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Emerging markets for electric engines?
Global markets are tentatively edging towards embracing the new technology that will see the
internal combustion engine, with its climate-altering emissions of CO2 and other pollutants, replaced
by electric engines, which will have zero emissions at point of use. Vehicles with zero emissions would
seem to be a “no-brainer” for companies, countries, and consumers seeking to reduce carbon
emissions and urban air pollution, so why is the market not transitioning more rapidly to this new
technology?
Firstly, zero emissions at point of use will not significantly reduce risks to climate change if the
electricity being used to charge electric vehicles is generated using a range of fossil fuels such as coal,
oil, and gas in the energy production mix. While the burning of coal is diminishing across the
developed world, there remains a huge dependence for energy generation across Asia and Africa,
where some of the fastest growing economies are located. Continuing dependence on an energy mix
that includes oil, natural gas, and coal will also not create carbon-free electric vehicles. Yet a
transition to electric vehicles must be seen as a good thing, surely?
Secondly, electric vehicles will only become an effective and competitive alternative when they have
sufficient battery capacity to store a charge that can compete with the range provided by current
petrol- or diesel-powered vehicles. To achieve this, advanced battery technology will be needed,
which will be hugely dependent on lithium. The lightest and softest of metals, lithium is the critical
commodity to realising this revolution in transport technology, and many investors are warming up
to this relatively young and developing market. The metal has long been known as a primary
ingredient for lithium-ion batteries which are key to lightweight, rechargeable power for laptops,
smartphones, and a range of other digital devices. Batteries for transport will require a major shift in
the global supply and demand of this essential element. Therefore, this transition to battery-powered
transport will be dependent on globally accessible sources of lithium, which could be limiting due to
the remoteness and scarcity of the resource. The recyclability of lithium is already a challenge, and
while advances in this technology are anticipated, this will put greater pressure to access and develop
primary reserves of this emerging commodity.
Lithium mining in support of the rechargeable battery market will be perceived as bolstering a
“green” technology that promises to realise the transition from fossil fuels to renewable energy.
However, can lithium mining maintain a reputation of being a truly sustainable industry, including all
aspects of its “cradle-to-grave” supply chain, from mining through production, use, and disposal? The
sourcing of much of the world’s lithium in the High Andes of South America will provide a test as to
how sustainable the life cycle of this new “green” technology can be.
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Figure 1. Flamingo in the Lithium Triangle region. Photo credit: Mike Green

The Lithium Triangle
According to the US Geological Survey, the United States has just one lithium mine, in Nevada, while
Australia, Chile, and Argentina currently produce the most lithium in the world. Chile is part of the
High Andean “Lithium Triangle” encompassing Argentina, Bolivia, and Peru. Both Argentina and
Chile increased their lithium production 15 percent each in 2014 alone to meet the growing demand,
while globally, lithium production jumped 6 percent that year. As technological innovation improves
and investor interest is stimulated, it would appear that lithium extraction could be on the threshold
of a development boom, and that this “Lithium Province” is already being targeted.
Rising demand and limited supply have resulted in lithium prices tripling over four years. Already
economically-stable Chile hosts some of the leading lithium producers, such as Albemarle Corp. and
SQM (Soc. Quimica y Minera de Chile SA).However, these core global producers have seen obstacles
to expansion due to social and environmental sensitivities in the region. New junior companies with
an interest in entering this market have not yet been able to set up new mines due to complex
regulation and opposition from local communities. In Bolivia, which hosts what is considered to be
the world’s second-largest lithium resource, attempts to expand mining development have largely
failed, with only 250 tons produced in 2018. Nevertheless, there are plans to bring Bolivian production
capacity to 150,000 tons by 2023.
However, it is in northwest Argentina where much of the interest is currently focussed. According to
an Economist Intelligence Unit report, the country appears to be in the early stages of a lithium boom,
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with two mines currently in production and over 60 projects in various stages of development, with
five close to productive capacity. Investment in lithium projects has increased tenfold in the past six
years, according to Argentina’s Ministry of Mining Development. Paul Graves, chief executive officer
of lithium technology firm Livent Corp., said in 2018 that a changing political and economic climate
in the country, with refocussed investment priorities and opportunities, means that business
confidence in Argentina is at its highest in 20 years. Livent is associated with mining company FMC
Corp., which has been operating in Argentina for decades from its lithium mine at Salar del Hombre
Muerto in Catamarca Province. It was here that I had first-hand experience of FMC’s lithium mining
activities when I visited this incredibly remote region in 2009, as part of an international effort to
survey the breeding and feeding sites for Andean and Puna flamingos.

