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ABSTRAK

INTRODUCTION

As the world's largest holder of nickel 

reserves, Indonesia plays a pivotal role in 

meeting the growing global demand for 

nickel, particularly in the electric vehicle 

(EV) industry. According to the Ministry 

of Energy and Mineral Resources (2020), 

Indonesia possesses 72 million tons of 

nickel reserves, including limonite, 

accounting for 52% of global nickel 

reserves.  This  substantial  reserve 

positions Indonesia alongside Australia 

(15%), Brazil (8%), and Russia (5%) as a 

leading global nickel producer. The same 

report indicates that Indonesia's nickel 

reserves are projected to last until 2047.

 Indonesia's strategic position 

aligns with the increasing global demand 

for nickel, driven by the expansion of the 

EV industry. The EV sector is expected to 

grow signicantly, in line with the global 

energy transition aimed at reducing 

greenhouse gas emissions as a climate 

change mitigation strategy (Nassef et al., 

2025). A report by the Fan et al. (2025) 

highlights a sharp increase in global EV 
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 sales from 0.2% in 2013 to 13% in 2022. In 

2022, China led EV sales with 6.181 million 

units, followed by Europe with 2.683 

million units, North America with 1.108 

million units, and other regions with 551 

thousand units. 

 The rapid growth of EV produc-

tion presents a positive opportunity for 

Indonesia, as EVs utilize nickel-based 

batteries, positioning the country as a 

central hub in this sector (Meirizal et al., 

2023). The widespread adoption of EVs is 

driven by the perception that they are a 

crucial solution for mitigating climate 

change by reducing carbon emissions 

from fossil fuel-powered vehicles (A. D. 

Santoso et al., 2024). This aligns with 

g l o b a l  c o m m i t m e n t s  p o s t - P a r i s 

Agreement to enhance greenhouse gas 

emission reduction targets  (Su et al., 2025).

 H o w e v e r ,  t h e  s u r g e  i n  E V 

production and global nickel demand has 

led to intensied nickel exploitation in 

Indonesia, particularly in Sulawesi and 

Maluku (Warburton, 2024). These regions
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are known as the primary nickel reserves 

in Indonesia  (Schodde & Guj, 2025). The 

Ministry of Energy and Mineral Resources 

(2020) notes that Indonesia has issued 292 

Mining Business Licenses (IUPs), with 154 

in Southeast Sulawesi, 85 in Central 

Sulawesi, 44 in North Maluku, 34 in South 

Sulawesi, 2 in Maluku, and 4 in Papua; 11 

smelters, and 4 work contracts as the 

forefront of nickel mining and production. 

However, the increased mining activities 

raise concerns, as the majority of IUPs 

(93.49%) are located in Sulawesi, a region 

within the Wallacea biodiversity hotspot 

with high levels of endemic ora and 

fauna.

 Research by Haryadi et al. (2024) 

indicates that nickel exploitation in 

Morowali, Central Sulawesi, has led to 

signicant environmental degradation, 

including extensive deforestation and 

ecosystem damage. Similarly, Muthalib & 

Nuryadi (2023) found that nickel mining 

activities in South Konawe, Southeast 

Sulawesi, resulted in soil fertility decline 

and reduced irrigation quality, causing 

losses for rice farmers amounting to IDR 

3,102,476 per hectare. Zainuddin Rela et 

al. (2021) reported that nickel mining in 

Kolaka, Southeast Sulawesi, has led to 

issues in licensing processes, land 

clearing, and production, continuously 

degrading environmental quality. These 

studies highlight the high dynamics of 

n i cke l  min ing ,  o f ten  lack ing  t he 

application of good mining practices and 

neglecting environmental sustainability 

principles. Nancy (2022) revealed that 

m a n y  m i n i n g  p r a c t i c e s  o v e r l o o k 

environmental and social management 

aspects,  exacerbating the negative 

impacts.

 In line with this, most nickel 

mining companies in Indonesia are 

Foreign Direct Investment (FDI) entities 

'(Qaseem, 2023). Sarkodie & Strezov (2019) 

s u g g e s t s  t h a t  f o r e i g n  c o m p a n i e s 

sometimes lack a sense of ownership over 

the environment and local communities, 

leading to suboptimal environmental 

management.  Kartiko et al. (2023) 

emphasizes that legal policies facilitating 

foreign investments have negative impacts 

by marginalizing domestic funding and 

resource potentials. This situation triggers 

social disharmony, particularly prolonged 

tensions and conicts. Hyldmo et al. (2025) 

explain that social conicts often arise 

during land acquisition, land clearing 

processes ,  labor  recruitment ,  and 

production activities, leading to disputes 

between local and foreign workers. 

'Karsadi & Aso (2023) reveal that these 

social conicts often result in prolonged 

tensions and even fatalities. For instance, 

Kadek & Pradnya (2025) reported in 

various print and online media about 

clashes between local communities and 

company personnel, causing physical and 

psychological harm to surrounding 

communities in several mining projects in 

Sulawesi and Maluku.

 Beyond signicant social impacts, 

n i c k e l  e x p l o i t a t i o n  a l s o  p o s e s 

environmental risks, particularly in the 

W a l l a c e a  r e g i o n ,  k n o w n  f o r  i t s 

exceptionally high biodiversity levels 

Prematuri et al. (2020). ''Slavenko et al. 

(2023) explains that this area serves as a 

biogeographical transition zone with 

extraordinary levels of ora and fauna 

endemism, making it one of the most 

biodiverse regions globally. Skeels et al. 

