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Executive Summary
In 2024, the United States consumed 1.6 million tonnes of copper, mined 1.2 
million tonnes, and smelted just 585,000 tonnes, roughly one third of what it 
consumed. The U.S. Geological Survey puts net import reliance for refined copper 
at 45 percent. The discrepancy is not at the mine; it is in the middle of the supply 
chain. The country that once ran 16 primary copper smelters and was a net 
exporter of refined copper as recently as 1976 now has just two smelters: Rio 
Tinto’s Kennecott in Salt Lake County, Utah, and Freeport-McMoRan’s Miami plant 
in Gila County, Arizona. A meaningful share of U.S. concentrate is now shipped 
overseas for processing and bought back as cathode.

Restoring the U.S. copper smelting industry is a complicated endeavor, given 
that the economics of copper smelting have become increasingly strained. 
Treatment and refining charges (TC/RCs)—the fees paid by miners to smelters—
have collapsed either to zero or to negative levels in the spot market, reflecting 
a widening imbalance between expanding smelting capacity and constrained 
mine supply. This has shifted bargaining power upstream and forced smelters to 
compete for scarce concentrate. China’s own smelting capacity has grown faster 
than global mine supply for over a decade, and state-backed, vertically integrated 
Chinese smelters can absorb losses from TC/RCs that stand-alone producers 
cannot. The impact of this is increasingly visible outside of China. Japanese 
smelters have begun cutting output and planning capacity reductions, while 
facilities such as Glencore’s Philippine Associated Smelting and Refining 
(PASAR) smelter have been shut or placed on care and maintenance amid weak 
margins and feedstock shortages. These developments point to broader pressure 
on high-cost, nonintegrated smelters. 
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The collapse in TC/RCs has also changed where smelters make their money. 
While by-products such as sulfuric acid and precious metals have always 
contributed to revenue, their relative importance has increased sharply as TC/
RCs have collapsed. Profitability now depends less on processing fees and more 
on by-product monetization.

Smelting, Refining, and Structural Models of 
Copper Production
Copper production involves two distinct stages—smelting and refining—that 
differ technically and economically. Smelting is a high-temperature process 
that converts copper-containing material into impure metallic copper (anodes) 
while releasing sulfur, which is captured as sulfuric acid—the primary by-product. 
Refining is an electrochemical process that purifies anodes into high-purity 
copper cathodes, during which valuable elements such as gold and silver are 
recovered as residual by-products.

As a result, the economics of copper processing depend on multiple revenue 
streams. Smelting profitability is closely tied to sulfuric acid sales, while 
the refining process benefits from precious metal recovery. Beyond these 
process-level dynamics, however, the structure of the value chain plays an 
equally important role in determining how value is captured. A key distinction in 
the global copper industry lies between integrated and merchant production 
models. In the United States and parts of Latin America, copper production is 
often vertically integrated, with mining, smelting, and refining operations located 
in the same corporate structure. In these systems, concentrate is internally 
supplied, and internal transfer pricing reduces direct exposure to external 
market pricing mechanisms. This integration allows operators to capture value 
across upstream and midstream stages and provides a natural hedge against 
fluctuations in processing margins. By contrast, smelters in countries such as 
China, Japan, and South Korea operate predominantly as merchant processors, 
with limited or no upstream mining assets. These facilities rely on third-party 
concentrate procurement through long-term contracts and spot markets, and 
are thus structurally dependent on external market conditions. As a result, their 
profitability is more directly tied to the pricing of processing services.

Technological developments further reinforce these structural differences. 
Leaching technologies—primarily heap leaching combined with solvent 
extraction and electrowinning—enable the direct production of refined copper 
cathodes from low-grade oxide ores without requiring traditional smelting and 
refining. This method is widely deployed in the Americas—particularly the United 
States and Chile—as well as in the Democratic Republic of the Congo (DRC). 
The expansion of leaching has two key implications: It reduces the supply of 
concentrate available to smelters and strengthens the position of integrated 

https://scienceinsights.org/how-is-copper-extracted-mining-smelting-refining/
https://www.epa.gov/sites/default/files/2020-11/documents/c12s03.pdf
https://oromineral.com/the-complete-guide-to-the-copper-refining-process-2025-edition/
https://www.crugroup.com/en/communities/thought-leadership/2025/custom-vs-integrated-copper-smelters-which-model-will-thrive/
https://www.crugroup.com/en/communities/thought-leadership/2025/custom-vs-integrated-copper-smelters-which-model-will-thrive/
https://nuton.tech/all-about-copper-leaching/
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producers who can optimize across multiple processing routes. Although 
leaching is not a substitute for sulfide-based production, it nonetheless tightens 
concentrate availability and increases structural pressure on smelters reliant on 
third-party feedstock.

