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Table 1-SI: Stakeholder organisation that were included in our consultation process 
	BOLIVIA

	Organization
	Type
	Role & Responsibility

	Yacimientos de Litio Bolivianos (YLB)
	State company 
	State mining company - Exploitation and industrialisation of lithium in Bolivia

	Ministry of Hydrocarbons and Energy
	Central Government
	Ministry overlooking the lithium project

	Vice – Ministry of Energy Technologies 
	Central Government
	Industrialisation of lithium and vertical integration for battery manufacture

	Ministry of Mining and Metallurgy / General Directorate of Environment and Public Consultation
	Central Government
	Permitting of new mining projects; environmental licensing

	FRUTCAS (Regional Federation of Peasants from the Southwest of Potosí)
	Regional - Civil society
	Civil society organisation supporting the State-led industrialisation of lithium

	Comcipo (Potosi Civic Committee)
	Regional - Civil society
	Raised concerns about the centralised management of lithium resources and the distribution of royalties

	Representative Municipalities of South West Potosino
	Civil society
	Various positions with some supporting the lithium project and others raising concerns

	CEDLA
	National NGO
	Raises concerns about the strategic decisions on lithium, but also environmental and social aspects

	Fundacion Solon
	National NGO
	Raises concerns about the strategic decisions on lithium, but also environmental and social aspect

	Grupo de Conservación de Flamencos Altoandinos (GCFA)
	International NGO
	Raises concerns about the environmental and biodiversity impacts of lithium extraction

	Wildlife Conservation Society (Bolivia)
	National NGO
	Raises concerns about the environmental and biodiversity impacts of lithium extraction

	Universidad Tecnica de Oruro
	Academic
	Academic research on lithium 

	CHILE

	Organization
	Type
	Role & Responsibility

	CORFO (Production Development Corporation)
	Central Government
	Mining concessions in the Atacama salt flat. Development and innovation in lithium projects

	Ministry of Mines 
	Central Government
	Ministry overlooking the lithium projects and responsible for their governance

	Chilean Comission of Nuclear Energy (CChen)
	Central Government
	Allocation of quotas for lithium extraction and control of lithium compounds export 

	CODELCO
	Central Government
	Concessions in two lithium salt flats 

	Environmental Evaluation Service (SEA)
	Central and Local Government
	Evaluating the Environmental Impact Assessments of mining projects 

	Ministry of Environment 
	Central and Local Government
	Environmental policy and guidance development 

	Environmental Superintendence 
	Central and Local Government
	Environmental monitoring and control

	GCFA (Grupo de Conservación de Flamencos Altoandinos)
	International NGO
	Raises concerns about the environmental and biodiversity impacts of lithium extraction

	Observatorio Plurinacional de salares andinos
	International NGO
	Raises concerns about the environmental and biodiversity impacts of lithium extraction

	National corporation of Indigenous Development (CONADI)
	Central Government 
	Coordination and implementation of projects and plans in Indigenous Communities 

	SQM
	Industry
	Lithium producer

	Albermarle
	Industry
	Lithium producer

	ARGENTINA

	Organization
	Type
	Role & Responsibility

	Cámara Argentina de Empresarios Mineros (CAEM)
	Industry
	Trade association of mining companies 

	Gobierno Provincial de Catamarca
	Regional Government
	Management, control and implementation of lithium mining and socio-environmental policies

	Secretaria de Mineria de la Nacion
	Central Government
	Definition and application of normative and legal frameworks

	Gobierno Provincial de Jujuy
	Regional Government
	Management, control and implementation of lithium mining and socio-environmental policies

	Gobierno Provincial de Salta
	Regional Government
	Management, control and implementation of lithium mining and socio-environmental policies

	WHSRN (Western Hemisphere Shorebird Reserve Network )
	International NGO
	Raises concerns about the environmental and biodiversity impacts of lithium extraction

	Wetlands International 
	International NGO
	Raises concerns about the environmental and biodiversity impacts of lithium extraction

	Fundación Ambiente y Recursos Naturales - FARN
	National NGO
	Raises concerns about the environmental and biodiversity impacts of lithium extraction

	Fundacion Yuchan
	National NGO
	Environmental and biodiversity impacts

	GCFA (Grupo de Conservación de Flamencos Altoandinos)
	International NGO
	Raises concerns about the environmental and biodiversity impacts of lithium extraction



Table 2-SI: Workshops structure 
	Sessions
	Description 

	1. Understanding the Stakeholder Landscape (Bolivia, Chile, Argentina)
	The purpose of this session was to understand the stakeholder landscape in each country, the roles of different stakeholder groups, their position and interactions regarding the exploitation of lithium. 

