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The green energy transition requires the expansion of electric vehicle battery metals supply, particularly in the production of 
nickel.  Indonesia, the leading global nickel producer, emerges as the most promising candidate to bridge this supply gap and 
foster downstream investment through an ambitious industrial strategy.  This article analyzes Indonesia’s strategic decision to 
become a class 1 nickel hub, despite historically mining low-grade nickel.  Recent data suggests that High-Pressure Acid Leaching 
(HPAL) technology, previously scrutinized for cost overruns and energy intensity, is not the primary bottleneck.  Rather the article 
posits that the technology’s high environmental footprint creates unaccounted-for profitability and policy risks, with the 
potential to impact global markets. 
 
 

The Need of Scaling Global Class 1 Nickel Supply 
 
Nickel is a central ingredient in currently dominating lithium-ion batteries for electric vehicles (EVs).  While 
to fulfill Paris Agreement goals, nickel supply will need to be scaled manifold, the production capacity for 
the required battery-grade material, so-called class 1 nickel, is not as elastic.  Comparing production data 
by the British Geological Survey with demand expansion requirements estimated by the International 
Energy Agency underscores this disbalance.  Following policy commitments currently made by 
governments around the globe (the so-called Stated Policy Scenario (STEPS)), and their underlying EV 
demand as modeled by the International Energy Agency, class 1 nickel supply will be required to double 
by 2040.  In a more ambitious scenario within that model, assuming a demand expansion in line with 
meeting the Paris Agreement goals (the Sustainable Development Scenario SDS), supply will even need to 
expand with the factor 1.5 in 2030 already and will have to reach the factor 4.57 in 2040 (British Geological 
Survey, 2022; IEA, 2021; Xu et al., 2020).   
 
The demand-supply mismatch is worsened by the increasing scarcity of nickel sulfate deposits, which are 
traditionally used to produce battery-grade class 1 material.  This has driven the trend of artificially 
transforming abundant but lower purity nickel laterite ores into battery-grade material.  While the process 
of converting nickel is technologically possible, it is energy intensive and costly.  Notwithstanding these 
obstacles, the Indonesian government has actively decided to embrace and drive that trend.  
 
Indonesia’s Industrial Strategy:  Becoming a Class 1 Nickel Hub 
 
Indonesia is the world’s nickel powerhouse, hosting both the world’s largest reserves and production. 
However, the problem for Indonesia’s industrial strategy is that its reserves are solely of low-grade lateritic 
material, which meant in the past, it almost exclusively mined the metal as an input to the production of 
stainless steel.  Eyeing the large expansion requirements of nickel supply, Jakarta has nonetheless made 
the conscious decision to become a class 1 nickel and battery production hub.  Why the costly process of 
producing battery-grade nickel from low-grade laterites can be worthwhile for Indonesia is best 
understood by taking a value-chain perspective (Table 1):  in this exercise, the most relevant metrics are 
the value multiples along the EV battery value chain.  In theory, were Indonesia able to produce battery-
grade material, looking at the multiple of 49 from mine to battery, it would be able to dominate the 
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upstream stage of a highly lucrative burgeoning industry.  The problem however is that in practice, keeping 
in mind that Indonesia does currently not have an established battery cathode or cell production industry, 
investors would equally be incentivized to export the cheap raw nickel to do the more lucrative subsequent 
battery production stage elsewhere in developed countries.  This allows us to understand the rationale 
behind Indonesia’s most important policy that underpins its industrial strategy:  the nickel ore export ban. 
The ban is an attempt to re-gear the incentive structure for investors:  it guarantees that at least the value 
multiple of 12 related to refining (HPAL) is done onshore.  Hence, if a company wants to grasp the full value 
multiple of 49, it needs to move downstream manufacturing steps to Indonesia (Suherman et al., 2021).  
 
Table 1 
Value-Added by Electric Vehicle Supply Chain in Indonesia ($ billion)  
 

 
 

Source:  Suherman et al. (2021). 
 