Figure 2. Breeding site for Puna flamingos. Photo credit: Jonathan R Stacey

Mining and Flamingos – can we avoid a collision?
While lithium extraction may be promoted as good for the environment and for particular economies,
we are already aware that there are likely to be negative impacts associated with the development
of this sector in the region. The fate of South America’s iconic flamingos may well be on a collision
course with an impending lithium boom resulting from the world’s transition to electric vehicles.
While this energy transition might be heralded as an environmental triumph, the “devil is in the
detail”. It is important to pay attention to the range of environmental and socio-economic risks that
may be associated with this potentially overwhelming development opportunity for Argentina and
the region.
The Altiplano region, also known as the Puna region, of Argentina, Bolivia, Chile, and Peru is the only
region in the world where two species of High Andean flamingo breed and feed. Andean Flamingo
(Phoenicoparrus andinus),James’s Flamingo (P. jamesi), and Chilean Flamingo (Phoenicopterus
chilensis), are three species of flamingo which are found in the high salares (salt flats), internal
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drainage basins surrounded by the some of the highest volcanoes on Earth. Over millennia, the
activity and the weathering of these Andean volcanoes has produced the lithium deposits that are
now concentrated in these salt flats, and which are the prized commodity fuelling the emerging
energy revolution.

Figure 3. Lithium mining evaporation ponds. Photo credit: Felicity Arengo

Modern mining has already impacted the breeding flamingos of this remote desert region. It was the
development of one of the world’s largest copper mines in Chile that raised the profile of Andean
Flamingo sensitivity to mining development. BHP (then known as BHP-Billiton), the largest
diversified mining company in the world, manage a joint venture copper mining operation (with Rio
Tinto) at Minera Escondida in the Atacama Desert of northern Chile. One of the water sources crucial
to this mine’s operations is the Salar de Punta Negra, known to be a critical breeding location for
Andean Flamingo. Glaciers on nearby Llullullaico – at 6,739m (22,110 ft), the second highest volcano
on Earth – feed groundwaters that generate springs at the Salar de Punta Negra. To mitigate water
abstraction from the critically important salar, Minera Escondida installed an artificial surface water
mixing and recharge system that replenished the lagoons used by Andean Flamingos at this site.
Despite a range of efforts to protect the breeding site at Salar de Punta Negra, Andean Flamingos no
longer use the site as they once did, but have now dispersed to other salares in the region.

Collaboration for Research and Conservation
Rio Tinto, BHP partner company at Minera Escondida, used its then-global strategic partnership with
BirdLife International (the world’s largest biodiversity conservation partnership) to support the
development of a better understanding of how globally threatened Andean Flamingos used their
breeding and feeding sites across the region. Over a five-year period (2005-2010), the Rio Tinto –
BirdLife International Partnership supported a transnational approach led by the Grupo para la
Conservacion de Flamencos Altoandinos (GCFA), the High Andes Flamingo Conservation Group. This
group is a well-established alliance of flamingo conservationists from the governmental, nongovernmental and private sectors, within the four flamingo range countries (Argentina, Bolivia, Chile,
and Peru). The group’s regional and local work was recognised internationally and attracted
significant support from the Ramsar programme in the Americas, from the Wildlife Conservation
Society (WCS) and the American Museum of Natural History, so as to better understand flamingo
range use and more effectively target and focus management actions throughout these High Andean
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wetlands. This support helped the GCFA coordinate its regional research and conservation
programmes focused on population monitoring, protection of breeding colonies, and studies of
distribution and habitat use, as well as training and outreach activities targeting protected area staff,
students, professionals, and the general public. The implementation of all these activities would not
have been possible if not for the large network of volunteer collaborators and a diversity of efforts
including in-kind support, competitive proposals, and a variety of national and local commitments.