TC/RC Structure and Market Function
Copper concentrate is typically sold under a commercial framework based on 
TC/RCs. Treatment charges are fees charged by smelters for processing copper 
concentrate into blister copper or anodes, and are usually quoted in U.S. dollars 
per dry metric tonne of concentrate. Refining charges are fees charged for 
converting the intermediate product into refined cathode copper and are typically 
quoted in U.S. cents per pound of payable copper. Together, TC/RCs represent 
the primary mechanism through which revenue is shared between upstream 
miners and downstream smelters and refiners. Copper concentrate contracts 
are generally based on a net smelter return methodology. Under this structure, 
the value of the concentrate is calculated using the prevailing London Metal 
Exchange (LME) copper price and the amount of payable copper contained in 
the concentrate. From this gross metal value, the buyer deducts the agreed TC/
RCs, any penalties for impurities (such as arsenic), moisture discount, handling 
charges, and logistics costs. The remaining value represents the payment received 
by the seller. 

Historically, miners paid smelters through positive TC/RCs because processing 
capacity was relatively scarce and smelters provided a specialized service. As 
a result, TC/RCs served as a stable source of revenue for smelters and refiners. 
However, market conditions can change significantly depending on the balance 
between concentrate supply and processing capacity. When concentrate is 
abundant, miners typically pay higher TC/RCs. When concentrate supply is tight 
and smelters compete for limited feedstock, TC/RCs decline, shifting bargaining 
power toward miners. For this reason, TC/RCs are widely regarded as one of the 
most important indicators of conditions in the copper processing market. Rising 
TC/RCs generally indicate ample concentrate availability and stronger smelter 
bargaining power, while declining TC/RCs suggest tight concentrate supply and 
increasing competitive pressure among smelters. 

Current market conditions reflect a pronounced structural imbalance. Smelting 
capacity—driven largely by expansion in China—has grown faster than upstream 
mine supply, which has been constrained by declining ore grades, limited new 
project development, and the diversion of material into leaching-based production. 
This imbalance has resulted in a persistent deficit of concentrate and a sharp 
decline in TC/RCs, with spot levels falling to near zero or into negative territory. 
Under these conditions, merchant smelters are effectively competing for feedstock 
and in some cases even paying miners to secure supply. The impact of this shift is 

https://help.copper.fyi/hc/en-us/articles/4404348291474-What-are-TC-RCs-Treatment-and-Refining-Charges
https://kaparesolutions.com/wp-content/uploads/2025/10/KAPA_TCRC_Pricing_Method.pdf
https://www.mining.com/web/column-copper-price-soars-but-smelters-cant-bank-on-it-to-survive/
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not uniform, but instead varies significantly depending on the structural position of 
smelters within the value chain.

Figure 1: Benchmark Treatment Charges, 2016–2026 
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Source:  Wood Mackenzie.

Note: Benchmark prices are industry reference prices, negotiated between miners and smelters for 

long-term copper concentrate contracts (typically one to two years), that reflect expected supply and 

demand conditions in the concentrate market. Dmt refers to dry metric ton. 

Figure 2: Copper Smelting Capacity by Country (Tonnes) 
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The collapse in TC/RCs has fundamentally altered the economic model of copper 
smelting. Historically, processing fees provided the primary and most stable 
source of revenue, while by-products such as sulfuric acid and precious metals 
contributed additional margin. Under current conditions, this balance has 
reversed. With TC/RCs at or below zero, processing fees alone are insufficient 
to cover operating costs in many regions. As a result, profitability increasingly 
depends on the monetization of by-products, which have shifted from 
supplementary revenue streams to central components of smelter economics.

Sulfuric acid is a major by-product of copper smelting and an important source 
of revenue for many smelters. During the smelting process, sulfur contained in 
copper concentrates is captured from off-gases and converted into sulfuric acid, 
transforming what would otherwise be an environmental liability into a valuable 
commercial product. The acid is widely used in fertilizer production, mineral 
processing, and chemical manufacturing, providing smelters with a significant 
secondary income stream. In some operations, revenues from sulfuric acid sales 
help offset smelting costs and improve overall project economics, particularly 
when acid demand is strong in nearby mining or agricultural markets.