 

This makes the technological process of High-Pressure Acid Leaching (HPAL), the refining process that 
Indonesia employs to turn its laterites into battery-grade class 1 nickel, the central node in Jakarta’s effort: 
if the process goes smoothly and efficiently, it will go a long way to making the case for cathode or battery 
manufacturing in Indonesia.  If, however, cost overruns, as in past HPAL projects, persist, the export ban of 
raw nickel creates a significant obstacle to investment in Indonesia. 
 
HPAL Process – First Economic Takeaways 
 
High-pressure acid leaching, a complex multi-step procedure, is being employed on a large scale in 
Indonesia for the first time.  The technology relies on a leaching process in which under high temperatures 
and pressure mixed hydroxide precipitate (MHP) is won from crushed nickel limonite ore, which is a type 
of laterite ore.  MHP, which recently has emerged as a key tradable intermediate product, can be 
transported and easily at low cost be turned into nickel and cobalt (Dry, 2016).  
 
Historically, HPAL processes have been notorious for their cost overruns, which has fueled skepticism about 
Indonesia’s policy direction and has prevented prior efforts of large-scale laterite-to-class 1 conversion 
around the globe.  Indeed, since it is an entirely new infrastructure to be constructed, CAPEX is high.  To 
get a feeling for the magnitudes, in 2018, among the first HPAL plants to be announced was QMB New 
Energy, a joint venture of CATL, GEM, Hanwa, and Tsingshan, producing 50kt/year of nickel.  Located in the 
new Morowali Industrial Park, the undertaking came at a capital cost of US$700M (Wood MacKenzie, 
2023).  Quite contrary to historical experiences, however, this early data suggest that the new Indonesian 
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projects are much more economically effective and profitable than assumed.  As Wood MacKenzie points 
out, Indonesian HPAL projects appear to have an average capital intensity of US$30,000-35,000 per ton of 
nickel each year.  These are significantly lower than for non-Indonesian projects, which come with close to 
US$100,000 per annual ton of nickel.  
 
While it is still early to judge, these numbers are believable, and it appears that the high CAPEX translates 
into stable profits.  One could assume a hypothetical HPAL plant of 50,000 tons/year with a CAPEX 
US$35,000 per ton and OPEX US$6960 per ton, financed with a self-liquidating loan with a 10% interest 
rate.  Over a lifetime of 35 years at a stable MHP price of US$15,000, such a plant would generate a 
consistent gross profit of US$4410 per ton and a profit margin of 29%.  Looking at the past year’s filing of 
Nickel Industries, a mining and refining company, we can observe similar figures, as they register EBITDA 
margins for their stake in the Huayue Nickel and Cobalt HPAL plant ranging from US$5,000 per ton to 
US$8,000 per ton (Bell Potter, 2023). 
 
Figure 1 
Key Operational HPAL Sites 
 

 
 
 

HPAL’s favorable economics are on face value, good news for the renewable energy transition.  Indonesian 
projects have the potential to significantly rectify the global supply-demand imbalance.  The Indonesian 
nickel production pipeline would be enough to satisfy demand up until 2030 in the SDS and 2038 in the 
STEPS.  This is important time won to stay on track for achieving Paris Agreement goals while awaiting 
technological innovations that may be less metal intensive (IEA, 2021; Xu et al., 2020).   
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Figure 2  
Nickel Supply-Demand Projections Assuming Indonesia’s Nickel Development Pipeline is Realized in Full 
 

 
 

 

Hidden Risk:  The Environmental Frontier 
 
HPAL economics alone however do not tell the full story:  the scale of Indonesia’s HPAL pipeline comes 
with thus far unsolved environmental problems.  Those are not necessarily CO2 emissions or water 
scarcity; rather the main point of concern is the large amount of mining waste that the technology 
produces.  For every ton of nickel, HPAL also produces 1.4-1.6 tons of tailings (Wood MacKenzie, 2023). 
These consist of a highly acidic slurry that has to be treated and stored safely, usually by means of tailings 
dams.  
 
