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ABSTRACT 

Lithium (Li) is a high-value metal which is 

fundamental to develop lithium-ion batteries used in 

electric vehicles and in general for the European energy 

transition. In 2022, most of the lithium recovered for 

economical production is originated from Argentina, 

China, Chile but mainly from mine in Australia. The 

EuGeLi project (European Geothermal Lithium Brine) 

aims to extract lithium from European geothermal 

brines, implementing the Eramet Direct Lithium 

Extraction (DLE) system (used in Argentinian salars) 

on existing geothermal wells in the Upper Rhine 

Graben (URG). Although, lithium in brine could 

represent a valuable resource in the future, the rapid 

extraction of Li in these fluids compared to separation 

from salar brines (i.e., a few months with conventional 

processes), the high pressure and temperature 

conditions (25 bar, 80°C) are major issues to overcome 

to enable lithium recovery from geothermal brines. 

Different solvent and solid-phase extractions processes 

were made in the laboratory, but no DLE was made to 

an actual industrial process. For this purpose, DLE 

experiments were experimented on a geothermal plant 

located in French side of the URG, in real production 

conditions. Firstly, several tests with a synthetic brine 

were achieved in a laboratory to validate the active 

material's ability (layered double hydroxide, Li-LDH) 

to selectively extract lithium from impurities at high 

temperature and pressure (80°C and 20 bars). 

Eventually, a pilot in Soultz-sous-Forêts geothermal 

plant with a carousel composed of three columns allows 

us to test on a bigger scale the direct lithium extraction 

from geothermal fluids. An enrichment of Li from 

~0.18 g/L in the brine to ~0.8 g/L in the resulting eluate 

was performed. In optimized conditions, the 

productivity of Li can be up to 0.54 gLi/h/L with a 

lithium extraction yield of 96%. The present work is the 

first one ever made with real brine during geothermal 

production conditions. 

1. INTRODUCTION 

Lithium is an essential metal for the transition towards 

a low carbon economy for which the worldwide 

demand is constantly increasing. Regarding the current 

worldwide lithium production concentrated in 

Australia, Chile, Argentina and China, the European 

Union (EU) needs to find a solution to reduce its 

dependency to other countries and to produce a more 

sustainable lithium (Alessia et al., 2021). The 

dependency on imported materials presents a strategic 

supply risk for European battery manufacturers but also 

a branding issue as the sustainability and traceability of 

raw materials from non-European sources are difficult 

to define. Among the possible Li resources in Europe, 

geothermal waters with significant Li concentrations 

(>150 mg/L) could be of great interest for potential 

exploitation (Sanjuan et al., 2016, 2022). Therefore, it 

will be essential to develop a method to recover Li from 

geothermal fluids at low cost and high recovery rates.  

The collaborative research and innovation project 

EuGeLi (European Geothermal Lithium Brine), 

launched in January 2019, has for main objective to 

validate a process based on an active solid, to improve 

the estimates of lithium reserves contained in 

geothermal resources in the European Union. EuGeLi 

brings together a consortium of nine partners including 

industrials, academics, and research centres. This 

project was led to develop a profitable integrated 

economic model from the extraction to the refining of 

lithium into battery quality products from geothermal 

brines. The work described here is a pioneer study on 

the recovery of Li from geothermal fluids and therefore 

will help to develop in the future exploitation of 

geothermal originated Li.  

2. GEOTHERMAL ENERGY IN THE UPPER 

RHINE GRABEN 

2.1 Geological context and geothermal reservoirs 

The Upper Rhine Graben (URG) is a 300 km long, 

40 km wide regional rift zone with an average 

azimuthal orientation of N020°E between Mainz 

(Germany) and Basel (Switzerland). It is associated to 
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the Rhine valley, structurally bounded on the South by 

the folded Jura, on the West by low relief Vosges 

Mountain range, on the East by the Black Forest 

Mountain range and northward by the Vogelsberg 

volcanic massif. Several deep geothermal plants, such 

as those in Soultz-sous-Forêts, Rittershoffen, Landau 

and Insheim (Figure 1), exploit local geothermal 

reservoirs trapped in the fracture network in Triassic 

sediments and the underlying granitic basement 

(Baumgärtner and Lersch, 2013; Genter et al., 2000; 

Hettkamp et al., 2013).  

 

Figure 1: Simplified geological map of the Upper 

Rhine Graben and status of current deep 

geothermal projects (adapted from Glaas, 

2021) 

These projects are based on the Enhanced Geothermal 

System (EGS) technology. The principle underlying 

this technology consists of increasing the low initial 

natural hydraulic permeability of pre-existing natural 

fractures in the geothermal reservoir via hydraulic 

and/or chemical stimulation (Schulte et al., 2010). 

