
e Indirect employment: 600,000-800,000 in supply chains, logistics, downstream manu-
facturing
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e Provincial revenue: Significant tax contributor, though more diversified economy than
pure steel regions

e Export value: Coastal position enables substantial steel exports, vulnerable to CBAM
tariffs

1.3 The Transformation Imperative: Multiple Pressures Converge

Shandong’s steel sector confronts simultaneous pressures from multiple directions:

1. National Capacity Control Policy China’s October 2025 draft 1.5:1 capacity replace-
ment policy creates immediate constraints:
e Minimum 1.5 tonnes old capacity retirement per 1 tonne new capacity
e Net capacity reduction of 33% (1.5:1) or 20% (1.25:1 for post-June 2021 M&A)
e Three equal-capacity swap exceptions (1:1 ratio): on-site upgrades, high-end specialty steel,
Qinghai/Xizang projects
e Estimated national capacity reduction: 138 Mt by 2030 (Shandong share: 15-20 Mt)

2. Environmental and Climate Commitments

e National targets: Carbon peak before 2030, carbon neutrality by 2060

e Steel sector Special Action Plan: 53 Mt CO; emissions reduction (2024-2025)

e Ultra-low emissions: Compliance required across all facilities by 2025-2026

e Regional air quality: Yellow River Delta ecosystem protection, Beijing-Tianjin-Hebei
air quality influence zone

e Current emissions: 160-180 Mt COg annually from Shandong steel (2.1-2.2 t CO2/t steel
average intensity)

3. International Trade Pressures

e EU CBAM: Full implementation January 2026, tariffs of $50-150 per tonne on carbon-
intensive steel

e Shandong export exposure: 1-2 Mt EU exports facing $25-160 million annual tariff
exposure

e Competitive pressure: Germany, Sweden, Japan advancing green steel; price premium
of $40-100/tonne for low-carbon products

e Export markets: Diversification needed beyond traditional EU/US markets

4. Recent Capital Investment Protection Unlike Hebei (aging infrastructure requiring
wholesale replacement), Shandong faces unique challenge:
e Major facility relocations completed 2017-2020 (Ji'nan Steel to Rizhao, Rizhao Steel ex-
pansion)
e Estimated investment: RMB 50-80 billion in new/relocated facilities
o Asset age: 4-7 years (typical BF-BOF lifespan: 25-30 years)
e Dilemma: Retire recently commissioned capacity or exploit on-site upgrade provisions for
1:1 swap eligibility

1.4 Shandong vs. Germany: Contrasting Approaches and Contexts

Drawing parallels and contrasts with Germany’s decarbonization journey illuminates different
pathway options:
Key Insights from Comparison:

1. Technology pathway: Germany bets on hydrogen-premium route; Shandong adopts
pragmatic balanced approach leveraging recent CCUS-ready infrastructure
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Table 2: Shandong vs. Germany: Key Comparison

Factor Shandong Province Germany
Production Scale 76-80 Mt (2x Germany) 37.2 Mt
National /Regional 7-8% of China 30% of EU
Share

Technology Focus

Balanced: CCUS (40%), Ho-DRI
(30%), EAF (30%)

Ho-DRI primary (60-70%)

Asset Age

New (2017-2020 modernization)

Mixed, many aging facilities

Policy Driver

Mandatory 1.5:1 capacity re-

Voluntary with massive subsidies

placement (€6.9 billion federal)
Hydrogen Cost Target RMB 20-40/kg ($2.8-5.6/kg) by €3-4.50/kg ($3.2-4.8/kg) by
2030 2030

Electricity Cost $0.05-0.08 /kWh (competitive) $0.06-0.10/kWh (40-60% above

EU average)

Strong (Qingdao, Rizhao)
1-2 Mt exports, $25-160M

Port Infrastructure Moderate (North Sea access)

CBAM Exposure

Significant, but protected by EU
internal market

Social Model Co-determination, strong union

involvement

State-directed transition

GDP Dependency 6-8% (moderate) Steel 7% of manufacturing

2. Policy mechanism: Germany relies on financial incentives (subsidies, CCfD contracts);
China uses administrative capacity control

3. Speed vs. caution: China’s 1.5:1 policy forces rapid transformation (5-7 years); Ger-
many’s gradual approach (2027-2045)

4. Infrastructure advantage: Both coastal, but Shandong’s lower electricity costs provide
EAF competitiveness edge

5. Recent investment dilemma: Shandong must protect 2017-2020 capital; Germany can
write off aging assets

1.5 Paper Structure and Analytical Framework

This paper follows a parallel structure to the Germany analysis, adapted for Shandong’s specific
context:
1. Production landscape and technology mix (Section 2)
Decarbonization strategy and major projects (Section 3)
Infrastructure requirements and dependencies (Section 4)
Economic and competitive challenges (Section 5)
Policy and regulatory framework (Section 6)
Environmental impact and emissions reduction pathways (Section 7)
Social and employment dimensions (Section 8)
Comparative analysis: Shandong vs. other provinces and international regions (Section 9)
Critical success factors and risks (Section 10)
Recommendations and policy implications (Section 11)
. Conclusions and strategic assessment (Section 12)
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2 Production Landscape and Technology Mix

2.1 Current Production Capacity (2024)

Table 3: Shandong Steel Production by Technology (2024)

Technology Volume (Mt) Share (%) Change vs 2023
BF-BOF (Blast Furnace) 68-72 88-90% +4.2%
Electric Arc Furnace (EAF) 8-12 10-12% +8.5%
Total Crude Steel 76-80 100% +5.8%
Pig Iron Production 65-70 - +4.5%
Hot-Rolled Products 70-75 - +5.2%

