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Motivation

Motivation

The US has seen increased electricity load growth, 
and this is expected to further increase1

Large-scale transmission expansion can be a low-
cost strategy to meet rising electricity demand and 
maintain reliability2

Domestic supply chain constraints for critical grid 
components threaten this expansion3

Most transmission and generation planning 
studies to date assume transmission 
equipment is readily available.

Our analysis aims to fill this gap by assessing
the ability of the U.S. supply chains to meet 
demand of components and input materials 
through 2035
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Objectives and Scope

Objectives and Scope

Evaluate: The ability of transmission component 
supply chains to meet anticipated transmission 
development needs

Demonstrate: Methods to quantify transmission 
component demand from national-scale planning 
models

AC – alternating current; HVDC – High-voltage direct current
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Selected Transmission Scenarios

Selected Transmission Scenarios

The nodal transmission expansion portfolios capture transmission investment needs from 
2025 to 2035 based on AC-only expansion (AC) or deployment of AC and multi-terminal 
HVDC expansion (MT-HVDC).2

AC MT
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Demonstrate: Methods to 
quantify transmission component 
demand from national-scale 
planning models

Summary of Annual Transmission Component Requirements 
by Scenario (to year 2035)

Previous Work
(Transmission Demand)

Note: Large Power Transformers assumed to be 100 MVA and higher

Rose, A., Fuchs, B., Ramirez, L., & Pandian, R. M. 
(2026). Informing Transmission Supply Chain 
Needs from National Transmission 
Studies. https://doi.org/10.2172/3015389
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Summary of Annual Material Requirements by Scenario Across All 
Component Categories (to year 2035)Previous Work

(Transmission Demand)

Demonstrate: Methods to 
quantify transmission component 
demand from national-scale 
planning models

Notes: Large Power Transformers assumed to be 100 MVA and higher
GOES refers to Grain-oriented electrical steel

Rose, A., Fuchs, B., Ramirez, L., & Pandian, R. M. 
(2026). Informing Transmission Supply Chain 
Needs from National Transmission 
Studies. https://doi.org/10.2172/3015389
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Manufacturing and Availability (Supply side) for Transmission Components

Manufacturing and 
Availability (Supply 
side) for Transmission 
Components

Component Annual Availability Notes

Transmission 
Lines

18,000 – 55,000 miles • Total domestic and import 
availability estimated to be 73,000 
miles

• Assumes 25%-75% is 
manufactured domestically

• No distinction by conductor type
• Does not include impact of 

planned expansions

Large Power 
Transformers 
(LPTs)

Domestic production:
• 325-700 (2025 - 2026)
• 400 – 765 (2027 - 2029)
• 410 – 780 (2030)

• All HVDC converter-transformers 
(a subset of LPTs) are imported

• Availability remains constant after 
2030

• Does not include annual imports 
of 500-700 units

Circuit Breakers 30,000 – 90,000 units • Total domestic and imported 
availability estimated to be 
120,000

• Assumes 25% - 75% units 
manufactured domestically

• Does not include planned 
expansions

Transmission 
Towers

Unconstrained production capacity 
given enough material (there are 
enough manufacturing facilities)

• Availability assumed limited by 
steel supply

Evaluate: Domestic ability to 
provide transmission components 

Define: Assumptions for 
transmission supply chain 
constraints
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 Manufacturing and Availability (Supply side) for Critical Materials (2023-2024 average)

Manufacturing and 
Availability (Supply 
side) for Critical 
Materials
(2023-2024 average)

Material Domestic 
capacity*

Notes

Aluminum 4.2 million metric 
tons per year

• Imports account for over 45% of apparent 
consumption, on average.

Steel 81 million metric 
tons per year (all 
types of steel)

• Includes all types of steel

• Does not include zinc supply used for 
galvanized steel

GOES (Grain 
oriented 
electrical 
steel)

Import only • Domestically manufactured GOES is currently 
only used for distribution transformer 
applications

• Does not include production for transmission 
applications expected in 2028 due to 
unknown anticipated output

Copper 847,000 metric tons 
per year

• 40% apparent consumption imported, on 
average

*All domestic production output assumed constant over the 2025-2035 planning 
horizon and do not include supplies from imports.