However, the ability to rely on by-products is not uniform across regions. 
Smelters with strong integration into downstream industrial systems—particularly 
in China—are better able to monetize acid consistently, while those operating in 
more fragmented markets face logistical and demand constraints. As a result, 
the current environment has amplified structural differences across the industry. 
Integrated producers and low-cost operators are better positioned to absorb 
margin pressure, while merchant smelters face increasing financial stress, leading 
to output reductions, restructuring, or closures. Major smelters have already 
responded to deteriorating economics: JX Advanced Metals and Mitsubishi 
Materials announced plans to reduce copper concentrate processing in Japan, 
while Glencore warned of a potential shutdown of its Mount Isa smelter in 
Australia and closed and sold the PASAR smelter and refinery in the Philippines 
amid collapsing TC/RCs and concentrate shortages.

Cost Structure and Industry Pressure
Although mining accounts for the largest share of copper production costs, 
smelting remains a significant downstream processing stage, with direct cash 
costs of approximately 20¢ per pound of copper, or around $450/per tonne 
of copper. The largest cost component is energy, which typically represents 
30–40 percent of operating costs due to the high-temperature, oxygen-enriched 
furnaces required for smelting. There are expected to be further cost pressures 
on copper smelting. The global average smelter cash cost is expected to increase 
by 5 percent year-on-year in 2026, driven by higher energy and fuel prices 
resulting from Middle East-related supply chain disruptions.

https://www.reuters.com/world/china/major-japanese-copper-smelter-cut-output-capacity-margins-erode-2025-09-05/
https://australiatimes.com/mount-isa-copper-smelter-faces-closure-amid-industry-concerns
https://www.bloomberg.com/news/articles/2025-07-08/glencore-to-sell-copper-smelter-to-philippines-villar-family
https://www.miningvisuals.com/post/the-cost-of-mining-copper-a-2024-2025-update
https://www.woodmac.com/reports/metals-global-copper-smelter-and-refinery-cost-summary-15732247/
https://www.woodmac.com/reports/metals-global-copper-smelter-and-refinery-cost-summary-15732247/
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According to the International Energy Agency (IEA), the total energy intensity 
of producing copper via the concentrate route ranges from 20–25 gigajoules per 
tonne of copper (GJ/t Cu) for higher-grade ores to 35–40 GJ/t Cu for lower-grade 
ores. Smelting and converting account for roughly 20–30 percent of this total, 
equivalent to approximately 5–10 gigajoules per tonne of refined copper. Unlike 
mining and concentration, where energy requirements increase as ore grades 
decline, smelting energy consumption remains relatively stable because it 
processes copper concentrate rather than raw ore.

Environmental compliance is another major cost driver. Sulfur-bearing 
concentrates release large volumes of sulfur dioxide during smelting and 
converting, requiring modern smelters to invest in extensive off-gas capture 
systems, sulfuric acid plants, dust collection equipment, and continuous 
emissions monitoring to meet increasingly stringent environmental regulations. 
At the same time, converting captured sulfur dioxide into sulfuric acid creates a 
valuable by-product that can generate an important secondary revenue stream, 
helping offset operating costs where there is strong local demand from mining, 
fertilizer, or chemical industries.

On a pure operating cost basis, copper smelting costs vary significantly across 
regions, ranging from approximately 10–70¢ per pound of copper, depending 
on energy prices, labor costs, environmental regulations, and plant efficiency. 
China generally operates in the lower portion of the global cost curve, 
reflecting competitive operating costs and economies of scale, while European 
smelters occupy the higher end due largely to elevated energy and regulatory 
costs. Smelters in the Americas and the rest of Asia typically fall between 
these two extremes.

China’s cost competitiveness is driven by several structural advantages. First, 
the country operates an unparalleled number of smelter facilities, accounting for 
more than half of global refined copper production, allowing smelters to capture 
substantial economies of scale and lower unit costs. Second, Chinese smelters 
benefit from relatively low operating costs, including low labor costs and, in 
some cases, lower electricity prices supported by industrial policy and integrated 
industrial clusters. Third, many Chinese facilities are modern, highly utilized, and 
technologically standardized, minimizing downtime and spreading fixed costs 
across higher production volumes.