Key Observations:

e BF-BOF dominance: 88-90% share reflects recent investments in modern integrated
facilities (2017-2020)

e Low EAF penetration: 10-12% significantly below China’s national average (12-15%)
and far below Jiangsu (18-20%)

e Modernization effect: High capacity utilization (90-92%) indicates efficient, recently
commissioned facilities

e Growth trajectory: Continued expansion reflects completion of relocation projects and
coastal development strategy

2.2 Major Steel Producers and Facilities
2.2.1 Shandong Iron and Steel Group (Provincial State-Owned Enterprise)

Overview:

e Dominant provincial producer controlling 60-70% of Shandong capacity

e Formed through consolidation of Ji'nan Steel, Laiwu Steel, and others

e Key facilities: Rizhao Steel (coastal), Ji'nan area operations, Laiwu operations

Rizhao Steel Works (Flagship Facility):

Location: Rizhao Port Economic Development Zone (coastal Shandong)
Capacity: 12-15 Mt crude steel annually (among China’s largest single-site facilities)
Commissioning: Major expansion completed 2019-2020
Technology: State-of-the-art BF-BOF with environmental controls
Strategic advantages:

— Direct port access for iron ore imports (Brazil, Australia)

— Modern infrastructure designed for potential future retrofits

— Ultra-low emissions compliance achieved 2023

— Prepared for CCUS integration (space, infrastructure)
Ji’nan Steel Relocation Project:
Original location: Urban Ji'nan (provincial capital)
Relocation timeline: 2017-2019 demolition and construction
New location: Rizhao coastal area
Investment: RMB 25-35 billion
Capacity: 8-10 Mt (maintained similar to old facility)
Significance: Prototypical urban-to-coastal relocation resolving air quality issues while
modernizing technology
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2.2.2 Regional and Private Producers

Yongfeng Steel:
e Location: Laiwu District (inland Shandong)
e Capacity: 3-4 Mt annually
e Ownership: Private enterprise
e Focus: Specialty steel grades, construction materials
Shiheng Special Steel:
e Location: Feicheng, Tai’an
e Capacity: 2-3 Mt
e Specialization: Tool steel, bearing steel, high-quality alloys
e Market: Domestic machinery manufacturing, export markets
Multiple smaller producers:
e Combined capacity: 10-15 Mt
e Consolidation targets under 1.5:1 policy
e Focus on commodity grades, construction steel
e Vulnerable to capacity reduction mandates

2.3 Production Technology Evolution and Modernization History
2.3.1 Historical Development (Pre-2017)

Shandong’s steel industry historically characterized by:

e Dispersed production across multiple inland cities (Ji'nan, Laiwu, Tai’an, Linyi)
Aging BF-BOF facilities from 1980s-1990s era
Environmental challenges: Urban locations creating air quality problems
Limited port access: High logistics costs for raw materials
Capacity: 50-55 Mt (2015)

2.3.2 Transformation Phase (2017-2020)

Drivers:
1. Environmental policy: Urban air quality improvement mandates
2. Industrial upgrading: Provincial strategy to modernize heavy industry
3. Capacity optimization: National steel capacity control policies
4. Coastal development: Leverage port infrastructure for efficiency gains
Major Projects:

1. Ji’nan Steel Relocation (2017-2019):

Demolished 8 Mt capacity in urban Ji'nan

Constructed new 8-10 Mt facility in Rizhao

Net change: Slight capacity increase, massive efficiency and environmental gains
Investment: RMB 25-35 billion

2. Rizhao Steel Expansion (2018-2020):

e Added 4-6 Mt capacity at existing site
e Total Rizhao complex: 12-15 Mt
e Technology: Ultra-modern BF-BOF with sintering, coking, continuous casting

3. Consolidation and Retirement:

e Retired 15-20 Mt obsolete capacity across province
e Merged smaller producers into provincial group
e Net capacity change 2017-2020: +25 Mt (from 55 to 80 Mt)
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Technology Characteristics of New Facilities:

Energy efficiency: 20-25% lower energy consumption vs. retired capacity

Emissions intensity: 1.9-2.0 t CO2/t steel (vs. 2.3-2.5 for old facilities)

Product quality: Higher steel grades, reduced impurities

Environmental controls: Sintering flue gas desulfurization, bag filters, water recycling
Automation: Significantly increased digital controls and process optimization
CCUS-readiness: Space and infrastructure provisions for potential CO4 capture retrofits

2.3.3 Current Status and Future Trajectory

2024 Production Mix:
e Modern BF-BOF (2017-2020 vintage): 65-70 Mt (85-87%)
e Older BF-BOF (pre-2017): 3-5 Mt (4-6%)
e EAF (various vintages): 8-12 Mt (10-12%)
Implications for 1.5:1 Policy:

1. Asset protection priority: Recent RMB 50-80 billion investments create strong incentive
to leverage on-site upgrade provisions (1:1 equal-capacity swap)

2. Retrofit potential: Modern facilities designed with sufficient space and infrastructure for
CCUS or hydrogen injection retrofits

3. Selective retirement: Small remaining pre-2017 capacity (3-5 Mt) obvious candidates
for 1.5:1 replacement

4. EAF expansion opportunity: Low current EAF share (10-12%) provides growth path-
way without BF-BOF retirement

5. Technology diversification: Balanced approach combining CCUS retrofits, selective Ho-
DRI, and EAF expansion

3 Decarbonization Strategy and Major Projects

3.1 Provincial Government Commitment and Policy Framework
3.1.1 Shandong Province 14th Five-Year Plan (2021-2025) Steel Sector Targets

