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A structural transformer shortage has replaced capital as the primary energy transition 
bottleneck, creating a multi-year pricing supercycle and supply chain investment opportunities.

Source: Cleveland-Cliffs, AutoPresent Analysis
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Key Points

• The primary constraint has shifted from capital cost ($/MWh) to physical component availability.
• Global transformer production capacity is ~30% below 2026 demand, creating a structural deficit.
• Lead times have exploded 6x since 2020 to 180-210 weeks, pushing projects beyond financial model visibility.

• The crisis is fundamentally a shortage of Grain-Oriented Electrical Steel (GOES), which has zero substitutes.
• 90% of high-grade GOES is concentrated in China, Japan, and South Korea, creating geopolitical risk.
• In the US, Cleveland-Cliffs holds a 100% monopoly on domestic GOES production.

• A demand tsunami from aging grids (70% >25 years old) and the AI boom is colliding with constrained supply.
• This has created a pricing supercycle (+450% since 2019) and decoupled unit costs from raw materials.
• A 'tale of two markets' is emerging: integrated OEMs and steel producers are winning, while developers and utilities face margin pressure and stranded asset 

risk.

• The supply deficit is structural and will persist through at least 2028 due to regulatory barriers and long lead times for new capacity.
• Near-term opportunities are in the secondary market (refurbished units) and services, commanding 25-50% premiums.
• Capital should be allocated toward the supply chain (OEMs, GOES) which holds pricing power, away from end-users exposed to stranded asset risk.
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The energy transition has shifted from a capital-constrained environment to a manufacturing-
constrained reality where physical bottlenecks now dictate deployment speed.

The Regime Change
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The Deficit Gap: Global Transformer Capacity Demand vs. Supply (MVA)

Global Demand Production Capacity (30% Shortfall by 2026)

The Deficit Gap: Global Transformer Capacity Demand vs. Supply (MVA)

Capacity (MVA), Year

Stranded Asset Risk: Capital allocation toward developers (wind/solar/AI) carries extreme risk as 
physical component scarcity now dictates deployment speed over financial liquidity.
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This manufacturing constraint creates a functional kill chain where transformers 
have become the longest-lead critical path item for all data center and grid projects.

Source: Susquehanna’s “chip lead-time tracker”, Wood Mackenzie transformer market work, Power magazine’s 2025 coverage of transformer supply (“Transformers in 2026: Shortage, Scramble, or Self-Inflicted 
Crisis?”), U.S. Department of Energy transformer efficiency rules (draft rule released in early 2023), Integrated resource plans (IRPs) filed by U.S. utilities, U.S. Inflation Reduction Act (IRA) Safe Harbor — July 2026 
deadline, FEOC (Foreign Entity of Concern) restrictions, AutoPresent Analysis

Critical Path Divergence: Equipment vs. Infrastructure Lead Times

THE KILL CHAIN: 3.5 to 4 
Years

Logic/Compute Chips (GPUs)

Cooling Systems

Power Gen (Gas/Solar)

Grid Interconnection 
(Transformers)

2026 2027 2028 2029
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Typical Project 
Planning 
Horizon

Strategic Rationale: Why Transformers Define the Infrastructure Moat

• 210-week lead time vs. 52-week budgeting cycle 
creates a systematic 'blind spot' in project 
planning

• Transformer delivery is the final gating factor for 
both Hyperscale DC and utility-scale grid COD

A
The 4-Year Gap: 
Lead times 
exceed planning 
cycles by 300%+

• LPT prices up ~70% since 2019; structural 
shortage of grain-oriented electrical steel and 
skilled labor

• FEOC restrictions further limit access to faster 
Chinese supply, locking buyers into overbooked 
Western OEMs

B
Supply Deficit: 
119% demand 
surge hitting core 
steel limits

• Units are bespoke to site-specific voltage and 
grid codes; 'plug-and-play' modularity is 
technically unfeasible

• Zero inventory buffers exist; current lead times 
reflect a pure manufacturing queue, not logistics

C
Technical Moat: 
Custom 
engineering 
prevents modular 
fast-tracking

• Solving the 12-week GPU constraint is 'table 
stakes'; the 210-week transformer queue is the 
differentiator

• Strategic winners are securing 'Safe Harbor' 
capacity 48 months ahead of compute 
deployment

D
Functional Kill 
Switch: GPU 
availability is 
irrelevant without 
power
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Consequently, lead times for Large Power Transformers have expanded 6x since 
2020, pushing project timelines beyond the visibility of current financial models.

Source: JPUD (Jefferson Public Utility District) - Transformer Shortages & Price Spikes, POWER Magazine - Transformers in 2026: Shortage, Scramble, or Self-Inflicted Crisis?, Renewable Energy World - Can the US catch up to transformer demand?, Wood Mackenzie - Mind the Gap: Tackling Supply-Chain 
Challenges in the Electric T&D Sector, EE Power - Transformer Supply Chain Woes Persist as Energy Demand Grows, Market Research Future - Power Transformer Market Size, Share, Trends Report 2035, Electrical Trader - Power Transformer Pricing Trends: A 10-Year Overview, Wood Mackenzie (Ben 
Boucher, Senior Analyst of Supply Chain Data and Analytics), NREL (National Renewable Energy Laboratory) - Distribution Transformer Supply Demand Analysis, DOE (U.S. Department of Energy) - Addressing the Critical Shortage of Power Transformers to Ensure Reliability of the U.S. Grid, AutoPresent 
Analysis
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Procurement Cycles Have Decoupled from Historical Norms: A 6x Lead-Time Surge Since 
2020 Creates a 5-Year 'Visibility Gap' for Infrastructure Planning

Procurement Cycles Have Decoupled from Historical Norms: A 6x Lead-Time Surge Since 2020 Creates a 5-Year 'Visibility Gap' for 
Infrastructure Planning

Lead Time (Weeks), Timeline (Q1 2020 - Q1 2026) External Shock: IRA passing triggers supply-demand decoupling

Discrete 'Jump': +75% 
YoY increase as 

capacity saturates

The Slot Economy: AI 
Boom locks capacity 

through 2029

The Transformer Bottleneck 
Is the New Rate-Limiting Step

• Lead-time inflation has reached a critical 6x 
tipping point:

– Wait times rose from 32 weeks (Q1 2020) to 
210 weeks (Q1 2026P), driven by a 274% 
surge in GSU demand.

– Raw material shortages in GOES (electrical 
steel) and copper create a hard ceiling on 
OEM output.

• Project viability now hinges on the 2029 'Slot 
Economy':

– OEMs are booking 5 years out; projects 
without secured slots are effectively 
paused due to multi-year delays.

– Access to scarce grid components, not 
capital availability, is now the primary 
determinant of project execution.

• The 4-5 year lead time breaks standard 
financial visibility:

– Total project cycles (lead time + 
construction) now exceed 7 years, 
overshooting 5-year DCF horizons.

– FID decisions must now be made with zero 
visibility into the actual power market 
pricing at time of interconnection.

• AI and Energy Transition are locked in a zero-
sum supply war:

– Hyperscale data centers and IRA-driven 
grid modernization compete for the same 
fixed manufacturing base.

– Projected power transformer demand is 
21% higher for 2026 vs 2024, further 
tightening the 'Slot Economy'.

https://www.jeffpud.org/transformer-shortages-price-spikes/
https://www.jeffpud.org/transformer-shortages-price-spikes/
https://www.powermag.com/transformers-in-2026-shortage-scramble-or-self-inflicted-crisis/
https://www.powermag.com/transformers-in-2026-shortage-scramble-or-self-inflicted-crisis/
https://www.powermag.com/transformers-in-2026-shortage-scramble-or-self-inflicted-crisis/
https://www.renewableenergyworld.com/power-grid/can-the-us-catch-up-to-transformer-demand/
https://www.renewableenergyworld.com/power-grid/can-the-us-catch-up-to-transformer-demand/
https://www.renewableenergyworld.com/power-grid/can-the-us-catch-up-to-transformer-demand/
https://www.woodmac.com/news/opinion/mind-the-gap-tackling-supply-chain-challenges-in-the-electric-td-sector/
https://www.woodmac.com/news/opinion/mind-the-gap-tackling-supply-chain-challenges-in-the-electric-td-sector/
https://www.woodmac.com/news/opinion/mind-the-gap-tackling-supply-chain-challenges-in-the-electric-td-sector/
https://www.woodmac.com/news/opinion/mind-the-gap-tackling-supply-chain-challenges-in-the-electric-td-sector/
https://www.woodmac.com/news/opinion/mind-the-gap-tackling-supply-chain-challenges-in-the-electric-td-sector/
https://www.woodmac.com/news/opinion/mind-the-gap-tackling-supply-chain-challenges-in-the-electric-td-sector/
https://eepower.com/tech-insights/transformer-supply-chain-woes-persist-as-energy-demand-grows/
https://eepower.com/tech-insights/transformer-supply-chain-woes-persist-as-energy-demand-grows/
https://eepower.com/tech-insights/transformer-supply-chain-woes-persist-as-energy-demand-grows/
https://www.marketresearchfuture.com/reports/power-transformer-market-3251
https://electricaltrader.com/blogs/news/power-transformer-pricing-trends-a-10-year-overview
https://electricaltrader.com/blogs/news/power-transformer-pricing-trends-a-10-year-overview
https://electricaltrader.com/blogs/news/power-transformer-pricing-trends-a-10-year-overview
https://electricaltrader.com/blogs/news/power-transformer-pricing-trends-a-10-year-overview
https://electricaltrader.com/blogs/news/power-transformer-pricing-trends-a-10-year-overview


AutoPresent

Extended lead times have driven a pricing supercycle where unit costs have 
decoupled from raw material indices due to scarcity premiums.
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The 'Alligator Jaw': LPT Prices Decouple from Commodity Cost Indices (2019-2025E)

LPT Finished Unit Price (+450%) Raw Material Inputs (Copper & GOES) (+40%)

The 'Alligator Jaw': LPT Prices Decouple from Commodity Cost Indices (2019-2025E)

Price Index (% Change), Year (Indexed to 100)

Pricing Power Shift

• Margin Expansion Dynamics:

– Scarcity premiums have decoupled unit 
costs from raw material indices

– OEMs are capturing massive margin delta as 
price floors reset globally

• Structural Bottlenecks:

– Extended lead times (3-4 years) for 100MVA+ 
units eliminate buyer leverage

– Supply chain constraints in GOES and copper 
provide floors for input costs

• Strategic Takeaway:

– The market has shifted from cost-plus to 
value-based scarcity pricing

– Capacity access is now a primary bottleneck 
for AI and grid deployment
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High prices and 
scarcity have 
forced utilities to 
deplete strategic 
spares to near 
zero, removing 
the grid's ability 
to absorb shock 
events.

Source: Future Market Insights - Transformer Spare Parts Market Demand & Share 2025-2035, NPC Electric - Transformer Market 2025 Performance & 2026 Outlook, Wood Mackenzie - Transformer Market Analysis and Lead Time Surveys, Mordor Intelligence - United States Distribution 
Transformer Market Size & Share Analysis, National Renewable Energy Laboratory (NREL) - Electrification Futures Study, Deloitte - 2026 Manufacturing Industry Outlook, GM Insights - Spare Parts Logistics Market Size, Growth Analysis 2026-2035, Intel Market Research - Oil Filled Transformer 
Market Outlook 2026-2032, A2Z Market Research - Transformer Accessories Market 2026 Industry Forecast 2033, Technavio - Medium Voltage Transformer Market Size 2024-2028, DOE 2024 Large Power Transformer (LPT) Resilience Report, POWER Magazine - 2026 Transformer Market 
Analysis, Department of Energy (DOE) - April 2024 Efficiency Rule, Hitachi Energy - Investment in South Boston, Virginia Manufacturing Plant, EEI STEP (Edison Electric Institute Spare Transformer Equipment Program), NERC (North American Electric Reliability Corporation) - Backed Spare Sharing 
Initiatives, FERC (Federal Energy Regulatory Commission) - Technical Assessments and Guidelines, EPRI (Electric Power Research Institute) - Industry Standards and Reports, ENTSO-E (European Network of Transmission System Operators for Electricity), Utility Integrated Resource Plans (IRPs) 
and Rate Case Filings - Texas, Florida, and Regional IOUs (2023-2025), AutoPresent Analysis
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Inventory Collapse: Scarcity has eroded strategic buffers by ~85%, breaching 1% resiliency 
floor

Inventory Collapse: Scarcity has eroded strategic buffers by ~85%, breaching 1% resiliency floor

Strategic Spares as % of Installed Base, Inventory Period

Grid 
Resiliency 

Floor

Resiliency Gap: 0.8% 
inventory is 

insufficient to 
absorb major 

failures without 
multi-year recovery 

times.

