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Lithium Extrac�on from Oil Field Brines: Outlook, Opportuni�es, and Challenges 

David Palmerton, Jr., PG 

 

Lithium extrac�on from oil field brines, known as lithium brine extrac�on, has garnered significant 
aten�on in recent years. The number of scien�fic publica�ons on lithium extrac�on from various 
sources is steadily increasing, but data on specific processes or technologies for recovering lithium from 
oil-field brines are scarce.1

 The lithium extrac�on process provides a poten�al source of lithium to meet 
the rising demand for lithium-ion bateries, commonly u�lized in electric vehicles and renewable energy 
storage systems.  
 

The most significant and widely known use of lithium is in rechargeable bateries. Lithium-ion bateries 
power various devices, from smartphones and laptops to electric vehicles (EVs) and energy storage 
systems. Lithium's high energy density and lightweight proper�es make it ideal for these applica�ons. 
 

Lithium-ion bateries are also used in grid-scale energy storage systems, allowing excess energy 
generated from renewable sources like solar and wind to be stored and used during periods of high 
demand or when renewable sources are not producing electricity. 
 

An average EV batery typically contains approximately 8 kilograms 
of lithium, 14 kilograms of cobalt, and 20 kilograms of manganese. 
However, the specific composi�on may vary based on the batery 
size. For instance, a Tesla Model S batery incorporates 
approximately 138 pounds of lithium.  
 

As the pace of energy transi�ons accelerates, the energy sector is 
becoming a major player in mineral consump�on. Forecasts 
suggest that lithium demand will undergo significant changes, with 
a threefold increase expected in a Sustainable Development 
Scenario in line with the Paris Agreement and a doubling 
an�cipated under a Stated Policies Scenario. The later scenario 
provides insight into the poten�al trajectory of the energy sector 
based on exis�ng policy measures and plans. Emerging 
technologies, like the direct extrac�on of lithium from oil field 
rines, have the poten�al to increase future supply volumes 
significantly.2

 Current lithium demand is approximately 2,000 
metric tonnes/yr.3

 

 

While oil field brines are primarily recognized for their lithium 
poten�al, they can also contain trace amounts of other elements, 
including some rare earth elements (REEs). However, the 
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concentra�on of these REEs in brines typically remains quite low compared to lithium and other sources, 
such as geothermal, mining opera�ons and ore deposits.  
 

 

Lithium Content in Oil Field Brines 

 

Oil field brine extrac�on is a naturally occurring aspect of oil and gas produc�on. In some cases, 
underground reservoirs of saline water can hold substan�al concentra�ons of dissolved lithium. 
Conduc�ng a thorough geological and geochemical assessment of oil and gas basins is essen�al to 
determine lithium extrac�on's feasibility and economic viability. 
 

Oil field brine composi�ons can vary, but those with high lithium concentra�ons are of value. The lithium 
content in oil field brines can significantly differ from one loca�on to another, with some brines being 
more lithium-rich, making them economically more feasible for extrac�on.  
 

The figure below shows that certain oil field brines around the world contain high lithium 
concentra�ons. The United States boasts some of the most notable oil-field brines known for their 
lithium content. Within the Williston Basin of North Dakota, waters from Devonian forma�ons contain 
lithium levels ranging from 100 to 288 mg of Li+ per liter.4

 Marcellus Shale wells in Appalachia have 
lithium content ranging from 30 to 185 mg/L.5

 

 

Meanwhile, in the Gulf of Mexico's Jurassic Smackover Forma�on (found in Texas and Arkansas), lithium 
concentra�ons vary from 50 to 572 mg/L.6

 Yu et al.'s7
 latest research validates the presence of 

fluctua�ng Li+ concentra�ons, ranging between 7.5 and 150 mg/L, within the Qianjiang Forma�on 
located in central China. 
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Lithium Extrac�on 

 

Lithium extrac�on from brines presents both posi�ve and nega�ve environmental implica�ons: 
 

Posi�ve Environmental Considera�ons: 
 

• The brine extrac�on process o�en leverages exis�ng oil and gas infrastructure, such as wells and 
pipelines, reducing the need for new infrastructure development and related environmental 
impacts. 