	2. Exploring Environmental & Social Challenges
Topics:
· Rights, territories and resources of indigenous people
· Water as connecting thread: geology, hydrogeology, hydrology and environment
· Biodiversity: High Andean wetlands, Flamingos and Lithium
	The scope of this session was to explore the environmental and social challenges associated with the exploitation of lithium deposits. A in-depth discussion was undertaken on the role of water, biodiversity, the indigenous communities, and the key constraints and challenges in the lithium industry.

	3. Reflections and open discussion 
	In this session key findings from the previous sessions were shared and followed by an open discussion from participants, as well as thoughts about moving towards a more sustainable lithium industry. 

















Table 3-SI: Scoring results for the environmental challenges. The scoring framework is described in detail in the manuscript
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Table 4-SI: Data and information on environmental challenges collected during stakeholder consultation and field work. Dimension  
	Environmental Dimension  

	Challenge [E1]: Brine abstraction is drawing down levels in lagoons

	Impact: High brine abstraction rates may affect water levels in ground and surface waters supplying lagoons (feeding and breeding sites for flamingos) 
Actors: Active: Mining operators, Regulators; Passive: Local communities that require access to water supply
Scale of Impact: Impacts are experienced across the wider salar and region. In salars, where several operators often work side by side, cumulative impacts may not be recognised, escalating the significance of this impact further.
Evidence: Monitoring and groundwater modelling is undertaken by most operators in the region. Therefore, information at the project level are likely to be available. However, such modelling does not take into account derogation and cumulative impacts (interaction of abstraction impacts between operators across the wider salar environment).

	Challenge [E2]: Brine abstraction affects the chemistry of brines

	Impact: High brine abstraction rates may affect water chemistry in ground and surface waters supplying lagoons (feeding and breeding sites for flamingos) 
Actors: Active: Mining operators, Regulators; Passive: Local communities that require access to water supply
Scale of Impact: Impacts are experienced across the wider salar and region. In salars, where several operators often work side by side, cumulative impacts may not be recognised, escalating the significance of this impact further.
Evidence: Monitoring and groundwater modelling is undertaken by most operators in the region. Therefore, information at the project level are likely to be available. However, such modelling does not take into account geochemical changes that directly affect wildlife.

	Challenge [E3]: Effect of fresh water supply for mining operation on groundwater levels (from outside the salar)

	Impact: Impacts on mine operations that are reliant on water supply, as well as on other economic sectors, communities, flora and fauna.
Actors: Active: Mining operators; Other economic sectors (e.g. agriculture); Environmental regulators
 Passive: Humans and biodiversity in the local region 
Scale of Impact: Operational scale: the mining activity can be disrupted without sufficient access to water supply; Wider scale (region): access to water by biodiversity and people, but also other economic sectors (e.g. agriculture) could be disrupted.
Evidence: There is inadequate and limited scientific evidence to support this challenge. However, the perception of harm of mining to water supply is considerable.

	Challenge [E4]: Effect of fresh water supply for mining operation on groundwater chemistry (upconing)

	Impact: Impacts on mine operations that are reliant on water supply of good quality, as well as on other economic sectors, communities, flora and fauna  
Actors: Active: Mining operators; Other economic sectors (e.g. agriculture); Environmental regulators  
 Passive: Humans and biodiversity in the local region.
Scale of Impact: Operational scale: the mining activity can be disrupted without sufficient access to water supply; Wider scale (region): access to water by biodiversity and people, but also other economic sectors (e.g. agriculture) could be disrupted.
Evidence: There is inadequate and very limited scientific evidence to support this challenge. However, the perception of harm of mining to water supply is considerable.