By contrast, European smelters face structurally higher operating costs due 
to elevated electricity prices and stringent environmental regulations, which 
increase both energy expenditures and compliance costs. Chile, despite being 
the world’s largest copper producer, also faces relatively high smelting costs 
because of expensive electricity and logistical challenges associated with remote 
mining regions. The United States, Japan, and South Korea generally occupy the 

https://www.iea.org/data-and-statistics/charts/estimated-energy-intensity-by-copper-ore-quality
https://link.springer.com/article/10.1007/s11663-021-02283-7
https://discoveryalert.com.au/chinas-strategic-copper-processing-control-2025/
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middle of the global cost curve: Their smelters are technologically advanced 
and efficient but face higher labor, energy, and regulatory costs than their 
Chinese counterparts.

Figure 3: Copper Smelter Direct Cash Cost Curve, 2025
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Overall, China’s operating cost advantage is not simply the result of lower input 
costs. Rather, it reflects the combined benefits of scale, high-capacity utilization, 
industrial policy, and vertically integrated supply chains, which together place 
Chinese smelters among the most competitive globally.

Beyond operating costs, one of the most important determinants of smelter 
profitability is by-product revenue—particularly from sulfuric acid. Depending on 
the sulfur content of the concentrate and the efficiency of sulfur capture, copper 
smelters typically produce 2.5–4.0 tonnes of sulfuric acid for every tonne of 
refined copper. Sales of sulfuric acid provide a valuable secondary revenue 
stream that can help offset periods of weak TC/RCs. 

China enjoys a significant competitive advantage in this area because it has a large 
domestic market for sulfuric acid, driven by demand from the fertilizer, chemical, 
and mining industries. This enables Chinese smelters to consistently monetize 
sulfuric acid production and integrate it into a broader industrial value chain. 
During periods of depressed TC/RCs, strong sulfuric acid revenues have helped 
stabilize margins, making Chinese smelters more resilient than many of their 
international competitors.

https://www.iea.org/data-and-statistics/charts/copper-smelter-production-cost-curve-2025
https://discoveryalert.com.au/sulfuric-acid-prices-chinese-copper-smelting-2026/
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The conflict between the United States and Iran and the closure of the Strait 
of Hormuz have significantly tightened sulfur markets and increased prices, 
underscoring the strategic value of sulfuric acid production. Sulfuric acid is also 
a critical input for processing a range of minerals, which means that shortages 
can sharply increase downstream production costs. For refined nickel, sulfuric 
acid accounted for approximately 26 percent of production costs before the war 
in Iran, rising to 42 percent afterward. For rare earth minerals, sulfuric acid’s 
share of production costs increased from roughly 5 percent to 22 percent. These 
shifts demonstrate why by-product revenue is particularly valuable. However, 
once tension in the Middle East eases and price volatility settles, this revenue 
will also decline.

Profitability is further enhanced by the recovery of valuable by-products 
contained in copper anode slimes, including gold, silver, selenium, tellurium, 
and, in some cases, platinum-group metals. During electrorefining, these 
elements do not dissolve with copper and instead accumulate in anode slimes, 
which are subsequently processed in dedicated precious-metal recovery circuits. 
While gold and silver provide globally traded precious-metal credits, selenium 
and tellurium can generate additional value through downstream industrial 
applications. Tellurium is used predominantly in cadmium telluride solar cells, 
which account for approximately 70 percent of global tellurium usage in 2025. 
China is particularly well positioned to benefit from the recovery of selenium 
and tellurium because it is the dominant global manufacturing hub for solar 
photovoltaic products and a leading producer of refined tellurium. China holds 
more than 80 percent of global solar photovoltaic manufacturing capacity 
across major stages of the value chain, creating substantial domestic demand for 
specialty metals used in photovoltaic technologies. 

On the other hand, copper refining has a simpler cost structure than smelting 
because it is primarily an electrochemical process that converts copper anodes 
into 99.99 percent purity cathodes. Copper refining is a relatively low-cost 
stage of the value chain, with average global direct cash costs estimated at 
approximately 5 cents per pound of cathode copper (about $106/per tonne 
of cathode copper). This cost structure is heavily influenced by electricity 
consumption because electrorefining relies on the continuous electrolytic 
deposition of copper. As a result, refining costs vary significantly by region. 
Industrial electricity prices are generally lowest in North America at 
approximately $0.08–0.09 per kilowatt-hour (kWh), moderate in China (around 
$0.10/kWh) and South Korea (around $0.13/kWh), and substantially higher in 
Japan and Europe (approximately $0.17–0.22/kWh). These differences contribute 
to the cost advantage of Chinese and North American refining operations 
relative to facilities in Japan and Europe, where higher electricity prices increase 
operating costs. 