Evaluate: Domestic ability to 
provide critical materials

Define: Assumptions for 
transmission supply chain 
constraints
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Manufacturer Conductors
Cores

Steel Ceramic Carbon-fiber

CTC Global

3M

Prysmian

Southwire

TS Conductors

Okonite

Conex

Bekaert

Helco

Tokyo Rope

Epsilon Cable

Transmission LinesTransmission Lines Major U.S. Manufacturers for Conductors and Cores4,5
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Prysmian Group (merged with General Cable)

• Manufactures medium voltage, high voltage, and extra-high voltage cables across multiple 
locations in the U.S4

• Recently expanded its facility in Williamsport, Pennsylvania to allow it to supply up to 
12,500 miles of HVDC transmission6

• Plans to expand other facilities including a new medium-voltage manufacturing plant in 
McKinney, Texas7 and a 100,000 square foot expansion of its facility in Du Quoin, Illinois8

The Okonite Company
• Manufactures cables ranging from 300 V to 345 kV across six plants in the U.S.9

Southwire
• Manufactures medium, high-voltage cables across multiple facilities in the U.S.10

• Huntersville, NC facility specialized in high-voltage (69-500kV) underground transmission 
and Heflin, AL facility manufactures medium and high-voltage cables11

Transmission LinesTransmission Lines Snapshot of U.S. Manufacturing Capability
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Availability Assumptions

Availability Assumptions

• Difficult to distinguish between conductor types 
because companies make multiple products across 
same production line

• For global companies, difficult to distinguish 
domestic and international manufacturing

Annual Transmission Line Availability

U.S. annual production capability and access to over 
73,000 miles of conductors for 6 conductor types4

Report4 by Idaho National Lab (INL)
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Large Power Transformers 
(LPTs)
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Around 120 – 150 LPTs produced 
domestically over the 2015-2019 
period12

Imports of LPTs between 2015-2019 
ranges between 500 and 700 units 
annually12

Note – Based on survey12 responses

LPTs ≥ 100 MVA

Large Power TransformersLarge Power Transformers Domestic Production and Imports
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Global Manufacturers13

• Hitachi Energy, Siemens Energy, Schneider Electric, Mitsubishi, Eaton Corporation PLC*

U.S. Manufacturers13

Major US Manufacturers Number of Facilities

Siemens 1 (North Carolina) under construction

Hyosun Heavy Industries (HICO) 1 (Tennessee)

Hyundai Power Transformers USA 1 (Alabama)

Virginia Transformers (formerly EFACEC) 2 Virginia*; 1 Georgia; 1 Idaho

Hitachi Energy 2 (Virginia); 1 (Missouri)

Delta Star 1 (Virginia); 1 (California) 

Niagara Power Transformer* 1 (New York)

Pennsylvania Transformer Technology* 1 (Pennsylvania)

SPX Transformers (acquired by GE)* 1 (Wisconsin)

*Transformers produced in U.S. for distribution applications. 

Large Power TransformersLarge Power Transformers Major Manufacturers
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*Estimate includes new units only. Siemens also plans to produce 24 refurbished units per year by 2030.
**Based on corporate estimate of over 2,200 employees across North America and relative facility size (square foot) across US and Mexico facilities
***Based on corporate estimate of over 1,200 employees across North America and relative facility size (square foot) across US and Canadian factories.

Facility Employees Capacity (Units per year) Transformer Units Per Employee Per Year

Siemens Energy  (Charlotte, NC)14 559 25 (2027); 57 (2030)* 0.1

Hyosung Heavy Industries (Memphis, TN) 40015(2025); 900 (2027)16 130 (2025); 250 (2027)17 0.33 (2025); 0.3 (2027)

Hyundai (Montgomery, AL) 44018 15019 0.34

Virginia Transformers (Rincon, GA; Pocatello, ID; Roanoke, VA) 1150** 20 115 - 345

Hitachi  (South Boston, VA) 37021 37 - 111

Hitachi (Jefferson City, MO) 95022 95 - 285

Hitachi (Bland, VA) 33023 33 - 99

Delta Star (Lynchburg, VA; San Carlos, CA) 880***24, 25 88 - 264

Assume 25 - 50% of transformers may be < 100 MVA

Total 324 – 692 (2025 - 2026); 
397 – 765 (2027 - 2029); 
413 – 781 (2030 - 2035)

Large Power TransformersLarge Power Transformers Estimates of U.S. Manufacturing Output Based on Employee Numbers

Most companies publish employee numbers and/or factory size rather than transformer output. For companies with public information on 
employee numbers and transformer output, we calculate units produced per year per employee. This ratio can be applied to other facilities to 
estimate transformer output. 