• The u�liza�on of renewable energy sources, such as solar or wind power, can mi�gate carbon 
emissions �ed to lithium extrac�on opera�ons. 

• Lithium brine extrac�on is generally recognized as more resource-efficient than tradi�onal hard 
rock mining for lithium, as it typically requires less energy and water, thus reducing its 
environmental footprint. 

• Employing exis�ng infrastructure and avoiding energy-intensive processes related to hard rock 
mining can lower greenhouse gas emissions per unit of lithium produced. 

 

Nega�ve Environmental Considera�ons: 
 

• The environmental impacts of lithium extrac�on from brines hinge on the specific extrac�on 
process employed. 

• Brine extrac�on o�en necessitates substan�al water usage, poten�ally deple�ng local water 
sources and adversely affec�ng aqua�c ecosystems if not managed properly. 

• Using chemicals such as acids and solvents in lithium extrac�on from brines can lead to 
groundwater and surface water contamina�on if not handled or disposed of correctly. 

• A�er lithium extrac�on, the remaining brine may contain concentrated salts and other 
impuri�es, posing challenges for proper disposal that must adhere to environmental regula�ons. 

• Although brine extrac�on is generally less energy-intensive than hard rock mining, it s�ll requires 
pumping, processing, and transporta�on energy. The source of this energy can influence the 
environmental impact, with fossil fuel-based sources contribu�ng to carbon emissions. 

 

Brines from naturally occurring saline water reservoirs alongside oil and gas deposits o�en flow to the 
surface as drilling ac�vi�es progress. The volume of brine produced during oil and gas drilling can be 
substan�al, o�en exceeding the volume of oil and gas extracted.  
 

Tradi�onally, brine has been regarded as a waste product, incurring disposal costs for the oil and gas 
industry. Common disposal methods encompass reinjec�on into deep wells, discharge into surface 
waters following treatment, or storage in evapora�on ponds, each associated with costs and 
environmental considera�ons. 
 

The emergence of lithium extrac�on from oil field brines transformed the perspec�ve on the value of 
these brines within the oil and gas industry. Instead of regarding brine as a waste product, the industry 
can extract valuable lithium, crea�ng addi�onal revenue streams and diversifying income sources. 
 

This approach is appealing from an environmental standpoint as it offers a more sustainable and 
environmentally friendly alterna�ve to simply disposing of the brine, repurposing a waste product into a 
valuable resource, and poten�ally reducing the environmental footprint associated with brine disposal. 
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Lithium extrac�on from brines can occur at various stages in the produc�on process, and the extrac�on 
loca�on can vary based on project-specific and logis�cal considera�ons. 
 

The decision regarding lithium extrac�on from oil field brine, whether it occurs at individual wells, well 
pads, or a centralized collec�on and disposal site, depends on several factors. These factors encompass 
the brine's characteris�cs, economic aspects, environmental implica�ons, and regulatory requirements. 
In some states, obtaining a special waste treatment permit is necessary for trea�ng and extrac�ng 
lithium from oil field brines due to their classifica�on as waste materials. 
 

Op�ng for extrac�on opera�ons at a centralized collec�on and disposal site offers the advantage of 
capitalizing on economies of scale, poten�ally lowering the per-unit opera�ng costs for lithium 
produc�on. Conversely, smaller-scale opera�ons centered around individual wells may incur higher per-
unit costs but can s�ll be viable, especially if the brine's quality boasts excep�onally high lithium content. 
 

One approach to dealing with lithium-rich brine involves transpor�ng the brine from mul�ple wellheads 
to a central processing facility equipped with the requisite infrastructure and technology for efficient 
lithium extrac�on. Depending on distance and volume considera�ons, brine water can be conveyed 
through pipelines or tanker trucks. 
 