Capacity Control:
e Target: Stabilize capacity at 80-85 Mt (prevent further growth)
e Consolidation: Reduce number of producers from 20+ to 10-12 major groups
e Coastal concentration: 80% of capacity in coastal cities (Rizhao, Qingdao, Yantai) by 2025
Environmental Targets:
e Ultra-low emissions: 100% compliance by end-2025
e Energy intensity: 10% reduction vs. 2020 (from 600 to 540 kgce/t steel)
e Water consumption: 15% reduction through recycling and advanced cooling
e Solid waste utilization: 98% utilization rate for steel slag and dust
Technology Upgrade:

Pilot projects: 1-2 hydrogen DRI demonstrations by 2025

CCUS preparation: Retrofits planned for 3-5 major facilities

EAF expansion: Increase share from 10% to 15-18% by 2025

Digitalization: Smart manufacturing adoption across major producers
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3.1.2 15th Five-Year Plan (2026-2030) Preliminary Framework

Alignment with National 1.5:1 Policy:
e Net capacity reduction target: 15-20 Mt (from 80-85 Mt to 65-70 Mt)
¢ Implementation approach:
— Phase 1 (2026-2027): Retire remaining pre-2017 capacity (3-5 Mt) at 1.5:1
— Phase 2 (2027-2030): On-site technology upgrades at 1:1 ratio for modern facilities
— Phase 3 (2028-2030): Strategic consolidation mergers leveraging 1.25:1 ratio
Decarbonization Pathway:
e 2030 emissions target: Reduce from 160-180 Mt CO (2024) to 120-130 Mt CO2 (25-30%
reduction)
e Technology mix projection (2030):
— BF-BOF with CCUS: 30-35 Mt (46-50%)
— Hydrogen DRI-EAF: 8-12 Mt (12-17%)
— Conventional EAF: 18-20 Mt (26-29%)
— Remaining BF-BOF: 8-10 Mt (12-14%)

3.2 The Three Strategic Decarbonization Projects
3.2.1 Project 1: Rizhao Steel CCUS Retrofit Initiative

Project Overview:

Location: Rizhao Steel Works (coastal facility)

Scale: 8-10 Mt BF-BOF capacity

Technology: CO; capture from blast furnace gas and sintering flue gas
Capture target: 3-4 Mt COq/year (40-50% of facility emissions)

Storage: Offshore geological formations in Bohai Bay

Timeline: Design 2025-2026, construction 2026-2028, operation from 2029
Investment: RMB 10-15 billion (capital), RMB 0.5-0.8 billion/year (operations)
Technology Details:

1. Capture Points:

e Blast furnace top gas: 45-50% COs2 concentration (moderate purity)
e Sintering flue gas: 12-15% COq concentration (requires pre-concentration)
e Basic oxygen furnace off-gas: 70-80% COq concentration (high purity)

2. Capture Process:

Technology: Chemical absorption using amine-based solvents
Capture rate: 85-90% at selected points

Energy penalty: 12-15% increase in facility energy consumption
Purity: >95% COs for pipeline transport and storage

3. Transport and Storage:

Pipeline: 30-50 km to offshore injection platform

Storage depth: 1,000-2,500 meters in saline aquifers

Capacity: Geological assessment indicates 50+ year storage at 3-4 Mt /year
Monitoring: Comprehensive seismic and well monitoring for leakage detection

Strategic Rationale:

e Asset protection: Extends economic life of 2019-2020 commissioned BF-BOF by 15-20
years

¢ Bridge technology: Provides emissions reduction while hydrogen infrastructure matures

e Qualification for 1:1: On-site technology upgrade potentially eligible for equal-capacity
swap

10
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e Coastal advantage: Proximity to offshore storage reduces transport costs vs. inland
facilities
e Demonstration value: First large-scale steel CCUS in Shandong, proving pathway for

other coastal provinces
Challenges and Risks:

1. Cost competitiveness: Operating cost of RMB 250-400/tonne COg captured ($35-
55/tonne) adds $70-110/tonne steel cost

2. Energy penalty: 12-15% energy increase partially offsets emissions reductions

3. Storage permanence: Long-term liability for COs storage, regulatory framework evolu-
tion required

4. Public acceptance: Offshore storage faces less opposition than onshore, but monitoring
transparency essential

5. Policy uncertainty: CCUS not yet recognized in China’s ETS, carbon credit value un-
certain

3.2.2 Project 2: Qingdao Hydrogen DRI Demonstration

Project Overview:

Location: Qingdao Port Industrial Zone

Scale: 1 Mt DRI production capacity (initial phase)

Technology: Hydrogen-based direct reduction with electric arc furnace

Hydrogen source: Initial 30% green Hy, 70% blue Hs, transitioning to 100% green by
2035

e Emissions reduction: 1.5-1.8 Mt COs/year vs. conventional BF-BOF

e Timeline: Phase 1 (2025-2027), Phase 2 expansion to 3 Mt (2028-2030)

e Investment: RMB 8-12 billion (Phase 1)

Technology Configuration:

1. Hydrogen Production:

Electrolyzers: 300 MW initial capacity, expanding to 1 GW

Electricity source: Offshore wind (60%), solar PV (20%), grid power (20%)
Blue hydrogen: Natural gas reforming with CCUS (capture rate >90%)
Storage: Salt cavern hydrogen storage (50,000 tonne capacity)

2. Direct Reduction Process:

Reactor type: Shaft furnace adapted for 100% hydrogen operation
Reduction temperature: 800-950°C

Iron ore quality: Requires high-grade pellets (67%+ Fe content)
Product: DRI with 92-94% metallization, 2-4% carbon content

3. Steelmaking:

e EAF capacity: 1.2 Mt to handle DRI and scrap
e Scrap ratio: 20-30% scrap with 70-80% DRI
e Product quality: Low-residual steel suitable for automotive, appliances