Estimated output 
assuming 0.1 – 0.3 
transformer units per 
employee per year
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Company Manufacturing Location

Siemens Energy Nuremberg, Germany26

GE Vernova Chennai, India27

NR Electric Chagzhou, China28

Toshiba Energy Systems & Solutions No US facilities list converter manufacturing29

Mitsubishi Electric Osaka, Japan30

Alstom Grid Stafford, UK; Vadodara, India31

Hitachi Energy Chennai, India32; Ludvika, Sweden33

HVDC Converter 
Transformer

HVDC Converter 
Transformer Major HVDC Converter Manufacturers and Facility Locations

There is uncertainty on the sizing of VSC HVDC converters
• Biggest projects by Siemens/Hitachi are ~1400 MW
• 3000 MW VSC HVDC (technically feasible and being designed)
• China currently has deployed 800 kV (5000 MW)
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Annual Transformer Availability
U.S. annual LPT (≥ 100 MVA) production capability and 

access (including imports) to:
• 825 – 1,400 in 2025
• 900 – 1,465 in 2027
• 910 – 1,480 in 2030

• Imports account for 500-700 LPTs per year
• All HVDC converters are imports

Availability Assumptions

Large power transformer 
(Adobe Stock Photo)
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Circuit BreakersCircuit Breakers
Major High-Voltage Circuit Breaker Manufacturers and U.S. 

Facility Locations

Company Products Manufacturing Location Notes

GE Grid 
Solutions

SF6 and SF6-free dead 
tank34

Charleroi, PA35 Adding 250 jobs as part of expansion 
through 2028 $600M investment34 

Siemens Energy 
Inc.

SF6 and SF6-free Jackson, MS36 550 employees; planned expansion 
2026 to increase throughput 100% and 
add 100 jobs37; HVDC breakers 
manufactured in Berlin, Germany

Mitsubishi 
Electric Power 
Product Inc.

Gas and vacuum circuit 
breakers; 

Warrendale, PA38 Planned $86M expansion announced 
2024 will add 200 jobs when fully 
operational38

Hitachi Energy SF6, SF6-free high-
voltage breakers; 
generator circuit 
breakers;

Mount Pleasant, PA39 Planned $70 million expansion complete 
in 2026 will add 100 new jobs to existing 
workforce of 500 employees40

ABB Circuit breakers and 
control products

Senatobia, MS41 1000 employees42; focus on distribution 
equipment will be expanded42; HVDC 
breakers manufactured in Sweden
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Circuit BreakersCircuit Breakers Estimates of Domestic Consumption and Availability

• In 2024, North America deployed over 120,000 high-voltage circuit breakers led by U.S. substation 
upgrades and smart grid projects across California and Texas.43

- Data on domestic manufacturing output or imports for high-voltage breakers not available from 
public data sources

- Facility-specific output number to estimate of breaker output based on employee numbers or 
factory size also not available from public data sources

• Assume 25-75% of units consumed each year in the U.S. are imported
- Import data for lower-voltage circuit breakers over 1000 V but less than 72.5 kV* showed that over 

the 2016 – 2020 period, import shares ranged from 75% to 26% based on number of units44

- We assume the fraction of imports for high-voltage circuit breakers have a similar range, 75% - 25%

* Based on HS codes: 853521; 853529

Data on facility output or total domestic manufacturing for high-voltage circuit breakers were not publicly available. Regional consumption and 
import data used to estimate domestic total availability and import reliance. 
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Annual Circuit Breaker Availability

U.S. annual  production capability and 
access to over 120,000 high-voltage circuit 
breakers. 

