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Abstract
Saline brines currently being brought to the surface to produce geothermal energy in the Salton Sea
region of California contain high concentrations of lithium that could potentially be extracted
before the brine is reinjected back into the geothermal reservoir. This would create a new supply
chain of domestically sourced lithium for the United States to produce lithium-based batteries that
will help drive the transition to a renewable-based energy grid. Plans to expand geothermal
production along with lithium extraction are being considered in the Salton Sea known geothermal
resource area. We discuss water availability and quality issues and potential concerns about water
pollution associated with this geothermal expansion and lithium production in the context of
potential future restrictions on water extractions from the Colorado River Basin. We estimate that
water demand for currently proposed geothermal production and lithium extraction facilities only
accounts for∼4% of the historical water supply in the region. Regional water allocation will be
more impacted by the proposed cuts to the region’s water allocation from the Colorado River
between now and 2050 than by expansion of geothermal production with associated lithium
extraction. Accurately planning for water needs in the future will require more specific information
about water demands of the lithium extraction and refining processes.

1. Introduction

The transition to a renewable-based electricity grid
depends on advancements in energy storage. Short-
term storage and electric vehicles currently depend
on lithium-based batteries. The need for additional
storage is driving the U.S. and state governments to
invest heavily in a domestic supply chain for battery-
grade lithium [1]. Domestic supplies of brine-hosted
lithium have been identified in two arid, water con-
strained regions—Western Nevada and Salton Sea
known geothermal resource area (SS-KGRA). The SS-
KGRA, the focus of this work, is a region within
Imperial County, California near the South shore of

the Salton Sea. Water for irrigation, municipal use,
and geothermal energy production is supplied to the
region through canals conveying water sourced from
the Colorado River (figure 1).

Lithium resources in geothermal brines in the
SS-KGRA are significant. Dobson et al estimates
the minimum total capacity of the lithium resource
to be 4.1 million tonnes (t) of lithium carbon-
ate equivalent (LCE), with the potential to pro-
duce 115 000 t per year [2]. For context, mod-
els of U.S. annual lithium demand projections
into 2050 vary widely from 9800–228 200 t [3].
This provides a synergistic opportunity to produce
lithium while expanding clean energy production,

© 2024 The Author(s). Published by IOP Publishing Ltd

https://doi.org/10.1088/1748-9326/ad6a73
https://crossmark.crossref.org/dialog/?doi=10.1088/1748-9326/ad6a73&domain=pdf&date_stamp=2024-9-6
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-4256-5187
https://orcid.org/0000-0002-9511-2579
https://orcid.org/0000-0003-3189-5604
https://orcid.org/0000-0001-5031-8592
https://orcid.org/0000-0003-0240-1361
mailto:jstokesdraut@lbl.gov
http://doi.org/10.1088/1748-9326/ad6a73


Environ. Res. Lett. 19 (2024) 104011 MM Busse et al

Figure 1.Map of the KGRAs (blue areas), geothermal power plants (red dots), Colorado River (dashed light blue line), and the
major water canals (solid blue lines) located in Imperial County, California with inset showing the location of Imperial County in
California shown with a red star.

making geothermal energy production more cost
competitive, and avoiding constructing additional
wells or withdrawing additional brine.

Water is a non-negligible input into energy pro-
duction and conversion processes, even for an electri-
city grid that relies heavily on renewable energy. The
amount of water required varies, making energy type
and technology choice important drivers of regional
water use [4].

Obtaining the raw materials for battery pro-
duction also has important water implications.
Conventional methods of extracting and processing
lithium from subterranean brines and ore depos-
its are water intensive. The impact of the water
use required for energy and lithium production
depends on whether the source of the water is
saline groundwater or freshwater and whether the
water is withdrawn or consumed (definitions
provided in the supplementary information (SI)).