Strategic Advantages:

Port infrastructure: Direct access to high-quality iron ore imports
Renewable resources: Shandong’s substantial offshore wind potential
Market positioning: Premium "green steel" for export markets (EU, Japan)
Technology leadership: First large-scale Ho-DRI in Northern China

Policy alignment: Qualifies for multiple subsidy programs and green finance

11



University of Udine MIFUS - Shandong Steel Decarbonization

3.2.3 Project 3: Shandong Scrap-Based EAF Expansion

Initiative Overview:

Scale: Add 10-12 Mt EAF capacity by 2030

Location: Distributed across 4-5 industrial parks
Technology: Ultra-high power EAFs with scrap preheating
Scrap sourcing: Domestic collection network development
Emissions reduction: 1.2-1.5 t CO2/t steel vs. BF-BOF
Timeline: 2025-2030 in three phases

Investment: RMB 40-60 billion total

Scrap Mobilization Strategy:

1. Collection Infrastructure:

Regional scrap yards: 15-20 facilities across Shandong

Sorting technology: Automated sorting for copper, aluminum removal
Quality standards: Implementation of scrap classification system
Logistics: Optimized transport to EAF facilities

2. Scrap Supply Projections:

Current availability: 8-10 Mt /year within Shandong

2030 potential: 15-18 Mt /year with improved collection

Import potential: 2-3 Mt /year from other provinces
Scrap-to-steel ratio: Target 25-30% of total production by 2030

EAF Technology Features:

e Energy efficiency: 350-400 kWh/t steel (vs. 450-500 kWh conventional)
Electrode consumption: 1.0-1.2 kg/t (vs. 1.5-2.0 kg conventional)
Productivity: 45-50 minute tap-to-tap time for 150 tonne furnace
Environmental controls: Baghouse filters, noise reduction, water recycling
Grid integration: Smart charging to optimize electricity costs

4 Infrastructure Requirements and Dependencies

4.1 Electricity System Transformation
4.1.1 Current Power Supply (2024)

Table 4: Shandong Electricity Mix (2024)
Capacity (GW) Generation (TWh) Share (%)

Power Source

Coal 85-90 380-400 68-72%
Wind 25-28 55-60 10-11%
Solar 35-40 45-50 8-9%
Nuclear 2.5 18-20 3-4%
Hydro 1.2 3-4 0.5-0.7%
Natural Gas 8-10 25-30 4-5%
Biomass/Other 2-3 8-10 1-2%
Total 158-172 534-574 100%

Steel Sector Electricity Demand:
e Current consumption: 35-40 TWh/year (6-7% of provincial total)
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e Projected 2030 demand: 55-65 TWh/year with EAF expansion
e Peak demand impact: Additional 3-4 GW required for EAF operations

4.1.2 Renewable Energy Expansion Plans

Offshore Wind Development:
e Current capacity: 2 GW (2024)
2025 target: 8 GW
2030 target: 15-18 GW
Key projects: Bohai Bay, Yellow Sea offshore wind farms
Steel sector connection: Dedicated transmission to hydrogen and EAF facilities
Solar PV Expansion:
e Current capacity: 35-40 GW (largest in China)
e 2030 target: 60-70 GW
e Integration: Distributed generation near steel facilities
e Industrial applications: Rooftop solar on steel plant buildings
Grid Infrastructure Requirements:
Transmission upgrades: 5-8 GW new capacity for coastal industrial zones
Smart grid: Demand response for EAF flexible operation
Energy storage: 2-3 GWh battery storage for renewable integration
Interprovincial connections: Increased imports from Inner Mongolia wind /solar

4.2 Hydrogen Infrastructure Development

4.2.1 Production Capacity Roadmap

Table 5: Shandong Hydrogen Production Targets

Production Method 2024 Capacity 2030 Target Steel Sector Allocation
Green Hydrogen (Electrolysis) 50,000 t 300,000 t 200,000 t
Blue Hydrogen (Natural Gas + CCUS) 20,000 t 150,000 t 100,000 t
By-product Hydrogen 30,000 t 40,000 t 20,000 t
Total 100,000 t 490,000 t 320,000 t

Cost Reduction Trajectory:

e Current green Hy cost: RMB 45-60/kg ($6.3-8.4/kg)

2025 target: RMB 35-45 /kg ($4.9-6.3/kg)

2030 target: RMB 20-30/kg ($2.8-4.2/kg)

Competitiveness threshold: RMB 25 /kg for steel applications

4.2.2 Transport and Storage Infrastructure

Pipeline Network:
e Current: 50 km industrial pipelines
e 2025 plan: 200 km connecting major industrial zones
e 2030 vision: 500 km provincial hydrogen backbone
e Blending: Initial 10-15% Hs in natural gas pipelines
Storage Facilities:
e Salt caverns: 2 sites identified (100,000 tonne total capacity)
e Above-ground storage: 10,000 tonne at production sites
e Liquid hydrogen: 5,000 tonne capacity for transport
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4.3 Carbon Capture, Transport and Storage Infrastructure
4.3.1 CO3 Pipeline Network

Phase 1 (2025-2028):
e Rizhao Steel to offshore: 50 km, 5 Mt /year capacity
e Cost: RMB 2.5-3.5 billion
e Technical: Supercritical COg, 100-150 bar pressure
Phase 2 (2028-2035):
e Provincial backbone: 300 km connecting major emitters
e Capacity: 15-20 Mt /year
e Investment: RMB 12-15 billion

4.3.2 Offshore Storage Capacity

Bohai Bay Storage Assessment:

Theoretical capacity: 5-10 Gt COq

Practical capacity: 1-2 Gt considering economics and regulations
Injection rate: 10-15 Mt/year by 2030, 30-50 Mt /year by 2050
Monitoring: Comprehensive seismic and well monitoring network

5 Economic and Competitive Challenges

5.1 Capital Investment Requirements

Table 6: Shandong Steel Decarbonization Investment Estimate (2025-2035)

Investment Category RMB (billion) USD (billion) Share (%)
CCUS Retrofits 80-120 11-17 35-40%
Hydrogen DRI Facilities 60-90 8-13 25-30%
EAF Capacity Expansion 40-60 6-8 15-20%
Grid and Renewable Energy 30-50 4-7 10-15%
Hydrogen Infrastructure 20-30 3-4 5-10%
Scrap Collection System 10-15 1-2 3-5%
Total 240-365 34-51 100%

Financing Sources:

Steel company investment: 40-50% (RMB 100-180 billion)
Provincial government: 15-20% (RMB 40-70 billion)
National funds: 10-15% (RMB 25-55 billion)
International green finance: 5-10% (RMB 15-35 billion)
Private investment: 10-15% (RMB 25-55 billion)

5.2 Production Cost Implications
5.2.1 Technology-Specific Cost Impacts
Key Observations:

1. CCUS pathway: 20-25% cost increase vs. conventional BF-BOF

2. Hydrogen pathway: 55-75% cost increase, requires substantial green premium
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Table 7: Steel Production Cost Comparison (2030 Projection)

Technology Capital Cost Operating Cost CO5 Cost Total Cost

$/t steel $/t steel  $/t steel $/t steel
Conventional BF-BOF 150-200 350-400 50-80 550-680
BF-BOF with CCUS 250-300 400-450 20-30 670-780
Ho-DRI-EAF (2030) 400-500 450-550 10-20 860-1070
EAF (scrap-based) 200-250 300-350 10-20 510-620

3. EAF pathway: Competitive at current scrap prices, vulnerable to scrap volatility

4. Carbon cost sensitivity: $50/tonne CO2 makes CCUS and EAF competitive

5.2.2 Competitiveness Analysis

Domestic Market Position:
e Current advantage: Low-cost production from modern facilities
e 2030 challenge: Higher costs than inland provinces with less stringent regulations
e Market segmentation: Premium products for export and coastal markets
e Policy protection: Potential border carbon adjustments for domestic market
International Competition:
e EU green steel: Higher cost base but stronger green premium market

Southeast Asia: Lower environmental standards, cost advantage

Export market risk: CBAM exposure for conventional production

Opportunity: Green steel exports to Japan, Korea, Europe

5.3 Employment and Social Implications
5.3.1 Workforce Transformation

Current Employment (2024):

e Direct steel production: 180,000-220,000 workers

o Average age: 42 years

e Skill profile: 60% production workers, 25% technical, 15% administrative

e Unionization: High in state-owned enterprises

2030 Projection:

e Direct employment: 150,000-180,000 (15-20% reduction)
Skill shift: Increased demand for electrical, automation, hydrogen technicians
Regional impact: Concentration in coastal zones, reduction in inland areas
Training requirements: 30,000-40,000 workers need retraining

5.3.2 Social Support Requirements

Transition Assistance:

Early retirement: 20,000-30,000 workers eligible for early pension
Retraining programs: RMB 2-3 billion investment needed
Regional development: Economic diversification in affected areas
Timeline: 10-15 year transition period for workforce adjustment
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6 Policy and Regulatory Framework

6.1 National Policy Landscape
6.1.1 China’s 1.5:1 Capacity Replacement Policy

Key Provisions:
e Basic requirement: 1.5 tonnes retired for 1 tonne new capacity
e Exceptions: 1:1 ratio for on-site technology upgrades, high-end specialty steel, Qing-
hai/Xizang
e M&A provision: 1.25:1 for mergers completed after June 2021
e Implementation: Provincial governments responsible for enforcement
e Penalties: Production suspension, fines, credit restrictions for non-compliance
Shandong Implementation Challenges:

1. Recent investment protection: How to treat 2017-2020 modern facilities
2. Technology upgrade definition: Whether CCUS retrofits qualify for 1:1 exception
3. Timing flexibility: Need for extended compliance timelines

4. Provincial coordination: Capacity transfers between provinces

6.1.2 October 2024 Policy Revolution

Key Changes:
e EAF encouragement: Simplified approval for EAF projects
Scrap mobilization: National scrap collection system development
Hydrogen support: Inclusion of steel in hydrogen development strategy
CCUS recognition: Initial framework for CCUS certification
Carbon market expansion: Steel sector inclusion in national ETS (2026-2028)

6.2 Provincial Policy Innovations
6.2.1 Shandong Green Steel Development Fund

Structure:
e Size: RMB 20 billion initial capitalization
e Sources: Provincial government (40%), steel companies (40%), financial institutions (20%)
e Focus: Co-investment in decarbonization projects
e Terms: Preferential loans, equity investments, guarantees
Eligible Projects:
e CCUS demonstrations: Up to 30% capital cost support
Hydrogen DRI: Up to 40% capital cost for first-of-kind
EAF transformation: 15-20% support for capacity replacement
R&D: Grants for technology development

6.2.2 Shandong Carbon Market Enhancements

Provincial ETS Development:

Coverage: 60 Mt CO; from steel sector

Allocation: 90% free allocation initially, declining to 70% by 2030
Price range: RMB 40-80/tonne (2025), RMB 80-150/tonne (2030)
Linkages: Potential connection with national ETS
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7 Environmental Impact and Emissions Reduction Pathways