(2023) mentions that the Wallacea region 

possesses unique natural characteristics 

with diverse ora and fauna, distinct from 

other parts of Indonesia and the world, 

rendering it a natural laboratory for global 

scale research. However, poorly managed 

nickel mining threatens to degrade the 

environment and contribute to the 

extinction of endemic species found only 

in this region (Adidharma et al., 2023; 

Brown et al., 2024; Nasution et al., 2024).

 The negative impacts of nickel 

e x p l o i t a t i o n  a r e  n o t  l i m i t e d  t o 

environmental and social damage but also 

extend to economic disparities (Fazaalloh, 

2024). According to a report by Myllyvirta 

et al. (2024), although the mining sector 

signicantly contributes to Indonesia's 

GDP, many nickel-producing regions, 
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such as those in Sulawesi and Maluku, do 
not experience substantial benets from 
these activities. Nurlaela et al. (2020) state 
that the income generated from nickel 
exploitation is often enjoyed primarily by 
large corporations and foreign investors, 
while local communities continue to 
struggle with limited access to decent 
employment, adequate public facilities, 
and improved quality of life. 

 T h i s  s t u d y  o f f e r s  a  n o v e l 

interdisciplinary approach by integrating 

environmental, social, and economic 

dimension to assess the real impacts of 

n i c k e l  e x p l o i t a t i o n  i n  W a l l a c e ' s 

biodiversity hotspot an area rarely 

analyzed holistically, thus lling the gap 

in sustainability governance in Indonesia's 

strategic resource regions.  Therefore, this 

study aims to further explore the 

implications of nickel exploitation on 

environmental conditions in Indonesia, 

particularly in the three main nickel-

producing regions: Central Sulawesi, 

Southeast Sulawesi, and North Maluku. 

The research examines how nickel 

exploitation affects the social and 

ecological conditions in these areas. 

Innovation and breakthroughs are 

urgently needed in managing natural 

resources especially nickel by applying the 

principles of sustainability and ensuring a 

balance between social, economic, and 

ecological aspects to achieve more 

sustainable development in Indonesia.

RESEARCH METHODS

This study employed a qualitative 

research approach to gain a compre-

hensive and holistic understanding of the 

impacts  of  n ickel  exploi ta t ion  in 

Indonesia. The qualitative method was 

chosen for its strength in capturing 

contextual realities, local perspectives, 

and  complex  in terac t ions  among 

e c o l o g i c a l ,  s o c i a l ,  a n d  e c o n o m i c 

dimensions in the study areas.

 The research was conducted from 

February to November 2024, focusing on 

the main nickel-producing regions in 

Indonesia: Central Sulawesi, Southeast 

Sulawesi, and North Maluku. These areas 

were chosen because they are the largest 

contributors to Indonesia's nickel output 

and represent the regions most affected by 

mining activities in terms of social, 

economic, and environmental dimensions. 

Direct eld observations were carried out 

to examine ecological landscape changes, 

community dynamics, and economic 

activities associated with the mining 

industry.

 The population of this study 

includes all individuals who are directly or 

indirectly involved in or affected by nickel 

mining activities in the study areas. To 

gain rich and context-specic insights, a 

qualitative method with purposive 

sampling was employed to  select 

informants based on their relevance to 

mining-related issues and capacity to 

provide in-depth information. A total of 45 

key informants were interviewed in-

depth, consisting of: (a) Local community 

members: 15 individuals, including 

farmers, shers, and indigenous leaders 

living near mining sites; (b) Mine workers: 

15 individuals from both formal and 

i n f o r m a l  s e c t o r s ;  ( c )  C o m p a n y 

representatives: 9 individuals from 

various managerial and operational levels; 

a n d  ( d )  G o v e r n m e n t  o f  c i a l s :  6 

individuals from relevant agencies such as 

the Environmental Ofce, Industry 

Department, and Mining Department.

 Semi-structured interviews were 

used to explore experiences, perceptions, 

and expectations related to mining 

impacts and regulatory responses. To 

analyze the qualitative data, this research 

employed an exploratory descriptive 

approach, allowing a deep and nuanced 

understanding of the socio-ecological 

implications of nickel investment in the 

study sites. This method allowed for the 

thorough exploration of primary data such 

as interviews with affected communities, 

eld observations, and documentation 

along with secondary data, including 

ofcial reports, academic studies, and 

relevant statistical records. 

 In addition to collecting primary
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data through field observations and in-
depth  in terviews,  th is  s tudy a lso 
incorporated an extensive literature review 
of various secondary sources. The lite-
rature review was conducted system-
atically to support and triangulate the 
findings derived from the field. Key 
secondary sources included peer-reviewed 
articles from internationally recognized 
journals, policy reports, and research 
publications from reputable international 
organizations. These sources provided 
broader insights into the global context of 
nickel investment and its associated 
environmental and socio-economic 
impacts, enabling the study to position 
Indonesia's case within a comparative and 
theoretical framework. The integration of 
both primary and secondary data enhanced 
the robustness of the analysis by combining 
localized, grounded perspectives with 
global discourses and empirical evidence. 
This approach enabled a holistic and 
critical examination of the paradoxes 
surrounding nickel investment, especially 
t h e  t e n s i o n  b e t w e e n  e c o n o m i c 
development and environmental-social 
sustainability without shifting from the 
qualitative paradigm. Through this lens, 
patterns and relationships between nickel 
extraction and local transformations were 
uncovered, including perceptions, local 
responses,  conflicts ,  and adaptive 
strategies within affected communities.

RESULTS AND DISCUSSION
Nickel Mining and Processing Activities

Nickel mining in Indonesia has become 

one of the key sectors supporting the 

national economy, as the country is the 

world's largest producer of nickel. 