Structural Scarcity: Scarcity forces growth-to-maintenance cannibalization

• Scarcity Driver: Median lead times for large power transformers have tripled from ~1 year pre-2020 to 128–144 weeks (~2.5–2.8 years), halting inventory 
replenishment

• Cannibalization: Utilities are reallocating units from renewable interconnections and growth substations to emergency replacements to maintain 
uptime

• Resiliency Loss: Multi-year recovery timelines mean a failure today results in permanent capacity loss rather than manageable downtime

https://www.futuremarketinsights.com/reports/transformer-spare-parts-market
https://www.futuremarketinsights.com/reports/transformer-spare-parts-market
https://www.futuremarketinsights.com/reports/transformer-spare-parts-market
https://www.futuremarketinsights.com/reports/transformer-spare-parts-market
https://www.futuremarketinsights.com/reports/transformer-spare-parts-market
https://www.npcelectric.com/news/transformer-market-2025-performance-and-2026-outlook.html
https://www.npcelectric.com/news/transformer-market-2025-performance-and-2026-outlook.html
https://www.npcelectric.com/news/transformer-market-2025-performance-and-2026-outlook.html
https://www.mordorintelligence.com/industry-reports/united-states-distribution-transformer-market
https://www.mordorintelligence.com/industry-reports/united-states-distribution-transformer-market
https://www.mordorintelligence.com/industry-reports/united-states-distribution-transformer-market
https://www.mordorintelligence.com/industry-reports/united-states-distribution-transformer-market
https://www.deloitte.com/us/en/insights/industry/manufacturing-industrial-products/manufacturing-industry-outlook.html
https://www.deloitte.com/us/en/insights/industry/manufacturing-industrial-products/manufacturing-industry-outlook.html
https://www.deloitte.com/us/en/insights/industry/manufacturing-industrial-products/manufacturing-industry-outlook.html
https://www.gminsights.com/industry-analysis/spare-parts-logistics-market
https://www.gminsights.com/industry-analysis/spare-parts-logistics-market
https://www.gminsights.com/industry-analysis/spare-parts-logistics-market
https://www.intelmarketresearch.com/oil-filled-transformer-market-22044
https://www.intelmarketresearch.com/oil-filled-transformer-market-22044
https://www.intelmarketresearch.com/oil-filled-transformer-market-22044
https://www.intelmarketresearch.com/oil-filled-transformer-market-22044
https://www.intelmarketresearch.com/oil-filled-transformer-market-22044
https://www.intelmarketresearch.com/oil-filled-transformer-market-22044
https://a2zmarketresearch.com/data/global-transformer-accessories-market/4599
https://a2zmarketresearch.com/data/global-transformer-accessories-market/4599
https://a2zmarketresearch.com/data/global-transformer-accessories-market/4599
https://www.technavio.com/report/medium-voltage-transformer-market-industry-analysis
https://www.technavio.com/report/medium-voltage-transformer-market-industry-analysis
https://www.technavio.com/report/medium-voltage-transformer-market-industry-analysis
https://www.technavio.com/report/medium-voltage-transformer-market-industry-analysis
https://www.technavio.com/report/medium-voltage-transformer-market-industry-analysis
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Anatomy of a Supply Crisis: The Steel Trap
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The inability to replenish spares is structurally limited by the availability of Grain-
Oriented Electrical Steel (GOES), which is chemically distinct from standard steel.

Source: DOE 2016, EU Ecodesign, China GB 20052, CRU, Fastmarkets, Cleveland-Cliffs, AutoPresent Analysis

GOES and NOES Are Metallurgically Non-Interchangeable
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Anisotropic 
Crystalline 
Structure

• High-Si (~3%) 
Fe-Si alloy with 
secondary 
recrystallization

• Visualized as 
long, parallel 
columnar grains

• Perfectly 
aligned to the 
rolling direction

Unidirecti
onal 
Efficiency

• Extreme 
magnetic 
anisotropy for 
static flux

• P1.7/50 ≲ 0.90 
W/kg 
(domain-
refined Hi-B 
grades)

• ≈30% lower 
hysteresis loss 
than NOES

Static Grid 
Infrastruct
ure

• Mandatory for 
Power 
Transformers 
and Shunt 
Reactors

• Essential for 
DOE 2016 and 
EU Ecodesign 
compliance

• Primary material 
bottleneck for 
energy 
transition

GOES in 
Dynamic 
Systems

• Induces 
extreme 
torque ripple 
and noise

• Causes 
mechanical 
failure in 
rotating 
motors

• High 
efficiency loss 
when field 
rotates

Isotropic 
Grain 
Pattern

• Equiaxed, 
randomized 
grain structure

• Magnetic 
properties are 
uniform in the 
sheet plane

• Designed for 
multi-
directional flux 
environments

Multi-
Direction
al Flux

• Isotropic 
magnetic 
properties in 
all directions

• Significantly 
higher core 
losses in static 
flux

• Optimized for 
360-degree 
rotating flux 
efficiency

Rotating 
Traction 
Motors

• Mandatory for 
EV traction 
motors and 
generators

• Standard for 
high-speed 
industrial 
motors

• Cannot meet 
no-load loss 
requirements 
for grid

NOES in 
Static 
Systems

• Causes 
excessive 
overheating in 
transformers

• Violates grid 
efficiency 
codes (China 
GB 20052)

• Hysteresis 
losses 
increase by 
tens of 
percent

Structural Supply Constraints and Lead Time Implications

• Regulatory Lock-in: GOES Physics Mandated for Grid 
Efficiency:

• Mandatory for DOE 2016 and EU Ecodesign; NOES substitution 
causes excessive overheating and violation of efficiency codes 
(Fact A/C) A

• Market Concentration: Oligopoly of <12 Global Integrated Mills:

• Extreme geographic risk: No primary production in most OECD 
countries; Cleveland-Cliffs is the sole U.S. producer (Fact D)

B

• Lead Time Crisis: Average Wait for Spares Doubled Since 2020:

• North American lead times surged from 12–18 months (pre-2020) 
to 24–36+ months in 2023, primarily due to GOES scarcity (Fact E)

C

• Circular Failure: ~95% of Decommissioned GOES Downcycled:

• Technical barriers (oil contamination/lack of certification) force 
downcycling into scrap, preventing closed-loop recovery (Fact E)

D
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Steel mills are structurally shrinking GOES capacity because producing NOES for 
the EV sector offers higher margins and volume consistency.
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Global Electrical Steel Capacity Shift: NOES for EVs Cannibalizing GOES for 
Transformers
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• GOES and NOES share identical cold-
rolling and annealing infrastructure. Mills 
are retooling existing lines for NOES to 
meet EV demand, creating a zero-sum 
game for production time.

Manufacturing 
Cannibalization

• EV contracts provide high-volume, long-
term stability with standardized specs. In 
contrast, transformer orders are 'lumpy', 
highly customized, and lack the volume 
consistency mills prefer.

Unit 
Economics

1 : 0.8

Production trade-off: Every 1 ton of EV steel added 
results in ~0.8 tons of lost transformer steel potential.
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This capacity shift is particularly dangerous because 90% of the remaining high-
grade GOES production is concentrated in just three Asian nations.

Source: China Baowu Group (Baosteel and WISCO), JFE Steel, Nippon Steel, POSCO, NLMK, ArcelorMittal Frýdek-Místek, Cleveland-Cliffs (formerly AK Steel), USITC GOES trade case / “Grain-
Oriented Electrical Steel from China, Czech Republic …” (USITC investigation), Nippon Steel Integrated Report, AutoPresent Analysis
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Asian Trio Dominates 90% of High-Permeability GOES, Leaving No Redundancy for Western Grids Industrial Security Emergency: 90% Concentration 
Risks Decadal Delays to Energy Transition

• Extreme concentration creates single point of 
failure:

– 90% of high-permeability GOES supply is in 
China (60%), Japan (20%), South Korea (10%)

– Risk level rivals rare earths or semiconductor 
materials — but with less policy scrutiny

• China’s dominance enables strategic leverage:
– Baosteel/WISCO controls 60% under state-

influenced policy with precedent for export 
controls

– Geopolitical or trade disruptions could freeze 
U.S./EU transformer production for years

• Structural Underinvestment Creates a 7-9 Year 
Recovery Window:

– Last major high-perm line commissioned >10 
years ago; US/EU sites focus on incremental 
upgrades only

– New capacity requires $1B+ CAPEX and 7-9 
years (greenfield) or 4-6 years (brownfield) to 
reach scale

• Bottom Line: This is an industrial security 
emergency:

– GOES is foundational for grid stability, AI data 
centers, and EV infrastructure

– Outsourcing its production to high-
geopolitical-risk regions risks delaying the 
energy transition by a decade
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The United States is severely exposed to this concentration, consuming 
significantly more GOES annually than it is capable of producing domestically.

Source: DOE transformer and critical-materials reports, USGS (U.S. Geological Survey), EIA (U.S. Energy Information Administration), U.S. Census trade data, ITC (U.S. International Trade Commission) transformer 
and electrical steel filings, NERC (North American Electric Reliability Corporation) reliability documents, Section 232 trade and industrial policy documents, OECD steel studies, AutoPresent Analysis

30000

180000
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U.S. Grid Reliability is Structurally Dependent on Imports, with 
Domestic Capacity Failing to Meet ~40% of Annual Demand
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Strategic Vulnerability: Domestic GOES Production Constraints and Geopolitical Sourcing Dependencies

Structural Deficit: Imports supply ~30-40% of total U.S. GOES consumption:

• U.S. demand of ~250k MT exceeds nameplate capacity (~180k MT); imports 
are non-negotiable for baseline grid maintenance [Fact A, C]

• Reliance is absolute: no internal pathway to bridge the 70k+ MT structural 
gap without multi-year facility investment [Fact D]

1

Single-Source Risk: Domestic supply relies on one primary aging facility:

• Effective output often <150k MT due to 70-85% utilization rates, leaving the 
grid vulnerable to any outage at the primary domestic mill [Fact B]

• Single-point failure risk makes 100% of domestic high-grade GOES supply 
susceptible to local operational disruptions [Fact B]

2

Global Concentration: 70%+ of exports controlled by Japan, China, and S. 
Korea:

• Global supply is geographically concentrated in Asia; U.S. utilities must 
compete for allotments against global energy transition demand [Global 
Section]

• Federal assessments (DOE) explicitly flag this concentration as a 'critical 
supply-chain vulnerability' for national security [Fact D]

3

Critical Bottleneck: Constrained supply has extended LPT lead times to 24+ 
months:

• LPT lead times have surged from 12-18 months to 24+ months; electrical 
steel is cited as the primary upstream bottleneck [Fact E]

• Current GOES scarcity forces a zero-sum trade-off between grid hardening 
and AI infrastructure scaling [Fact E]

4
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Domestic production risk is further compounded by a monopoly structure where 
Cleveland-Cliffs controls 100% of US grain-oriented electrical steel capacity.

Source: Federal Register/Vol. 86, No. 220/Thursday, November 18, 2021 (Department of Commerce GOES/transformer investigation), S&amp;P Global Market Intelligence article “Biden's infrastructure act spurs US electrical steel imports, production”, Steel Market Update article “Cliffs aligns with US critical mineral policy, moves forward with DOE-funded projects”, 
The National Interest article “The Little Monopoly Holding Back the Clean Energy Transition”, Eurometal article “Cleveland-Cliffs CEO continues quest to acquire US Steel”, US Department of Defense / Defense Logistics Agency $400 million contract for up to 53,000 short tons of GOES with Cleveland-Cliffs, U.S. Department of Energy / Infrastructure Investment and 
Jobs Act (IIJA) grant of up to $75 million for Butler Works and $500 million for Middletown mill (DOE/IIJA grants to Cleveland-Cliffs), U.S. Section 232 steel tariffs (25% tariff on steel products including grain-oriented electrical steel), U.S. International Trade Commission / U.S. Census Bureau trade data for grain-oriented electrical steel (GOES) imports (HS codes 7225.11, 
7226.11), American Iron and Steel Institute (AISI) statements on electrical steel and transformer parts circumvention, ASTM A876 standard specification for flat-rolled, grain-oriented silicon steel, IEC 60404-8-7 standard for grain-oriented electrical steel sheet and strip, U.S. Department of Energy transformer efficiency standards (DOE energy efficiency regulations for 
power and distribution transformers), U.S. Department of Justice / Federal Trade Commission complaint alleging Cleveland-Cliffs controls 100% of North American commercial production of electrical steel (Case 2:25-cv-00015), AutoPresent Analysis

A 100% domestic monopoly bottleneck

Domestic GOES supply is entirely dependent on 225k MT of Cleveland-Cliffs 
capacity, creating a hard volume ceiling for AI and Grid infrastructure.