Geothermal reservoirs are mainly located in the deep 

and fractured hard rocks. Natural fracture system 

governs natural permeability and, thus, fluid 

circulations. Boreholes analysis in the URG showed 

that the permeability of the matrix of the deepest 

formations was too low for a standard geothermal 

exploitation (Vidal and Genter, 2018). A structural 

study of the Rittershoffen granite reservoir 

demonstrated that boreholes with high productivity 

rates are associated with natural faults/fractures 

induced by the tectonic evolution of the region (Vidal 

et al., 2017). At regional scale, fluids can reach greater 

depths (roughly 4-5 km; Sanjuan et al., 2016) and 

temperatures, generating higher temperature gradients 

than in a classical sedimentary basin. Geothermal brine 

acts as a heat transfer fluid by pulling up the heat 

towards the shallower formations through convection 

cells. Thus, a litho-stratigraphic knowledge is required 

for an optimal location of the production platform to 

reach deep-rooted structures where the potential 

fractured reservoirs are in the shallowest position.  

2.2 Geothermal plants in the French URG 

The Soultz-sous-Forêts geothermal project started in 

1987 and is the cradle of the geothermal energy 

European research in granitic and fractured systems. 

After almost 30 years of research, the geothermal site 

is currently exploiting the fractured basement at 5 km 

depth, under commercial conditions, for the EEIG Heat 

Mining. The actual geothermal system is made of three 

wells: one production well named GPK-2 and two 

injection wells named GPK-3 and GPK-4 drilled at 

5 km in a granitic basement. The geothermal brine is 

produced at a temperature of 150°C, reaching the 

wellhead with a nominal flow rate of 30 kg/s provided 

by a downhole production Line Shaft Pump (Baujard et 

al., 2018). The installed gross capacity of the plant is 

about 1.7 MWe. The geothermal brine is then fully 

reinjected at around 70°C, and the volume of reinjected 

brine is shared between the two injection wells GPK-3 

and GPK-4 without using reinjection pumps. The well-

head overpressure in the surface infrastructure is 

regulated by the production pump and reaches about 

23 bars to keep the dissolved gas in the brine. The 

geothermal plant was successfully producing electricity 

since September 2016 under commercial conditions, 

with an availability rate about 90% for the last four 

years (Mouchot et al., 2019).  

The geothermal heat plant of Rittershoffen located in 

Northern Alsace (France) was developed to supply heat 

to industrial processes of a starch plant. It was able to 

successfully provide an average of 22 MWth of heat to 

this starch plant since June 2016. The targeted reservoir 

is a Triassic fractured sandstone and the top of a 

fractured Carboniferous granite basement located at 

2200 m depth (Duringer et al., 2019). The first well, 

GRT-1, was drilled in 2012 and the first testing results 

after drilling showed a low productivity index. The 

second well, GRT-2, was drilled in 2014. Unlike GRT-

1, GRT-2 had a very good initial productivity index 

during the testing phase after drilling and was therefore 

not stimulated (Baujard et al., 2017). Rittershoffen 

geothermal heat plant is classified as an EGS due to the 

stimulation program performed on GRT-1 but also 

because of the total reinjection of the discharged 

geothermal fluids in the reservoir inducing a micro-

seismicity activity at reinjection side during geothermal 

exploitation (Maurer et al., 2020). Rittershoffen heat 

plant was designed with a pressurized geothermal loop: 

a downhole line shaft pump pressurizes the geothermal 

brine in the surface equipment over the gas break-out 
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pressure to prevent any Non-Condensable Gases 

(NCG) emission during operation (Ravier et al., 2017). 

The production wellhead temperature at GRT-2 reaches 

170°C and the flowrate is regulated at 75-85 kg/s, 

according to the starch plant’s heat demand. The 

geothermal heat is transferred to a secondary loop, 

containing fresh water, using several tubular heat 

exchangers and the brine is fully reinjected without 

additional pumps at 85°C into the injection well GRT-

1. The Rittershoffen plant availability is higher 92% for 

the last four years (Mouchot et al., 2019).  

2.3 Spatio-temporal repartition of Li in the 

geothermal brine of the URG 

Two key parameters need to be evaluated to 

characterize the potential of URG’s geothermal plants 

to collect lithium in the brine: the Li content and the 

stability of the fluid over time. Among the deep 

European geothermal fluids, URG was demonstrated as 

one of the most promising zones to produce Li from 

geothermal brine (Sanjuan et al., 2022). Most of these 

fluids display significant Li concentration 

(>150 mg/L,Table 1) and flow rates.  