https://www.mining.com/charts-how-the-sulphuric-acid-crunch-is-driving-up-critical-minerals-costs/
https://source.benchmarkminerals.com/article/what-the-sulphuric-acid-supply-crunch-means-for-critical-minerals
https://www.energy.gov/cmei/systems/cadmium-telluride
https://www.iea.org/reports/solar-pv-global-supply-chains/executive-summary?__cf_chl_f_tk=6WbW4FVg9Tgww7kS9hFryJdNe6m5iY6fVZEp.GXefpE-1783357612-1.0.1.1-GZmOReSoCN7NHK1nlQI_ibgIEfuPJre9F7wdO0IaB88
https://www.woodmac.com/reports/metals-global-copper-smelter-and-refinery-cost-summary-15732247/
https://www.rhnuttall.co.uk/blog/industrial-electricity-prices-by-country/
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Overall, refining competitiveness is primarily driven by electricity costs, scale, 
and by-product recovery, whereas smelting competitiveness is more heavily 
influenced by sulfuric acid economics. China’s advantage in refining comes 
from low unit costs achieved through scale and integration, while its smelting 
advantage is reinforced by both operating efficiency and the ability to monetize 
sulfuric acid through a large domestic fertilizer and chemical market. 

Structural Erosion of Allied Smelting Capacity
The collapse in TC/RCs is increasingly translating into operational and strategic 
challenges across allied smelting industries. Historically, TC/RCs provided a stable 
revenue stream that compensated smelters for processing concentrate. However, 
there is growing disequilibrium as global concentrate supply has tightened while 
smelting capacity—particularly in China—has expanded. 

The impact is becoming  apparent across major allied economies. In October 
2025, the governments of Japan, Spain, and South Korea issued a rare 
joint warning that current levels of TC/RCs were unsustainable and risked 
undermining the economics of copper smelting outside of China. The three 
countries specifically noted that declining processing fees were prompting 
companies to reassess operations, with some producers already considering 
scaling back or withdrawing from copper concentrate smelting altogether. 
Japan’s largest smelters, including JX Advanced Metals and Mitsubishi 
Materials, indicated plans to reduce copper concentrate processing as 
margins deteriorated. 

The pressure is also evident in Australia. In 2025, Glencore warned that 
its Mount Isa copper smelter had become economically unviable due to a 
combination of record-low processing fees, high energy and labor costs, and 
shortages of copper concentrate. The company sought government support to 
keep the operation running, and warned that without assistance the smelter and 
associated refining facilities could be placed into care and maintenance. The 
financial strain ultimately became severe enough that Australian federal and 
Queensland state governments agreed to a A$600 million support package to 
preserve operations and maintain domestic processing capability. Glencore’s 
difficulties have not been limited to Australia. In February 2025, Glencore 
shut down and subsequently agreed to sell the PASAR copper smelter and 
refinery, the Philippines’ only copper processing facility, after market conditions 
deteriorated and concentrate shortages intensified. Reports directly linked 
the decision to the broader collapse in processing fees and increasingly difficult 
economics facing copper smelters worldwide. 

More broadly, the current environment is contributing to a growing 
concentration of smelting capacity in China. Industry observers increasingly 

https://www.reuters.com/world/asia-pacific/japan-spain-south-korea-warn-over-unsustainable-copper-processing-fees-2025-10-15/
https://www.reuters.com/world/china/major-japanese-copper-smelter-cut-output-capacity-margins-erode-2025-09-05/
https://www.mining-technology.com/news/glencore-australian-government-support-copper-smelter-operational/
https://www.abc.net.au/news/2025-10-08/glencore-copper-queensland-smelter-refinery-open/105462262
https://discoveryalert.com.au/australia-copper-industry-2025-mount-isa-lifeline/
https://www.seaisi.org/details/26871?type=news-rooms
https://www.seaisi.org/details/26871?type=news-rooms
https://www.seaisi.org/details/26871?type=news-rooms
https://www.mining.com/chinas-copper-smelting-grip-worries-veteran-metallurgist/
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describe the sector as facing a structural imbalance in which Chinese smelting 
capacity expansion has outpaced growth in global mine supply, allowing miners 
to capture a larger share of value while placing pressure on independent 
smelters. As a result, higher-cost facilities in Australia, Canada, Japan, South 
Korea, Europe, and other allied jurisdictions are finding it increasingly difficult 
to compete without government support, integration with mining assets, or 
substantial by-product revenues. The consequence is not just lower profitability, 
but also a gradual erosion of non-Chinese processing capacity. As smelters 
reduce throughput, delay investments, seek subsidies, or exit the market entirely, 
a larger share of global copper processing becomes concentrated in a small 
number of jurisdictions. This trend raises concerns among allied governments 
because copper smelting is increasingly viewed not only as a commercial activity 
but also as a strategic industrial capability that supports broader supply chain 
resilience and economic security. 