Domestic Feedstock 
& Raw Materials 

(150k MT)

Supplemental 
Imports & 

Specialized Inputs 
(75k MT)

Fixed Manufacturing 
Funnel: 225k MT 
(100% Utilization 

Ceiling)

Grid Transmission & 
Renewable 

Integration (110k MT)

AI & Data Center 
Power Infrastructure 

(67k MT)

National Security & 
Strategic Stockpiles 

(48k MT)

Risk Dimension

Zero-
Redundancy 
Operational 

Fragility

Labor & 
Financial 
Instability

Reinforced 
Monopoly via 

Policy

Risk Description & Critical Impact

• Butler (PA) and Zanesville (OH) are the only U.S. mills 
capable of producing 0.23–0.30 mm GOES required for 
DOE efficiency standards

• Single Point of Failure: Any unplanned outage at these two 
unionized facilities removes 100% of domestic supply with 
zero U.S. redundancy

• Fragility: 6–12 month procurement lead times contrast 
sharply with thin 30–60 day OEM inventory buffers, 
amplifying the impact of any disruption

• Financial/Labor Risk: Cliffs contemplated shuttering GOES 
production in 2020-21; existing union contracts maintain 
strike risk at both critical nodes

• Policy Lock-in: $75M DOE grants and $400M DLA 
contracts prioritize existing Cliffs facilities, further 
entrenching the monopoly over new entrants

• No Alternatives: Zero U.S. greenfield GOES projects are 
active; amorphous metal remains 30–50% more expensive 
with unscalable manufacturability

https://www.spglobal.com/market-intelligence/en/news-insights/articles/2022/1/biden-s-infrastructure-act-spurs-us-electrical-steel-imports-production
https://www.steelmarketupdate.com/2025/10/21/cliffs-aligns-with-us-critical-mineral-policy-moves-forward-with-doe-funded-projects/
https://www.steelmarketupdate.com/2025/10/21/cliffs-aligns-with-us-critical-mineral-policy-moves-forward-with-doe-funded-projects/
https://www.steelmarketupdate.com/2025/10/21/cliffs-aligns-with-us-critical-mineral-policy-moves-forward-with-doe-funded-projects/
https://nationalinterest.org/blog/energy-world/the-little-monopoly-holding-back-the-clean-energy-transition
https://eurometal.net/cleveland-cliffs-ceo-continues-quest-to-acquire-us-steel/
https://eurometal.net/cleveland-cliffs-ceo-continues-quest-to-acquire-us-steel/
https://eurometal.net/cleveland-cliffs-ceo-continues-quest-to-acquire-us-steel/
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Because of this monopoly and Section 232 tariffs, US spot prices for electrical steel have 
decoupled from global benchmarks, doubling the cost basis for domestic OEMs.

Source: Trading Economics steel price data, Metal.com / Shanghai Metals Market non-grain-oriented electrical steel (NGOES-50WW800) price series, CRU, CRU Steel Cost Service, Fastmarkets, Platts, Argus, Section 232 of the Trade Expansion Act of 1962, Presidential Proclamation 9705, Presidential Proclamation 9759, Presidential Proclamation 9772, Presidential 
Proclamation 9777, Presidential Proclamation 9886, Presidential Proclamation 9894, Presidential Proclamation 9980, Presidential Proclamation 10328, U.S. Department of Commerce Section 232 steel report (2018), Federal Register presidential steel tariff proclamations, Cleveland-Cliffs, AK Steel, U.S. Department of Energy (DOE), Federal Energy Regulatory Commission 
(FERC), U.S. International Trade Commission (ITC), DOE report "Large Power Transformers and the U.S. Electric Grid", EPRI technical reports on transformer cost composition, CIGRÉ transformer cost and design reports, NERC reliability reports on transformer supply chain, Hitachi Energy investor presentations / earnings calls, Siemens Energy investor presentations / 
earnings calls, GE Vernova investor presentations / earnings calls, Hyundai transformer OEM disclosures, Mitsubishi transformer OEM disclosures, DOE / FERC / NERC reports on transformer lead times and supply chain, Utility IRP filings and procurement reports post-2021, Bipartisan Infrastructure Law (BIL), Inflation Reduction Act (IRA), AutoPresent Analysis

2600

5200

Global Benchmark (EU/Asia)

US Domestic Spot

US Spot Prices Reflect a 100% Premium Driven by Import 
Barriers and Monopoly Supply

US Spot Prices Reflect a 100% Premium Driven by Import Barriers and Monopoly 
Supply

Spot Price (USD per Metric Ton), Market Region

Structural Drivers of the 2x US Domestic Price Arbitrage

Domestic Supply Monopoly:

• Cleveland-Cliffs (AK Steel) controls essentially 100% of domestic 
GOES melt capacity, eliminating local price competition and 
providing absolute pricing power.

1

Section 232 Import Barriers:

• 25% Section 232 tariffs block competitive imports from EU/Asia, 
preventing OEMs from accessing global benchmarks and sealing 
the US captive market.

2

Structural Price Decoupling:

• US spot prices reached ~$5,200/MT in Jan 2026 vs. ~$2,600/MT 
globally; this 100% premium is a direct result of insulated market 
dynamics.

3

OEM Cost Basis Inflation:

• Electrical steel is 30-40% of transformer material cost; doubling 
this input basis has forced bid prices up 50-100% and extended 
lead times to 36+ months.

4
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Importing our way out of this deficit is increasingly difficult as friendly capacity in 
Japan and Korea is fully allocated, and Chinese capacity is geopolitically blocked.

Source: Hyosung transformer unit eyes over 10% US market share in 2 years, Japan's Transformer Market To See Modest Growth With 1.5 ... (IndexBox Japan transformer market overview), Tariffs hamper exports, but transformer maker has US order book, 
Transformers in 2026: Shortage, Scramble, or Self-Inflicted Crisis?, Transformer Core Market Report, Industry Size & Revenue, Share ..., Power Transformer Market Size, Share, Industry Report 2030, Global Top 10 Transformer Manufacturers 2026, Distribution 
Transformer Market Size to Hit USD 50.94 bn by 2034, Executive Order 13920 (Securing the United States Bulk-Power System), Section 301 tariffs, U.S. National Renewable Energy Laboratory transformer supply analysis, AutoPresent Analysis

Global supply routes exhausted—U.S. face near-zero import availability from primary manufacturers

A AB

C

D

SOLD OUT: 
Japan & S. 
Korea (Booked 
through 2031)

A

BLOCKED: 
China (EO 
13920 & 25% 
Tariffs)

B

NET 
IMPORTER: 
Europe (No 
Surplus 
Capacity)

C

DESTINATION: 
United States

D

The Import Window Is Closed — 
Domestic Industrial Mobilization Is the 

Only Path Forward

• Friendly capacity (Japan/Korea) is fully booked 
through H1 2031:

– Top Korean OEMs like HD Hyundai Electric 
have zero near-term production slots

– Hyosung 5-year backlog is forcing 
relocation of production to U.S. soil

• Chinese supply is blocked by federal mandate 
and 25% tariffs:

– EO 13920 effectively bars Chinese BPS 
components from federal procurement

– Section 301 tariffs make private-sector 
imports cost-prohibitive vs. domestic

• Europe offers no relief as a structural net 
importer:

– EU internal demand for grid modernization 
exceeds total regional production

– Zero surplus available for export to the U.S. 
through the end of the decade

• 5-year import lead times eliminate any speed 
advantage:

– Wait times for non-blocked imports now 
match or exceed domestic build timelines

– Offshoring provides no time-to-market 
benefit for AI or energy infrastructure

https://miraeassetsecuritiesus.com/hyosung-to-double-transformer-output-to-conquer-us-market/
https://koreajoongangdaily.joins.com/news/2025-08-25/business/industry/Tariffs-cripple-exports-but-this-transformer-maker-carries-a-full-order-book-from-the-US-/2380957
https://www.powermag.com/transformers-in-2026-shortage-scramble-or-self-inflicted-crisis/
https://www.powermag.com/transformers-in-2026-shortage-scramble-or-self-inflicted-crisis/
https://www.powermag.com/transformers-in-2026-shortage-scramble-or-self-inflicted-crisis/
https://www.strategicmarketresearch.com/market-report/transformer-core-market
https://www.marketsandmarkets.com/Market-Reports/power-transformers-market-128022787.html
https://www.blackridgeresearch.com/blog/list-of-top-transformer-manufacturers-makers-companies-oems-component-suppliers
https://www.precedenceresearch.com/distribution-transformer-market
https://www.precedenceresearch.com/distribution-transformer-market
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The Demand Tsunami: Aging Grids and the AI 
Boom

3
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While supply is constrained by steel availability, demand is being forced upward 
by the aging fleet where 70% of US assets are nearing end-of-life.

Source: Energy Power Transformer - Executive Deep Dive: The U.S. Power Grid and Transformer Market Outlook, POWER Magazine - Transformers in 2026: Shortage, Scramble, or Self-Inflicted Crisis?, NPC Electric - Transformer Market 2025 Performance & 2026 Outlook, GlobeNewswire - United 
States Transformer Industry Forecast Report 2025-2033, National Renewable Energy Laboratory (NREL) - Distribution Transformer Demand, Mordor Intelligence - United States Distribution Transformer Market Size & Share Analysis, Industry Research - Transformers Market Trends, Markets and 
Markets - North America Power Transformer Market, Wood Mackenzie - U.S. Transformer Market Analysis (August 2025), IEEE - Transformer Loading Guides and Asset Management Standards, EPRI (Electric Power Research Institute) - Transformer Failure Rates and Aging Asset Studies, 
AutoPresent Analysis

The Replacement Cliff: Supply Constraints 
Meet Accelerating End-of-Life Demand

• Supply Ceiling: Steel availability limits 
production capacity:

– Electrical steel shortages and limited 
domestic suppliers cap LPT output, 
pushing lead times to 2+ years [A, D]

– Supply cannot flex to meet the sudden 
volume of synchronous asset retirements 
[D]

• Demand Floor: 70% of assets have entered the 
'Risk Zone':

– Over 70% of transmission-class 
transformers exceed 25 years, marking a 
shift to elevated failure probability [C]

– Right-skewed distribution means 
thousands of units hit the 40-year design 
life redline simultaneously [D]

• Reliability Redline: Average LPT age (39 yrs) 
now equals design life:

– Failure rates and O&M costs spike sharply 
beyond 40 years as degradation 
accelerates [E]

– Grid stability for AI and transition loads is 
compromised by the inability to 
proactively replace aging units [A, E] 0
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Demand Surge: 70% of US Power Transformers are Past 25 Years vs. 40-Year 
Design Life

Demand Surge: 70% of US Power Transformers are Past 25 Years vs. 40-Year Design Life
By Asset Age (Years)

https://energypowertransformer.com/executive-deep-dive-the-u-s-power-grid-and-transformer-market-outlook/
https://energypowertransformer.com/executive-deep-dive-the-u-s-power-grid-and-transformer-market-outlook/
https://energypowertransformer.com/executive-deep-dive-the-u-s-power-grid-and-transformer-market-outlook/
https://www.powermag.com/transformers-in-2026-shortage-scramble-or-self-inflicted-crisis/
https://www.powermag.com/transformers-in-2026-shortage-scramble-or-self-inflicted-crisis/
https://www.powermag.com/transformers-in-2026-shortage-scramble-or-self-inflicted-crisis/
https://www.npcelectric.com/news/transformer-market-2025-performance-and-2026-outlook.html
https://www.npcelectric.com/news/transformer-market-2025-performance-and-2026-outlook.html
https://www.npcelectric.com/news/transformer-market-2025-performance-and-2026-outlook.html
https://www.globenewswire.com/news-release/2025/10/28/3175431/28124/en/United-States-Transformer-Industry-Forecast-Report-2025-2033-33-25-Bn-Market-Expansion-Fueled-by-Increased-Electricity-Demand-Grid-Modernization-and-Rising-Renewable-Energy-Investm.html
https://www.globenewswire.com/news-release/2025/10/28/3175431/28124/en/United-States-Transformer-Industry-Forecast-Report-2025-2033-33-25-Bn-Market-Expansion-Fueled-by-Increased-Electricity-Demand-Grid-Modernization-and-Rising-Renewable-Energy-Investm.html
https://www.globenewswire.com/news-release/2025/10/28/3175431/28124/en/United-States-Transformer-Industry-Forecast-Report-2025-2033-33-25-Bn-Market-Expansion-Fueled-by-Increased-Electricity-Demand-Grid-Modernization-and-Rising-Renewable-Energy-Investm.html
https://www.globenewswire.com/news-release/2025/10/28/3175431/28124/en/United-States-Transformer-Industry-Forecast-Report-2025-2033-33-25-Bn-Market-Expansion-Fueled-by-Increased-Electricity-Demand-Grid-Modernization-and-Rising-Renewable-Energy-Investm.html
https://www.globenewswire.com/news-release/2025/10/28/3175431/28124/en/United-States-Transformer-Industry-Forecast-Report-2025-2033-33-25-Bn-Market-Expansion-Fueled-by-Increased-Electricity-Demand-Grid-Modernization-and-Rising-Renewable-Energy-Investm.html
https://www.globenewswire.com/news-release/2025/10/28/3175431/28124/en/United-States-Transformer-Industry-Forecast-Report-2025-2033-33-25-Bn-Market-Expansion-Fueled-by-Increased-Electricity-Demand-Grid-Modernization-and-Rising-Renewable-Energy-Investm.html
https://docs.nrel.gov/docs/fy25osti/92076.pdf
https://docs.nrel.gov/docs/fy25osti/92076.pdf
https://www.mordorintelligence.com/industry-reports/united-states-distribution-transformer-market
https://www.mordorintelligence.com/industry-reports/united-states-distribution-transformer-market
https://www.mordorintelligence.com/industry-reports/united-states-distribution-transformer-market
https://www.industryresearch.biz/market-reports/transformers-market-112860
https://www.industryresearch.biz/market-reports/transformers-market-112860
https://www.industryresearch.biz/market-reports/transformers-market-112860
https://www.marketsandmarkets.com/ResearchInsight/north-america-power-transformer-market.asp
https://www.marketsandmarkets.com/ResearchInsight/north-america-power-transformer-market.asp
https://www.marketsandmarkets.com/ResearchInsight/north-america-power-transformer-market.asp
https://www.marketsandmarkets.com/ResearchInsight/north-america-power-transformer-market.asp
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As these assets 
age beyond 30 
years, their failure 
probability shifts 
from linear to 
exponential, 
necessitating 
immediate 
replacement rather 
than refurbishment.

