
Does Matte Matter?
Is nickel pig iron the answer to 
EV battery demand?



In March 2021, Tsingshan, one of China’s largest 
nickel/stainless steel producers, announced that 
they had signed contracts to supply 100,000 
tonnes of nickel matte derived from nickel pig iron 
to Chinese battery raw material makers. The news 
sent markets into a tailspin, causing LME nickel 
prices to drop from US$18,600/t just days before to 
US$15,900/t following the announcement. Investors 
and consumers reacted with concern on the news 
while they attempted to determine whether this news 
amounted to a significant supply disruptor to the 
nickel market and new material source of nickel to 
support the rapidly increasing electric vehicle battery 
market. The LME price has since recovered those 
losses, largely on continued strong market demand 
and reduced available supply.

NICKEL DEMAND AND THE ELECTRIC 
VEHICLE MARKET

An increased focus by governments around the world 
to meet their climate change commitments has led 
to the establishment of aggressive electric vehicle 
(EV) targets to replace internal combustion engine 
vehicles. This, in turn, has led stakeholders – nickel 
producers, analysts, car producers – scrambling to 
understand the new nickel (and other EV metals) 
market dynamics. Questions of battery technologies 
– driven by performance and  cost – has resulted in a 
necessary look at mineral availability and, ultimately, 
the need for additional supply if EV targets are to be 
met.

Complicating the EV mineral supply question, is 
the significant demand from EV manufacturers, 
largely driven by consumers and investors, that the 
components that go into each vehicle be responsibly 
sourced and have as little environmental impact as 

possible. Minimizing vehicle manufacturers’ carbon 
footprint, sourcing minerals from non-conflict regions 
and exhibiting a high level of social, community and 
ethical responsibility all feed into the EV consumers’ 
buying decisions. In many cases, meeting these 
consumer environmental, social and governance 
(ESG) demands comes at an increased cost to 
manufacturers. While buyers expect a high ESG 
commitment, ultimately vehicle cost is a significant 
decision criteria and consumers may not be willing to 
pay a premium for them. Responsible manufacturers 
may be disadvantaged to those who are less 
responsible.

Over the next two decades, increased demand for 
nickel will be driven by the EV battery market. While 
currently a small segment of the market, which is 
dominated by stainless steel, EV battery demand will 
increase to 31% of the market in 2040, up from 7% in 
20201. Overall, nickel market demand is forecast to  
increase at a compound annual growth rate (CAGR) 
rate of 3.5%1.

Nickel demand by market segment 2020–2040:
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When Tsingshan announced their 
planto supply nickel matte derived 

from NPI the market was taken 
aback

Further complicating the supply/demand equation 
is the purity question. EV batteries, require Class I 
nickel which contains >99% purity nickel. In contrast, 
stainless steel can use Class II nickel which is 
defined as <99% purity, but can contain significantly 
less nickel (as little as 2% in some nickel pig iron 
(NPI))

HOW THE NICKEL INDUSTRY IS TRYING 
TO SOLVE THE PROBLEM

Nickel producers and junior miners are taking 
different approaches to target the lithium ion battery 
supply chain, which is currently focused on EV 
applications. 

Some producers are altering their metal refineries 
to produce materials that are more easily integrated 
into the lithium ion battery market, such as: 

• BHP producing nickel sulphate versus nickel 
briquettes at their Kwinana Refinery in Austra-
lia, or 

• Tsingshan’s plan to produce nickel matte con-
verted from NPI at their Indonesian Morowali 
Industrial Park (IMIP) facility.

Other producers and junior miners are focusing 
on offering low-carbon or carbon-neutral nickel 
products, such as: 

• Norilsk Nickel reducing carbon emissions for 
a portion of their nickel production from their 
Kola Division, or 

• Giga Metals’ plans for an electrified mining fleet 
and tailings sequestration of carbon dioxide for 
their Turnagain Project.

The success of any of these initiatives will be 
contingent on whether the market is willing to pay a 
premium for their proposed solutions.

THE TSINGSHAN APPROACH

NPI conversion to nickel matte 

When Tsingshan announced that they planned to 
supply 100,000 tonnes of nickel matte derived from 
NPI to Chinese battery raw material makers, the 
market was taken aback. Their plan is to produce 
a material that is suitable for the lithium ion battery 
supply chain by converting NPI, produced via the 
conventional rotary kiln-electric furnace (RKEF) 
process into a nickel matte which can be further 
refined into nickel battery chemicals. 