	Environmental Dimension  

	Challenge [E5]: Infrastructure development and impacts on biodiversity  

	Impact: Impacts on biodiversity and local ecosystems due to brine abstraction, as well as the development of infrastructure to enable mining activities  
Actors: Active: Mining operators, Environmental regulators associated with environmental management, monitoring and mitigation; Passive: Local communities; NGOs; Researchers with focus on ecology and life cycle assessment.
Scale of Impact: Operational scale: impacts such as land use for brine evaporation, waste generation, flamingos feeding and breeding within the associated salar. Wider scale (regional ecosystem), impacts are apparent at the lagoons that support established sites for flamingos and in streams used for irrigation purposes.
Evidence: Data and information on the wetlands across the Altiplano-Puna of the Lithium triangle countries are sufficiently documented. A range of organisations collaborating in partnership produce contemporary datasets from regular regional censuses on flamingos, migratory species and monitoring key biodiversity areas. There are major gaps in knowledge regarding the impacts of brine and freshwater extraction on the basin hydrology (groundwater and surface water) and the impact of mine design and infrastructure in the wider landscape.

	Challenge [E6]: Mine design and operation results in direct changes to land use that affects biodiversity   

	Impact: Extraction, waste management, energy requirements for extraction and processing, lithium recovery from waste, mine closure plans and the development of supporting infrastructure may all have direct and indirect impacts on the environment.  
Actors: Active: Operating companies, regulators; Passive: Living species and humans in the local region.  
Scale of Impact: Operation scale: impacts on operational efficiencies, land use, energy consumption Local scale: loss of biodiversity and disruption in ecosystem services; changes in landscape may impact globally threatened species such as flamingos that are restricted and totally dependent on the salars across the region.  Global scale: Requirements for sustainable lithium may have a toll on raw material prices. 
Evidence: The evidence is limited and often not publicly available. Information from EIAs and sustainability company reports may provide some information on some of these issues as well as mitigation actions taken by companies. However cumulative and indirect impacts are not currently assessed beyond the project scale.

	Challenge [E7]: Waste generation and the impacts on landscape, natural processes and biodiversity

	Impact: Waste management, lithium recovery from waste may all have direct and indirect impacts on the environment. 
Actors: Active: Operating companies, regulators; Passive: Living species and humans in the local region  
Scale of Impact: Operation scale: impacts on operational efficiencies, land use; Local scale: loss of biodiversity and disruption in ecosystem services; changes in landscape may impact globally threatened species such as flamingos that are restricted and totally dependent on the salars across the region.  Global scale: Requirements for sustainable lithium may have a toll on raw material prices.
Evidence: The evidence is limited and often not publicly available. Information from EIAs and sustainability company reports may provide some information on some of these issues as well as mitigation actions taken by companies. However cumulative and indirect impacts are not currently assessed beyond the project scale.

	Challenge [E8]: Energy requirements for extraction and processing - carbon footprint of operation

	Impact: Energy requirements for extraction and processing, may all have direct and indirect impacts on the environment.  
Actors: Active: Operating companies, regulators; Passive: Living species and humans in the local region  
Scale of Impact: Operation scale: impacts on operational efficiencies, land use, energy consumption 
 Local scale: loss of biodiversity and disruption in ecosystem services; changes in landscape may impact globally threatened species such as flamingos that are restricted and totally dependent on the salars across the region; Global scale: Requirements for sustainable lithium may have a toll on raw material prices.  Evidence: The evidence is limited and often not publicly available. Information from EIAs and sustainability company reports may provide some further information as well as mitigation actions taken by companies. However cumulative and indirect impacts are not currently assessed beyond the project scale.

	Challenge [E9]: Effect of climate change including the nature of rainfall

	Impact: Climate change may result to reduction in precipitation (rainfall, snow), increased sublimation and evaporation and increases in temperature; land use change; responses by plants and trees.
Actors: Active: World; Passive: Biodiversity and humans in the local region
Scale of Impact: Climate change can have dramatic impacts on the whole region, but could greatly influence the salar ecosystems given their fragility. 
Evidence: The evidence is limited and with high uncertainties. The lack of detailed studies on the wider water systems associated with salars is a major knowledge gap in assessing climatic impacts












































Table 5-SI: Scoring results for the social challenges. The scoring framework is described in detail in the manuscript
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Table 6-SI: Data and information on social challenges collected during stakeholder consultation and field work
	Social Dimension 

	Challenge [S1] to [S4]: Social license to operate (SLO) and social participatory processes 