Figure 4. Census of flamingos in the High Puna of Argentina. Photo credit: Jonathan R Stacey

Priority sites for Flamingos
An International Simultaneous Census (ISC) undertaken in 2010 at 259 wetland sites across this fournation region was a milestone in survey and monitoring effort. This built on previous census efforts
initiated between 1997-2000 which are now undertaken at 5 year intervals. These are contributing to
a process of developing a clearer understanding of the breeding and feeding distribution of the two
globally threatened flamingo species of the High Andes, with a focus on which salares were critical
for breeding and feeding. This has been followed by a comprehensive census in 2015 with many
important sites visited annually, contributing to a robust data set for the region. A further
international census is planned for 2020. This data informs a long-term regional conservation
strategy aimed at securing the integrity of both key High Andean wetlands crucial to the survival of
Andean and Puna Flamingos, with an ongoing goal to establish a regional network of priority sites in
the High Andes of Argentina, Bolivia, Chile, and Peru. This data continues to inform the network of
Important Bird Areas (IBAs) across the region, as well as the ongoing establishment and expansion of
Ramsar sites and other Protected Areas. We now know the most important sites for flamingos within
the Lithium Triangle which overlap precisely with areas of high concentration of flamingos. It is these
shallow wetlands with the physical and chemical characteristics that concentrate lithium that also
produce the diverse microbial, planktonic, and invertebrate communities that support a rich and
abundant avifauna.
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Furthermore, this ongoing commitment to field survey and monitoring has enabled the GCFA to
engage and build trust with a constituency who are aware of the importance of these wetlands and
are better informed and equipped to respond to environmental issues.

Figure 5. Andean flamingo (Phoenicoparrus andinus). Photo credit: Felicity Arengo

Data accessibility
Much of this data is accessible. Important Bird Areas – sites identified because they meet clear global
criteria for biodiversity importance –are well known in the region, due to the work of BirdLife
International and its national conservation partners (e.g. Aves Argentinas). Such data is accessible
through the BirdLife Data Zone, but there are other sources of data too, such as e-Bird and the Global
Biodiversity Information Facility (GBIF).
Within the Integrated Biodiversity Assessment Tool (IBAT) for Research & Conservation Planning,
global sites of biodiversity importance are hosted in formats that are designed to be useful to
planners and development organisations. This facility is developed and managed by a consortium of
organisations comprising BirdLife International, Conservation International, the International Union
for Conservation of Nature, and the UN Environment World Conservation Monitoring Centre; it is
made possible by a diverse set of data providers, users, and funders in government, business, and civil
society from over 200 countries and territories. Regional initiatives, such as the GCFA in the Lithium
Triangle area, add greater detail to these layers of information.
The GCFA has recently updated and issued a report on mining activity in the Catamarca Province of
Argentina, a key area within the Lithium Triangle. It continues to monitor and analyse flamingo use
at a suite of sites across the region, building toward an International Simultaneous Census for 2020.
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It has also prepared a document submitted to the Third Meeting of the Multi-Stakeholder Energy
Task Force of the Convention of Migratory Species (CMS) at last year’s CBD COP 14 in Egypt.
Such data can be accessed and used to inform a strategic environmental assessment for the Lithium
Triangle region, to help ensure that developments avoid, and where necessary, mitigate impacts on
critical sites for the flamingos of the High Andes. Such a strategic assessment needs to recognise that
flamingos in the High Andes are essentially nomadic in their use of a dynamic mosaic of wetlands. It
is the collection of priority sites configured in the landscape that is critical to their survival, not just
the individual sites. It is also important to recognise that flamingos serve as flagship species for the
conservation of wider biodiversity values associated with these wetlands: as habitats for unique
microbial communities, plankton, and invertebrate assemblages; as critical wetlands for both
migratory, resident, and endemic birds; and for protected mammal species, all dependent on a
delicately balanced and potentially fragile hydrology and geochemistry. These are organisms
adapted to extreme and variable environments that could be pushed to unknown limits by an
unprecedented and potentially irreversible level of disruption for short-term economic gain.
For mine planning, it is the awareness of, and the effective use of, such data that is critical to the
process of mainstreaming biodiversity best practices into the extractives sector. This is a theme that
was being highlighted in the CBD agenda following the UN Biodiversity CoP14 in Egypt last year, and
will continue in the lead-up to CoP20 in Beijing 2020.