The critical question for consumers is: How will this 
demand be met?  

According to most analysts, a supply deficit is looming; 
early in the next decade, demand will outstrip supply 
without significant investment in new nickel mines. 
Presently, there are no significant nickel projects that 
will materially impact this supply shortfall.

Nickel Forecast nickel consumption vs supply1

The process to covert the NPI to nickel matte involves 
adding elemental sulphur to NPI (or ferronickel) in 
a converter where it is blown with air to oxidize and 
separate iron and produce a high grade nickel matte2. 
The nickel matte can then be further refined in a similar 
way to a mixed nickel-cobalt sulphide precipitate to 
produce Class I nickel or battery grade chemicals.

The flowsheet below summarizes the conversion 
process:



Is the Tsingshan approach the answer?

Tsingshan’s plan to provide the lithium ion battery 
supply chain with nickel matte sourced from NPI will 
introduce more nickel units to that segment of the 
market; however;

• it requires significant capital expenditure;
• the additional processing will add to the cost 

of production;
• additional processing may have a material en-

vironmental impact;
• it does not add to the overall nickel supply – 

just reallocates it from Class II to Class I;
• it may limit any Class I premium if Class I sup-

ply can be met form Class II streams;
• diverting NPI from the stainless steel stream 

has the potential for creating supply shortages 
here which will need to be satisfied with Class 
I nickel.

It is conceivable that nickel matte conversion 
may be utilized by Class II nickel producers, like 
Tsingshan, to take advantage of short-term swings 
in Class I versus Class II nickel demand and pricing, 
but it may not be the answer to the overall nickel 
supply problem. In the long-term, NPI prices could 
rise until the margin on selling NPI exceeds to the 
margin on selling Class I nickel; at which point the 
NPI producer would divert  production back to NPI.

Nickel Production from Laterite Ores4

Simplified NPI to battery grade nickel flowsheet



for Class I or battery grade nickel production from 
saprolite ores, thus widening the potential supply 
of nickel from laterite ores to the EV market. While 
Tsingshan’s actual production premium has not been 
disclosed, presumably it is such that it will continue to 
provide an acceptable margin. 

NPI TO NICKEL MATTE TECHNOLOGIES 
ARE NOT NEW

The NPI to nickel matte conversion process is a 
mature technology with no major step-outs from 
conventional processing, as it is based on an existing 
process. The Tsingshan process is based on one 
previously practiced by Eramet’s Société Le Nickel 
in New Caledonia to produce a nickel matte from 
ferronickel for their Le Havre Refinery. Eramet ceased 
nickel matte production at this facility in 2016 in part, 
due to the high conversion cost. 

In 2019, Sherritt International performed its own 
studies for the conversion of saprolite ores at its 
Moa mine to nickel matte. This project was deemed 
not commercially viable at the time due to capital 
requirements and the adverse environmental impact 
related to the additional processing requirements. In 
addition, at the time the premium for Class I versus 
Class II nickel was insufficient to justify the conversion 
costs.

The evolving Tsingshan process involves the addition 
of elemental sulphur to NPI in a converter where it is 
blown with air to oxidize and separate iron and produce 
a high grade nickel matte2. The converter technology 
is also well developed with multiple options available 
(Peirce-Smith converter or continuous top or bottom 
blown converters).

An alternative process employed by Vale at its PT 
Vale Soroako facility, involves the addition of molten 
sulphur prior to the electric furnace in the RKEF 
process to produce a furnace matte, rather than 
ferronickel. The furnace matte is blown with air in a 
converter to oxidize and separate iron and produce a 
nickel matte2. 

This process is a more efficient and effective method 
of producing nickel matte as it is slightly less energy 
intensive and allows the use of lower quality (high 
sulphur) coal as a reductant in the RKEF process. 
However, it reduces product flexibility as nickel matte 
is produced directly from the RKEF line.

Some high grade limonite ores as well as ores that 
occur in the transition zone between limonite and 
saprolite ores are also processed via the RKEF route 
to produce Class II nickel in the form of nickel pig 
iron. 

Historically, with a few exceptions, the main source 
of Class I lateritic nickel has been from limonitic 
ores; this includes nickel for use in lithium ion battery 
applications. It was always assumed that Class II 
nickel was not a viable source of battery chemicals 
owing to the presumed high cost of refining Class 
II nickel to a form suitable for the lithium ion battery 
market.