7.1 Current Environmental Performance

7.1.1 Air Emissions Profile

Table 8: Shandong Steel Sector Air Emissions (2024)

Pollutant Emissions (kt/year) Intensity (kg/t steel) Reduction vs 2020

SO2 45-55
NOy 80-95
PMa 5 25-35
CcO 800-950

0.6-0.7
1.0-1.2
0.3-0.4

10-12

35-40%
30-35%
40-45%
25-30%

7.1.2 Water and Waste Management

Water Consumption:

Current: 2.8-3.2 m3/t steel
Target 2030: 2.0-2.3 m3/t steel

e Recycling rate: 95% (2024), target 98% (2030)
Solid Waste Utilization:
o Steel slag: 85% utilization (construction, cement)

e Dust and sludge: 90% recycling (internal use, zinc recovery)
e Target: 95% comprehensive utilization by 2030

7.2 Emissions Reduction Trajectory

7.2.1 CO3 Emissions Projection

Table 9: Shandong Steel COo Emissions Pathway

Year Production (Mt) Emissions (Mt CO2) Intensity (t CO2/t steel) Reduction vs 2020
2020 64 145-150 2.25-2.35 -
2024 78 160-170 2.05-2.18 8-12%
2030 65-70 120-130 1.75-1.90 20-25%
2035 60-65 80-95 1.30-1.50 40-45%
2050 50-55 20-30 0.40-0.55 80-85%

7.2.2 Reduction Contribution by Technology

2030 Projection:
e CCUS: 15-20 Mt COz reduction (35-40% of total)
e Hydrogen DRI: 8-12 Mt CO4 reduction (20-25% of total)
e EAF expansion: 10-12 Mt COg reduction (25-30% of total)
e Efficiency improvements: 5-7 Mt COq reduction (10-15% of total)
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Table 10: Chinese Steel Province Comparison (2030 Projection)

Characteristic Shandong Hebei Jiangsu
Production 65-70 180-200 100-110
(M)

Capacity reduc- 15-20 Mt 50-60 Mt  15-20 Mt
tion

EAF share (%) 25-30 15-20 30-35
H,-DRI focus Medium Low High
CCUS potential High Medium Low
Coastal advan- High Low High
tage

Employment Medium High  Medium
impact

Investment need High Very High  Medium

8 Comparative Analysis: Shandong vs. Other Regions

8.1
8.2

Within China: Shandong vs. Hebei and Jiangsu

International: Shandong vs. Germany and Japan

Germany Comparison:

Technology focus: Germany hydrogen-focused vs. Shandong balanced approach
Policy approach: Germany subsidy-driven vs. Shandong regulation-driven
Pace: Germany gradual (2027-2045) vs. Shandong accelerated (2025-2035)

Cost structure: Germany higher energy costs, Shandong higher capital costs

Japan Comparison:

Technology leadership: Japan advanced in CCUS and efficiency

Scale challenge: Japan smaller facilities vs. Shandong massive integrated plants
Export orientation: Both face CBAM pressures

Innovation approach: Japan top-down R&D vs. Shandong demonstration projects

9 Critical Success Factors and Risks

9.1

Success Factors

9.1.1 Technical and Infrastructure Factors

1.

2.

CCUS cost reduction: Achieving <$50/tonne capture and storage costs
Hydrogen economy scale-up: Meeting $2.5-3.5/kg green hydrogen target
Renewable electricity availability: Sufficient low-cost zero-carbon power

Scrap collection system: Effective mobilization of domestic scrap resources

. Grid modernization: Adequate capacity and flexibility for EAF operations

9.1.2 Policy and Economic Factors

1.

2.

3.

Policy consistency: Stable regulatory framework through 2030
Carbon pricing effectiveness: Meaningful COg price signal ($50-100/tonne)

Green premium realization: Market recognition and payment for low-carbon steel
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4. Financing availability: Adequate capital at reasonable cost

5. International alignment: CBAM compatibility and export market access

9.2 Risk Assessment
9.2.1 High Probability, High Impact Risks

Policy Implementation Risk:
e Description: Inconsistent application of 1.5:1 policy across provinces
e Probability: Medium-High (40-60%)
e Impact: High (competitive disadvantage)
e Mitigation: Provincial coordination, national oversight
Technology Cost Risk:
e Description: CCUS and hydrogen costs remain above targets
e Probability: Medium (30-50%)
e Impact: High (economic unviability)
e Mitigation: Technology learning, international cooperation
Carbon Leakage Risk:
e Description: Production shifts to provinces with weaker regulations
Probability: Medium (25-40%)
Impact: High (emissions transfer, job loss)
Mitigation: National carbon market, border adjustments

9.2.2 Lower Probability, High Impact Risks

Scrap Supply Risk:
e Description: Insufficient quality scrap for EAF expansion
e Probability: Low-Medium (15-25%)
e Impact: Medium-High (stranded EAF assets)
e Mitigation: Scrap standards, import diversification
Social Acceptance Risk:
e Description: Public opposition to CCUS storage or plant closures
Probability: Low (10-20%)
Impact: Medium (project delays, additional costs)
Mitigation: Transparency, community benefits, just transition

10 Recommendations and Policy Implications

10.1 Immediate Actions (2025-2026)
10.1.1 Policy and Regulatory Measures

1. Clarify 1.5:1 implementation:

e Define "technology upgrade" to include CCUS retrofits
e Establish clear timeline for capacity reduction compliance
e Create transparent approval process for exceptions

2. Launch Shandong Green Steel Fund:

e Complete RMB 20 billion capitalization
e Establish project selection criteria
e Begin first round of investments in CCUS and hydrogen

3. Enhance carbon market design:
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e Set declining cap aligned with 2030 emissions target
e Establish price stability mechanism
e Develop protocols for CCUS and hydrogen credits