Figure 6. Biologists discover young flamingo mortality caused by flooding due to poorly designed mine-road
construction across salt flats. Photo credit: Lucila Castro
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Inadequacy of the project-specific impact assessment and the
need for hydrological modelling on a landscape-scale
While individual mining projects are required to develop and submit project-specific environmental,
social impact assessments (ESIA) to secure a permit, there is often limited public access to these
assessments. Furthermore, project-specific impact assessments are frequently inadequate in
addressing the indirect and accumulative impacts of mineral extraction over time. In particular, the
long-term hydrological modelling studies that would provide critical data for assessing the impacts
of lithium (or other) mining on the hydrology of salares are just not available, and do not seem to be
required by project-specific ESIA in some of these countries, with little if no consideration of impacts
relating to the levels of water extraction. Furthermore, some countries show little consideration for
the Protected Areas status of some sites, despite the availability of such data. The ongoing impacts
of climate change and the reduced glacier cover feeding these ground-water reservoirs are also not
being considered when permitting mine developments, in regard to their impacts on biodiversity and
local communities.
Current research in the Atacama in Chile undertaken by the University of Massachusetts has
modelled the Atacama basin, and found negative water budgets where recharge of these
groundwaters are less than current evaporation and extraction rates, even where there is no mining.
This suggests that the water table was formed thousands of years ago, when the climate was more
humid. For the flamingo species using this landscape, while they are adaptable to variable
environments and can track resources and choose wetlands that are in the most favourable condition
across the Lithium Triangle, eventually they will run out of options if the hydrological integrity of
these wetlands is undermined by poorly-informed development and climate-change impacts. In the
case of lithium mining, the precautionary principle should be applied, and mining companies should
be able to demonstrate that they are not causing any damage, given what we know about the system.
However, even so, we do know that lithium mining is already occurring in some Ramsar sites which
disregards these sensitivities.
Within such a context it would be far more effective if mine development was permitted through a
process of strategic landscape-level planning that was informed by ongoing hydrological studies,
biodiversity data, mineral resource mapping, and local stakeholder community engagement and
input. Governments with a better understanding of the sensitivities would then be in a better position
to divert mining and other development to less sensitive areas and to adopt best practice mining
approaches.
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Figure 7. High altitude wetlands support a diversity of life in the desert. Photo credit: Jonathan R Stacey