Tsingshan’s plan to convert NPI to nickel matte 
changes this assumption as it provides a route 

LATERITES, LIMONITES AND 
SAPROLITES

Laterite ores can be divided into two main types: 
limonite ores and saprolite ores. 

Limonite ores are characterized by their higher iron 
and lower magnesium content and are commonly 
processed hydrometallurgically via the high 
pressure acid leach (HPAL) process to produce 
nickel suitable for Class I or battery grade nickel 
production. 

In contrast, saprolite ores are characteristic in a 
lower iron and higher magnesium content and 
are commonly processed pyrometallurgically via 
the RKEF process to produce Class II nickel (as 
ferronickel) primarily for the stainless steel industry. 

Nickel Production from Laterite Ores3



Bay Industrial Park through the use of solar and wind 
power.

However, while this transition from coal-fired to 
renewable energy will reduce the carbon footprint 
of the industrial park, its overall impact is debatable 
given the relatively low utilization of solar and wind 
power that is planned. Further investment into a 
hydro-electric facility to supply Tsingshan’s at IMIP 
will likely have a more significant impact on the 
carbon footprint of their RKEF facility.

Sulphur dioxide will also be generated in the 
conversion process since a portion of the elemental 
sulphur used in the nickel matte conversion process 
is oxidized. Emission limits for sulphur dioxide 
vary by jurisdiction, but are trending towards more 
stringent regulations with emissions limited to less 
than 50 to 200 mg/m3 for secondary smelting and 
converting processes5. Incorporation of the nickel 
matte conversion process with a sulphuric acid plant 
can potentially achieve these limits and produce 
sulphuric acid, power and steam by-products from 
the sulphur dioxide off-gas but will incur additional 
capital requirements for the associated circuits. 

Overall, the production of Class I or battery grade 
nickel from NPI via conversion to nickel matte might 
not be ‘cleaner’ or ‘greener’ than current sources of 
production. This will likely limit investment into such 
processes as a long-term solution to the lithium ion 
battery nickel supply problem.

Nickel industry CO2e emissions curve 2020 (Scope 1+2)4

Tsingshan, presumably aware of the carbon 
emission implications of the conversion process and 
its operations in general  have announced that they 
intends to build a 2000MW clean energy base in 
Indonesia to support its IMIP and Indonesia Weda 

NPI TO NICKEL MATTE - 
ENVIRONMENTAL IMPACT

The RKEF process used by Tsingshan to produce 
NPI requires electrical energy in excess of 500 kWh 
per tonne of feed. At present, most of the electrical 
energy for RKEF plants is supplied by coal-fired 
power plants. Additionally, carbon in the form of 
anthracite is used as a reductant and a heat source. 

Tsingshan has already faced criticism regarding the 
carbon footprint of their NPI operation at the IMIP, 
where the proposed nickel matte is to be produced4.
The carbon dioxide equivalent (CO2e) emissions from 
Tsingshan’s NPI operation in Indonesia are estimated 
to be significantly higher than the average for nickel 
production. Since the NPI to matte conversion 
requires additional energy input, this carbon footprint 
will only increase with the conversion of NPI to nickel 
matte.

“Tsingshan has already faced 
criticism regarding the carbon 

footprint of their NPI operation at 
IMIP"



Future growth in the overall nickel market is forecast 
to be driven by an increase in electric vehicles; 
consequently, the increase in demand for Class I 
nickel growth is expected to outpace Class II nickel 
growth, all other factors being equal. If nickel supply 
is simply displaced from the stainless steel industry to 
the lithium ion battery stream without additional nickel 
projects coming online there will be a supply deficit. 
Therefore, conversion of NPI to nickel matte to supply 
the lithium ion battery industry could be considered 
for short-term swings in Class I versus Class II nickel 
demand, but over the long-term additional nickel 
projects will be required.

ADDING VALUE TO CLASS II NICKEL 
PRODUCERS

Historically, nickel pricing has been driven by the 
stainless steel market. This has resulted in Class II 
nickel commanding a similar price to Class I nickel 
as stainless steel producers could valorize the iron 
contained in the Class II nickel products (NPI or 
ferronickel). 

The emergence and speculated growth of the electric 
vehicle market has resulted in increased demand for 
materials suitable for lithium ion battery applications, 

Class I (LME), Battery Grade (Nickel Sulphate) and Class II (NPI) 
Nickel Price6 

such as Class I nickel, which can trade at a premium 
to Class II nickel. 