Policy Recommendations 
The United States urgently needs additional copper cathode supply to support its 
economic, energy, and technological ambitions. While traditional data centers 
can require between 5,000 and 15,000 metric tonnes of copper, next-generation 
facilities designed to support artificial intelligence may require as much as 
50,000 metric tonnes per site. As demand accelerates, improving the economics 
of domestic and allied copper smelting will be crucial to strengthening U.S. 
economic competitiveness. The United States should undertake the following 
recommendations:

1.	 Close the capital-cost gap on new smelters rather than subsidizing 
the entire project. The United States should use targeted capital support 
to narrow the cost disadvantage facing domestic copper smelters using 
the Section 45X production tax credits in the Inflation Reduction Act 
(IRA). Federal support should cover the incremental cost of building in the 
United States—not the full project cost.

Three recent Chinese projects across two companies give a sourced 
basis for Chinese smelter capital expenditures. Jinchuan Group invested 
¥4.92 billion ($730 million) to expand its Fangchenggang smelter with 
a 300,000-tonne pyrometallurgical smelting system (an expenditure of 
about $2,430 per annual tonne of capacity) and separately invested ¥5.022 
billion ($740 million) to build a 357,800-tonne copper smelter in Jinchang's 
Hexibao district, equivalent to about $2,070/per tonne. A third project, 
Yangxin Hongsheng Copper, came online with an investment of ¥8.7 
billion ($1.225 billion) for 400,000 tonnes of capacity, or about $3,060/
per tonne. Together, these three projects put Chinese greenfield/expansion 
capital expenditures at roughly $2,000–3,100per annual tonne of capacity.

https://copper.org/copperconversations/thought-leadership/us-opper-meet-surging-demand-ai-data-centers.php?
https://www.irs.gov/credits-deductions/advanced-manufacturing-production-credit
https://www.industrialinfo.com/news/article/chinas-jinchuan-group-to-expand-copper-smelting--311321
https://news.metal.com/newscontent/101980568/400000-mt-high-purity-copper-cathode-clean-production-project-led-by-daye-nonferrous-metals-now-in-production
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Non-Chinese benchmarks run much higher. Freeport’s Manyar smelter 
in Indonesia was completed at a final cost of $3.7 billion for 650,000 
tonnes of annual cathode capacity, or roughly $5,700/per tonne (up from 
an earlier pre-completion estimate of $3.17 billion). This is a reminder that 
cost estimates on these projects tend to grow before final commissioning. 
For a U.S. project specifically, more direct estimates are now available. For 
instance, there is Falcon Copper’s roughly $2 billion, 400,000-tonne-per-
year greenfield complex planned for Arizona, a U.S.-Japan investment 
framework priority project with potential Japanese technology and offtake 
partners. This is in line with Fastmarkets’ estimate of $1.8–2.5 billion for 
a modern smelter with current sulfur-capture and acid-plant standards, 
pointing to a central estimate of $2–2.5 billion for a plant in the 400 
kilotonne-per-annum (ktpa) range. Both figures should be treated with 
caution, though. Company announcements like Falcon’s tend to reflect 
early, pre-permitting cost estimates, which historically run conservative 
and get revised upward as engineering firms up and construction proceeds 
(the same pattern seen at Manyar).

For policy planning, Washington should use the more conservative 
$5 billion benchmark. On that basis, a U.S. greenfield smelter in the 
300,000-to-600,000-tonne range could face an incremental capital 
disadvantage of roughly $1–4 billion relative to a comparable Chinese facility.

Federal policy should target that gap. This could be done by extending 
and refining the 45X tax credit to cover copper processing. Beyond a 
new universal framework, there are existing tools that also need repair, 
and 45X is the measure best matched to the economics of a smelter or 
refinery. Section 45X of the IRA provides a 10 percent credit for the costs 
incurred in producing critical minerals to specified purity levels. Under the 
November 2024 rules, critical minerals were not subject to the phaseout 
that applies to solar, wind, and battery components, so the credit held its 
value in perpetuity. In 2025, however, Congress voted to phase out the 
credit for critical minerals as well, beginning in 2031. For a copper smelter, 
whose permitting and construction alone can consume most of a decade, 
a 2031 sunset means the credit could expire before the plant reaches 
nameplate production, eliminating the incentive precisely when it was 
meant to matter.