	Impact: Increased risks in developing projects , delays or pause of mining activities could be due to the following: [S1] Social conflict with communities due to the perception of inadequate social participation processes; [S2] Legitimacy issues regarding the involvement of civil society stakeholders in the SLO process and the incorporation of raised concerns in key documents such as the EIA; [S3] Lack of technical knowledge and support available for local communities to understand mining regulations and related disclosure documents (e.g. EIAs with clear description of impacts and mitigation strategy); [S4] Follow up of the issues raised by communities in the EIA throughout the life of the mining project (As the SLO is a one time procedure, the conflicts might emerge for a lack of compliance of the issues raised, how the mining company manage conflict? is there a permanent mechanism of communication and engagement with the communities as part of the project?
Actors: Active: Operating companies; Regulators; Local communities including indigenous people; Passive: Global communities with requirements for increasing quantities of lithium.
Scale of Impact: Local area that mine project takes place, but with implications at national and global level if such conflicts obstruct lithium supply.
Evidence: Analysis based on stakeholder engagement with civil society and indigenous people. Social license to operate is seen as key for many producers operating at the Li-triangle. Social conflicts have delayed the development of projects e.g. Li production in Bolivia from the Uyuni salar. 
The public consultation process includes three key steps that are supported by disclosure documentation: (1) Disclosure Document for the General Public are prepared and shared prior to an official meeting with local communities. In this the mining project explains the benefits of their project and impacts; (2) The development of a Public Consultation Act. This represents a document listing relevant stakeholder groups, such as civil society participants, local communities and grassroot organisation and summarises the different issues raised by representatives during the formal meeting. This represents a legal document and the final draft requires the acceptance and signature of all participants; (3) The production of a final document that summarises the outcomes of the public consultation process. This is then used to determine the acceptance or rejection of the SLO and the actions that should be included in the Environmental Impact Assessment. Public statements in newspaper and the minutes of grassroot discussion meetings also provide evidence of concerns from communities.

	Challenge [S4]: Society's perception of environmental harm from lithium extraction  

	Impact: Society’s adverse perception on the environmental consequences of lithium extraction leads to opposition to project development and delays and or even pause of mining activity.
Actors: Active: Local communities including indigenous people; Passive: Operating companies; Regulators; Global communities with requirements for increasing quantities of lithium
Scale of Impact: Local area that mine project operates, but with implications at national and global level as lithium supply risk increases.
Evidence: Stakeholder engagement with industry, government authorities, civil society and indigenous people. Multiple popular media publications that highlight water, biodiversity issues, which are not underpinned by scientific evidence.



	Challenge [S5]: Unsatisfactory mining remittance distribution to local society

	Impact: Economic benefits to local communities from mineral royalties are perceived unsatisfactory or the distribution procedures in place opaque. This leads to social conflicts and adverse perception to mining.
Actors: Active:  Local communities including indigenous people; regulators; operators; Passive: Global communities with requirements for increasing quantities of lithium
Scale of Impact: Local area that mine project operates, but with implications at national and global level as lithium supply risk increases.
Evidence: Evidence gathered through stakeholder engagement with operators, government and civil society representatives. Existing studies also highlight similar issues.


	Challenge [S6]: Local development and generation of employment expectations are not met by the mining project

	Impact: The mining activity does not create (or not enough) local employment, there are weak or no links of the mining activity with the local livelihoods (e.g. agriculture, catering services)..
Actors: Active: Local communities; Passive: mining operator, regional governments
Scale of Impact: Local and national as protests might potentially affect the mining operation
Evidence: Evidence gathered through stakeholder engagement with operators, government and civil society representatives. Existing studies also highlight similar issues.



















Table 7-SI: Scoring for the governance challenges. The scoring framework is described in detail in the manuscript.
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[bookmark: _GoBack]Table 8-SI: Data and information on governance challenges collected during stakeholder consultation and field work
	Governance Dimension

	Challenge [G1]: Inadequate management and monitoring of cumulative and indirect environmental impacts 

	Impact: Cumulative, indirect and wider impacts are not accounted for properly in current environmental management procedures.
Actors: Active: Regulators, Operators; Passive: Living species and humans in the local region
Scale of Impact: Basin, Local and regional ecosystems
Evidence: Current regulations and procedures on the environmental management of mining projects focus on the project scale. Therefore, data available on cumulative impacts or impacts to wider ecosystem and the environment are missing.