Conversion of NPI to nickel matte allows traditional 
Class II nickel producers to enter the Class I nickel 
or battery grade nickel market to take advantage 
of any potential premiums that exist over Class II 
nickel. However, this increased availability of Class 
I or battery grade nickel in turn will limit the premium 
between NPI and battery grade nickel.

While less efficient than traditional routes to nickel 
matte from saprolite, the NPI conversion process 
can be implemented at the end of an existing RKEF 
facility, allowing the Class II nickel producer to take 
advantage of short-term premiums in Class I nickel 
or battery grade nickel by swinging production from 
NPI  to nickel matte.

NICKEL MARKET IMPACT

While conversion of NPI to nickel matte introduces 
additional Class I nickel units into the market, it 
doesn’t increase the overall nickel supply. Rather, 
it diverts nickel previously destined for the stainless 
steel market to the lithium ion battery market. New 
nickel projects will ultimately be required to meet the 
forecast increase in nickel demand. 

Production of Class I nickel or battery grade nickel 
via nickel matte also valorizes a portion of the 
laterite ore’s cobalt content which would have no 
value as Class II nickel. While the cobalt content in 
laterite ores typically processed via RKEF is low, it 
does provide the potential for additional by-product 
credits to the producer.

Transportation costs to transfer nickel matte to an 
alternative processing site will also be lower than 
transportation costs for NPI. During the nickel matte 
conversion process, the nickel grade is increased, 
which will result in a lower quantity of material 
being shipped for nickel matte versus NPI; nickel 
matte typically contains 70 to 80% nickel versus 
NPI from produced in an electric blast furnace at 
10 to 15% nickel. 

Higher capital and production costs

Production of Class I nickel form NPI will incur 
additional capital and operating costs and will 
result in additional nickel losses compared to Class 
II direct production. Additional capital costs will be 
required to modify existing RKEF operations with 
the necessary equipment (such as converter(s), 

“addtional cash operating costs to 
convert NPI to nickel matt could be 

between US$1000 and $4000 per 
tonne”
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slag furnace, sulphuric acid plant, etc.). Additional 
operating costs will include energy costs for the 
secod processing stream, consumables (such as 
sulphur), maintenance and labour used during 
the conversion process.  According to S&P Global 
Market Intelligence, additional cash operating costs 
could be between US$1,000 and $4,000 per tonne, 
depending on the NPI grade6.

Converting NPI to nickel matte results in a lower 
nickel yield as nickel is lost in the production process 
due to increased slag (or waste) generation from 
the process. In the production of nickel matte, iron 
previously reporting to the NPI product is discarded 
from the converters as slag to produce a more 
concentrated nickel product.

These losses can be partially mitigated through 
production of higher grade NPI (which now becomes 
a ferronickel product) prior to conversion to nickel 
matte or by further processing of the converter 
slag to recover its contained nickel. However, a 
measureable increase in nickel losses is expected 
while producing nickel matte versus NPI.

In addition, the iron content of NPI and ferronickel has 
value to the stainless steel industry as it offsets other 
iron input units. During the nickel matte conversion 
process, this iron is rejected as slag resulting in its 
loss of value. Some slags can be sold as low value 
products, such as aggregates, or have negative 
value if costs are incurred to dispose of the slag. 

DOES MATTE MATTER? – MAYBE NOT

Conversion of NPI to nickel matte creates opportunity 
for NPI producers to diversify their production and 
take advantage of potential premiums in Class I 
nickel. However, this opportunity comes at a cost – 
capital, operating and environmental. In the end, the 
conversion of NPI does not address the overall nickel 
supply deficit that is looming. It has the potential 
to address some of the EV battery demand issue; 
however, overall, the supply of nickel is not impacted. 
Diverting NPI from the stainless steel stream has the 
potential for creating supply shortages in this market 
segment creating and situation where the margin on 
selling NPI exceeds to the margin of selling Class I 
nickel; at which point the NPI producer would revert 
production back to NPI.

In the end, the conversion of NPI to nickel matte may 
not matter to the market. EV battery markets may be 
satiated if additional supply cost and environmental 
issues can be addressed at the producer level, but 
overall, it does not amount to new supply. The answer 
to the nickel supply issues in the electric vehicle 
battery segment is new investment in mines that are 
cost effective and environmentally responsible from 
non-conflict jurisdictions and socially responsible 
suppliers. 
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