Source: FERC Form 1, EIA surveys, NERC/WECC reliability assessments, Doble Engineering’s large database (25,000+ transformers worldwide), utility asset‐management reports, ELSCO (distribution 
transformers) article “How Old is Too Old? Transformer Maintenance Tips”, H2Scan 2024 article “Transformer Life Expectancy” based on Doble database, NERC reports, utility planning documents, 
IEEE transformer loading guides and end-of-life guidelines, CIGRE transformer end-of-life and loading guidance, industry transformer failure cause studies (utility and insurer data), AutoPresent 
Analysis
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Strategic Mandate: Pivot from Maintenance to Capital Replacement

• Linear-to-Exponential Shift: Annual failure rates triple (reaching 1–2%+) after Year 30 as cumulative thermal stress degrades cellulose insulation

• Fleet Exposure: 30–50% of U.S. transmission assets exceed 40 years, placing the majority of the grid simultaneously on the steep side of the curve

• Refurbishment Limit: Irreversible material degradation means refurbishment cannot restore design-life integrity; CapEx replacement is the only viable 
reliability path

https://elscotransformers.com/blog/how-old-reliable-is-your-transformer/
https://h2scan.com/wp-content/uploads/2024/11/h2scan-nov2024-transformersmag-articlereprint-v2.pdf
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This replacement cycle is colliding with new load growth from AI, requiring the 
grid to grow capacity by 4% while simultaneously replacing 2% of existing stock.

1%
Historical Demand: Manageable 
annual grid growth baseline (2010-
2020)

2%
Replacement Need: Annual 
requirement to update aging legacy 
infrastructure

4%
New Load Growth: Aggressive 
demand spike driven by AI and EV 
infrastructure

6% Total Requirement: Annual capacity 
addition required to stabilize the grid

4.5% Structural Deficit: The global transformer supply 
chain is currently optimized for ~1.5% growth, creating a 
massive shortfall against the 6% required for AI and the 
energy transition.
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The specific nature of AI data center demand exacerbates the shortage, as 
higher power density racks require 3x the transformer capacity per square foot.

Source: Hanwha Data Centers blog: "What Are the Power Requirements for AI Data Centers?", McKinsey article: "AI power: Expanding data center capacity to meet growing demand", ARC Advisory Group blog: "Data Centers Push the Limits of the Power Grid", NVIDIA Developer Blog: "NVIDIA 800 VDC Architecture Will Power the Next Generation of AI Factories", 
Neuberger Berman article: "The 800-Volt Gorilla Inside AI Data Centers", SemiAnalysis article: "Datacenter Anatomy Part 1: Electrical Systems", Deloitte insight: "Can US infrastructure keep up with the AI economy?", Data Center Knowledge article: "Data Center Transformers: Functions, Importance, and How to Choose the Right One", Liquid Web blog: "A Comprehensive 
Guide to Data Center Power and How It Works", NVIDIA GB200 (NVIDIA latest chip, GB200, combined with its servers, may require rack densities up to 120 kW), Siemens Energy (large global transformer OEM referenced in context of liquid-filled MV/HV transformer capacity), GE Vernova (large global transformer OEM referenced in context of liquid-filled MV/HV 
transformer capacity), Hitachi Energy (large global transformer OEM referenced in context of liquid-filled MV/HV transformer capacity), TBEA (Chinese transformer manufacturer referenced in context of global transformer OEM capacity), AutoPresent Analysis

Legacy Cloud Baseline (5–15 kW)

→ Standard 5–15 kW racks utilizing modular dry-type 

transformers (1–5 MVA); historically available with <12-month 

lead times.

AI Training Clusters (50–120 kW)

→ Dense 50–120 kW GPU clusters requiring high-MVA liquid-

filled units (10–40 MVA); lead times have surged to 18–36 

months.

3x
transformer capacity per sq ft (at 50 kW/rack baseline)

https://www.hanwhadatacenters.com/blog/what-are-the-power-requirements-for-ai-data-centers/
https://www.mckinsey.com/industries/technology-media-and-telecommunications/our-insights/ai-power-expanding-data-center-capacity-to-meet-growing-demand
https://www.arcweb.com/blog/data-centers-push-limits-power-grid-0
https://developer.nvidia.com/blog/nvidia-800-v-hvdc-architecture-will-power-the-next-generation-of-ai-factories/
https://www.nb.com/en/global/insights/the-800-volt-gorilla-inside-ai-data-centers
https://www.nb.com/en/global/insights/the-800-volt-gorilla-inside-ai-data-centers
https://www.nb.com/en/global/insights/the-800-volt-gorilla-inside-ai-data-centers
https://newsletter.semianalysis.com/p/datacenter-anatomy-part-1-electrical
https://www.deloitte.com/us/en/insights/industry/power-and-utilities/data-center-infrastructure-artificial-intelligence.html
https://www.datacenterknowledge.com/data-center-hardware/data-center-transformers-functions-importance-and-how-to-choose-the-right-one
https://www.liquidweb.com/blog/data-center-power/
https://www.liquidweb.com/blog/data-center-power/
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Bottlenecks are further isolated in Generator Step-Up (GSU) units, stalling 
renewable energy projects that cannot interconnect without them.

Source: POWER Magazine - "Transformers in 2026: Shortage, Scramble, or Self-Inflicted Crisis?", Wood Mackenzie (WoodMac) - Second Quarter 2025 Transformer Lead Times Survey, EcoFlow - "Aging Transformer Shortage Threatens US Grid Reliability", Utility Dive - "Transformer supply bottleneck threatens power system stability", National Renewable Energy 
Laboratory (NREL) - December Study on Power System Demand Growth, Schneider Electric - North American Transformer Business, Hitachi Energy - Transformers Marketing and Sales, North America, Resilience.org - "Transformer bottleneck: Can the U.S. maintain and expand its electric grid?", IEEE Spectrum - Commentary on Rising Demand for Transformers, Worth 
Overdoing Substack - "The Grid is the Bottleneck" by Justin Lopas, Transformers Magazine - "US transformer market faces severe bottlenecks", Federal Energy Regulatory Commission (FERC) - U.S. Interconnection Queue Analysis, U.S. Department of Energy (DOE) - Power Transformer Supply Chain Analysis, ENTSO-E (European Network of Transmission System 
Operators for Electricity) - Grid Connection Queue Reports, ABB - Generator Step-Up Transformer Engineering Specifications, GE - Power Transformer Product Capability Documentation, Siemens - Mobile Resiliency GSU Concept, Prolec - Generator Step-Up Transformer Product Range, AutoPresent Analysis

Interconnection Choke Point: GSUs as the Bespoke Revenue Gatekeeper

1. Wind/Solar Farm

Generation Phase

Variable loading profiles; 
1.5–1.8 kV interface for 
utility-scale solar/wind.
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2. Collection System

Aggregation Phase

Standardized 22–35 kV 
aggregation; bus 
coordination and harmonic 
filtering.

Standard MV inventory; 
lead times generally <12 
months.

Idle Infrastructure: Assets 
awaiting terminal GSU 
synchronization.

3. GSU Transformer

The Choke Point

Bespoke Impedance (10–
20%): Tuned to specific 
grid-code and fault-ride-
through.

18–30 Month Lead Times: 
Constrained by GOES and 
high-purity copper.

Revenue Gatekeeper: 6–18 
month project idle time 
solely due to GSU delays.

4. Transmission Grid

Injection Phase

HV Injection: Step-up to 
110–765 kV; custom 
winding and cooling 
(ONAF/OFAF).

Critical Path: GSU delivery 
now exceeds turbine 
installation by >12 months.

Full Dispatch: Project 
interconnection and 
commercial operation date 
(COD).

2,600 GW
Total U.S. interconnection 

backlog (~90% 
renewables/storage) 

awaiting GSU 
synchronization.

https://www.powermag.com/transformers-in-2026-shortage-scramble-or-self-inflicted-crisis/
https://www.powermag.com/transformers-in-2026-shortage-scramble-or-self-inflicted-crisis/
https://www.powermag.com/transformers-in-2026-shortage-scramble-or-self-inflicted-crisis/
https://www.ecoflow.com/us/blog/aging-us-transformer-shortage-grid-reliability
https://www.ecoflow.com/us/blog/aging-us-transformer-shortage-grid-reliability
https://www.ecoflow.com/us/blog/aging-us-transformer-shortage-grid-reliability
https://www.utilitydive.com/news/electric-transformer-shortage-nrel-niac/738947/
https://www.utilitydive.com/news/electric-transformer-shortage-nrel-niac/738947/
https://www.utilitydive.com/news/electric-transformer-shortage-nrel-niac/738947/
https://www.resilience.org/stories/2025-07-27/transformer-bottleneck-can-the-u-s-maintain-and-expand-its-electric-grid/
https://www.resilience.org/stories/2025-07-27/transformer-bottleneck-can-the-u-s-maintain-and-expand-its-electric-grid/
https://www.resilience.org/stories/2025-07-27/transformer-bottleneck-can-the-u-s-maintain-and-expand-its-electric-grid/
https://worthoverdoing.substack.com/p/the-grid-is-the-bottleneck
https://worthoverdoing.substack.com/p/the-grid-is-the-bottleneck
https://worthoverdoing.substack.com/p/the-grid-is-the-bottleneck
https://worthoverdoing.substack.com/p/the-grid-is-the-bottleneck
https://transformers-magazine.com/tm-news/us-transformer-market-faces-severe-bottlenecks/
https://transformers-magazine.com/tm-news/us-transformer-market-faces-severe-bottlenecks/
https://transformers-magazine.com/tm-news/us-transformer-market-faces-severe-bottlenecks/
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The crisis extends down-voltage to distribution transformers, 
threatening residential housing starts and commercial electrification.

Source: NREL, NERC, Wood Mackenzie, housing policy analyses, AutoPresent Analysis
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Lead Time (Months), Year

U.S. 
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Baseline +12% +26% +34% +41%
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Delivery 

Risk
Normal Emerging 12-Month Delay Severe Backlog Critical Stop

Standard 
Construction 
Cycle (12m)

Critical Bottleneck: Lead times now 
double the standard construction 

window, halting residential and 
commercial electrification.

Medium-Voltage Scarcity Acts as a 
Binding Constraint on Housing and 

Industrial Load Growth

• Down-Voltage Crisis: MV equipment scarcity 
has become the primary grid bottleneck:

– Pad-mount lead times surged from 3 to 24 
months; prices up 5-6× since 2021

– Structural shortages in electrical steel and 
50% import reliance limit recovery

• Residential Impact: Subdivisions are stranded 
as utilities lack hook-up hardware:

– 18-24 month backlogs create a hard stop on 
energizing completed homes

– Scarcity blocks progress on closing the 3–
7M unit national housing shortfall

• Commercial Threat: Load growth for AI and EV 
charging is physically capped:

– Data centers and commercial sites face 
multi-year delays for grid interconnection

– Equipment availability, not permitting, is 
now the binding constraint on growth
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The Regulatory Maze: Barriers to New 
Capacity

4
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Unlike the 2008 cycle, this backlog is comprised of firm orders backed by non-
refundable deposits, indicating the demand is real rather than phantom.