	Challenge [G2]: Regulatory frameworks do not address sustainable development and/or are not fit-for-purpose for lithium

	Impact: Ownership of lithium resources in the Li-triangle varies widely: state-owned (national, provincial level), private, joint ventures between private and state. This has direct implications on mineral governance, the management of mineral resources (e.g. resource nationalism), environmental management and monitoring programmes and social participation procedures.
Actors: Active: Regulators, Operators; Passive: Local communities and IP, non-human living species
Scale of Impact: Local, provincial, national and regional (Li-triangle) with implications to global scale as conflicts arising from ownership systems can impose vulnerabilities on lithium supply
Evidence: A review of the regulatory frameworks in the Li-triangle countries combined with stakeholder engagement concluded that these are not fit-for-purpose for the lithium sector and cannot address sustainable development sufficiently. The level of mismatch between regulations for each of the Li-triangle countries and the issues outlined are unique to each one of them. There is a diverse range of issues associated with the regulatory frameworks e.g. expansion of lithium extraction quotas and local social conflicts in Chile, unknown impacts of multiple and sometimes overlapping concessions in the salt flats.  It was recognized by most of the stakeholders that mining of lithium from brines differs substantially from traditional mining; therefore, a tailored and special framework for lithium is extremely necessary and pertinent.






	Challenge [G3]: Fragmented regulatory frameworks 

	Impact: Existing regulations and policy do not differentiate amongst commodities and or address sustainability. Fragemented regulatory frameworks have major impacts on project development (e.g. delays, increase risks in project development, loss on credibility from investors etc). Lack of intelligence (e.g. skills, tools, data) may lead to significant impact in decision making for scalling up lithium production from brines.
Actors: Active: Regulators, Operators; Passive: Local communities and IP, non-human living species
Scale of Impact: Local, provincial, national and regional (Li-triangle) with implications to global scale as fragmented regulatory frameworks can influence the future of lithium supply from brines. 
Evidence: Ownership of mineral resources by provinces in Argentina leads to convoluted regulatory and policy processes between the federal government and provincial authorities. For example, the implementation and definition of mining regulations for lithium mining are set by the Provinces in Argentina, which lead to potential risks regarding the future of lithium from brines. At regional level, the national governments undergo different approaches for improving and resolving some of the present issues but there is not a robust debate about the fragility of the salt flats as complex ecosystems. 
In each of the countries the mining and environmental regulatory frameworks have challenges of coordination and definition of responsibilities.




	Challenge [G4]: The management of mineral royalties

	Impact: The Li-triangle countries have different approaches to collecting and distributing royalties. Currently none of them is unique to the lithium sector and issues around their rates and distribution to local communities is linked to social license to operate issues.  
Actors: Active: Regulators; Passive: Operators, Local communities and IP, non-human living species
Scale of Impact: Local, provincial, national and regional (Li-triangle) with implications to global scale as SLO challenges can impact lithium mining projects.
Evidence: A review of the regulatory frameworks in the Li-triangle countries combined with stakeholder engagement (public authorities, civil society, operators) has revealed that issues around mineral royalties are often crucial for the future of lithium projects and linked to several of the other challenges identified (e.g. on the social dimension). The processes of mining taxation are closely linked to national regulations and the mining law.

	Challenge [G5]: Lack of transparency and access to key information in the public domain  

	Impact: There is a lack of baseline information and is not publicly available. In the EIA, the information is provided by the mining operator. There is no systematization of environmental information.   
Actors: Active: State institutions (national, sub-national, local), academia, mining operators; Passive: local communities, civil society in general 
Scale of Impact: Local, provincial, national and regional (Li-Triangle). 
Evidence: Interviews and workshops: not all the information is publicly available or, the official sources are not up to date, no systematization and easy access for general public. This generates distrust in relation to institutions, Environmental Impact Assesments, monitoring and evaluation and mining in general. The lack of scientific evidence also fuels certain narrative around social conflict.