Table 1: Average Lithium concentration in 

geothermal brine measured at different 

geothermal sites in the URG (data are from 

Sanjuan et al., 2022 and references therein). 

Site Depth (m) Li (mg/L) 

Landau 3044 – Granite 182 

Insheim 3600 – Granite 168 

SsF 5000 – Granite 173 

Rittershoffen 2560 – Granite 190 

Cronenbourg 
2870 -Sandstones/ 

Permo-Trias 
210 

Bruchsal 2542 – Permian sandstones 159 

Vendenheim 5000 – Granite 162 

Illkirch 3300 – Granite 173 

 

An estimation made by Sanjuan et al. (2020) revealed 

that 21,300 to 32,000 t/year of lithium carbonate 

equivalent could be produced from current geothermal 

plant in the URG area. Moreover, the spatial and 

temporal evolution in the French part of the URG 

appears to be stable regarding lithium contents in 

geothermal water ranging between 150 and 200 mg/L 

(Figure 2). 

 

Figure 2: Temporal evolution of the concentration 

of Li in the geothermal brine at the injection and 

production wells (namely IW and PW) of the Soultz-

sous-Forêts and Rittershoffen geothermal plants (± 

10% uncertainty, from Bosia et al., 2021). 

3. DIRECT LITHIUM EXTRACTION 

EXPERIMENT 

3.1 Preparation and lab tests of the active solid 

material: lithium bayerite 

The EuGeLi project focuses on the validation at 

laboratory scale of the performance of the active 

material, developed and patented by Eramet and IFPEN 

between 2012 and 2018, to selectively extract lithium 

and chloride from geothermal brine. Lithium 

concentration, high pressure and temperature differ 

from what is experienced with the Li extraction in 

salars (Ventura et al., 2018) and require a series of 

experiments to be tested for sustainability at lab scale. 

The lithium extraction process relies on an active solid, 

a layered double hydroxide (LDH) type of compound 

known for its Li exchange capacity (Paranthaman et al., 

2017; Wu et al., 2019). When the brine contacts the 

sorbent, Li and Cl ions are selectively captured and 

concentrated in the sorbent [1]. 

(LiCl)1−x. 2Al(OH)3, nH2O + xLi
+ + xCl−

Adsorption
→        LiCl. 2Al(OH)3, nH2O [1] 

The sorbent is processed in the form of beads and tested 

in flow-through columns. The column used is a double 

shell column with glass frit height = 30 cm, internal 

diameter = 12.4 mm. The synthetic geothermal brine is 

representative of that of Soultz-sous-Forêts geothermal 

fluids (Table 2). Influence of high temperatures on the 

Li capacity [2] using breakthrough tests with synthetic 

geothermal brine heated to 20°C, 40°C, 60°C and 80°C 

are shown in Figure 3. The Li adsorption capacity is [2]: 

Liads capacity =
∫ (

[Na]

[Na]0
[Li]0−[Li])dV

V
0

mdry
   [2] 

where mdry is the quantity of dry solid in grams 

introduced in the column for the test, [Na]0 and [Li]0 are 

https://es67-my.sharepoint.com/personal/david_fries_es_fr/Documents/Classeur1.xlsx?web=1
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the sodium and lithium concentration in the initial 

brine, [Na] and [Li] correspond to the sodium and 

lithium concentration respectively in the outlet of the 

column and V is the volume of initial brine injected 

through the column. 

Table 2: Elemental composition of the synthetic 

brine by ICP-OES 

  g/L   mg/L 

Cl 59,5 Sr 470 

Na 27,8 Li 170 

Ca 6,9 Mg 120 

K 3,1 Sr 53 

 

At temperature equal to 20°C, lithium can be found in 

the outlet after 3 BV (Bed Volume), while, with 

temperature > 40°C the active material has a better 

affinity with lithium and adsorbs all of it during 10 BV 

(Figure 3). According to the mass of solid introduced in 

the column, it was observed that the lithium adsorption 

capacity [2] improved with increasing temperature: 

20°C (3.6 mg/g), 40°C (4.5 mg/g), 60°C (4.6 mg/g), 

and 80°C (5.1 mg/g).  

 

Figure 3: Breakthrough curves for Li as a function 

of temperature. BV refers to “Bed Volume” 

which is the volume occupied by the active 

solid in the column. 