Since the SS-KGRA is in a desert environment
with limited access to freshwater, understanding how
growth in geothermal production and lithium extrac-
tion will impact water consumption in this region is
critical. Herein, we use publicly available resources
to quantify and contextualize the water availability,
water quality, and water demands in the SS-KGRA
with and without expanded geothermal production
and lithium extraction. The paper was adapted and
updated from an extensive report that independently
assessed potential challenges to expanding these
industries in the SS-KGRA (chapter 7) [2].

2. Context of water in the SS-KGRA

The SS-KGRA, located in Imperial Valley, is in the
Southeast corner of California in a closed basin that is
adjacent to the Colorado River watershed. Availability
of water in the region is impacted by both water qual-
ity and quantity. There are four water resources in the
region that could be relevant to decisions about geo-
thermal and lithium production: local surface water,
Colorado River water, groundwater, and the Salton
Sea.

2.1. Local surface water
The SS-KGRA is in an arid, desert climate that receives
less than 8 cm of average annual rainfall. Average
summer temperatures exceed 38 degrees Celsius. Two
rivers, the New and Alamo Rivers, flow into and
recharge the Salton Sea. These rivers function more
as drains for potentially contaminated agricultural
runoff than as channels for freshwater. Limited rain-
fall and contamination in local channels prevent
local surface water resources from being used by the
geothermal or lithium extraction industries. Local
surface water is not considered in long-term water
resource planning for industry ormunicipal use in the
region [5].

2.2. Colorado river water
The Imperial Valley is an agricultural region that
relies exclusively on water conveyed from the
Colorado River by the Imperial Irrigation District
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(IID). The IID withdraws water near the Imperial
Dam, located about seventy miles Southeast of the
SS-KGRA and twenty miles North of Yuma, Arizona.
Irrigation typically consumes well over 90% of the
IID’s water supplies. In 2022, 94% of IID water
was used for agriculture, 2% for municipal pot-
able uses, and 4% was used for commercial and
industrial purposes, including geothermal energy
production.

The IID’s legal right to Colorado River water
was established prior to and codified in the 1922
Colorado River Compact [6]. The original Compact
specified that 20.3 cubic kilometers (km3) be alloc-
ated for use in seven U.S. states. The ‘Upper Basin’
states (Colorado, Wyoming, Utah, and New Mexico)
were granted half the water, and the ‘Lower Basin’
states (California, Arizona, and Nevada) were gran-
ted the remainder. The Compact was subsequently
revised to allocate 1.9 km3 to Mexico by reducing the
allotments to the Upper and Lower Basins to 9.5 km3

each. Since 1944, California has held an annual right
to the largest share, 5.4 km3, from which the IID
has an annual right to 3.2 km3. Their senior water
right requires other users to reduce water consump-
tion when a shortage occurs before the IID has to
reduce usage.

Water allocations in the Compact were estab-
lished using a period of unusually heavy rainfall.
Thus, the assumption that 20 km3 of water will be
available each year has proven overly optimistic.
Recently, the Colorado River watershed has been
experiencing a long-term drought. Annual withdraw-
als in both Basins have decreased to 16 km3. While
below the legal allocations, withdrawals still exceed
the approximately 13.6 km3 of annual average flow
currently available. This over-withdrawal has caused
declining water levels in reservoirs along the
Colorado River, particularly in the Lower Basin
states.

Lake Mead and Lake Powell are two key reser-
voirs that store water for the Lower Basin states. In
June 2022, the U.S. Bureau of Reclamation (USBR),
the watermaster for the Colorado River, raised con-
cerns about water levels in both reservoirs. The USBR
wants to ensure reservoir water is maintained at a
level that supports hydropower production (the ‘min-
imum power pool’ elevation) and downstream flow
from the dam (the ‘dead pool’ elevation) [7] (details
in SI).

To prevent the loss of hydropower production, the
USBR asked the states in the Colorado River Basin
to revise their most recent drought contingency plan
adopted in 2019. USBR requested a voluntary agree-
ment to reduce water withdrawals by 2.5–4.9 km3 per
year or up to one-third of current allocations by a 31
January 2023 deadline. If the deadline was not met,
the USBR could impose new water use requirements
[7, 8]. The fear of federal action led to proposals for
reducing water use in the Basin.