According to the Ministry of Energy and 

Mineral Resources of the Republic of 

Indonesia (Ministry of Energy and 

Mineral Resources, 2020), there are two 

main types of nickel ore found in the 

country: laterite and limonite. Each type 

has distinct characteristics and requires 

specic processing methods. According to 

Zhang et al. (2020), laterite nickel ore is 

f o r m e d  t h r o u g h  t h e  c h e m i c a l 

weatheringof ultramac rocks containing 

nickel .  In  Indonesia ,  as  noted by 

Patadungan et al. (2024), laterite nickel is 

commonly found in tropical regions, 

particularly on the islands of Sulawesi, 

Maluku, and parts of Papua. Farrokhpay 

et al. (2019) explain that laterite ores 

generally have lower nickel content 

compared to sulde ores, but because they 

are typically located near the surface, they 

are easier to extract.

Limonite, on the other hand, is a type of 

mineral found within the laterite layer and 

is an iron oxide that contains nickel, as 

described by Astuti et al. (2024). Research 

by Xue et al. (2022) found that limonite has 

a relatively lower nickel content compared 

to other types of laterite, but it is widely 

available in Indonesia. Like laterite, 

limonite is often located near the surface 

and is extracted using open-pit mining 

methods, as stated by Abdul et al. (2020). 

Fundamentally, the mining process for 

both types of nickel ore follows the same 

basic stages, as illustrated in Figure 1.

Source: Cao et al. (2025
Figure 1

Nickel Mining Process (Pre-operation, Operation, and Post-Mining)
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Figure 1 shows that the rst step is 

exploration. According to Motta & Faria 

(2016), this process is conducted to 

determine the quantity and quality of 

nickel reserves, eld conditions, and 

geological structure. Next, the results of 

the exploration are assessed for feasibility 

'(Sabaruddin et al., 2023). If deemed viable, 

the process moves on to mining planning, 

followed by land clearing to remove 

various types of vegetation in order to 

facilitate the stripping process (König, 

2021; Stopic & Friedrich, 2016; Zhang et 

al., 2020). Stripping the overburden is the 

stage of accessing the nickel ore, where the 

soil is excavated to a certain depth where 

nickel reserves are found (Heijlen & 

Duhayon, 2024). The excavated soil is then 

moved to a safe location, referred to as a 

top-soil bank (Acero, 2023). Afterward, the 

nickel ore is extracted using heavy 

equipment such as excavators and 

transport trucks (Razika, 2022). At this 

stage, the nickel ore obtained is still in raw 

form and must undergo further processing 

to produce pure nickel (Putzolu et al., 

2019). The next process involves rening 

the ore through pyrometallurgical or 

hydrometallurgical methods (Liang et al., 

2022; Stopic & Friedrich, 2016)  depending 

on the type of ore found (Figure 2). In some

cases, hazardous chemicals are used 

during the rening stage, such as sulfuric 

acid, cyanide, or mercury (Martin et al., 

2019). The residues from these chemicals 

have the potential to contaminate the 

environment if not properly managed.

 The nickel processing process, as 

shown in Figure 2, involves the use of 

hazardous chemicals such as sulfuric acid, 

which can potential ly pollute the 

environment if not properly managed 

(Moyo et al., 2024; Salehi et al., 2023). 

Chemical waste from the rening and 

otation processes can degrade the quality 

of soil, water, and air, as well as threaten 

surrounding ecosystems. This condition 

aligns with the ndings of Kowasch (2018), 

who highlighted that waste from the 

mineral mining industry can cause 

signicant environmental degradation, 

especially when waste management 

systems are inadequate. Additionally, 

Heijlen & Duhayon (2024) revealed that 

open-p i t  min ing  ac t iv i t i es ,  o f ten 

accompanied by deforestation and land 

degradation, also lead to widespread 

ecological and social impacts, such as the 

loss of biodiversity and disruption of local 

communit ies .  This  re inforces  the 

argument made by Chen et al. (2024), who 

emphasize the importance of sustainable 
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approaches in the mining sector, including 

through active involvement of local 

communi t ies  and  comprehens ive 

environmental impact assessments. 

Therefore, nickel processing is not only a 

technical issue but also demands serious 

attention to environmental and social 

aspects.

 In this context, Severiano et al. 

(2025) stress that the balance between 

resource exploitation and environmental 

preservation is a central issue that cannot 

be ignored. Similarly, Kowasch (2018) 

reported that the socio-ecological 

challenges of mining activities continue to 

emerge, while on the other hand, the sector 

remains a strong magnet for investment, 

especially due to its signicant economic 

value potential. Thus, it is important to 

examine how investments in the nickel 

industry contribute to national and 

regional economic growth, and how such 

investments can be directed to align with 

sustainable development principles.

Nickel Industry Investment

Nickel mining in Indonesia indeed 

p r o v i d e s  a  s i g n i  c a n t  e c o n o m i c 

contribution, but Warburton (2024) warns 

that the challenges of environmental 

management and sustainability require 

serious attention in order to minimize 

negative impacts on the socio-ecological 

aspects. According to Taukurahman et 

al. (2023), it must be acknowledged that

investment in the nickel industry, both 

mining and processing, has led to 

improvements in national and regional 

e c o n o m i c  v a l u e ,  b u t  s o c i a l  a n d 

environmental aspects still need serious 

attention. Figure 3 displays a graph 

showing the contribution of nickel 

investment to the regional economy.