image2.emf
Receptor

Impact 

Severity

Temporal 

Distribution

Spatial Distribution

Impact Type

Uncertainty

Total score

Severity

Temporal 

Distribution

Spatial Distribution

Impact Type

Uncertainty

Total score

Severity

Temporal 

Distribution

Spatial Distribution

Impact Type

Uncertainty

Total score

S1: Social conflict due to inadequate social 

participation processes can increase the risk of project 

development, delay or pause mining activities 2 3 1.5 3 2 11.5 3 3 1.5 3 2 12.5 1 1 1.5 2 1 6.5

S2: Lack of technical knowledge and support for local 

communities to understand mining regulations  and 

related disclousure documents can impact on the 

social license to operate  1 3 1.5 2 1 8.5 3 3 1.5 3 1 11.5 2 3 1.5 2 2 10.5

S3: Lack of ongoing  mechanisms of communication 

and engagement with the communities to identify 

and address potential conflicts throughout the life 

cycle of a mining project 2 3 1.5 3 2 11.5 3 3 1.5 3 2 12.5 3 3 1.5 2 2 11.5

S4: Society's perception of environmental harm from 

lithium extraction can lead to opposition towards 

mining development, delays and pause of mining 

activity 3 3 1.5 3 2 12.5 3 2 1.5 3 2 11.5 2 3 1.5 3 2 11.5

S5: Unsatsfactory  mining remittance distribution to 

local society leads to social conflicts and adverse 

perception to mining. 1 2 1.5 2 2 8.5 3 2 1.5 3 2 11.5 1 1 1.5 2 2 7.5

S6: local development and generation of employment 

expectations are not met by the mining project, which 

may lead to social conficts  2 2 1.5 3 2 10.5 2 2 1.5 3 2 10.5 1 1 1.5 2 2 7.5
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G1: Inadequate management and monitoring of 

cumulative and indirect environmental impacts  2 2 1.5 2 3 10.5 3 2 1.5 3 3 12.5 2 3 1.5 3 3 12.5

G2: Regulatory frameworks do not address sustainable 

development and/or are not fit-for-purpose for lithium 2 2 1.5 3 2 10.5 2 3 1.5 3 2 11.5 2 3 1.5 3 2 11.5

G3: Fragmented regulatory frameworks addressing 

specific aspects of the mining project (e.g. environment, 

extraction, human health etc) and unnecessary 

bureaucracy can cause  delays on mining project, increase 

development risks and lose of credibility on investors  3 2 1.5 3 2 11.5 2 3 1.5 3 2 11.5 2 3 1.5 3 1 10.5

G4: The management of mineral royalties and issues 

around their rates and distribution to local communities 

is linked to challenges with gaining a social license to 

operate.  1 2 1.5 2 2 8.5 3 2 1.5 3 2 11.5 1 2 1.5 2 2 8.5

G5: Lack of transparency and access to key information in 

the public domain may lead to diminished social license 

to operate false perception on the impacts of lithium 

mining  2 2 1.5 3 2 10.5 2 3 1.5 2 2 10.5 1 3 1.5 2 2 9.5
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E1: Brine abstraction is drawing down levels in lagoons 1 2 3 2 2 10 3 2 3 2 2 12 3 3 3 3 2 14

E2: Brine abstraction affects the chemistry of brines 1 2 3 3 1 10 3 1 3 3 1 11 3 2 3 2 2 12

E3: Effect of fresh water supply for mining operation 

on groundwater levels (from outside the salar) 2 2 2 3 2 11 2 2 3 3 2 12 2 2 2 3 2 11

E4: Effect of fresh water supply for mining operation 

on gw chemistry (up coning) 2 2 2 3 1 10 2 2 3 3 1 11 2 2 2 3 2 11

E5: Infrastructure development and impacts on 

biodiversity 1 2 2 2 2 9 3 2 3 2 1 11 3 3 3 3 2 14

E6:Mine design and operation results in direct changes 

to land use that affects biodiversity 1 2 2 2 2 9 3 2 3 2 1 11 2 2 2 3 2 11

E7: Waste generation and the impacts on landscape, 

natural processes and biodiversity 1 2 2 2 2 9 3 2 3 2 2 12 3 2 3 2 2 12

E8: Energy requirements for extraction and processing - 

carbon footprint of operation 1 2 3 2 1 9 1 1 1 2 1 6 1 3 3 2 1 10

E9: Effect of climate change including the nature of 

rainfall 2 3 3 3 1 12 3 3 3 3 1 13 3 3 3 3 1 13
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 Lithium operation