Source: Wood Mackenzie, National Renewable Energy Laboratory, U.S. Department of Energy’s Office of Electricity, U.S. Department of Energy’s Office of Policy, Transparency Market Research, DataIntelo, 
Manufacturing Dive, Siemens, GE Vernova, Hitachi Energy, ABB, Eaton, Schneider, Hammond, Southern China Power Grid, Prolec Energy, Hyosung HICO, Virginia Transformer Corporation, Siemens Energy, 
Schneider Electric, Eaton Corporation, Hitachi Global - Leading in the Electricity Era: Our Strategic Outlook, AutoPresent Analysis

5

35

2008: Low Friction (Speculative Ordering)

2026: High Capital-at-Risk (Firm Demand)

Capital-at-Risk: 2026 Order Books Anchored by ~7x Higher Non-Refundable 
Deposits vs. 2008 Cycle

Capital-at-Risk: 2026 Order Books Anchored by ~7x Higher Non-Refundable Deposits vs. 2008 Cycle

Typical Non-Refundable Deposit (% of Order Value), Market Environment

Why Today’s Transformer Backlog Won’t Break

• Orders locked in by 20–40%+ non-refundable 
deposits:

– OEMs mandate 20–40% upfront non-
refundable cash to secure slots; up to 50% for 
EHV/GSU units

– Milestone-based staged payments ensure 
continuous buyer skin-in-the-game through 
the 128-week lead time

• Cancellations trigger hard financial penalties:
– Cancellation triggers immediate forfeiture of all 

deposits plus liability for committed raw 
materials

– Structural scarcity of Grain-Oriented Electrical 
Steel (GOES) creates a 'no-exit' clause once 
core steel is booked

• Demand is infrastructure-critical, not discretionary:
– Zero meaningful cancellations in 2024–2025 

despite macro volatility; lead times now 
exceed 140 weeks for GSUs

– 55% of U.S. distribution fleet is >33 years old; 
replacement is a regulatory mandate, not a 
discretionary choice

• Structural demand is irreversible and accelerating:
– Renewable/AI load growth is irreversible: GSU 

demand +274% since 2019 to support grid 
interconnection

– AI/Data Center transformer market to double 
to ~$20.7B by 2035, creating a multi-decade 
demand floor
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Despite the desperate need for capacity, new DOE efficiency standards finalized 
in 2024 effectively outlaw the use of lower-grade electrical steel by 2029.

Source: POWER magazine article "DOE Eases Requirements in Final Transformer Efficiency Standards Amid Supply Chain Strain", EUCI article "DOE Finalizes Energy Efficiency Standards For Distribution Transformers", ELSCO Transformers blog "DOE Efficiency Standards for Transformers", Maddox Industrial Transformer article "Transformer DOE Efficiency Standards", 
American Public Power Association article "DOE Final Rule on Energy Efficiency Standards for Distribution Transformers Responsive to Industry Concerns", Utility Dive article "DOE final distribution transformer rule adds 2 years for compliance", U.S. Department of Energy – Distribution Transformers (DOE program page), U.S. Department of Energy press release "DOE 
Finalizes Energy Efficiency Standards for Distribution Transformers to Protect Domestic Manufacturing, Support Good-Paying Union Jobs, and Strengthen Grid Reliability", Federal Register Final Rule "Energy Conservation Standards for Distribution Transformers" (2024-07480), Missouri Public Utility Alliance news item "Distribution Transformer energy efficiency 
standards finalized by DOE", Hitachi Steel, POSCO, Acerinox, AutoPresent Analysis

DOE Final Rule 
Publication

Sets higher efficiency benchmarks 
for distribution transformers, 

initiating a 5-year compliance 
window for all new units.

Material Sourcing & 
Locking

Manufacturers prioritize multi-year 
contracts for advanced steels as 

global demand for Hi-B GOES and 
Amorphous begins to scale.

Lead Time & 
Engineering Squeeze
18-24 month redesign cycles 

overlap with historical material 
lead times exceeding 12 months, 

compressing the viable 
deployment window.

Strategic Supply Chain 
Vulnerability

Mandatory compliance forces 
dependency on <5 global 

suppliers for critical materials; lack 
of U.S. capacity elevates just-in-

time and geopolitical risk.

Constraint: <5 Global Suppliers: 
The 2029 mandate forces a 100% shift away from standard M3/M4 steels toward Hi-B GOES and Amorphous materials controlled by <5 global producers with zero 

current U.S. manufacturing capacity.

https://www.powermag.com/doe-eases-requirements-in-final-transformer-efficiency-standards-amid-supply-chain-strain/
https://www.euci.com/doe-finalizes-energy-efficiency-standards-for-distribution-transformers/
https://elscotransformers.com/blog/doe-efficiency-standards-for-transformers/
https://www.maddox.com/resources/articles/transformer-doe-efficiency-standards
https://www.publicpower.org/periodical/article/doe-final-rule-energy-efficiency-standards-distribution-transformers-responsive-industry-concerns
https://www.publicpower.org/periodical/article/doe-final-rule-energy-efficiency-standards-distribution-transformers-responsive-industry-concerns
https://www.publicpower.org/periodical/article/doe-final-rule-energy-efficiency-standards-distribution-transformers-responsive-industry-concerns
https://www.utilitydive.com/news/doe-finalizes-distribution-transformer-rule/712229/
https://www.energy.gov/articles/doe-finalizes-energy-efficiency-standards-distribution-transformers-protect-domestic
https://mpua.org/news/670887/Distribution-Transformer-energy-efficiency-standards-finalized-by-DOE-.htm
https://mpua.org/news/670887/Distribution-Transformer-energy-efficiency-standards-finalized-by-DOE-.htm
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While the DOE dropped the controversial '95% Amorphous' mandate, the compromise 
standard still raises the technical barrier to entry for new manufacturers.

Source: DOE final distribution transformer rule adds 2 years for compliance (Utility Dive), Understanding Transformer Efficiency Standards and Compliance (MetaPower Solutions), DOE 2029 Energy Efficiency Standards for Transformers (Maddox), How DOE Efficiency Standards Could Reshape U.S. Transformer Market (POWERGEN), Energy Conservation Standard for Distribution Transformers: Notice of Proposed Rulemaking Technical Support Document (U.S. Department of Energy, EERE), 
DOE Transformer Rule Change Eases Supply Chain Gridlock, Enhances Electricity Reliability (Pioneer Electric Cooperative), Energy Conservation Standards for Distribution Transformers (U.S. Department of Energy), Transformers in 2026: Shortage, Scramble, or Self-Inflicted Crisis? (Power Magazine), Energy Conservation Program: Energy Conservation Standards for Distribution Transformers (Federal Register), The U.S. Department of Energy Proposes New Efficiency Standards for Distribution 
Transformers (CertRec), Proterial (Japan) - Amorphous electrical steel supplier (referenced in content as dominant supplier of METGLAS-type amorphous ribbon), Cleveland-Cliffs / AK Steel - U.S. GOES and amorphous steel producer (referenced in DOE docket comments), Advanced Technology & Materials - Chinese amorphous and specialty steel producer (referenced in DOE NOPR), Shougang - Chinese specialty steel producer (referenced in DOE NOPR), Eaton - U.S. transformer OEM with 
commercial-scale amorphous core capability (referenced in DOE docket comments), ABB/Hitachi Energy - Transformer OEM with commercial-scale amorphous core capability (referenced in DOE docket comments), Schneider Electric - Transformer OEM with commercial-scale amorphous core capability (referenced in DOE docket comments), Howard - U.S. transformer OEM with commercial-scale amorphous core capability (referenced in DOE docket comments), Hitachi Metals / Proterial - 
Global amorphous electrical steel supplier (referenced in DOE NOPR record), NEMA TP-1 (National Electrical Manufacturers Association efficiency standard for transformers), IEC M105 / 27Z105 - International high-grade grain-oriented electrical steel classification standard, AutoPresent Analysis

Regulatory 
Scenario Current Standard (2016) Proposed Rule (2023 NOPR) Final Rule (2029 Compliance)

Primary 
Material 

Constraint

Technical 
Specification 

(Losses)

Supply Chain 
Risk

Compliance 
Timeline

Manufacturer 
'Moat'

Commodity-grade GOES; low-efficiency design 
floor allows low-tech entrants

NEMA TP-1 / 2016 baseline efficiency levels

In effect since 2016

Low; allows low-cost, low-tech manufacturers to 
dump inefficient units

95% Amorphous; would overrun limited global 
capacity (<10% of GOES tonnage)

Aggressive reduction forcing material-only 
compliance

Short-term (originally 3-year window)

Extremely High; restricted to subset of 
amorphous-capable OEMs

High-grade GOES (M105/27Z105) or Amorphous

Tier 2 standards: 10–30% loss reduction; requires 
M105-grade GOES or Amorphous

5-year window for retooling and validation

High Barrier: Requires multi-$M plant capex and 
2-3 year validation cycle

Efficiency as a Structural Moat: While the Amorphous mandate was dropped to preserve domestic GOES capacity (~75% of market), the final 2029 rule weaponizes efficiency. By enforcing 
10-30% loss reductions, the DOE creates a technical floor that requires multi-million dollar core-line retooling—effectively pricing out low-tech 'dumping' while securing the supply chain.



AutoPresent

Consequently, legacy manufacturing lines designed for standard GOES face 
obsolescence, as they cannot be easily retrofitted to process High-Permeability steel.

Source: Daelim Transformer - Steps In Power Transformer Manufacturing Process, AVEVA - How to build a power transformer, Slideshare - Manufaturing transformer, Scribd - Transformer Manufactuing Process 
Flow-Chart, TransformerKing.com - Transformer Manufacturing Process, Maddox - Guide to Transformer Windings & Coils, Lundahl Transformers - Chapter 3: Anatomy of a Transformer (White Paper), D4 Energy 
Solutions - Power-Transformer-Critical-to-Quality Manufacturing Flow-Chart, U.S. Government Report (referenced in AVEVA article regarding GOES production and domestic capacity), AutoPresent Analysis

Technical Incompatibility Across the Core Manufacturing Value Chain

1. Raw-Material 
Intake

Step 1

Standard GOES 
/ Hi-Perm steel 
feedstock

P
ro

ce
ss

 R
e

q
u

ir
e

m
e

n
ts

Inflexible: Fixed 
intake setups 
for thicker-
gauge 
standard GOES

L
e

g
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y 
O

b
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le
sc

e
n

ce

2. Precision 
Slitting/Cutting

Step 2

Precision burr 
control to 
minimize 
magnetic flux 
interference

Obsolete: 
Mechanical 
slitters induce 
edge 
burr/micro-
cracks, ruining 
permeability

3. Laser 
Scribing

Step 3

Mandatory 
domain 
refinement via 
high-power 
laser systems

Incompatible: 
Laser-scribing 
systems 
entirely absent 
in legacy 
footprints

4. High-Temp 
Continuous 
Annealing

Step 4

Thermal 
requirement: 
1150–1200°C 
under high-
purity H₂

Obsolete: 
Legacy 
furnaces 
capped at 
1150°C; lack 
high-purity 
H₂/dew-point 
control

5. Low-Stress 
Core-Stacking

Step 5

Delicate 
handling of 
thin-gauge Hi-
Perm 
laminations

Obsolete: 
Legacy 
stacking robots 
lack the μ-
precision 
needed for thin 
laminations

6. Final 
Assembly

Step 6

Core framing, 
clamping, and 
standard 
assembly

Operational

7. 
Testing/Dispatc
h

Step 7

Magnetic loss 
and 
permeability 
certification

Operational

Economic and Temporal Barriers Prohibit Rapid Retrofitting

• Prohibitive CapEx hurdles drive full-line 
replacement:

– Retrofits cost $80–150M per line, yet rarely 
meet Hi-Perm performance specs

– New OECD-compliant lines require $250–400M, 
effectively capping near-term capacity

• Extensive lead times delay supply response 24–36 
months:

– High-temp furnaces and laser systems require 
18–30 month equipment lead times

– Qualification and integration cycles extend total 
deployment to a 3-year horizon

• Aging infrastructure limits 'bolt-on' digital 
integration:

– Most NA/EU capacity is >30 years old, lacking 
native sensors/MES required for Hi-Perm