This creates a genuine dilemma for Indonesia’s nickel and battery industry hopes.  To date, there is no 
convincing option for dealing with the large amount of mining waste that HPAL sites produce.  Presently, 
the country will need to keep finding new sites for tailing dams to store the ever-increasing amount.  This 
is not an easy process given that the majority of mining and processing sites are located in areas, such as 
Sulawesi or Obi Island, shaped by tropical rainforest, large biodiversity, and mountainous geography. 
Beyond that, another considerable risk for the tailing storage is that those areas are tectonically active. 
These factors introduce new costs that should be factored into the economic assessment of HPAL, which 
however thus far are difficult to gauge due to the lack of experience.  
 
The problem of tailings storage complicates both the development of Indonesia’s nickel industry as well as 
its capacity to close the global supply gap.  Given the novelty of HPAL production at scale and the urgency 
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of expanding production, concrete environmental risks are not yet well understood.  Nonetheless, reports 
of environmental degradation around mining and refining sites have begun to surface (Figure 3). 
 
Figure 3 
Progressing Environmental Degradation around Morowali Industrial Park 
 

 
 
 

Thus far, there is no clear trend in how such issues will be managed by the government and how costs will 
be allocated, considering that the Joko Widodo administration has put the development of an EV industry 
center to its industrial policy.  An early warning sign could however be that the Coordinating Ministry for 
Maritime and Investment Affairs has started an investigation into the revocation of permits amid 
complaints of environmental and worker rights violations (Reuters, 2023).  Coordinating Minister Luhut 
stated at an economic forum in Jakarta, “if you can’t [comply with environmental regulations], I will shut 
down your industry within two months.  Maybe it would reduce some of our revenue, but then [we] don’t 
want to compensate for that with a bad environment” (Reuters, 2023).  
 
Given the central role of Indonesia’s production to closing the supply gap, it is worthwhile to entertain 
such scenarios of legal restrictions.  If we assume the coordinating ministry and its Ministry of Energy and 
Mineral Resources would follow suit and revoke licenses in the Morowali Industrial Park, this would affect 
the HPAL operations of PT QMB New Energy and Huayue Nickel & Cobalt.  If we further assume that both 
plants produce at capacity, that would remove, at least temporarily, 110,000 tons of nickel from the 
market, which equals roughly 15.7% of Indonesian battery-grade nickel supply or 7.4% of global supply. 
 
The case of Obi Island, where numerous environmental damages due to mining activity have been 
reported, is another likely target for an increasingly environmentally-minded government.  The three 
currently operating HPAL plants on Obi Islands by PT Halmahera Persada Lygend produce combined 
114,000 tons of nickel, which makes it roughly 16.3% of Indonesia’s battery-grade nickel supply or 7.7% of 
global supply.  If we also consider that planned future projects on Obi Island might be stalled or stopped, 
this would add an additional 60,000 tons, factoring in possible future projects by PT Ceria Nugraha 
Indotama and Jinchuan (Wood MacKenzie, 2023).  So combined, looking at the pipeline of projects, this 
would make about 24.9% of Indonesian battery-grade nickel supply (or 11.7% of global supply) that might 
potentially receive regulatory scrutiny.  If one assumes the worst-case scenario in form of a combined 
stalling or stop of all projects on Obi Island and the Morowali Industrial Park, this would make 284,000 
tons of Indonesia’s battery-grade nickel supply or roughly 40% (which makes 19% of global supply).  
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Conclusion 
 
The case of Indonesia’s effort to become a class 1 nickel hub shows two key take-aways:  it appears that in 
theory, battery-grade nickel production can be scaled significantly to an extent that would meaningfully 
contribute to closing the supply gap.  Secondly, however, the key obstacle in this does not appear to be 
the economic viability of the processing of nickel, which has in the past been cited as the main preventive 
factor.  Rather, the environmental footprint attached to the operations risks the stability of Indonesia’s 
production plans.  The new frontier is not so much to be the question if class 1 nickel supply can be scaled, 
but rather if it can be done with a manageable environmental impact. 
 
 

Endnotes 
 
1 These calculations are based on an extension of the original IEA model by Xu et al. (2020). 
 
2 This is based on the author’s own calculations. 
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