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Using H2 instead of 
fossil fuels to reduce 

iron oxide (ore) to 
metallic iron for 
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anodes
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Reduction
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reduction, thermal 
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injection
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steelmaking into a 

dynamic grid, 
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operations
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Iron & Steel Decarb 
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Scrap can 
eliminate up to 
90% of the total 

energy consumed 
in integrated 

steelmaking by 
reducing the 

quantity of virgin 
iron required

Source: Yu et al. 2021

Mitigation for 1.5°C Steel by 2050



The Copper Challenge

Cu content in weight percent (wt. %)

Representative 
Steel Products

Cu content 
limit for steel 

products

Scrap Cu 
content

Pig Iron Cu 
content % Scrap % Pig 

Iron

Energy use for pig iron 
manufacture required 
for dilution, GJd (100 

ton heat)
Interstitial Free (IF)a 0.03

0.23c 0.01c

12.5 87.5 1225.0
Commercialb 0.10 41.7 58.3 816.2

Scrap 0.23 100 0.00 0.00
Rebar, Other >0.23 100 0.00 0.00

aAutomotive bodies, bBar, Plate, Rod,csee Table 2, d14 GJ per ton

• High-value steels require purity 
grades that limits usability of scrap 
stocks

• Copper quantities in the scrap 
supply chain is increasing

Source: Daehn et al. 2017



• Electric and hybrid vehicles 
contain up to twice the copper 
content of an average vehicle

• Average lifetime of a light-duty 
vehicle in the U.S. is 11.8 yrs

• Only about 7 – 8% of recovered 
car steel is returned to new 
automotives

• Current best-in-class copper 
separation routes are costly

Source: Daehn et al. 2017

Electric Vehicles in the 
Steel Supply Chain
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New Light-Duty Electric Vehicle U.S. Sales Projections

Source: Muratori et al. 2021



Copper in the Steel Supply Chain

Source: Daehn et al. 2017



Heuristics for Copper Content to Scrap Price Ratio

• “An increase of 1 point of Cu (0.01wt%) saves approximately 
$1.00/ton at low Cu levels.”
— Yalamanchili et al. 1999

• “Pre-pandemic, we were using a ratio of 5 points copper to $15 
decrease per ton (3x)”
— Anonymous



Copper Content to Scrap Price Ratio
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Scrap Steel Historical Prices & Price Drop per Point Increase in Cu Content

Price drop per point copper ($/ton) Busheling #1 (0.1% Cu) Heavy Melt #1 (0.3% Cu)** Includes estimated values between January 
and March 2022.

Year
Average Price Drop 
per Point Copper 

($/ton)

2017 4.25

2018 3.70

2019 2.18

2020 2.80

2021 8.06

2022** 6.01

An increase of one point of Cu (0.01 wt%) would save between $2.18/ton and 
$8.06/ton on average based on scrap steel prices between 2016 and 2021.



Database Development

• Identify and map the scrap chemistries 
from the US supply chain

• Understand the future of US scrap 
supply chain and steel manufacturing 
competitiveness

• Estimate scrap that will be generated in 
the US and demand of steel by key end-
use steel products. Evaluate how much 
of the proposed steel can be absorbed 
by the US market and how much will 
need to be exported
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This report was prepared as an account of work sponsored by an agency of the United 
States Government. Neither the United States Government nor any agency thereof, nor 

any of its employees, makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or usefulness of any 

information, apparatus, product, or process disclosed, or represents that its use would 
not infringe privately owned rights. Reference herein to any specific commercial 

product, process, or service by trade name, trademark, manufacturer, or otherwise 
does not necessarily constitute or imply its endorsement, recommendation, or favoring 

by the United States Government or any agency thereof. The views and opinions of 
authors expressed herein do not necessarily state or reflect those of the United States 

Government or any agency thereof.

Produced for the U.S. Department of Energy, Energy Efficiency and Renewable Energy, 
by the National Renewable Energy Laboratory.
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