 The research by Taukurahman et 

al. (2023) reveals that investment and 

mining operations in Sulawesi have made 

a signicant contribution to regional 

economic growth through increased 

GRDP and employment absorption, 

particularly in Southeast Sulawesi and 

South Sulawesi. However, their ndings 

also highlight an imbalance in the 

distribution of economic benets across 

regions, with areas such as Central 

Sulawesi and North Maluku receiving 

much smaller benets despite also being 

mining production areas. This disparity 

reinforces the research by Nurlaela et al. 

(2020), which discusses how extractive 

industries often exacerbate structural 

i n e q u i t i e s  a n d  m a r g i n a l i z e  l o c a l 

communities that are most affected 

socially and ecologically. Additionally, 

Syahputra (2024) explains that although 

job creation has increased, the number of 

jobs has not been proportional to the 

environmental and social impacts caused. 

Therefore, its crucial for nickel investment 

and downstream policies to focus not only
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Source: Taukurahman et al. (2023), processed
Figure 3

Contribution of a 1% increase in investment and operations to GDP and GDRP (%)
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on economic growth but also on ensuring 
the equitable distribution of benets and 
the protection of local communities and 
ecosystems.

 This study further conrms those 

ndings by revealing that many mining 

operations in Central Sulawesi and North 

Maluku are dominated by foreign-owned 

companies, which tend it repatriate prots 

rather than reinvest locally. A a result, the 

economic multiplier effect in these regions 

is relatively weak. Informants reported 

that although mining activities have 

intensied, public infrastructure such as 

roads, healthcare, and schools remain 

u n d e r d e v e l o p e d .  M o r e o v e r ,  j o b 

opportunities are often limited to low-

skilled labor, with managerial and 

technical positions occupied by workers 

from outside the region. This creates a dual 

e c o n o m y  s t r u c t u r e  w h e r e  l o c a l 

communities remain economically 

marginalized despite living in resource-

rich environments. The unequal benet 

sharing not only deepens socio-economic 

disparities but also fuels social tension and 

erodes public trust in both corporations 

and government institutions.

 However, the eld data suggests 

that the benets of downstream policies 

are not yet felt equally across regions. 

While Southeast Sulawesi has seen a rise in 

supporting industries and related job 

opportunities due to the presence of 

smelters, Central Sulawesi and North 

Maluku remain predominantly as raw 

material suppliers, lacking adequate 

downstream facilities. This structural gap 

not only limits their development potential 

but also exacerbates the environmental 

burden without corresponding economic 

compensation. Thus, for downstream 

policy to truly support sustainable and 

inclusive development, it  must be 

accompanied by regional industrial 

planning, local workforce capacity-

building, and benet-sharing mechanism 

that prioritize communities in extraction 

zones.

 The  pos i t ive  growth in  the 

economy and increased employment 

absorption indicate that investment in the 

extractive industry sector can serve as a 

driver for regional and national economic 

growth. As explained by Farawansa & 

Ratnawati (2024), nickel down-streaming 

in Indonesia is a strategic policy aimed at 

adding value to natural resources through 

further processing before export. This 

policy was promoted with the issuance of 

Peraturan Pemerintah Republik Indonesia 

N o m o r  1  T a h u n  2 0 2 4  T e n t a n g 

Harmonisasi Kebijakan Fiskal, which 

regulates the ban on the export of nickel in 

raw ore form, with the aim of encouraging 

the development of domestic processing
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industries. This down-streaming policy 

has successfully stimulated positive 

growth for mining investment in 

Indonesia (Figure 4).

 The ndings in Figure 4 indicate 

an increase in investment in the mining 

sector, including the development of 

nickel smelters. In line with this, 

'''''Santoso et al. (2024) states that the 

downstream policy is designed to 

optimize the added value of natural 

resources and attract foreign investment. 

The increase in the number of smelters to 

more than 40 units over the past three 

years reects the initial success of the 

mining industrialization strategy in 

boosting economic independence and 

creating jobs. However, this data also 

underscores concerns reported by 

Myl lyv i r ta  e t  a l .  ( 2024 )  tha t  the 

development of the extractive industry 

w i t h o u t  a t t e n t i o n  t o  s o c i a l  a n d 

environmental aspects can exacerbate 

social inequalities and cause ecological 

degradation. Thus, while these ndings 

s u p p o r t  t h e  a r g u m e n t  f o r  t h e 

effectiveness of downstream policies in 

driving economic growth, Myllyvirta et 

al. (2024) also demonstrate that economic 

benets need to be balanced with 

comprehensive sustainability policies to 

avoid long-term impacts on society and 

the environment.

 Although the development of the 

nickel downstream industry in Indonesia 

brings great hopes for national economic 

growth, increased investment, and job 

creation, the complexity of the social and 

ecological impacts it generates cannot be 

ignored. Structural transformation 

through down-streaming has reshaped 

the economic landscape in many nickel-

producing regions; however, Karsadi & 

Aso (2023) remind us that industri-

alization without careful spatial and 

social planning often leads to land 

conic t s ,  the  marg ina l iza t ion  o f 

indigenous communities, and heavy 

pressure on environmental carrying 

capacity. 

 Field interviews conducted in 

Central Sulawesi and North Maluku  

reveal that many smelter projects are 

established without proper community 

consultation and Environmental Impact 

Assessment (AMDAL). Communities in 

affected areas often feel excluded from 

decision-making processes and bear the 

environmental costs without receiving 

proportional economic benets. For 

example, residents reported worsening air 

and water quality, loss of farmland, and 

increasing social tensions due to unequal 

access to jobs and infrastructure. These 

ndings highlight the gap between 

national economic targets and local 

realities, emphasizing the need for 

inclusive planning and locally tailored 

sustainability safeguards.