10.1.2 Infrastructure Development

1. Accelerate renewable energy deployment:

e Fast-track offshore wind permits

e Develop industrial renewable energy zones

e Implement steel sector renewable procurement program
2. Initiate CO5 pipeline planning;:

e Conduct detailed routing and environmental assessment

e Secure right-of-way and permits

e Begin stakeholder engagement for offshore storage
3. Expand hydrogen infrastructure:

e Complete salt cavern storage feasibility
e Begin construction of initial electrolyzer facilities
e Develop hydrogen quality standards for steel use

10.2 Medium-Term Strategies (2027-2030)
10.2.1 Technology Deployment

1. Scale CCUS demonstrations:

e Complete Rizhao Steel retrofit (3-4 Mt COq/year)
e Begin additional projects at 2-3 other facilities
e Achieve capture cost target of <$50/tonne

2. Commercialize hydrogen DRI:

e Complete Qingdao demonstration (1 Mt capacity)
e Scale to 3 Mt with 50% green hydrogen
e Achieve hydrogen cost target of <$3.5/kg

3. Execute EAF transformation:

e Add 8-10 Mt EAF capacity
e Develop scrap supply chain for 15 Mt /year
e Implement smart grid integration for EAF flexibility

10.2.2 Market Development

1. Cultivate green steel market:

e Develop certification system for low-carbon steel
e Engage automotive, appliance, construction sectors
e Establish export channels for green steel products

2. Enhance workforce capabilities:

e Train 20,000 workers in new technologies
e Develop technical education programs
e Implement just transition program for affected workers

3. Strengthen international cooperation:
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e Partner with European and Japanese technology leaders
e Align standards with international best practices
e Develop joint research initiatives

10.3 Long-Term Vision (2031-2050)
10.3.1 System Transformation

1. Complete technology transition:

e Phase out remaining conventional BF-BOF without CCUS
e Achieve 50% production from EAF route
e Establish hydrogen as primary reduction technology

2. Circular economy integration:

e Maximize scrap utilization with advanced sorting
o Integrate steel with other industrial sectors
e Develop industrial symbiosis networks

3. Global leadership position:

e Become reference for emerging economy steel decarbonization
e Export technology and operational expertise
e Influence international standards and policies

11 Conclusions and Strategic Assessment

11.1 Shandong’s Unique Position and Challenges

Shandong Province represents a critical test case for steel decarbonization globally, characterized
by several unique features:

1. Recent modernization paradox: Massive 2017-2020 investments create both advantage
(modern, efficient facilities) and challenge (stranded asset risk)

2. Balanced pathway approach: Unlike Germany’s hydrogen focus or Hebei’s forced re-
tirement approach, Shandong pursues pragmatic technology diversification

3. Coastal infrastructure advantage: Port access facilitates both raw material imports
and future green steel exports, unlike inland competitors

4. Moderate economic dependence: 6-8% GDP contribution enables more flexible tran-
sition than highly dependent regions (e.g., Hebei at 15-20%)

5. Policy implementation laboratory: As early implementer of 1.5:1 policy, Shandong’s
experience will inform national rollout

11.2 Strategic Assessment of Decarbonization Pathways
11.2.1 CCUS Pathway Assessment

Strengths:
e Leverages recent BF-BOF investments and extends asset life
e Coastal location reduces transport costs for offshore storage
e Technology relatively mature compared to hydrogen alternatives
e Provides bridge while hydrogen economy develops
Weaknesses:
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High capital and operating costs impact competitiveness
Public acceptance challenges for COs storage

Energy penalty reduces overall efficiency

Long-term liability and monitoring requirements
Opportunities:

e Potential for cost reduction through technology learning

e Multiple storage sites available in Bohai Bay

e Synergies with other industrial emitters in coastal zones

e Early mover advantage in CCUS technology and operations
Threats:

e Policy uncertainty in carbon pricing and CCUS recognition
e Competition from alternative decarbonization routes

e Technological lock-in if hydrogen becomes dominant

e International trade barriers if CCUS not recognized as "green"

11.2.2 Hydrogen DRI Pathway Assessment

Strengths:
e Potential for near-zero emissions with green hydrogen
e Produces high-quality steel suitable for premium markets
e Aligns with global technology trends and investor preferences
e Leverages Shandong’s renewable energy potential
Weaknesses:
e Very high current costs (2x conventional production)
e Requires massive renewable electricity deployment
e Dependent on hydrogen infrastructure development
e Limited operational experience at commercial scale
Opportunities:
e Access to green premium markets in EU, Japan, Korea
e First-mover advantage in Chinese hydrogen steelmaking
e Synergy with provincial hydrogen economy development
e Technology leadership and export potential
Threats:
e Hydrogen cost reduction slower than projected
e Competing uses for limited green hydrogen supply
e International technology protectionism
e Insufficient green premium to justify additional costs

11.2.3 EAF Expansion Pathway Assessment

Strengths:
e Lowest cost decarbonization option currently available
e Mature technology with extensive operational experience
e Flexible operation compatible with renewable electricity
e Shorter construction timelines and lower capital costs
Weaknesses:
e Limited by scrap availability and quality constraints
e Product quality limitations for some high-end applications
e Electricity price volatility and grid dependency
e Residual elements accumulation in recycled steel
Opportunities:
e China’s approaching scrap availability "inflection point"
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e Growing domestic scrap collection infrastructure

e Lower carbon footprint recognition in markets

e Hybrid operations with DRI for quality enhancement
Threats:

e Scrap price volatility and supply chain disruptions

e Competition for scrap with other provinces and countries
e Electricity supply constraints during peak demand

e Trade barriers on steel classified as "resource-based"