Alterna�vely, if the brine contains substan�al lithium concentra�ons and represents the primary target 
for extrac�on, specialized equipment and processes can be installed at the wellhead. This method, o�en 
referred to as "direct lithium extrac�on," allows for on-site extrac�on of lithium before further 
transporta�on or processing. 
 

Mobile lithium extrac�on units may also be deployed to various well sites as needed. These units can be 
transported to different loca�ons to process brine water on-site, elimina�ng the need for extensive 
transporta�on infrastructure. 
 

Various techniques and process strategies have been put forth for directly extrac�ng lithium from 
geothermal and other brines. These approaches are generally classified into adsorp�on, ion exchange, 
and solvent extrac�on. Among these technologies, the ones currently progressing toward pilot- and 
near-commercial-scale demonstra�ons primarily encompass adsorp�on and ion exchange techniques. 
 

The extrac�on loca�on and method choice depend on the brine's lithium concentra�on, the opera�on's 
scale, logis�cal factors, and economic considera�ons.  
 

• Solar evapora�on and carbona�on can produce pure lithium compounds. S�ll, only at 
concentra�ons greater than 500 mg/L, and it requires more than one year to concentrate the 
lithium sufficiently to ensure effec�ve precipita�on of lithium carbonate upon adding sodium 
carbonate (soda ash). Evapori�c technology is not applicable to these more diluted oil field 
brines.  
 

• Chemical treatment may be employed to enhance lithium extrac�on efficiency. Commonly used 
chemicals include sodium carbonate and lime, which help precipitate impuri�es, facilita�ng 
more effec�ve lithium separa�on. 
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• Various technologies can isolate and recover the lithium from the brine. Common methods are 
solvent extrac�on, ion exchange, and membrane separa�on. In ion exchange, resin beads 
selec�vely adsorb lithium ions from the brine, while membrane separa�on uses specialized 
membranes to separate lithium from other ions in the brine. This approach necessitates 
significantly stricter water pretreatment compared to sorp�on or solvent extrac�on methods.   
 

Once extracted, lithium is further processed to produce lithium carbonate or lithium hydroxide, 
the primary forms used in batery produc�on. For lithium to be suitable for commercial 
applica�ons in lithium-ion bateries, it must have minimal traces of other metal impuri�es. 
 

 

 

 

 

 

 

 

 

 

 

Lithium Recovery from Oil and Gas Produced Water: A Need for a Growing 
Energy Industry Amit Kumar, Hiroki Fukuda, T. Alan Haton, and John H. 
Lienhard V ACS Energy Leters 2019 4 (6), 1471-1474 

DOI: 10.1021/acsenergylet.9b00779 



6 of 7 

 

Techno-Economics of Lithium Extrac�on 

 

Publicly available cost and performance data for assessing the techno-economics of lithium extrac�on 
from oil field brine are currently limited. Nevertheless, ongoing demonstra�ons are expected to provide 
more comprehensive insights for future analyses.  
A review of the economics of direct lithium extrac�on projects suggests that economically viable lithium 
concentra�ons should ideally fall within the range of 65 to 160 ppm. These concentra�ons yield a pre-tax 

internal rate of return ranging from 24 to 41 percent.8
 This is assuming a lithium recovery of 90 percent. 

 

Star�ng from mid-2018, the spot market prices for lithium carbonate have fluctuated between roughly 
$20,000/metric ton t to $7,500/mt, while lithium hydroxide monohydrate prices have ranged from 
$21,000/mt to $10,000/mt. The lowest prices were observed during the global economic downturn 
caused by the COVID-19 pandemic, which reduced demand.9

 

 

Benchmark lithium prices in September 2023 are about $28,000/mt, but they averaged roughly 
$55,000/mt over the past year. 
 