 In a global context, according to 

Ren et al. (2024), Indonesia's nickel 

industrialization is now inseparable from 

geopolitical dynamics and the clean 

energy transition agenda. As Michel (2024) 

notes, the drastically increased demand for 

nickel as a key component for electric 

vehicle (EV) batteries positions Indonesia 

strategically as a major supplier, but it also 

confronts the country with the dilemma of 

balancing global market demands with 

domestic environmental sustainability. 

Therefore, it is crucial to critically assess 

the socio-ecological implications of nickel 

industrialization, especially regarding the 

pressure on local  ecosystems and 

communities, particularly in the context of 

the global energy transition era, which 

demands massive yet sustainable mineral 

supplies.

Implications of Nickel Industrialization on 

Socio-Ecological Aspects

The high global demand for nickel is 

driven by the energy transition towards 

n e t - z e r o  e m i s s i o n s  ( N Z E )  a s  a 

commitment to the Paris Agreement and 

C O P 2 6 ,  p a r t i c u l a r l y  t h r o u g h  t h e 

development of electric vehicles (EVs), 

which heavily rely on nickel as a key 

component of batteries, as projected by the 

'International Energy Agency (2021). This 

positions Indonesia, as the world's largest 

nickel exporter, in a strategic role to meet 

the surge in demand until 2050. These 

ndings support Østergaard (2024) and
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Table 1 presents data on the potential 

negative impacts of nickel mining in these 

two regions. 

 Table 1 illustrates the range of 

n e g a t i v e  i m p a c t s  t h a t  c a n  o c c u r 

t h r o u g h o u t  t h e  s t a g e s  o f  n i c k e l 

exploitation, from exploration to active 

mining. Seemingly simple activities such 

as eld surveys can actually have 

signicant ecological consequences, 

including disruption of natural habitats, 

contamination of water sources, and the 

introduction of invasive alien species 

(IAS). Saul et al. (2017) note that surveys 

conducted without adequate mitigation 

often serve as the primary entry point for 

IAS, which subsequently disrupt local 

ecosystem stability. These impacts become 

more severe during the land clearing 

phase, which not only causes deforestation 

and soil erosion but also leads to a decline 

in air and water quality due to the 

destruction of vegetation cover. Research 

by Morel et al. (2025) De Frenne et al. (2021) 

and  complement each other in showing  

that  land c lear ing  causes  dras t i c 

microclimate changes, disrupting faunal 

communities and soil microorganisms, 

the Srinivasan et al. (2025), who emphasize 

the importance of nickel in global EV 

development, especially in countries like 

China and the United States. However, 

large-scale exploitation in regions like 

Sulawesi and North Maluku reveals a 

paradox, where the increase in upstream 

production often overlooks environmental 

carrying capacity, as evidenced by 

''Zainuddin Rela et al. (2021), who report 

ecosystem degradation, losses for farmers, 

and systemic damage due to uncontrolled 

land clearing. In this context, Randrikasari 

et al.  (2025) emphasize that green 

technologies should be applied not only in 

the processing sector but also from the 

mining stage to minimize the widening 

environmental and social impacts.

 Such efforts are important, but they 

are focused on the nickel processing 

industry, whereas the exploitation also 

occurs in mining activities, which often 

have a far greater environmental impact. It 

must be acknowledged that nickel mining 

in Sulawesi and North Maluku frequently 

causes fundamental issues that lead to the 

viral spread of cases such as deforestation, 

ooding, landslides, and water pollution. 

Table 1
 Potential Negative Impacts of Nickel Mining

Source: Primary Data Processed, 2025

No Activity  Primary negative Imp act Secondary Negat ive Impact  

1 Exploration  

Disruption of natural habitat  Habitat fragmentation  
Potential contamination of 
water resources  

Public health disturbance  

Potential introduction of 
invasive alien species (IAS)  

Changes in community 
structur e and decline in 
biodiversity  

2 
Land 
clearing  

Deforestation  
Sedimentation, floodi ng, and 
decreased water quality  

Soil erosion  
Potential increase in respiratory 
infections  

Decline in air quality  Public health disturbance  

Decline in water quality  Public health distu rbance 

3 
Mining or 
extraction  

Water pollution  
Death of aquatic organism, 
public health risks, and 
potential social conflicts  

Decline in soil quality  
Reduced agricultural yields and 
the emergence of social 
inequality  

Air pollution  
Increased risk of r espiratory 
infections and potential for 
social conflict  
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ultimately reducing long-term ecological 

carrying capacity. At the mining stage, 

environmental and social impacts become 

more  permanent  and cumulat ive . 

Intensive activities such as topsoil 

stripping, chemical use, and emissions 

f r o m  h e a v y  m a c h i n e r y  r e s u l t  i n 

widespread air and water pollution as well 

as a signicant decline in soil quality. 

Hirlekar et al. (2025) emphasize that these 

impacts often trigger social tensions due to 

the low absorption of local labor and the 

damage to communities' access to clean 

water and food sources. Reagen & Faha 

(2023) even found that natural resource 

explo i ta t ion  encourages  negat ive 

interactions between wildlife and human 

communities, increasing the risk of social 

conict and systemic environmental 

degradation. These cumulative impacts 

have become apparent in various regions 

such as Southeast Sulawesi, Central 

Sulawesi, and North Maluku, where nickel 

exploitation has simultaneously led to 

ecologica l  destruct ion  and soc ia l 

inequality.

 T h e r e f o r e ,  c o m p r e h e n s i v e 

mapping of actual impacts is essential as a 

foundation for formulating policies that 

prioritize a balance between economic 

growth, environmental sustainability, and 

social justice. Several of the negative 

impacts listed in Table 1 have already 

occurred and are still ongoing in the eld. 