Two changes are needed. First, copper must be added to the list of 
applicable critical minerals under 45X; without that step, a domestic 
cathode producer cannot claim the credit at all, regardless of its duration. 
Second, the phaseout should be repealed or extended well past 2031 so 
that projects entering construction today can underwrite the credit across 
a full operating life. Unlike project-based credits, 45X rewards production 
directly, lowering operating costs per tonne of cathode and helping 
Western smelters compete against heavily subsidized foreign capacity, 
particularly in China, which now processes the majority of the world’s 

https://jakartaglobe.id/business/freeport-launches-worlds-largest-singleline-copper-smelter-in-indonesia
https://discoveryalert.com.au/americas-copper-processing-revival-2025-smelting-investments/
https://www.fastmarkets.com/insights/us-copper-smelting-equation-gap-or-glut-hotter-commodities-articles/
https://www.energypolicy.columbia.edu/publications/protecting-existing-us-and-allied-copper-smelting-capacity/
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copper concentrate. Automotive manufacturers, grid and transmission 
builders, defense primes, and battery producers all depend on that 
cathode, and a production credit is the most direct way to keep it onshore.

Additionally, raising the 45X credit for copper and other critical 
minerals to 20 percent for the first five years a taxpayer claims it, stepping 
down to 10 percent thereafter, would strengthen early-stage project 
economics and help new smelters meet internal hurdle rates. Copper 
smelting is capital-intensive and has a thin profit margin. Treatment 
and refining charges have collapsed as Chinese smelting capacity has 
expanded, so the first years of operation are when cash flow is weakest 
and financing constraints most acute. A higher initial credit would bridge 
that period, while a predictable step-down would preserve long-term fiscal 
discipline. Together, these changes would accelerate project timelines and 
crowd in private capital across the mining, concentrating, smelting, and 
refining segments of the domestic copper supply chain.

2.	 Use a temporary price floor to preserve strategically important 
allied smelting capacity. The United States should consider a temporary, 
conditional price-support mechanism for strategically important allied 
copper smelters, backed by long-term offtake commitments rather than 
direct subsidies to foreign facilities. The objective would be to preserve 
capacity that is economically stressed but strategically valuable, while 
avoiding an open-ended commitment to underwrite inefficient production.

The case for intervention rests on a specific market failure. Smelting 
economics have deteriorated sharply outside of China, while Chinese 
smelters benefit from lower operating costs, greater scale, integrated 
downstream demand, and state-supported financing. Recent production 
cuts and government support measures in Canada, Australia, Japan, South 
Korea, and Europe suggest that commercially viable allied capacity could 
be lost before market conditions normalize.

A U.S. response should therefore be targeted, temporary, and linked to 
actual market conditions. Rather than transferring funds directly to allied 
governments or smelter operators, Washington could establish a minimum 
realized price or processing margin guarantee for qualifying allied output 
purchased under U.S.-backed offtake agreements. The mechanism would 
compensate producers only when market prices or treatment and refining 
charges fall below a predetermined threshold.

This structure has three advantages. First, it preserves supply without 
socializing the full economics of the asset. Public expenditure occurs 
only when market conditions fall below the agreed threshold, rather 
than through a fixed annual subsidy. Second, it uses an existing U.S. 
vulnerability to support allied production that the United States may need 
in any case. The policy would therefore function as both an industrial 
policy instrument and a supply security mechanism. And third, the 
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structure can be designed to share, rather than to replace allied burden 
sharing. Governments in countries such as Australia are already supporting 
strategically important smelting capacity. U.S. demand guarantees could 
complement those measures by providing greater revenue certainty and 
access to a large end market, while leaving host governments responsible 
for addressing domestic operating, energy, and regulatory constraints.

The MP Materials agreement, announced in July 2025, provides a 
useful conceptual precedent. The Department of Defense combined a 
price floor with guaranteed demand to support investment in strategically 
important domestic rare earth production. The structure would look 
different for copper. The relevant benchmark should not be a fixed 
commodity price alone, because smelter profitability depends heavily 
on treatment and refining charges, by-product credits, energy costs, and 
concentrate availability. A more economically coherent mechanism would 
guarantee a minimum TC/RCs for eligible allied smelters.