11.3 Critical Success Factors for Shandong’s Transition
11.3.1 Policy and Regulatory Enablers
1. Stable and predictable policy framework:

Clear long-term implementation schedule for 1.5:1 policy
Consistent treatment of different technology pathways
Coordination between national, provincial, and local levels
Transparent approval processes and timelines

2. Effective carbon pricing mechanism:

Meaningful COq price signal ($50-100/tonne by 2030)
Level playing field between domestic producers
Protection against carbon leakage

Recognition of early action and investments

3. Technology-neutral support mechanisms:

Capital support for first-of-a-kind demonstrations
Operating support during commercialization phase
R&D funding for continuous improvement
International technology cooperation facilitation

11.3.2 Infrastructure and Investment Requirements

1. Coordinated energy system transformation:

Renewable electricity deployment aligned with steel sector needs
Grid modernization for EAF and hydrogen electrolyzer integration
Hydrogen production, storage, and distribution infrastructure
COg, transport and storage network development

2. Adequate and affordable financing;:

Blended finance structures to reduce risk
Green bonds and sustainability-linked loans
International climate finance access

Patient capital for long-term infrastructure

3. Circular economy infrastructure:

Modern scrap collection and processing facilities
Quality standards and certification systems
Logistics optimization for material flows
Industrial symbiosis networks
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11.3.3 Market and Social Dimensions

1. Green market development:

Standards and certification for low-carbon steel

Supply chain collaboration with automotive, construction sectors
Export market development for premium products

Consumer awareness and willingness to pay

2. Just transition implementation:

Workforce retraining and skills development
Regional economic diversification programs
Social safety nets during transition period
Community engagement and benefit sharing

3. International alignment:

CBAM compatibility and export market access
Technology standards harmonization

Joint research and development initiatives
Best practice sharing and learning networks

11.4 Implications for Global Steel Decarbonization
11.4.1 Lessons for Other Major Producing Regions

Shandong’s experience offers valuable insights for other steel-producing regions globally:

1. Balanced technology portfolio:

Avoid over-reliance on single technology solution
Match technology choices to regional advantages
Maintain flexibility to adjust as costs evolve
Leverage existing assets where economically sensible

2. Infrastructure-led approach:

Coordinate steel transition with energy system planning
Develop shared infrastructure to reduce costs

Sequence investments to build confidence

Create industrial clusters for synergy effects

3. Policy implementation reality:

Administrative capacity controls can drive rapid change

Need for flexibility and adaptation during implementation
Importance of regional differentiation in national policies
Challenge of balancing environmental and economic objectives

11.4.2 Contribution to Global Climate Goals
Shandong’s steel decarbonization has significant implications for global climate efforts:
e Magnitude of impact: Successful transition would reduce global steel emissions by 2-3%

e Technology demonstration: Large-scale validation of multiple decarbonization path-
ways

e Cost reduction potential: Scale effects could lower costs for all regions
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e Policy innovation: Testing novel approaches to industrial transformation

e Developing country relevance: Model for emerging economies with growing steel pro-
duction

11.5 Concluding Remarks

Shandong Province stands at a critical juncture in its steel industry development. The massive
modernization investments of 2017-2020 created one of the world’s most efficient and modern steel
production bases, but now face the challenge of rapid decarbonization under China’s stringent
1.5:1 capacity replacement policy.

The province’s strategic advantages—coastal location, modern facilities, balanced economic
structure, and strong renewable resources—position it well for successful transition. However,
significant challenges remain in technology costs, infrastructure development, workforce trans-
formation, and maintaining competitiveness.

The balanced approach pursued by Shandong, combining CCUS retrofits, hydrogen DRI
development, and EAF expansion, represents a pragmatic pathway that leverages existing assets
while building toward a low-carbon future. This diversified strategy reduces risk compared to
regions betting heavily on single technological solutions.

Success will require coordinated action across multiple dimensions: stable policy frameworks,
massive infrastructure investment, technology cost reduction, market development for green steel,
and comprehensive just transition measures. The experience gained in Shandong will provide
valuable lessons for steel decarbonization efforts across China and globally.

As part of the MIFUS initiative’s global comparative analysis, Shandong exemplifies the
complex balancing act between industrial modernization and environmental transformation that
characterizes steel decarbonization worldwide. Its journey will be closely watched as an indicator
of China’s ability to reconcile its dual goals of industrial development and climate leadership.
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Appendix: Methodology and Data Sources

Data Collection Approach

This analysis employed a mixed-methods approach combining:

1.

Official statistics: Production data from National Bureau of Statistics, China Iron and
Steel Association

Company reports: Financial and operational data from major steel producers
Policy documents: National and provincial government plans and regulations

Expert interviews: 25 semi-structured interviews with industry executives, government
officials, researchers

Site visits: Field research at major steel facilities in Rizhao, Qingdao, Laiwu

International benchmarking: Comparative data from IEA, worldsteel, EU publications

Analytical Framework

The assessment utilized the MIFUS Integrated Steel Transition Framework, evaluating:

Technical feasibility: Technology readiness, infrastructure requirements
Economic viability: Cost competitiveness, investment requirements
Policy effectiveness: Regulatory frameworks, implementation mechanisms
Social acceptability: Employment impacts, community responses

Environmental impact: Emissions reduction, resource efficiency

Limitations and Uncertainties

1.
2.

Data availability: Some operational and cost data proprietary or estimated

Policy evolution: Rapid changes in regulatory environment require continuous monitor-
ing

Technology costs: Projections subject to significant uncertainty
Market developments: Green premium realization and scrap prices highly variable

International factors: Trade policies and global economic conditions unpredictable
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