In Southeast Sulawesi, Central Sulawesi, 

and North Maluku, nickel exploitation has 

d r a w n  i n c r e a s i n g  a t t e n t i o n  f r o m 

researchers and environmental observers 

due to the accumulating effects. Table 2 

presents the actual negative impacts of 

nickel exploitation that have occurred and 

become matters of public concern. 

 Field interviews revealed that the 

negative impacts of nickel mining are not 

abstract risks but have been directly 

experienced by local communities in 

mining areas. In Morowali, Central 

Sulawesi, a local community explained: 

“We never used to have oods here, but now 

every rainy season, the water rises. It's because 

the forests and hills have been cleared for 

mining. This statement reects growing 

concern over increased ooding and 
landslides, which locals associate with 
large-scale deforestation and land 
degradation.

In Bombana, Southeast Sulawesi, a 
traditional sherman shared: “It's hard to 
catch sh now. the seawater is murky, and 
many coral reefs are damaged. We used to sh 
just a few meters from the shore, but now we 
have gone to much farther out”. This 
highlights the ecological impact of mining 
on marine ecosystems and the disruption 
of coastal livelihoods that depend heavily 
on health ocean conditions. 

These rsthand accounts illustrate that 

environmental degradation from mining 

operations directly increases the socio-

economic vulnerability of affected 

populations. In addition to the loss of 

l ivelihoods, communities reported 

reduced access to clean water, food 

sources, and safe living environments. 

Several respondents also expressed 

frustration over being excluded from 

decision-making process related to mining 

operations. As one respondent stated: “The 

companies and government never asked us. We 

only nd out when the machines arrive”.  

These ndings conrm that the nickel 

exploitation in the Wallacean regions is 

producing layered impacts on ecological, 

social, and economic that cannot be 

addressed by economic growth alone. The 

call for inclusive, locally informed, and 

sustainabil i ty-focused governance 

approaches. 

 Table 2 illustrates that nickel 

exploitation activities in North Maluku, 

Southeast Sulawesi, and Central Sulawesi, 

while contributing to economic growth 

and employment, also generate negative 

i m p a c t s  s u c h  a s  e n v i r o n m e n t a l 

degradation, the loss of access to safe and 

nutritious food sources, the disappearance 

of primary livelihoods, and an increase in 

the frequency of natural disasters. These 

various environmental impacts indicate 

that nickel exploitation in these regions has 

not yet adhered to the principles of good 

mining practice and has failed to prioritize 

e n v i r o n m e n t a l  c o n s i d e r a t i o n s . 

Furthermore, the occurrence of ooding 
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(2015), who states that in the planning of 

natural resource utilization, one of the key 

considerations must be the carrying and 

load capacity of the environment (CLCE). 

The results of CLCE assessments serve as a

disasters highlights a weak commitment to 

spatial utilization zoning and the neglect 

of environmental carrying capacity and 

load capacity assessments.

 This nding is supported by Hui 

Type Impact  Location  Reference  

Waste 
pollution and 

ecosyste m 
structure  
disturbance 

The structure of the gastropod 
community in the mangrove area affected 
by overburden was te showed a low 

diversity index value  (H’ = 0.81), low 
species richness (R = 1.75), moderate 
evenness (E = 0.50), and dominance of 
certain speci es (C = 0.54).  

Tambea 
Village, 
Pomala 

District, 
Southeast 
Sulawesi  

(Purnama 

et al., 
2024) 

Deforestation 
7,721 villages in Sulawesi showed that 
deforestation nearly doubled between 
2011 and 2018.  

Sulawesi 
Indonesia, 
2011 and 
2018 

(Lo et al ., 
2024) 

Deforestation 
and GHG 
emission  

Approximately 5,331 ha of tropical forests 
have been cleared within the nickel 
mining concessions in Halmahera, 
resulting in t he loss of about 2.04 metric 
tons of greenhouse gases previously 
stored there in the form of carbon. 
Another  

Halmahera, 
North 
Maluku 

(Nasution 
et al., 
2024) 

Air pollution  

Air pollution from mining activities, 
which have operated 30 Smelters using 
Rotary  
Kiln Electric Furnace (RKEF) technology 
with a total production of 300,000 tons of 
nickel per  year, is believed by the author 
to deteriorate air quality significantly.  

Central 
Sulawesi and 
North 
Maluku 

(Nasution 
et al., 
2024) 

Waste, 
shallowing, 
and flooding 
disasters  

The increase in mining waste, 

sedimentation,  and the silting of surface 
water bodies, along with the risk of 
flooding, are consequences of clean 
energy projects that exploit natural 
resources.  

Sulawesi  
(Nasution 
et al., 
2024) 

Marine waste 
pollution and 

loss of 
livelihood  

The continuous failure of seaweed 
farming has led fishermen to change their 

profession. To survive, they have sold 
assets, depleted their savings, and gone 
into debt.  

North 

Konawe  

(Muthalib 
& 

Nuryadi, 
2023) 

Water 
resource 
pollution  

The water quality of the Baula, Huko -
huko, Pesouha, So pura, and Oko-oko 
rivers is classified as lightly polluted, 
even though they serve as sources for 
irrigation, livestock, freshwater 

aquaculture, and water recreation.  

Pomala 
District, 
Southeast 
Sulawesi  

(Ilham et 
al., 2017)  

Marine waste 
pollution  

The concentration of Suspended 
Particulate Matter  (SPM) exceeds the 
threshold set by the Ministry of 
Environment, which is <25 mg/L.  