Six of the seven Colorado River Basin states met
the deadline and jointly proposed a plan to reduce
water use by 20%, with the largest cuts from Arizona
and California [8]. This plan asked California to cut
their annual water use by 1.2 km3; California did
not agree. California offered a competing proposal
that formalized voluntary 10% cuts they instituted
in October 2022 [9, 10]. IID reduced their water use
proportionally. California’s plan claimed Basin-wide
water use reductions of 10% to 20% but, unlike the
six-state proposal, did not account for the approx-
imately 2 km3 lost each year due to evaporation and
leaks in conveyance systems. Negotiations continued
until all states reached a collective voluntary agree-
ment in May 2023, which reduces water demand in
the Lower Basin states by 14%, with each state tak-
ing a proportional share of the shortage. Therefore,
California is required to make the largest volume of
demand reductions.

The USBR released a draft revised supplement-
ary environmental impact statement in October 2023
concluding that, given the wet winter of 2023, the
state’s plan could protect Lake Powell and Lake Mead
from reaching their power pool elevations by 2026
but recommended additional modeling before they
issue the final statement [11]. The impacts of these
negotiations will be temporary because they amend a
drought contingency plan that is set to expire in 2026.
New negotiations will establish longer-term water
allocation agreements between the states. Regardless
of the IID’s senior water right, future water availabil-
ity may be more constrained in the Imperial Valley,
though the magnitude of these constraints is cur-
rently uncertain.

2.3. Groundwater
Statewide, groundwater supplies 40% of California’s
water supply in a typical year [12]. However, ground-
water is not an important water source in the
SS-KGRA. A large groundwater Basin underlies a
4900 km2 area of the Imperial Valley region [13],
but it is not used for agricultural, municipal, or
industrial purposes due to poor groundwater qual-
ity. The primary source of recharge water for local
aquifers is unlined agricultural canals [14] and irrig-
ation recharge [15].

The contaminated groundwater does not interact
hydraulicly with other important water sources in the
SS-KGRA. The shallow aquifers are hydraulicly separ-
ated from the Salton Sea by deposits with low trans-
missivities (less than 2.4m3 per day permeter). Other
low-permeability aquitards restrict flow between the
shallow aquifers and the much deeper geothermal
reservoirs. Typical groundwater wells are less than
610 m deep [15]. The deepest active production well
in the SS-KGRA (Elmore 16) is 2800 m deep, and the
deepest active injectionwell (River Ranch 3) is 2900m
deep.
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2.4. Salton Sea
The Salton Sea (and its precursor, Lake Cahuilla) has
alternated between being a large inland lake and a
dry sink throughout the past several million years.
The Salton Sea that exists today was created in 1905
when levees built to transport irrigation water from
the Colorado River collapsed. Vast quantities of water
flooded the Colorado Desert and pooled at its low-
est point, the Salton Sink. Since then, the Salton Sea
has been sustained largely, though not exclusively,
through agricultural runoff [16].

This was impacted in 2003 when cities in
Southern California negotiated with IID to obtain
water transfers (0.62 km3) to alleviate water shortages
during a drought. To provide this water, IID imple-
mented new conservation measures on farms in their
service area, which reduced runoff to the Salton Sea.
Mitigation water was transported to the sea to offset
the loss of this inflow until the end of 2017 [17]. Since
then, water levels in the sea have been falling and its
areal extent has been shrinking [17, 18]. This has led
to the death of fish and birds in the area, increased
dust (containing toxic constituents from the drying
seabed), and concentrated salinity and toxic constitu-
ents in the remaining water of the Salton Sea [17].

While the Salton Sea is an important water body
in the region that serves as ecological habitat [19] and,
as it dries out, as a source of air pollution [20], it is
not a viable water source for municipal, industrial,
or agricultural activities in the SS-KGRA. The water
is highly saline and contains other contaminants that
preclude its use.