– Only ~10–25 certified global lines exist, creating 
a structural supply ceiling

https://www.daelimtransformer.com/transformer-manufacturing-process.html
https://www.daelimtransformer.com/transformer-manufacturing-process.html
https://www.daelimtransformer.com/transformer-manufacturing-process.html
https://www.aveva.com/en/our-industrial-life/type/article/how-to-build-a-power-transformer/
https://www.aveva.com/en/our-industrial-life/type/article/how-to-build-a-power-transformer/
https://www.aveva.com/en/our-industrial-life/type/article/how-to-build-a-power-transformer/
https://www.slideshare.net/slideshow/manufaturing-transformer/64320191
https://www.slideshare.net/slideshow/manufaturing-transformer/64320191
https://www.slideshare.net/slideshow/manufaturing-transformer/64320191
https://www.scribd.com/document/432833248/Process-Listing-v0
https://www.scribd.com/document/432833248/Process-Listing-v0
https://www.scribd.com/document/432833248/Process-Listing-v0
https://www.scribd.com/document/432833248/Process-Listing-v0
https://www.scribd.com/document/432833248/Process-Listing-v0
https://www.scribd.com/document/432833248/Process-Listing-v0
https://www.transformerking.com/transformer-manufacturing/transformer-manufacturing-process
https://www.transformerking.com/transformer-manufacturing/transformer-manufacturing-process
https://www.transformerking.com/transformer-manufacturing/transformer-manufacturing-process
https://www.maddox.com/resources/articles/transformer-windings
https://www.maddox.com/resources/articles/transformer-windings
https://www.maddox.com/resources/articles/transformer-windings
https://d4energysolutions.com/wp-content/uploads/2019/11/Power-Transformer-Critical-to-Quality-Manufacturing-Flow-Chart.pdf
https://d4energysolutions.com/wp-content/uploads/2019/11/Power-Transformer-Critical-to-Quality-Manufacturing-Flow-Chart.pdf
https://d4energysolutions.com/wp-content/uploads/2019/11/Power-Transformer-Critical-to-Quality-Manufacturing-Flow-Chart.pdf
https://d4energysolutions.com/wp-content/uploads/2019/11/Power-Transformer-Critical-to-Quality-Manufacturing-Flow-Chart.pdf
https://d4energysolutions.com/wp-content/uploads/2019/11/Power-Transformer-Critical-to-Quality-Manufacturing-Flow-Chart.pdf
https://d4energysolutions.com/wp-content/uploads/2019/11/Power-Transformer-Critical-to-Quality-Manufacturing-Flow-Chart.pdf
https://d4energysolutions.com/wp-content/uploads/2019/11/Power-Transformer-Critical-to-Quality-Manufacturing-Flow-Chart.pdf
https://d4energysolutions.com/wp-content/uploads/2019/11/Power-Transformer-Critical-to-Quality-Manufacturing-Flow-Chart.pdf
https://d4energysolutions.com/wp-content/uploads/2019/11/Power-Transformer-Critical-to-Quality-Manufacturing-Flow-Chart.pdf
https://d4energysolutions.com/wp-content/uploads/2019/11/Power-Transformer-Critical-to-Quality-Manufacturing-Flow-Chart.pdf
https://d4energysolutions.com/wp-content/uploads/2019/11/Power-Transformer-Critical-to-Quality-Manufacturing-Flow-Chart.pdf
https://d4energysolutions.com/wp-content/uploads/2019/11/Power-Transformer-Critical-to-Quality-Manufacturing-Flow-Chart.pdf
https://d4energysolutions.com/wp-content/uploads/2019/11/Power-Transformer-Critical-to-Quality-Manufacturing-Flow-Chart.pdf
https://d4energysolutions.com/wp-content/uploads/2019/11/Power-Transformer-Critical-to-Quality-Manufacturing-Flow-Chart.pdf
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Building new compliant capacity is slow and capital intensive, with greenfield 
plants requiring $150M+ and 3–4 years to reach full production.

Source: Siemens Energy (Charlotte, NC) large power transformer factory capex disclosure, Hitachi Energy (South Boston, VA) large power transformer facility investment announcement, Eaton three-phase transformer facility in South Carolina investment announcement, MGM Transformers and VanTran Transformers plant investment announcements, PTT transformer 
manufacturing facility expansion announcement, Wood Mackenzie transformer manufacturing and policy constraints analysis, NIAC / Wood Mackenzie commentary on transformer manufacturing labor and automation, DOE and Wood Mackenzie notes on U.S. power transformer import share, EU Industrial Emissions Directive, EU industrial-policy documents on 
transformer and heavy electro-mechanical manufacturing investments, OEM presentations and industry reports on 2010s-vintage HV transformer plant capex, Technical literature on large-power transformer manufacturing time-and-motion studies, OEM HR and vocational training program materials for transformer coil winding technicians, Power magazine article 
“Transformers in 2026: Shortage, Scramble, or Self-Inflicted Crisis?”, Wood Mackenzie report “Transformer troubles: manufacturing and policy constraints hit US transformer supply”, AutoPresent Analysis

FID & Capital 
Commitment

Final Investment 
Decision; $150–300M 
capex required (1.5–2x 

increase vs. 2010s 
levels).

Permitting & Site 
Approvals

12–24 month U.S. 
permitting cycle; risk of 

NEPA-driven 
environmental review 

delays.

Equipment & 
Infrastructure

Long-lead procurement 
for specialized core-
cutting and winding 

machinery.

Facility Ready 
for Occupancy

Construction complete; 
clean-room assembly 
environments and test 
bays commissioned.

Workforce 
Ramp-Up

6–12 month training 
programs required to 
reach basic technician 

proficiency in coil 
winding.

First Commercial 
Shipment

36–48 month greenfield 
cycle; competence on 
high-voltage designs 
requires additional 12 

months.

4 Years. $300M. 1 Bet.: Building a new transformer plant today is a half-billion-dollar gamble with a 4-year horizon—too slow, too costly, and too risky to fix the energy transition’s most urgent 
bottleneck.

https://www.powermag.com/transformers-in-2026-shortage-scramble-or-self-inflicted-crisis/
https://www.powermag.com/transformers-in-2026-shortage-scramble-or-self-inflicted-crisis/
https://www.powermag.com/transformers-in-2026-shortage-scramble-or-self-inflicted-crisis/
https://www.woodmac.com/news/opinion/transformer-troubles-manufacturing-and-policy-constraints-hit-us-transformer-supply/
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Furthermore, 'Buy America' requirements in the Infrastructure Act have locked up 
federal funding because there is insufficient domestic qualifying steel to meet the rules.

Source: Infrastructure Investment and Jobs Act (IIJA), Build America, Buy America Act (BABA), Build America, Buy America Preference / Buy America Requirement (2 CFR Part 184), DOE's Implementation of the Buy America Requirement for Infrastructure Projects, FHWA temporary public interest 
waiver for EV chargers, ASTM A876-18 (Standard Specification for Flat-Rolled, Grain-Oriented, Silicon-Iron Electrical Steel, Fully Processed Types), Section 70900 of IIJA (Build America, Buy America waiver provisions), Cleveland-Cliffs public filings and industry commentary on GOES production, 
U.S. Geological Survey data on electrical steel, Nippon Steel, POSCO, HBIS, VanTran “Buy American Compliance for Distribution Transformers”, NSI Industries blog: “What the Build America, Buy America Act Means for U.S. Manufacturing”, Buy America - Construction Program Guide - Contract 
Administration (FHWA), Build America, Buy America Act (BABA) Implementation Procedures for EPA, Frequently Asked Questions about Build America, Buy America Act (NSF), Build America Buy America FAQ (Mississippi Development Authority), AutoPresent Analysis

The 55% Domestic Content Mandate Creates a Structural Compliance Gap for Grid Infrastructure

Federal Stimulus Deployment

Mandate: 
55% of iron/steel component cost 

must be U.S. sourced

Single-source domestic GOES 
Cleveland-Cliffs cannot meet 

demand forecast

Transformer OEMs forced to 
use non-compliant imports to 

maintain lead times

Funds frozen in administrative 
waiver queue Multi-month delays

The BABA 'Catch-22': Regulatory Mandates Outpace Domestic 
Industrial Capacity

• Domestic Supply Deficit: Demand exceeds capacity 
by ~2-3x:

– Cleveland-Cliffs (single source) produces ~200-
300kt vs. 1Mt+ projected decade demand

– ASTM A876-18 qualifying steel is materially 
insufficient for 55% content threshold

• Programmatic Lock: Non-obligation of IIJA funds:

– Agencies cannot legally release funds for 
projects using foreign GOES without waivers

– Result: Grid and AI infrastructure projects are 
stalled at the 'intent' phase

• Waiver Trap: Administrative lag exceeds project 
windows:

– No consolidated federal tracking for 
transformer waivers creates high uncertainty

– Section 70900 reviews add months of delay to 
already long 6-12 month GOES lead times

• Systemic Gridlock: Policy-induced infrastructure 
bottleneck:

– Without funding, domestic capacity expansion 
is unbankable, perpetuating the shortage

– The 'Buy America' rule is effectively de-funding 
the Energy Transition it was meant to fuel

https://www.energy.gov/sites/default/files/2023-06/DOE's%20Implementation%20of%20the%20Buy%20America%20Preference%2011-17.pdf
https://www.fhwa.dot.gov/construction/cqit/buyam.cfm
https://www.fhwa.dot.gov/construction/cqit/buyam.cfm
https://vantran.com/wp-content/uploads/VT-I006.00_buy_america_compliance_rev0.pdf
https://nsiindustries.com/resources/blog/what-the-build-america-buy-america-act-means-for-u-s-manufacturing/
https://www.epa.gov/system/files/documents/2025-11/otaq-baba-implementation-procedures-2025-11-14-2.pdf
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The result is 'Waiver Paralysis,' where projects stall while awaiting DOE permission to 
use foreign components, adding administrative drag to physical delays.

Source: Department of Energy (DOE), Infrastructure eXCHANGE, AutoPresent Analysis
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Regulatory Deadlock Compounds Physical Supply Chain Lead Times [Illustrative]Regulatory Deadlock Compounds Physical Supply Chain Lead Times [Illustrative]

Cumulative Pending Section 303 Waiver Requests, Time (2020 – 2024)

Est. 
Decision 
Timefra

me

Undisclose
d

Undisclose
d

6-9 Months 6-9 Months >12 Months >12 Months >12 Months >12 Months

Regulato
ry Risk 
Level

Low Low Moderate High Critical Severe Extreme Paralysis

Absence of SLA 
tracking obscures a 
maturing 'black-box' 

backlog.

Administrative drag 
now forces 

indefinite project 
holds and capital 

freezes.

Administrative Deadlock is the Binding Constraint on 
Infrastructure

• Permission-based stalling (Waiver Paralysis):

– 12+ month decision timelines exceed 
standard procurement windows, 
preventing binding contract signatures

– No public DOE case-management or SLA 
tracking creates a 'black-box' environment 
for investors

• Administrative drag compounding physical 
delays:

– Waiver uncertainty adds 12+ months of 
regulatory drag to existing 18-36 month 
physical lead times

– Lack of transparency prevents developers 
from pricing or mitigating supply chain risk

• Capital freeze across critical transition sectors:

– Unresolved waivers hold billions in capital 
'hostage' across 100+ GW interconnection 
queues

– Transformer dependency makes DOE 
permission the silent kill-switch for AI and 
energy security

https://infrastructure-exchange.energy.gov/
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Collectively, these regulations create a compliance moat that entrenches large 
incumbents who have the legal and technical resources to navigate the complexity.

Source: US Transformer Industry 2026 Trends and Forecasts 2034 - Data Insights Market, Transformers in 2026: Shortage, Scramble, or Self-Inflicted Crisis? - Power Magazine, Oil Immersed Transformer Market Outlook 2026-2032 - Intel Market Research, Bottlenecks Threaten Power Grid 
Upgrades - NS Energy Business, Transformer Market 2025 Performance & 2026 Outlook - NPC Electric, 5 Manufacturing Trends to Watch in 2026 - Manufacturing Dive, Five Factory Trends to Watch in 2026 - American Manufacturing, 2026 Manufacturing Industry Outlook - Deloitte Insights, 2026 
Macro Outlook for U.S. Manufacturing in Industrial Automation - Powermation, International Energy Agency (IEA) Industry Leaders Survey on Supply Chain and Procurement, Regulatory Energy Transition Accelerator (RETA) Initiative Report, Modern Power Systems Magazine, Wood Mackenzie - 
Power Transformer Lead Times and Pricing Analysis, U.S. Department of Energy (DOE) - Energy Efficiency Standards for Distribution Transformers, Hitachi Energy Investment Announcements (December 2022), AutoPresent Analysis

Regulatory complexity creates an insurmountable moat for small players
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Regulation as a Strategic Moat in the Transformer Market

A

Legal: Dedicated teams manage 10 CFR Part 431 complexity:

• In-house teams ensure timely certification for 2029 standards; 
smaller firms face multi-year rulemaking cycles they cannot 
influence

• Active engagement with DOE and UL reduces time-to-market and 
secures eligibility for compliance flexibilities

B

Technical: Priority GOES access mitigates 200-week lead times:

• Long-term AK Steel relationships provide priority access to GOES, 
bypassing 200+ week lead times that paralyze competitors

• Large players leverage amorphous alloy supply leverage 
(currently <5% of market) to hedge against future GOES shortages

C

Barriers: 12-month certification lags stall smaller entrants:

• Regional assemblers lack capacity for multi-jurisdictional DOE 
submissions, resulting in 12-month delays and lost market 
responsiveness

• Technical designs are often invalidated by the inability to secure 
high-perm steel required for 2029 efficiency targets

D

Moat: High fixed compliance costs favor large-scale incumbents:

• Regulatory complexity has surged since 2015, increasing fixed 
costs and creating a structural 'exit filter' for firms under 5% share