Social impacts
It is not just flamingos and other biodiversity that will be impacted by the imminent lithium boom in
the Andes. Environmental impacts can underpin social impacts, and yet the development and remit
of ESIAs may not be stakeholder-inclusive. Lithium mining, through abstraction and evaporation
across the salares, can impact groundwater hydrology and the livelihoods of local indigenous
communities which have adapted to and are dependent on precious, limited water resources in this
arid environment.
Water scarcity has not only led to conflict between the State and mining companies, but also with
local communities, where in some instances people have been forced to migrate and abandon their
ancestral settlements. Such issues have sparked civil society movements in the region to advocate
for the rights of indigenous peoples, for the right to Free, Prior and Informed Consent (FPIC), and the
rights to water, land, and self-determination. And there have been legal cases brought to the national
and international level, as indigenous groups have fought against companies to protect their rights.
The current status of some leading lithium producers on human rights is not particularly reputable in
the region . Furthermore, the role of government in consulting local communities can be improved,
allowing for better consultation on mining exploration licenses.
With the demand of lithium expected to increase tenfold over the next decade, lithium extraction and
its associated social and environmental impacts are expected to rise in this region. Chile is currently
leading the way, as it hosts the world’s second largest lithium production, after Australia, at
established mines that are set to double or triple production. Argentina is sure to follow, currently
with two active extraction sites and more than 60 projects under development. Bolivia is lagging
behind, but has high ambitions for lithium extraction in the future.
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Certified Lithium through impact avoidance and
best practice?
Now is the time to plan for Certified Lithium. If the industry it supplies is to be acknowledged as an
environmental saviour in addressing pollution and climate change, then we need to ensure that its
extraction incorporates the best practices in strategic environmental and social impact assessment
and planning. The information is available to do so. Such assessments and planning tools can
progress alongside the development of technical solutions that aim to avoid and mitigate impacts on
the hydrology and biodiversity of these High Andean salares. The development and implementation
of these tools should be a key concern and requirement of the institutions responsible for facilitating
the growth of this emerging sector, such as the Inter-American Development Bank, the International
Finance Corporation (IFC), the World Bank, the Equator Banks, and the ICMM (International Council
on Mining and Metals). Indigenous communities, and the fabulous flamingos and their critical
habitats across the “Lithium Triangle” of the High Andes, fully deserve such consideration and
protection.

12

Lithium mining in the High Puna of the Andes: an environmental blessing with some dark footprints?

Key References
Gramling, C., 2019, The search for new geologic sources of lithium could power a clean future [Accessed on
20.05.2019] URL: https://www.sciencenews.org/article/search-new-geologic-sources-lithium-could-powerclean-future?utm_source=email&utm_medium=email&utm_campaign=latest-newsletterv2&utm_source=Science%20News&utm_medium=Newsletter&utm_campaign=Latest_Headlines
UN Environment – Convention on the Conservation of Migratory Species and Wild Animals. 3 rd Meeting of the
CMS Multi-stakeholder Energy Task Force (ETF3), 2018, Lithium mining and high Andean Flamingos [Accessed
20.05.2019] URL: https://www.cms.int/sites/default/files/document/etf3_inf.9_lithium-mining-and-highandean-flamingos.pdf
Lilly G. Corenthal, David F. Boutt, Scott A. Hynek, Lee Ann Munk. Regional groundwater flow and accumulation
of a massive evaporite deposit at the margin of the Chilean Altiplano. Geophysical Research Letters, 2016; DOI:
10.1002/2016GL070076
Morales, N., 2019, La explotación del litio enfrenta a comunidades originarias con Gerardo Morales, At La
Izquierda Diario [Accessed on 20.05.2019] URL: https://www.laizquierdadiario.com/La-explotacion-del-litioenfrenta-a-comunidades-originarias-con-Gerardo-Morales
Horvath, E., 2019, Indigenous people’s livelihoods at risk in scramble for lithium, the new white gold, At Ethical
Corporation [Accessed on 20.05.2019] URL: http://www.ethicalcorp.com/indigenous-peoples-livelihoods-riskscramble-lithium-new-white-gold
Flexer, V., Baspineiro, C.F. & Galli, C.I., 2018, Lithium recovery from brines: a vital raw material for green
energies with a potential environmental impact in its mining processing. Science of the Total Environment 639:
1188-1204
Marchegiani, P., Hellgren, J.H. & Gomez, L., 2019, Lithium extraction in Argentina: a case study on the social
and environmental impacts. At Fundacion Ambiente y Recursos Naturales
Cuthbert, M.O., Gleeson, T., Moosdorf, N., Befus, K.M., Schneider, A., Hartmann, J. & Lehner, B., 2019, Global
patterns
and
dynamics
of
climate-groundwater
interactions.
Nature
climate
change.
https://doi.org/10.1038/s41558-018-0386-4
Corenthal, L.G., Boutt, D.F., Hynek, S.A. & Munk, L.A., 2016, Regional groundwater flow and accumulation of
massive evaporite deposit at the margin of the Chilean Altiplano. Geophysical Research Letters, 43, 8017 – 8025
doi:10.1002/2016GL070076
Boutt, D.F., Corenthal, L.G., Munk, A.L. & Hynek, S.A., 2018, Imbalance in the modern hydrologic budget of
topographic catchment along the western slope of the Andes. Hydrological Processes
Babidge, S., 2018, Sustaining ignorance: the uncertainties of groundwater and its extraction in the Salar de
Atacama, northern Chile. Journal of the Royal Anthropological Institute, 00: 1-20
Frau, D., Marconi, P. & Battauz, Y., 2018, Lagunas altoandinas y puneñas de Catamarca. Ciencia Hoy, volumen
27(162).
Grau, H.R., 2018, La Puna Argentina: Natura y cultura. By Fundacion Miguel Lillo, Serie Conservacion de la
Naturaleza, number 24