3. Methods

3.1. Regional geothermal production
Current geothermal facilities in the SS-KGRA include
those operated by CalEnergy (Del Ranch (A.W.
Hoch), Vulcan, J.J. Elmore, Salton Sea Units 1–
5, and J.M. Leathers) and Cyrq (Hudson Ranch).
Geothermal expansion and lithium production
processes were proposed and later cancelled by
Hudson Ranch II/Simbol [21]. Instead, Energy
Source Minerals (ESM) is planning to extract the
lithium from the brine at the existing Hudson Ranch
plant. New geothermal power plants with lithium
recovery systems have been proposed for implement-
ation over the next few years by Berkshire Hathaway
renewables (BHER) (Black Rock, Elmore North, and
Morton Bay) [14, 22, 23], and Controlled Thermal
Resources (CTR) (seven facilities). The geothermal
plants in the SS-KGRAare flash steamplants (descrip-
tion in SI).

3.2. Geothermal water use
In addition to the geothermal brine used to produce
energy, freshwater is needed to operate geothermal
energy production facilities. Cooling towers use 70%

of the freshwater as makeup water to offset water lost
through evaporation in the hot SS-KGRA region [14,
21]. Freshwater is also used to dilute the brine for
onsite processing and before reinjection to prevent
certain constituents from precipitating and plugging
the injection well. In the SS-KGRA, freshwater is pur-
chased from the IID and treated on-site, if needed, to
achieve the water quality required for each process.

In 2012, the IID reported water use estimates for
all geothermal facilities in Imperial County, based on
self-reported data [5]. Using this historic data, we
estimate geothermal facilities in the SS-KGRA pur-
chase an average of 19 700 m3 each year for every
MW of net generation capacity. The capacity factors
of these facilities range between 74%–100% [2]. The
water demand of individual facilities ranges widely
from 493–39 500 m3 per MW annually. The variabil-
ity is a result of the amount of steamcondensate that is
reused at each facility as well as the water consuming
processes on site.

A detailed breakdown of annual water use was
publicly available for only the formerly proposed
Hudson Ranch Power II facility. It was to have a geo-
thermal capacity of 50 MW and use 3.45 million m3

of cooling water. Steam condensate from the plant
would be used to supply the majority of this water,
but an additional 54 000 m3 per year of makeup
water would be needed from the IID. An additional
1.36 million m3 of IID water would be needed for
brine dilution water, 25 000 m3 for freshwater pond
evaporation, and 14 800 m3 for miscellaneous uses
[21]. Overall operation would have required approx-
imately 1.48 million m3 per year (29 600 m3 per MW
per year) from IID.

Newly proposed geothermal facilities in the
region from BHER have site-specific plans for meet-
ing these water needs. Morton Bay Geothermal
(157 MW capacity) proposes using 6.86 million m3

of freshwater per year (43 172/MW), 50% of their
water needs [14]. Black Rock Geothermal (87 MW)
proposes to use 1.39 million m3 of freshwater per
year (15 912 m MW–3) or 20% of their water needs
[22]. Elmore North Geothermal (157 MW) plans to
use 7.99 million m–3 per year of freshwater (54 273 m
MW–3) for 50% of their demand [23]. In all three
cases, the remaining water will come from condensed
steam. Additional water will be required at each of
these facilities for start-up, fire protection, and main-
tenance. Two of these new plants have water use
per MW capacity greater than the range reported
in the 2012 integrated regional management plan
(IRWMP) [24].

3.3. Lithium extraction
Water requirements for producing lithium carbonate
and lithium hydroxide monohydrate for use in bat-
teries depend on the method used to concentrate and
extract the lithium. Typically, lithium is obtained by
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1) mining lithium from spodumene ore [25] or by
2) pumping highly saline groundwater (subterranean
brine) from shallow wells (typically between 1.5–
60 m deep) and allowing it to evaporate from ponds
at the surface [26]. A recent study reported that,
though extracting lithium from subterranean brines
consumes large volumes of high-salinity brines, ore-
basedmethods consumemore freshwater per t of lith-
ium product (LiOH•H2O) produced [27].