Eligibility should be limited to facilities that meet clear strategic and 
commercial criteria, including location in treaty or close partner countries, 
acceptable environmental and labor standards, demonstrated access to 
feedstock, and a credible path to long-term competitiveness. Support should 
also contain an automatic sunset or step-down mechanism—for example, a 
lapse once treatment and refining charges, margins, or other agreed market 
indicators recover above a specified level for a sustained period.

The purpose would not be to keep every allied smelter operating 
indefinitely, but rather to prevent the loss of strategically valuable capacity 
during a period of market distortion—particularly where closure would leave 
the United States and its allies more dependent on Chinese processing.

3.	 Preserve duty-free access to refined copper from trusted allies 
until U.S. smelting capacity materially expands. The United States 
should maintain zero tariffs on refined copper cathode from trusted 
allies until additional domestic smelting capacity is operational and 
capable of displacing imports. Imposing tariffs before that capacity exists 
would raise costs for U.S. manufacturers without materially increasing 
domestic supply.

The core constraint is physical, not trade related. The United States has 
a substantial copper mining base but insufficient domestic smelting and 
refining capacity to process all of its concentrate into cathode. As a result, 
the country will remain dependent on imported refined copper for years, 
even under an aggressive domestic capacity buildout. A tariff on cathode 
would therefore tax an input the U.S. economy still structurally needs 
rather than redirect meaningful volumes toward domestic producers.

The market reaction in 2025 illustrates the risk. When a 50 percent 
tariff on all copper imports looked likely in mid-2025, the COMEX-LME 
arbitrage surged past 28 percent, with COMEX trading over $1 per pound 

https://mpmaterials.com/news/mp-materials-announces-transformational-public-private-partnership-with-the-department-of-defense-to-accelerate-u-s-rare-earth-magnet-independence
https://sprott.com/insights/the-emerging-copper-premium-policy-risk-meets-physical-scarcity/
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above LME and the spread reaching roughly $2,600–2,900 per tonne. 
This reflected expectations of a scarcity premium in the U.S. market. That 
premium fell sharply after refined cathode was exempted. The episode 
demonstrated that tariff policy can raise domestic copper prices well 
before it induces any new supply response.

The White House’s July 30, 2025, proclamation exempted 
refined copper cathode from that 50 percent tariff, and the premium 
collapsed within weeks once the exemption was announced. That same 
proclamation set a June 30, 2026, deadline for the commerce secretary 
to report back so the president could decide whether to proceed with 
a phased tariff on refined copper starting at 15 percent in 2027. That 
deadline has now passed. The most recent White House trade action, a July 
20, 2026, proclamation, addressed aluminum only and made no mention 
of a new copper determination. As of that action, refined copper cathode 
remains untariffed, and this paper’s recommendation is to keep it that way 
rather than let the pending determination proceed.

Ultimately, a near-term tariff would not provide much protection to 
existing U.S. smelters. Current domestic facilities are capacity constrained; 
they cannot rapidly increase output in response to higher domestic 
cathode prices. The immediate incidence of a tariff would therefore fall 
primarily on downstream consumers—including wire and cable producers, 
electrical equipment manufacturers, defense suppliers, and other 
advanced manufacturers—rather than generate a significant increase in 
U.S. refined production.

Trade protection should instead follow, not precede, supply creation. 
Washington should first use permitting reform, investment incentives, 
loan guarantees, and other measures to bring additional U.S. smelting and 
refining capacity online. Once that capacity is operating at commercial 
scale, policymakers can reassess whether a tariff, tariff-rate quota, or other 
border measure is necessary to sustain domestic production.

Any future review should also distinguish between trusted suppliers 
and strategic competitors. Cathode from countries that strengthen U.S. 
supply-chain resilience should not be treated identically to material 
sourced from jurisdictions that create strategic dependence.

The sequencing principle is straightforward: Build domestic capacity 
first, reconsider import protection second. Until U.S. smelters can actually 
replace a meaningful share of imported cathode, tariffs would function 
primarily as a tax on U.S. industry rather than as an effective instrument of 
industrial policy. ■

https://www.whitehouse.gov/fact-sheets/2025/07/fact-sheet-president-donald-j-trump-takes-action-to-address-the-threat-to-national-security-from-imports-of-copper/
https://www.whitehouse.gov/fact-sheets/2026/07/fact-sheet-president-donald-j-trump-takes-further-action-to-adjust-imports-of-aluminum-into-the-united-states/
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