• Assume 25-75% of units imported

(Photo by Dennis Schroeder / NLR)

Availability Assumptions

Availability Assumptions
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Annual Transmission Tower Availability

Transmission tower manufacturing capacity is unconstrained. 

• The average high-voltage transmission tower includes about 
40-60k lb. of steel45

• There are many manufacturers of high voltage transmission 
towers46 

• Given the numerous manufacturers, we assume constraints 
for transmission towers are driven by steel availability and 
not manufacturing technology/capability

Photo by Warren Gretz / NLR

Availability Assumptions

Availability Assumptions
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AluminumAluminum
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Annual Aluminum Availability

4.2 million metric tons domestic production

• Based on average annual production data 2023-2024
• Does not include imports and exports
• Assume annual production remains constant over the 2025-2035 planning horizon 

Availability Assumptions

Availability Assumptions
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SteelSteel

Author’s analysis based on 47 . Note that USGS did not report net import reliance prior to 2020.

Average Production and Trade 
(2023-2024 average)

Statistic Million 
Metric Tons

Domestic Production 81.2

Exports 8.1

Imports 25.8

Net Domestic Supply 98.9

Estimates of Domestic Production and Trade
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Annual Steel Availability

81.2 million metric tons domestic production

• Based on average annual production data 2023-2024
• Estimate includes all steel types; availability for grid components will 

depend on specific alloy/grade
• Does not include constraints related to zinc availability. Zinc is essential in 

galvanized steel production. In 2024, 47% zinc imported.
• Does not include imports and exports
• Assume annual production remains constant over the 2025-2035 

planning horizon 

Availability Assumptions

Availability Assumptions



Grain-Oriented Electrical Steel (GOES)

Grain-Oriented Electrical Steel 
(GOES)
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GOESGOES

Major U.S. Manufacturers

Estimates of Domestic Production

Company Notes

Allegheny Technologies 
Incorporated

Shut down in 2016

Cleveland-Cliffs (formerly 
AK Steel)

200,000 short tons (181,000 metric tons) GOES produced in 
2022; 48 used for distribution applications, not LPTs

Big River Steel Makes non-oriented electrical steel; will make GOES by 
202849
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GOESGOES Estimates of Trade

0%
10%
20%
30%
40%
50%
60%
70%
80%

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Import Share of USMCA  Apparent Consumption

China Russia South Korea Japan Rest of World

• Average annual imports 2015 – 2023: 37,000 metric tons*
• South Korea, China, and Japan are the largest sources of 

GOES for U.S., Mexico, and Canada (USMCA)

*Based on average annual U.S. imports for consumption 2013-2023 (HS 
codes 7225.11 and 7226.11)50

Company Location

Baowu Iron & Steel Co., Ltd China

Anshan Iron & Steel Group Corp. China

Hebei Shougang Iron & Steel Co., Ltd. China

TISOCO China

JFE Steel Corporation Japan

Nippon Steel & Sumitomo Metal Corp. 
(NSSMC)

Japan

ThyssenKrupp Electrical Steel GmbH France/Germany

ThyssenKrupp India

StalProdukt Poland

GO Steel Frydek Mistek A.S. (Purchased 
by StalProdukt from Arcelor Mittal in 
2018)

Czech Republic

Novolipetsk Steek (NLMK) Russia

Aperam Brazil

POSCO South Korea

Manufacturers of GOES Outside of the U.S.12
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Annual GOES Availability

0 metric tons domestically produced

• Does not include imports, averaging 37,000 metric tons 2015-2023

Availability Assumptions

Availability Assumptions
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Copper
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CopperCopper

Author’s analysis based on 47 . Note that USGS did not report net import reliance prior to 2020.

Average Production and Trade 
(2023-2024 average)

Statistic Metric Tons

Domestic Production 846,500

Exports 46,500

Imports 790,500

Net Domestic Supply 1,590,500
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Annual Copper Availability

847,000 metric tons domestic production

• Does not include net imports, averaging over 700,000 for the last two 
years

• Assume annual production remains constant over the 2025-2035 planning 
horizon

• Does not include potential supply reductions due to anticipated growth in 
global copper demand51

Availability Assumptions

Availability Assumptions
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