Lithium mining from spodumene occurs inter-
nationally but does not currently occur in the U.S.,
though there is a proposal to reopen a former spodu-
mene mine in North Carolina. There is one operat-
ing mine in Nevada that extracts lithium from brines
through evaporation. Two new claystone mines are
also planned in Nevada. In the SS-KGRA, lithiumwill
be extracted using a more novel method known as
direct lithium extraction (DLE).

A recent review of the literature on environmental
impacts of lithium production noted that very little
quantitative information is available on freshwater
needs forDLE, especially for pre- and post-processing
steps [26]. We were unable to obtain detailed inform-
ation about the specific DLE methods facilities in the
SS-KGRA plan to use or how water would be used
for lithium extraction. We understand that the pro-
posed lithium extraction method in most SS-KGRA
facilities involves, or is similar to, ion exchange. We
developed a summary of proposed lithium extrac-
tion processes and associated water usage based on
an ESM lithium adsorption and recovery patent [28],
lithium extraction and processing from Smackover
brines [29], and our extrapolation based on unit pro-
cesses (figure S2; ‘S’ refers to a figure in the SI). We
expect water use in the SS-KGRA to be similar, but
it could vary depending on the design of the process.
Without more information on the precise processes
being used, we were unable to independently verify
the projections for water use at future facilities or
identify opportunities to reduce water consumption.

Initial planning documents indicate these facilit-
ies are implementing at least some onsite water recyc-
ling. These processes are expected to be housed in new
facilities, separate from the energy production facil-
ity. The energy for these facilities is expected to come
from the geothermal energy production, and there-
fore no additional water use was included for energy
production at lithium facilities.

3.4. Regional impact assessment
Future water usage for geothermal energy was calcu-
lated based on an average water usage perMW for the
existing facilities in the SS-KGRA [5]. Lithium extrac-
tionwas based on low,medium, and high-water usage
estimates per LCE production from the literature.
[Note: Sources report lithium production as the mass
of lithiummetal, themass of lithiumhydroxide, or the
mass of lithium carbonate.We converted these data to

LCE to consistently comparemasses of lithium repor-
ted in different forms.] Low-, medium-, and high-
water use estimates were calculated based on:

• Production projections for reported geothermal
capacity for Simbol/Hudson Ranch (321 t
LCE/MWe; this project, while canceled, still reflects
potential performance) [21], as well as the cur-
rent Hell’s Kitchen (371 LCE/MWe) [30], and
ATLiS/Hudson Ranch I (381 LCE/MWe) [31],
respectively;

• Water use estimates for lithium production (not
including geothermal operations) from BHER
(189 m3 t−1 LCE) [32], ESM (247 m3 t−1 LCE)
[32], and CTR (548 m3 t−1 LCE) [33], respectively.

We developed three geothermal capacity expansion
scenarios as described below:

• Existing capacity: 400 MW of existing geothermal
in the region and the LCE that could be extracted
from the associated brines—150 000 t LCE for the
medium LCE production case (low = 130 000 t;
high = 150 000 t) The medium and high case res-
ults round to the same value;

• Projected (3–4 year) geothermal capacity: an addi-
tional 520 MW of planned expansion (920 MW in
total)—340 000 t LCE for the medium LCE pro-
duction case (low = 290 000 t; high = 350 000 t);
and

• Maximum possible capacity: an additional
2030 MW capacity from the projected scenario
to meet the estimated maximum geothermal
capacity in the region of 2950 MW [32]—
11 00 000 t LCE for the medium LCE production
case (low = 950 000 t; high = 11 00 000 t). The
medium and high case results round to the same
value. We use this scenario to project an upper
bound on impact.

We estimated water demands for these three geo-
thermal and lithium expansion scenarios.