 

Comprehensive Services for Oil Field Brine Lithium Extrac�on 

 

Environmental consultants play a crucial role in suppor�ng lithium extrac�on from oil field brines by 
helping to conduct the process in an environmentally responsible and sustainable manner. Consultants 
bring exper�se in adop�ng best prac�ces and technologies for mi�ga�ng environmental impacts 
associated with brine extrac�on and lithium processing. Incorpora�ng environmental considera�ons in 
the early stages of project planning can contribute to maintaining sustainable prac�ces throughout the 
en�re project life cycle. 
 

Your environmental consultants and engineers can offer a range of services for evalua�ng direct lithium 
extrac�on from oil field brine.  
 

• Consultants can conduct feasibility studies to assess lithium extrac�on projects' technical, 
economic, and environmental viability. 

• They can analyze the brine resource and provide es�mates of lithium reserves and poten�al 
produc�on rates. This can include sampling and tes�ng oil-field brine. 

• Consultants can assess various lithium extrac�on technologies, such as adsorp�on, ion exchange, 
and solvent extrac�on, to determine the most suitable approach for a specific oil field brine. 

• They can help design the extrac�on process, including the equipment, facili�es, and 
infrastructure required for efficient lithium recovery. 

• They can evaluate the environmental implica�ons of lithium extrac�on and propose mi�ga�on 
strategies to ensure sustainable prac�ces. 

• They can assist in naviga�ng the regulatory requirements and permi�ng processes associated 
with lithium extrac�on, helping to ensure that projects comply with local, state, and federal 
regula�ons. 
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Lithium Extrac�on Pilot Plants and Projects 

 

Pilot plants for lithium recovery from oil-field brines have been established in the USA, Canada, China, 
and Russia up to this point. 
 

• Standard Lithium is engaged in tes�ng and proving the commercial viability of lithium extrac�on 
from over 150,000 acres of permited brine opera�ons in southern Arkansas. They are also 
pursuing the resource development of over 30,000 acres of separate brine leases in southwest 
Arkansas, referred to as the South West Arkansas Lithium Project, and approximately 45,000 
acres of mineral leases in the Mojave Desert in San Bernardino County, California.10

 

 

• In early 2023, ExxonMobil acquired the rights to 120,000 gross acres of the Smackover forma�on 
in southern Arkansas, considered one of North America's most prolific lithium resources. 
Following the applica�on of conven�onal oil and gas drilling techniques to access lithium-

enriched saltwater from reservoirs located approximately 10,000 feet below the surface, 
ExxonMobil will employ direct lithium extrac�on technology for the purpose of isola�ng lithium 
from the saltwater.11

 

 

• POSCO Holdings (a Korean company) has teamed with Invest Alberta Corpora�on of Canada to 
develop lithium resources from oil-field brine in Alberta. POSCO is conduc�ng research and 
development on the commercializa�on of oil-field brine lithium projects based on its 
accumulated lithium extrac�on technology and business capabili�es through a brine lithium 
business in Argen�na and an ore lithium business in Australia.12

 

 

• PetroChina Southwest Oil & Gasfield Company has developed a pilot plant for lithium extrac�on 

with an annual lithium carbonate output expected to reach 50 tons.13
 

 

It is essen�al to note that the economic viability of lithium extrac�on from oil field brines hinges on 
factors such as the lithium concentra�on in the brine, extrac�on, and processing costs, market lithium 
prices, and regulatory considera�ons. Addi�onally, the oil and gas industry will likely invest in innova�ve 
technologies and exper�se to extract lithium from these brines more efficiently. 
 

As the global shi� toward clean energy sources accelerates and the demand for lithium-ion bateries 
con�nues to rise, the value of oil field brines as a source of lithium will increase. This transforma�on has 
the poten�al to reshape how oil and gas companies perceive and manage these brines, shi�ing them 
from being a disposal cost to a valuable resource. 
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