East 
Halmahera, 
North 
Maluku 

(Sarianto 
et al., 
2016) 

 

Table 2
Existing Negative Impacts of Nickel Exploitation Activities

Source: Secondary Data Processed, 2025
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critical guideline for spatial planning and 

the types of activities that may be carried 

out. Pahuluan et al. (2017) also emphasize 

that CLCE analysis results should be fully 

integrated into development planning and 

the management of activities and/or 

businesses within a region. Failure to 

comply with CLCE assessments may 

result in long-term environmental and 

social harm.

 The various ndings in Table 2 

indicate that the negative impacts of nickel 

exploitation in regions such as Central 

Sulawesi, Southeast Sulawesi, and North 

Maluku are no longer latent issues, but 

have become visible and recurring 

realities. Myllyvirta et al. (2024) describe 

how water pollution, air degradation, 

coastal damage, and deforestation have 

eroded communities' basic rights to a 

healthy environment and access to 

sustainable natural resources. Ironically, 

despite regulations such as Environmental 

Impact Assessments (AMDAL) and 

mandatory environmental rehabilitation 

being legally required, implementation in 

the eld is often weak and lacks effective 

oversight.

 The desk study conducted across 

North Maluku, Southeast Sulawesi, and 

Central Sulawesi reveal that the ecological 

and social impacts of nickel exploitation 

are not merely theoretical concerns, but 

lived realities. Local residents consistenly 

linked environmental degradation with 

declining quality of life. These phenomena 

underline that violations of environmental 

carrying capacity are not only measurable 

through scientic data but also tangibly 

experienced by communities.  This 

experiential evidence highlights a critical 

failure to translate CLCE assessments into 

enforceable spatial planning, further 

supporting the conclusion that weak 

governance,  rather mere technical 

shortcomings, is central to the crisis. 

 This reinforces the argument made 

by Nasution et al. (2024) that problems in 

the nickel industry are not solely technical 

or ecological in nature, but also reect a 

broader failure in natural resource 

governance that does not yet align 

h a r m o n i o u s l y  w i t h  s o c i a l  a n d 

environmental ethics. Therefore, to fully 

understand the dynamics and complexity 

of this issue, it is crucial to explore how 

various stakeholders governments, 

companies, local communities, and 

academics interpret and respond to these 

conditions based on their respective 

perspectives and interests. Malik (2024) 

e m p h a s i z e s  t h a t  u n d e r s t a n d i n g 

stakeholder perceptions is  key to 

formulating fair, inclusive, and context-

specic policies. As such, the following 

subsection presents an analysis of 

stakeholder perceptions as a foundation 

for efforts to harmonize natural resource 

management in affected areas.

Stakeholder Perceptions as an Effort to 

H a r m o n i z e  N i c k e l  R e s o u r c e s 

Management

The various benets and negative impacts 

of nickel investment in Indonesia are 

generally recognized by stakeholders. 

Hidayat & Hasan (2024) state that 

stakeholders perceive these issues based 

on their individual capacities and roles. 

Typically, the higher a person's level of 

education, the broader and deeper their 

perspective, resulting in a more holistic 

perception. However, according to 

Barroso et al. (2018), this condition may 

differ when individuals occupy specic 

positions or roles that are closely tied to 

their main duties and responsibilities. 

Werth (2019) emphasizes that a person's 

position or role can signicantly inuence 

their perception even when they have a 

higher level of education because they are 

o f t e n  r e q u i r e d  t o  m a i n t a i n  t h e 

psychological stability of other related 

stakeholders. In this regard, Table 3 

presents a verbatim matrix from in-depth 

interviews conducted with stakeholders at 

the research sites. 

 Stakeholders' perceptions of nickel 

investment in Indonesia, as presented in 

Table 3, reect the complex dynamics 

b e t w e e n  e c o n o m i c ,  s o c i a l ,  a n d 

environmental interests, which often do 

not align. Local stakeholders particularly 

communities and workers express 

dissatisfaction with the unequal 
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Identity 
Informants  Perception 

Economic implications  Social implications Environmental Implications  

Local 
commun
ities 

Economic contributions 
have not been evenly 
distributed, with 
indications of control 
over rental properties 
and stores.  
 
Expectation:  
Businesses around the 
area can compete openly, 
without any 
monopolization of 
business sectors by 
parties with capita l. 

Labours recruitment is 
unfair, as only a small 
proportion of local 
workers (about 20% in the 
district) have been 
successfully hired.  
 
Expectation:  
It is necessary to prioritize 
and give preference  to 
local workers (within the 
district) up to 75%.  

Changes in environmental 
quality and a decline in its 
function, water quality, fish 
populations, fishermen’s 
catch, air quality, and health 
infections.  
 
Expectation: 
The company is improving 
environmental management, 
and the government is 
tightening monitoring t o 
ensure that waste meet quality 
standards.  

Employe
es 

Workers receive a 
sufficient salary to meet 
their needs, but the cost of 
living is very high and 
continues to rise.  
 
Expectation:  
There is an ex pectation 
that salary increases 
should at least match the  
percentage of annual 
economic inflation.  

There is jealousy 
regarding the share of 
work and responsibilities 
between Indonesian and 
foreign workers,  which 
has sometimes led to 
conflicts among workers  
and resulted in casualties.  
 
Expectation:  
The allocation  of work 
and responsibilities 
should be fair according 
to the level and position, 
without discriminating 
between Indonesian 
workers and foreign 
workers. 

Workers have carried out their 
duties in accor dance with the 
Standard Operating Procedure 
(SOP) and und er the guidance 
of their leaders.  
 
Expectation:  
Several cases have occurred 
that resulted in negative 
environmental impacts, and 
this should be take n into 
consideration for revising the 
SOP to make i t better. 