4. Results and discussion

4.1. Geothermal water usage
Figure 2 compares the estimated water consumption
(m MW–3) for energy production from geothermal
plants in the SS-KGRA to water consumption for
other geothermal energy [34] and other sources of
electricity generation [35]. The only data for exist-
ing plants was published in a regional water plan-
ning document over a decade ago [5]. Estimates
for proposed plants are calculated using the name-
plate capacity, water consumption data provided by
the potential operator in planning documents, and
assume plants are operated continuously [14, 22, 23].
Most energy in California comes from noncombust-
ible renewables, crude oil, natural gas and nuclear
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sources. Coal is included for comparison but, based
on the 2020 California energy profile, California does
not use coal to produce energy.

The SS-KGRA geothermal plants are flash plants,
which can consume more water than other modes of
generation (figure 2). The higher water consumption
is due to evaporation of high temperature steambeing
pulled from the wells, a unique feature of flash plants.
Losses can vary between 14%–33% of produced geo-
thermal fluid at flash plants [34].Water usage for flash
plants in figure 2 is divided into operational freshwa-
ter (blue) and losses of geothermal brine due to evap-
oration, drift, and blowdown (yellow).

Operational freshwater usage at the SS-KGRA
facilities exceeds typical values at geothermal flash
plants. There are several possible reasons for this dis-
crepancy. First, the estimates for SS-KGRA facilities
include water used for construction of facilities, not
just operation (details in the SI). Further, these values
were facility-reported during review and approval of
the facilities and may not reflect actual on-site opera-
tional usage. Higher water consumption may be due
to the arid region or other uses of freshwater at these
facilities that were not considered in other studies. As
a result, the SS-KGRA estimates may be conservative.

4.2. Lithium extraction water usage
As previously mentioned, lithium is commonly pro-
duced through methods of lithium ore mining and
lithium brine evaporation, which differ from the
DLE extraction processes being proposed for the SS-
KGRA. Figure 3 shows a comparison of the docu-
mented water use for these lithium extraction meth-
ods. The values were adapted from literature sources,
including DLE marketing materials, and were not
independently verified. Total water use for lithium
brine evaporation ponds is based on operations in
Chile [36]. Most of the water used for brine evapora-
tion in Chile is considered fossil or relic water, defined
as water that entered the Basinmore than 65 years ago
[37]. The estimates of the freshwater use represent the
median of observed freshwater for brine evaporation
ponds inChile (4%of total water use; visually approx-
imated from a graph). Lithium ore mining is based
on mining operations in Australia and conversion in
China [36].

Kelly et al conducted a life-cycle assessment for
traditional lithium extraction and conversion pro-
cesses using brine evaporation and ore-based meth-
ods. This study quantified all freshwater used at
lithium facilities themselves as well as water associ-
ated with the supply chain (e.g. producing electricity
used at the facility; producing fuels used to transport
materials). It estimated that producing lithium car-
bonate from brine evaporation ponds required 15–
32 m3 t−1 of LCE. For lithium ore mining, the fresh-
water use was estimated to be 76 m3 t−1 of LCE [27].
These values are similar to data reported in figure 3
indicating most water use occurs in the operation

phase. The supply chain does not appear to contrib-
ute significantly to water use for traditional lithium
processes.

Schenker et al produced a parameterized life
cycle inventory model with site-specific conditions
for the Salton Sea and reported water use for brine
pre-treatment (not quantified), lithium desorption
(2348 m3 t−1 Li2CO3) and regeneration the ion
exchanger (2583 m3 t−1 Li2CO3). They suggest water
use could be reduced for the desorption process if par-
tially supplied by other processes at a lithium pro-
duction facility such as reverse osmosis and the triple
evaporator [38], but this is still significantly more
water use than the values reported by companies in
the Salton Sea. Recently, Halkes et al summarized
challenges and opportunities for assessing water use
for lithium production from salar deposits, and they
indicate that DLE processes are expected to consume
more freshwater than evaporative ponds [39], which
is consistent with figure 3.