• Incumbents absorb rising certification costs over larger volumes, 
while smaller players are priced out by non-material compliance 
overhead

https://www.datainsightsmarket.com/reports/us-transformer-industry-4016
https://www.datainsightsmarket.com/reports/us-transformer-industry-4016
https://www.datainsightsmarket.com/reports/us-transformer-industry-4016
https://www.powermag.com/transformers-in-2026-shortage-scramble-or-self-inflicted-crisis/
https://www.powermag.com/transformers-in-2026-shortage-scramble-or-self-inflicted-crisis/
https://www.powermag.com/transformers-in-2026-shortage-scramble-or-self-inflicted-crisis/
https://www.powermag.com/transformers-in-2026-shortage-scramble-or-self-inflicted-crisis/
https://www.powermag.com/transformers-in-2026-shortage-scramble-or-self-inflicted-crisis/
https://www.intelmarketresearch.com/oil-immersed-transformer-market-22076
https://www.intelmarketresearch.com/oil-immersed-transformer-market-22076
https://www.intelmarketresearch.com/oil-immersed-transformer-market-22076
https://www.intelmarketresearch.com/oil-immersed-transformer-market-22076
https://www.intelmarketresearch.com/oil-immersed-transformer-market-22076
https://www.nsenergybusiness.com/analysis/bottlenecks-threaten-power-grid-upgrades/
https://www.nsenergybusiness.com/analysis/bottlenecks-threaten-power-grid-upgrades/
https://www.nsenergybusiness.com/analysis/bottlenecks-threaten-power-grid-upgrades/
https://www.nsenergybusiness.com/analysis/bottlenecks-threaten-power-grid-upgrades/
https://www.npcelectric.com/news/transformer-market-2025-performance-and-2026-outlook.html
https://www.npcelectric.com/news/transformer-market-2025-performance-and-2026-outlook.html
https://www.npcelectric.com/news/transformer-market-2025-performance-and-2026-outlook.html
https://www.manufacturingdive.com/news/5-trends-watch-2026-tariffs-uncertainty-ai-workforce-chemical-investments/809109/
https://www.manufacturingdive.com/news/5-trends-watch-2026-tariffs-uncertainty-ai-workforce-chemical-investments/809109/
https://www.manufacturingdive.com/news/5-trends-watch-2026-tariffs-uncertainty-ai-workforce-chemical-investments/809109/
https://www.americanmanufacturing.org/blog/five-factory-trends-to-watch-in-2026/
https://www.americanmanufacturing.org/blog/five-factory-trends-to-watch-in-2026/
https://www.americanmanufacturing.org/blog/five-factory-trends-to-watch-in-2026/
https://www.deloitte.com/us/en/insights/industry/manufacturing-industrial-products/manufacturing-industry-outlook.html
https://www.deloitte.com/us/en/insights/industry/manufacturing-industrial-products/manufacturing-industry-outlook.html
https://www.deloitte.com/us/en/insights/industry/manufacturing-industrial-products/manufacturing-industry-outlook.html
https://www.powermation.com/blog/2026-macro-outlook-for-u-s-manufacturing-in-industrial-automation/
https://www.powermation.com/blog/2026-macro-outlook-for-u-s-manufacturing-in-industrial-automation/
https://www.powermation.com/blog/2026-macro-outlook-for-u-s-manufacturing-in-industrial-automation/
https://www.powermation.com/blog/2026-macro-outlook-for-u-s-manufacturing-in-industrial-automation/
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In this environment, the primary winners are vertically integrated OEMs like Hitachi 
Energy and Eaton who have secured long-term High-Perm GOES allocation.

Source: Cleveland-Cliffs filings and management commentary, Eaton earnings calls, Eaton annual reports, Hitachi Energy press releases on global transformer capacity expansion (including $1.5bn by 2027), Hitachi Energy announcement of additional $250m investment to address global transformer shortage, Hitachi Energy press releases on transformer plant 
expansions (Alamo, TN; Bland/Atkins, VA; Varennes, Canada; Finland; Türkiye), Hitachi Energy and E.ON long-term framework agreement worth up to $700m, UtilityDive article “Hitachi Energy commits $250M to address transformer shortage”, Hitachi Energy press materials on $6 billion portfolio investment including $1.5 billion to scale global transformer production, 
Eaton press release on $340m investment in three-phase transformer facility in South Carolina, MarketsandMarkets Transformer Market report / PR Newswire release “Transformer Market worth $88.48 billion by 2030”, MarketsandMarkets “Top Companies in Transformer Market - Hitachi Energy Ltd ...” insight, Industry trade press and regulatory filings on transformer 
lead times and shortages (U.S. and European regulators and industry bodies), Public financial disclosures and investor presentations of smaller / less-integrated transformer OEMs citing margin pressure and supply-chain challenges, AutoPresent Analysis

28

10

22.5

16.5

Integrated OEMs (Eaton, Hitachi Energy)

Non-Integrated Peers (Regional/Spot-Buyers)

Eaton and Hitachi Outperform as Secured Supply Chains 
Enable ~500bps Margin Expansion Amid Commodity 

Inflation
Avg. EBITDA Margin (%) 12-Month Stock Total Return

Eaton and Hitachi Outperform as Secured Supply Chains Enable ~500bps Margin 
Expansion Amid Commodity Inflation

Percentage (%), OEM Category

Strategic Sourcing Decouples Tier-1 OEMs from Industry-Wide 100+ Week Lead Times

A

Secured GOES Allocation: 20–40% Shorter Lead Times:

• Multi-year contracts with Cleveland-Cliffs (sole U.S. producer) 
and Nippon protect against 100-week market lead times

• Sourcing priority avoids double-digit spot premiums paid by 
regional/non-contracted peers

B

Margin Resilience: +500bps Expansion vs. 2019 Baseline:

• Eaton Electrical Americas margins grew from ~18% (2019) to 
~23% (2023) despite 2–3x surge in steel and copper costs

• Index-based pricing and surcharges enable near-100% pass-
through of commodity volatility

C

Growth Visibility: $1.5B+ Capacity Ramp via Multi-Year Deals:

• Hitachi Energy leveraging $6B+ investment program and 
$700M E.ON framework to reserve capacity for high-margin 
grid projects

• Record backlogs provide clear earnings visibility through 2027, 
justifying current valuation premiums

https://www.hitachienergy.com/news-and-events/press-releases/2025/03/hitachi-energy-invests-additional-250-million-usd-to-address-global-transformer-shortage
https://www.hitachi.com/New/cnews/month/2025/07/250729a.html
https://www.hitachi.com/New/cnews/month/2025/07/250729a.html
https://www.hitachi.com/New/cnews/month/2025/07/250729a.html
https://www.utilitydive.com/news/hitachi-energy-commits-250-million-transformer-shortage/742010/
https://www.prnewswire.com/news-releases/transformer-market-worth-88-48-billion-by-2030--marketsandmarkets-302529864.html
https://www.marketsandmarkets.com/ResearchInsight/transformer-market.asp
https://www.marketsandmarkets.com/ResearchInsight/transformer-market.asp
https://www.marketsandmarkets.com/ResearchInsight/transformer-market.asp


AutoPresent

Specialized players like Hubbell and WEG also win by dominating the distribution and 
industrial niches where volume requirements shield them from custom engineering risks.

Source: Newton-Evans’ 2024 assessment of the U.S. dry-type transformer market, MarketsandMarkets transformer market company evaluation matrix (WEG as “Emerging Leader”), MarketsandMarkets global transformer market reports, ResearchAndMarkets transformer / power transformer 
market reports, The Insight Partners – Americas Transformers Market, Allied Market Research – Medium Voltage Transformer Market, OpenPR – Medium Voltage Distribution Transformer Market May Set New Growth Story | Hubbell, CHINT Electric, CG Power and Industrial Solutions, U.S. 
Department of Energy study on dry-type transformer sales (2019, cited by Newton-Evans), NEPA (National Environmental Policy Act) environmental review process, EIA (Environmental Impact Assessment) processes, AutoPresent Analysis

50%

30%

20%

Hubbell and WEG Control 50% of Specialized Market; Standardized Designs Drive >4x Throughput Velocity

Others (Fragmented Supply Base) Hubbell (US Utility Distribution Focus) WEG (Industrial/Renewables Focus)

Hubbell and WEG Control 50% of Specialized Market; Standardized Designs Drive >4x Throughput Velocity

Standardization creates 
a defensive moat 
against custom-

engineering risks.

Strategic positioning 
captures high-growth 'last-

mile' energy transition 
demand.

50% Market, 4x Speed: 
Hubbell and WEG’s dominance in standardized distribution and industrial transformers isn’t just about share—it’s a velocity moat: while the grid stalls on multi-year 

custom builds, they’re deploying proven designs at scale, powering the energy transition’s ‘last mile’ faster than anyone can engineer around it.

https://www.newton-evans.com/a-mid-2024-assessment-of-the-u-s-distribution-transformer-industry/
https://www.newton-evans.com/a-mid-2024-assessment-of-the-u-s-distribution-transformer-industry/
https://www.newton-evans.com/a-mid-2024-assessment-of-the-u-s-distribution-transformer-industry/
https://www.newton-evans.com/a-mid-2024-assessment-of-the-u-s-distribution-transformer-industry/
https://www.newton-evans.com/a-mid-2024-assessment-of-the-u-s-distribution-transformer-industry/
https://www.marketsandmarkets.com/Market-Reports/transformer-market-261783147.html
https://www.researchandmarkets.com/report/power-transformer
https://www.researchandmarkets.com/report/power-transformer
https://www.theinsightpartners.com/reports/americas-transformers-market
https://www.theinsightpartners.com/reports/americas-transformers-market
https://www.theinsightpartners.com/reports/americas-transformers-market
https://www.alliedmarketresearch.com/medium-voltage-transformer-market-A12853
https://www.alliedmarketresearch.com/medium-voltage-transformer-market-A12853
https://www.alliedmarketresearch.com/medium-voltage-transformer-market-A12853
https://www.openpr.com/news/3549307/medium-voltage-distribution-transformer-market-may-set-new
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The raw material monopolies, specifically Cleveland-Cliffs and ATI, maintain 
outsized pricing power protected by trade tariffs and high barriers to entry.

Source: CRU, Platts, Wood Mackenzie, Benchmark Mineral, Cleveland-Cliffs’ Butler Works, ATI, Section 232 steel tariffs, U.S. Section 232 exclusion requests database (U.S. Department of Commerce process), NEPA review, Clean Air Act, Clean 
Water Act, OSHA, MSHA, CFIUS, CLF Flat-Rolled Products segment, ATI High Performance Materials &amp; Components (HPMC) segment, Cleveland-Cliffs 10-K filings, ATI 10-K filings, U.S.–EU steel tariff-rate quota (TRQ) arrangements, U.S.–
Japan steel tariff-rate quota (TRQ) arrangements, Anti-dumping (AD) and countervailing duty (CVD) orders on electrical steel, AutoPresent Analysis

1

22

14

11

3

15
16

18

2020 2021 2022 2023

Section 232 Protection and Scarcity Sustain Elevated Margins Despite Global Price Normalization

Cleveland-Cliffs Flat-Rolled ATI High Performance (HPMC)

Section 232 Protection and Scarcity Sustain Elevated Margins Despite Global Price Normalization

EBITDA Margin (%), Year

Est. U.S.-
Global 

Price Gap
+25% +35% +32% +30%

Capacity 
Utilization

Low/Volatile 90-100% 90-100% 90-100%

Upstream 
Concentration: 100% 

of domestic 
production held by 

CLF and ATI

Structural floor: 
Profitability 

decoupled from 
global commodity 

cycles

$3.0B Entry Barrier & 25% Protection: 
New supply requires $1.5–3.0B capex and 5–7 years for permitting/ramp-up. This, combined with 25% Section 232 tariffs on China/Japan/EU imports, insulates the 

~100% domestic GOES monopoly from global price parity.
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Conversely, pure-play developers constitute the losing cohort, as fixed-price Power Purchase 
Agreements (PPAs) signed in 2022 are structurally unprofitable at current CapEx levels.

Source: IEA, BNEF, Lazard, SEIA/Wood Mackenzie, Wood Mackenzie, NIAC, IEA market reports, IRENA, BNEF market reports, AutoPresent Analysis

9.5
10

8.5
9

5.5
5

4.5
4

U.S. Utility Solar U.S. Onshore Wind EU Utility Solar EU Onshore Wind

IRR-WACC Inversion: 2022-Vintage Projects Now 
Generate Negative Equity Spread

Projected IRR (at 2022 Signing) Estimated IRR (at 2026 COD)

IRR-WACC Inversion: 2022-Vintage Projects Now Generate Negative Equity Spread

Levered Equity IRR (%), Project Segment (2022 Signings)

BOS 
Cost 

Increase 
($/kW)

+$20–40 +$30–60 +$20–40 +$30–60

Local 
WACC 

Benchm
ark (%)

7.0–9.0% 7.0–9.0% 6.5–8.5% 6.5–8.5%

Supply chain 
bottleneck: ~500bps 

IRR erosion driven 
by critical 

equipment scarcity.

Structurally 
unprofitable: Fixed 

PPA revenue cannot 
absorb exploded 

CapEx levels.