Compan
y 
represen
tatives 

The company has 
provided workers' rights 
in accordance with the 
regulations and laws 
governing 
salaries/wages. The 
company is also not 
affiliated with or has any 
interests outside of its 
production activities.  
 
Expectatio n:  
The company will 
continue to be committed 
to fulfilling all its 
obligations to workers.  

The company has 
established all labour 
recruitment procedures 
and the selection process 
is carried out ob jectively 
according to needs. 
However, at present, local 
workers are still unable to 
compete with national 
workers f rom other 
regions.  
 
Expectation:  
The company will 
continue to engage in 
community development 
and empowerment, 
includes skills training. 
Additionally, CSR 
initiatives will be 
provided to improve the 
living standards of the 
local community.  

The company has 
implemented all Standard 
Operating Procedures (SOPs) 
and responsibilities as agreed 
upon in the Environmental 
Management Plan (RKL) and 
Environmental Monitoring 
Plan (RPL) documents.  
 
Expectation:  
The company is open to 
suggestions, feedback, and 
corrections from all parties 
concerned with the 
environmental impact caused, 
and if necessary, the SOPs will 
continue to be improved.  

Table 3
Verbatim Matrix of Stakeholder Perceptions on Nickel Investment

Source: primary research data, 2025
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distribution of economic benets, the low 
prioritization of local labor, and the 
deteriorating environmental quality, 
despite claims from companies and the 
government that applicable procedures 
and regulations have been followed. These 
 n d i n g s  s u p p o r t  t h e  s t u d y  b y 
'''Muhammad et al. (2024), which suggests 
that public perceptions of extractive 
industry investments are shaped by 
u n e q u a l  a c c e s s  t o  b e n e  t s  a n d 
i n f o r m a t i o n ,  a s  w e l l  a s  l i m i t e d 
i n v o l v e m e n t  i n  d e c i s i o n - m a k i n g 
processes.

 Interestingly, even among highly 

educated stakeholders, their institutional 

roles and functions can constrain the open 

expression of critical views in order to 

maintain stability in stakeholder relations. 

This is consistent with the ndings of 

''García-Ortega et al. (2020)), who argue 

that the perceptions of policy actors are 

often shaped by institutional pressures 

and structural loyalties. Therefore, 

h a r m o n i z i n g  n a t u r a l  r e s o u r c e 

management requires more inclusive 

deliberative mechanisms ones that allow 

all actors to express their aspirations and 

concerns transparently and ensure that 

these are followed up through policies 

grounded in ecological and social justice.

 Given  the  o f ten  conic t ing 

perceptions among stakeholders, Zembe 

&  B a r n e s  ( 2 0 2 3 )  e m p h a s i z e  t h a t 

harmonizing nickel resource management 

demands strategies that go beyond 

normative approaches. These strategies 

must be contextual and rooted in the 

social-ecological realities on the ground. 

According to research by Matikainen 

(2022), the imbalance between procedural 

c l a i m s  m a d e  b y  c o m p a n i e s  a n d 

government entities and the substantive 

grievances voiced by communities and 

workers underscores the need for analysis 

that can objectively balance internal and 

external perspectives. 

 This pattern of dissatisfaction was 

clearly echoed in interviews with local 

community members. One respondent 

from Morowali, Central Sulawesi stated: 

“We were promised jobs and development, but 

all we see is dust, noise, and our rivers 

becoming polluted”. Similarly, a respondent 

from North Maluku emphasized, “The 

companies say they follow the rules, but we are 

the ones who suffer when oods come, and crops 

fail”. Another informant from Southeast 

Sulawesi noted, “We're not against 

investment, but we want to be involved not just 

as spectators or cheap labor”. These quotes 

illustrate the depth of concern felt by those 

directly affected by nickel mining 

operations and provide qualitative 

evidence that supports the broader 

patterns of stakeholder perception 

described in this study. Including these 

direct voices not only reinforces the 

validity of the ndings but also highlights 

the importance of integrating local 

perspectives in the formulation of fair and 

effective natural resource governance.

CONCLUSION

This study aimed to explore how nickel 

exploitation in Indonesia particularly in 

Central Sulawesi, Southeast Sulawesi, and 

North Maluku affects socio-ecological 

conditions and how stakeholders perceive 

and respond to these impacts. The ndings 

reveal that while nickel investment has 

signicantly boosted economic growth 

through industrial expansion and job 

creation, it has also resulted in serious 

environmenta l  degradat ion  (e .g . , 

deforestation, pollution, and frequent 

natural disasters), the erosion of local 

livelihoods, and heightened social 

inequality due to the unequal distribution 

o f  benets  and  weak  communi ty 

participation. Furthermore, stakeholder 

interviews exposed a deep sense of 

injustice among local communities and 

workers, who feel excluded from the 

decision-making processes and bear the 

brunt of ecological harm. Institutional 

actors, meanwhile, often operate under 

constraints that limit their ability to 

address these concerns effectively. Based 

on these ndings, we suggest that future 

nickel resource management must 

prioritize three key actions: 1) Strengthen 

inclusive decision-making processes that 

ensure meaningful participation of local 
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product chain perspective. Journal of 
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Çoban, B., & Baş, A. D. (2022). HPAL of a 
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consumption. Department of Mining 
Engineering, 218(September), 1–15. 
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communities, 2) enforce environmental 

regulations grounded in ecological 

carrying capacity assessments, 3) promote 

fair distribution of benets to reduce social 

tensions and enhance local well-being. 

Only by aligning economic goals with 

social and ecological justice can Indonesia 

r e a l i z e  t r u l y  s u s t a i n a b l e  n i c k e l 

development.
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