We obtained a few facility-wide estimates for
water usage for lithium extraction in the SS-KGRA.
Data for the ESM Hudson Ranch facility and BHER
were reported in the Report of the Blue Ribbon
Commission on Lithium Extraction in California
[40]. Data from CTR was obtained from a recent fil-
ing with the Imperial County Planning Commission
on their Hell’s Kitchen Power and Lithium project
[33]. The ESM data is based on the water allocation
requested from IID for their facility and is inclusive
of all water needs at the site. In a public meeting in
May 2023, ESM indicated that they expect the actual
water use to be asmuch as a third lower than the value
shown. Since this claim has not been documented in
writing to our knowledge, we have not used adjusted
our estimates based on this statement.

4.3. Regional impact
Figure 4 summarizes the regional water needs for
expanding geothermal energy production in the SS-
KGRA and the lithium production possible from the
brines extracted to operate these plants based on the
data sources and assumptions discussed previously.
The red line indicates water being used or already
allocated in the region currently. The low-, medium-,
and high-projections for water requirements based
on existing or allocated LCE capacity captures the
water needed to extract lithium from the brines that
are already being brought to the surface for geo-
thermal production.

We estimate about 0.008 km3 of freshwater is used
annually for the existing 400MWof geothermal capa-
city and 0.0042 km3 has been allocated by IID to ESM
for their lithium extraction facility to produce 17 000 t
of LCE. Assuming future geothermal and lithiumpro-
cesses use water at similar rates as these facilities
(i.e. approximately 20 000m3 perMWand 246m3 t−1

of LCE, respectively), we estimate that water needed
for geothermal production and lithium extraction in
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Figure 2.Water usage from different energy sources adapted from Childress et al to include general estimates for geothermal
power plants from Clark et al and IID water demand from geothermal plants in the SS-KGRA for construction and operation [6,
14, 21, 22, 34, 35]. Water consumption for flash plants labeled geothermal—flash is divided into operational freshwater (blue)
and losses of geothermal brine due to evaporation, drift, and blowdown (yellow) based on guidance in Clark et al [34]. The
estimates from Clark et al are life cycle estimates of U.S.-based plants [34]. Adapted from [2]. CC BY 4.0.

Figure 3.Water usage for different lithium extraction methods [32, 33, 37, 38]. DLE is direct lithium extraction. ESM is Energy
Source Materials. BHER is Berkshire Hathaway Energy Renewables. (Source: adapted from Dobson et al [2] to include new data
from Controlled Thermal Resources (CTR) [33]. Personal communication with CTR indicates this may overestimate water use
but this has not been verified). Adapted from [2]. CC BY 4.0.

the region will increase by 2.3× if the projected capa-
city is achieved with medium level water use estim-
ates for LCE. As shown in figure 4, the combination
of a low-LCE production rate per MWh such as that
previously proposed by Simbol/Hudson Ranch and
high-water use from a LCE production process like
that proposed by CTR would lead to drastic increases
in water use.

Though this indicates significant growth, the
water needs for geothermal and lithiumproduction in
the SS-KGRA are modest compared to total water use
in the area. The water consumed for the planned (3–
4 year) geothermal expansion with medium lithium
production and medium water use represents about
4% of IIDs current water right and is similar to the

volume of water needed to irrigate 4270 ha in the
region.

In a water-constrained region, however, any
increase in planned water use should be carefully
considered. The Imperial Valley’s IRWMP projected
water needs for renewable energy production, includ-
ing geothermal energy, in the region to be 0.178 km3

per year [24]. This projection includes all of the
Imperial Valley, not just the SS-KGRA. This may be
sufficient to accommodate the expected growth of
geothermal but not the associated lithiumproduction
(water needs for new facility construction and ongo-
ing operations).