13

Lithium mining in the High Puna of the Andes: an environmental blessing with some dark footprints?

Marconi, P., Arengo, F. & Sureda, A.L., 2015, Quinto censo simultaneo internacional de flamencos altoandinos:
Argentina, Bolivia, Chile y Peru. Informe final Grupo de Conservacion de Flamencos Altoandinos (GCFA).
Marconi, P., Sureda, A. L., Arengo, F., Aguilar, M. S., Amado, N., Alza, L., Rocha, O., Torres, R., Moschione, F.,
Romano, M., Sosa, H. & Derlindati, E., 2010, Fourth simultaneous flamingo census in South America:
preliminary results. Bulletin of the flamingo specialist group, 18: 61-67.
Draper, R., 2019, The rush for the white gold. National Geographic. Fueling big ideas, part I
Schoolmeester, T., Johansen, K.S., Alfthan, B., Baker, E., Hesping, M. & Verbist, K., 2018, The Andean Glacier
and Water Atlas – The Impact of Glacier Retreat on Water Resources. UNESCO and GRID-Arendal
USGS Office of International Programs (OIP) and National Minerals Information Center (NMIC), 2017,
Argentina lithium map – data sources and explanatory notes.
Science and Policy for People and Nature, 2019, Integrated biodiversity assessment tool (IBAT) for research
and conservation planning [Accessed on 20.05.2019] URL: https://www.ipbes.net/policy-support/toolsinstruments/integrated-biodiversity-assessment-tool-ibat-research-conservation
Pappas, S., 2018, What is Lithium? At Live Science Magazine [Accessed on 20.05.2019] URL:
https://www.livescience.com/28579-lithium.html
Bloomberg News, 2018, High risk/high reward lithium bet drives Argentina surge. At Mining.com [Accessed on
20.05.2019] URL: http://www.mining.com/web/high-risk-high-reward-lithium-bet-drives-argentina-surge/
UN Environment & WCMC, 2014, Important bird and biodiversity areas (IBA) [Accessed on 20.05.2019] URL:
http://www.biodiversitya-z.org/content/important-bird-and-biodiversity-areas-iba
International Institute for Sustainable Development (IISD), 2019, Sustainability and Second Life: the case for
cobalt and lithium recycling. URL: https://www.iisd.org/sites/default/files/publications/sustainability-secondlife-cobalt-lithium-recycling.pdf

14