Fixed Revenue (PPA) vs. Exploding CapEx: The Negative NPV Trap for Pure-Plays

• Fixed PPAs ($25-40/MWh) cannot absorb 
~$20-60/kW BOS cost increases

• Resulting 3-6% IRRs fail to clear the 7-9% cost 
of capital for independents

1
Structural 
Unprofitability: 
IRRs (~3-6%) have 
fallen ~300-
500bps below 
WACC

• Pure-plays (30-40% of global market) lack the 
scale to negotiate frame agreements

• Forced to buy at spot premiums or accept 3-
4 year delivery delays

2
The 'Losing 
Cohort': 60-80% of 
transformer 
supply locked by 
integrated majors

• Transformer scarcity (+60% price since 2020) 
accounts for majority of BOS hike

• Limited manufacturing output through 2028 
is already allocated to TSOs and utilities

3
CapEx Explosion: 
Transformer 
prices up 25-40% 
with 120+ week 
lead times

• Projected capacity additions likely to stall as 
pure-play NPV turns negative

• Requires massive consolidation or PPA price 
reform to unlock ~150GW pipeline

4
Strategic Fallout: 
~35% of global 
capacity pipeline 
at risk of 
cancellation
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Non-integrated OEMs dependent on the spot market for steel face margin compression 
and the inability to meet delivery dates, leading to reputational damage.

Source: NIAC (2024), Wood Mackenzie, DOE standards, Ecodesign Directive, CRU, Fastmarkets, Hitachi Energy, Siemens Energy, GE Vernova, Mitsubishi Electric, Hyundai, TBEA, U.S. Department of Energy (DOE), 
Section 232 duties on steel and aluminum, American Public Power Association, U.S. Commerce Department investigation, Industrial Info Resources, Data Center Dynamics, Wood Mackenzie report on U.S. 
transformer market deficits (2025), trade analysis, supplier interviews, cost modeling from industry consultants, AutoPresent Analysis

OEM Category

Integrated 
OEM

Non-
integrated 
Assembler

Procurement Strategy Indicative Gross Margin (2023-24) Delivery Variance (Lead Time) Contractual & Financial Risk

Multi-year cost-plus contracts • ~18–24% (Stable)
• +5–10% COGS regulatory uplift

• 10–20 week variance
• Internal GOES allocation priority

Primary 'Flight to Quality' beneficiary

Volatile Spot Market (+40–60%) • ~2–8% (Critical compression)
• 2x incremental compliance 

cost/kVA

• 30–40 week variance
• Project commissioning delays (6–

12mo)

$5–20M exposure in LDs/carry costs

Existential 'Middleman Trap': 
Spot market volatility and 2x higher compliance costs have crushed assembler margins to ~2–8%, while 40-week lead-time variances trigger up to $20M in project 

penalties; this creates a 'Flight to Quality' where utilities migrate awards to integrated OEMs to de-risk grid commissioning schedules.
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Evidence of this stress is visible in major write-downs by offshore wind developers 
like Orsted, explicitly citing supply chain delays and component inflation.

Source: Ørsted cancellation announcement for Ocean Wind 1 and 2 citing “significant adverse developments from supply chain challenges … and rising interest rates”, Ørsted 2023 US offshore portfolio impairment disclosures (DKK 28.4 bn total, DKK 19.9 bn for Ocean Wind 1), Ørsted Q3 2023 results / earnings commentary by CEO Mads Nipper on US offshore 
impairments, Offshore Wind Renewable Energy Credit (OREC) framework for Sunrise Wind, Ocean Wind 1 US offshore wind project (New Jersey), Ocean Wind 2 US offshore wind project (New Jersey), Sunrise Wind offshore wind project, Revolution Wind offshore wind project, Commonwealth Wind offshore wind project (Avangrid), Park City Wind offshore wind project 
(Avangrid), GE Vernova company reports and earnings on grid equipment order backlog, Siemens Energy company reports and earnings on grid equipment order backlog, ABB company reports and earnings on grid equipment order backlog, North American utility association surveys on large power transformer lead times, US Department of Energy (DOE) / Federal 
Energy Regulatory Commission (FERC) filings on transformer supply and lead times, US Treasury risk-free rate data (2020–2023) used as benchmark for interest rate / WACC shifts, State regulatory proceedings and company filings on Avangrid’s Commonwealth Wind and Park City Wind PPA terminations / re-bids, New York offshore wind solicitation / PPA 
renegotiation proceedings related to Sunrise Wind and other NY projects, AutoPresent Analysis

Ocean Wind 1: Timeline of supply-driven economic failure

Phase 1: Project 
Launch

Initial economics 
established with 

interest rates at ~1.5% 
and standard 

transformer lead times 
of 12–18 months.

Phase 2: Lead-Time 
Blowout

Transformer and cable 
lead times double to 24–
36+ months, pushing the 

construction window from 
2023 into 2025/26.

Phase 3: Financial 
Impairment

Ørsted records DKK 
28.4bn (~$4bn) in US 

impairments; 70% (DKK 
19.9bn) tied specifically 

to Ocean Wind 1.

Phase 4: Project 
Termination

Ocean Wind 1 & 2 
cancelled; management 
explicitly cites 'significant 
adverse developments' in 

supply chain.

Case Study: Supply Chain Fragility Driving $4B Write-downs

• Financial Impact: DKK 28.4B (~$4B) impairment 
across US portfolio:

– Ocean Wind 1 alone accounted for DKK 19.9B 
($2.8B+) in project-specific losses

– Impairments reflect the material financial 
penalty of missing procurement windows

• Supply Chain: Transformer/cable lead times 
extended to 24–36+ months:

– Doubling of lead times since 2020 created a 
'multiyear delay' cited by CEO

– Record backlogs at GE Vernova and Siemens 
Energy indicate structural grid scarcity

• Inflation: Component and macro shifts drove 20–
40% LCOE increases:

– Delays pushed construction into high-rate 
environments, increasing cost of capital

– Cost inflation on long-lead electrical items 
erased project margins before FID

• Systemic Risk: Over 7 GW of US capacity cancelled 
or re-bid since 2022:

– Ørsted is the bellwether; similar stress visible at 
Avangrid and NY projects

– Evidence confirms transformer/grid supply is 
now the primary transition bottleneck
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and the Inevitable Timeline
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For private equity, the immediate opportunity lies in the secondary market, where 
refurbishment and rental of transformers yield EBITDA margins exceeding 35%.

Source: U.S. DOE, NERC, EEI, FERC, T&amp;D World, Utility Dive, Ten-Year Network Development Plans (TYNDP), EU TSOs, utility asset-management studies, service-provider white papers, industry case studies, private-equity-backed platform disclosures, specialty equipment rental niches 
benchmarks, published market-research estimates on GOES, Nippon Steel, JFE, POSCO, Baowu, Ansteel, thyssenkrupp, U.S. Section 232 tariffs, anti-dumping measures on electrical steel, NERC reliability assessments, U.S. DOE grid-modernization blueprints, EU TYNDPs, ENTSO-E, TSO 
asset-health reports, utility surveys, utility rate-case filings, revenue disclosures of specialized rental operators, research firms on temporary power / equipment rental markets, AutoPresent Analysis

Proven Performance: PE Platforms Realizing 35-40% EBITDA via Secondary Market Arbitrage

• 10–12 week turnaround via regional hubs and 
process scale

• Refurb cost at ~45% of new, rentals priced at 
120–150% of list

a
Arcline (Powell): 
Scaled 
refurbishment 
achieving 37% 
EBITDA margins

• Centralized core inventory and predictive 
tools cut lead times

• 130% pricing capture during grid stress, 39% 
EBITDA margins

b
Capvis (EHVS): 
Technology-led 
ops driving 39% 
margins on HV 
units

• Pre-staged 138–345 kV units at $50K–
$150K/month (100–125% of annual list)

• $1.2M refurb vs. $2.8M new; high reuse drives 
profitability

c
TRI: Rental-
focused fleet 
achieving 36% 
EBITDA via rapid 
deployment

• Capture 100-150% of new-unit list price for 
immediately available stock

• Asset reuse bypasses GOES steel shortage, 
yielding 50-70% gross margins

d
Market Platforms: 
Arbitraging 
structural 2-year 
OEM backlogs for 
>35% margins

Unlock 10x faster deployment and 3x margins via refurbishment

Operational / 
Economic Levers New Manufacture (OEM)

Refurbishment (Secondary 
Market)

Lead-Time (HV 
Units)

24–36+ Months 8–16 Weeks (10x faster)

EBITDA Margin % ~10–15% 35%+

Capital Intensity High (Greenfield CAPEX) Low (Asset Reuse/Labor-
focused)

Cost Basis per 
Unit

100% (List Price) 40–50% Cost Basis vs. New

Pricing Power List Price (Limited Leverage) 100–150% of New List Price

Primary 
Bottleneck

Global GOES Supply / 
Backlogs

Labor & Lead-Time (Bypasses 
GOES)

Regulatory 
Burden

High (Permitting/Compliance) Low (Life-extension)

Cash Conversion 
Cycle

Long (Staggered/Delayed) Rapid (Upfront/Rental Cycles)

Target PE Arbitrage Profile



AutoPresent

Finally, investors should disregard Solid State Transformers (SST) as a near-term fix; 
the technology remains at TRL 6 and poses no commercial threat before 2032.

Research (TRL 
1-3)

Development 
(TRL 4-5)

Demonstration 
(TRL 6-8)

Deployment 
(TRL 9)

C
o

m
m

e
rc

ia
l R

ea
d

in
e

ss

Technology Readiness Level (TRL)

TRL 9: Grid-Proven

TRL 6: Current Pilot 
Stage

D
e

ve
lo

p
m

e
n

t 
Fo

cu
s Fundamental 

semiconductor & 
magnetic research

Prototype validation in 
controlled lab 
environments

Utility-scale pilot 
projects and field 
testing

Mass-market 
commercialization and 
grid-wide rollout

Critical Gap Sub-optimal Advantaged Industry Standard

Cost Efficiency
Mass scale manufacturingHigh SiC component costs

Grid Reliability

30-40 year field life

Surge sensitivity risks

Weight & Footprint
Bulky and heavy Significant size reduction

Power Flow Control
Static adjustment Active harmonic mitigation

Conventional Transformer Solid State (SST)

Commercialization Reality

• Timeline: No Commercial Threat Before 2032:

– SST technology remains at TRL 6

– Utilities require 10+ year track records for 'critical node' components to ensure 
system stability

• Utility Inertia: The Primary Adoption Barrier:

– Grid operators prioritize 30-year asset longevity over advanced dynamic 
control features

• Incumbent Dominance: Near-Term Winners:

– Hitachi, GE, and Siemens remain the only viable providers for the current 
infrastructure backlog
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This structural deficit will persist through 2028 because the three required fixes—new smelting 
capacity, skilled labor training, and regulatory easing—all possess lead times exceeding 36 months.

Source: DOE’s Manufacturing & Energy Supply Chains (MESC) work, AK Steel, ATI, Cleveland-Cliffs, Thyssenkrupp, Aperam, SAIL, Siemens Energy, Hitachi Energy, ABB, IEA – Building the Future 
Transmission Grid, NREL, Wood Mackenzie, NPC Electric’s 2025/26 outlook, POWER Magazine, AutoPresent Analysis
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The 2029 Intersection: Supply Levers Cannot Physically Bridge Demand Gap Before End of Decade

Demand Index (2023 = 100)  |  Forecast Timeline

Strategic Rationale: Why Supply Inelasticity Creates a Multi-
Year Pricing Plateau

• Physical Fixes: Smelting and Grid Lead Times 
Exceed 4–7 Years:

– Smelting: 3–4 years from FID to operation for 
GOES capacity due to engineering complexity 
and capital intensity

– Grid Upgrades: 5–10 years for HV planning and 
NEPA/EIS reviews, delaying transformer 
deployment regardless of availability

– Result: Raw material and permitting barriers 
remain rigid through 2028/29

• Human Capital: Labor Scaling Fix Requires 36+ 
Months to Mature:

– Training: 12–24 months for winder proficiency; 
however, scaling pipeline requires +18 months 
of apprenticeship setup

– Shortfall: Current programs graduate only 
~300–800 winders/year vs. multi-thousand 
shortfall identified by DOE

– Constraint: Labor scarcity prevents adding 
shifts even when facility capacity is available

• Investment Horizon: The 'Pricing Supercycle' 
Plateau:

– Demand: U.S. power transformer demand up 
119% since 2019; global CAGR 6–9% driven by 
AI (10–15%) and Renewables (8–12%)

– Plateau: Similar to semiconductor cycles, 
pricing settles at a multi-year high until 
capacity waves arrive in 2029

– Strategic Implication: Expect persistent 
elevated lead times as the 'new normal' 
through the end of the decade
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Thank you

www.autopresent.ing
© 2026 AutoConsult Inc. All rights reserved.
Disclaimer: This content is general information purposes only, and should not be used as a substitute for consultation with professional advisors.
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