Lithium production would be categorized as new
non-agricultural water needs in IID’s current water

7
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Figure 4. Current allocated and projected water needs for
geothermal energy and lithium production in the
SS-KGRA. The red bold line in the existing or allocated bar
indicates allocations that have already been made for
lithium capacity. Low-, medium-, and high-water usage
estimates for LCE are based on proposed processes at
Simbol/Hudson Ranch [21], Hell’s Kitchen [30], and
ATLiS/Hudson Ranch I [31], respectively. The projections
assume lithium is extracted from all geothermal brines
extracted under existing, projected, and maximum possible
conditions. Low-, medium-, and high-water consumption
processes were established from BHER, ESM [32], and
CTR [33], respectively.

supply plan [5], for which IID has allocated up
to 0.031 km3 per year. IID has already allocated
0.0057 km3 of this volume to new projects, 75% of
which will be used by ESM’s Hudson Ranch lith-
ium facility. The remaining 0.025 km3 could produce
about 115 000 t of LCE but is insufficient to meet
regional goals for expanded lithium production. In
an email exchange, the IID indicated that the current
water supply plan has not been updated to account
for the potential water demands of lithium extraction
because they have not used the original allocation yet
[41]. IID indicated they can expand this allocation
if needed through conservation on agricultural lands
and have indicated so in recent CEC filings.

4.4. Future water availability
Projecting future water availability in the SS-KGRA is
complicated by the extended drought in the Colorado
River Basin. Water availability in the Imperial Valley
will be impacted by the recent agreement reducing
California’s allocations from the Colorado River by
14% and could be further reduced by a subsequent
federal action if the proposed cuts are insufficient

and/or by a future drought contingency plan negoti-
ated for the river. A new drought plan must be adop-
ted by 2026 [42].

In the SI, we discuss potential impacts of projected
cuts to the Colorado River allocation, and the com-
bined impact with projected geothermal expansion
and lithium extraction, compared to 2010 and cur-
rent uses (figure S3). Expanding geothermal energy
and lithium production in the SS-KGRA to currently
proposed levels will have a modest impact on over-
all water consumption in the Imperial Valley (4% of
historical supply). However, it is important to note
that water demand for lithium extraction is appre-
ciable, representing an additional 5–6 times the fresh-
water requirements of geothermal energy produc-
tion alone from a given volume of brine based on
published estimates for facilities planned in the SS-
KGRA region. However, water consumption will be
significantly less than that required for conventional
approaches to lithium removal from brines such as
evaporation ponds.

These water reductions are significant and will
have measurable impacts on the economy and com-
munities in the region, both positive and negative.
In an agricultural region like the SS-KGRA, crop
production, employment, andmunicipal populations
and demographics could all change substantially.

Some of those changes may impact the Salton
Sea itself. The shrinking of the Salton Sea that has
led to current environmental crisis is largely attrib-
uted to water conservation on agricultural land asso-
ciated with the transfer of 617millionm3 to Southern
California cities. Depending on how water short-
ages are distributed in the Colorado River Basin, if
geothermal and lithium production water demands
increase, water available for agriculture could be
between 18% and 48% lower than it was in 2010.
Such reductions in irrigation could have meaningful
consequences for the health of the Salton Sea by fur-
ther reducing inflows. The future water projections
assume additional conservation of at least a similar
magnitude and possibly up to 18.5 km3. Ongoing
efforts to protect the Salton Sea should consider these
potential changes to water runoff from irrigation.

5. Conclusions

The more influential factor on regional water alloc-
ation between now and 2050 is the proposed cuts
to IID’s water allocation from the Colorado River.
Cuts have been proposed as high as 40%, though
only a 14% reduction has currently been agreed upon.
If these aggressive restrictions are implemented, the
water consumption associated with the planned geo-
thermal expansion and associated lithium extraction
would only represent 7% of the regions’ water use
(figure S3). However, the cumulative effect of the
potential 40% regional water cuts and expansion of
these industries to full capacity would reduce water
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available to agriculture by almost 50% compared
to 2010 consumption. It is not expected to impact
the availability or quality of water used for human
consumption.

In this water constrained environment, how-
ever, new water demands must be carefully evalu-
ated and transparently communicated. Communities
will inevitably feel the cumulative effects of the water
availability constraints and increased demands. As
highlighted in Blair et al [43], the impact of lithium
extraction on water and society will differ based on
region,mode of extraction, and the scope of the water
analysis.
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