To test if a degradation of the active material occurs 

after elution/adsorption, crystalline phases and 

crystallinity were investigated by X-ray diffraction 

(XRD). The XRD patterns before and after elution 

overlap and compare well with a reference solid (Figure 

4). These patterns also match with previously reported 

patterns for Li-LDH (Wu et al., 2018; Paranthaman et 

al., 2017). A second experimental test with the addition 

of a corrosion inhibitor with “filming” properties in the 

brine during 24 h at room temperature and 96 h at 80°C 

was performed to evaluate the impact of this chemical 

brine treatment on the efficiency of the active solid.  

This additive (called Inhi2) is a polymer solution 

containing <210 ppm of organosulfur that could 

influence the lithiated bayerite. However, using a 

synthetic geothermal brine with 3000 times more 

inhibitor than usage concentration, no deterioration or 

differences were found between the extrudates that 

were in contact with Inhi2 and the extrudates in contact 

with the reference brine (Figure 4). Three different 

additives (anti-corrosion and anti-scaling) were tested 

at the same conditions with similar results than Inhi2. 

 

Figure 4: XRD analysis of active solids before and 

after elution and adsorption at A. various 

temperatures and B. with addition of Inhi 2 

(see text). 

Furthermore, the resistance of the Li-LDH towards CO2 

pressure (6 bars of CO2) was investigated. For this test, 

the active material was soaked during ten days in 

geothermal fluid conditions (80°C and 6 bars of CO2). 

XRD analysis showed that primitive material is 

unaffected by the CO2 pressure or the temperature 

conditions of this static test.  

Eventually, a mini DLE pilot at the Rittershoffen power 

plant was installed to ensure the efficiency of the newly 

produced active material. In a 100 mL single column 

process, accelerated cycles simulating a 3-column 

process used for Argentinian brine by Eramet were 

performed with real geothermal brine. Stable 

performances were achieved and therefore it was 

decided to apply this process for direct extraction at the 

Soultz-sous-Forêts geothermal plant and test in real 

conditions the 3-column process at larger scale. 

3.2 Installation of a DLE pilot at the Soultz-sous-

Forêts plant 

The main objectives of the pilot at Soultz-sous-Forêts 

were to: 1. Test the DLE with the 3-column process; 2. 
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To produce 3 m3 of eluate from brine under real 

geothermal conditions treated with a scaling inhibitor 

in order to produce battery grade Li2CO3. A complete 

chemical composition is given by Bosia et al., 2021 for 

samples that were taken at Soultz sous-Forêts from 

2016 to 2020. The lithium extraction process is carried 

out in a carousel composed of three columns of 8.3 L 

each filled with an active material. Each column has a 

height of 1 m and an internal diameter of 10 cm. Two 

columns are permanently loaded in series while the 

third column is eluted to recover lithium and allow the 

regeneration of the material before being reused for 

lithium extraction (Figure 5).  

 

Figure 5: The three periods of a cycle of direct 

lithium extraction 

Li, Na and Ca concentrations were measured in the 

3 m3 of eluate that were produced in about 20 days. It 

contained [Li] = 845 ± 42 mg/L, [Ca] = 101 ± 5 mg/L 

and [Na] = 55± 3 mg/L. The Na/Li ratio can be used as 

a tracer of other impurities. A too high amount of Na 

will reduce the performance of the reverse osmosis that 

is needed to preconcentrate the Li solution. It was found 

a Na/Li ratio of 0.07 compared to the Na/Li of 133 in 

the initial brine (Bosia et al., 2021) which is indicative 

of an efficient separation in the column. Calcium 

content was carefully evaluated in the eluate because 

high Ca concentration could lead to the formation of 

CaCO3 and CaSO4 minerals during the purification of 

the lithium solution by nanofiltration and could obstruct 

/ damage the membranes. Lithium extraction yield 

(masse of Li in the eluate compared the masse of Li in 

the brine) and productivity are key parameters to assess 

the profitability of the DLE. Productivity is defined as 

the amount of Li produced per hour of process and per 

litter of active solid. Stable performances of the 

extraction unit during 20 days of operation were 

obtained with an average productivity of 0.31 ± 

0.02 g/h/L (Figure 6). Optimization of the unit was 

carried out to increase the productivity and lithium 

extraction yield during 46 cycles increasing the total 

amount of Li obtained in the eluate (around 1 g/L). A 

maximal productivity of 0.54 g/h/L ± 0.03 g/h/L and a 

lithium extraction yield of 96% were reached (Figure 

6). However, under those conditions, Ca and Na 

concentration increased, which requires the adaptation 

of the process to purify the lithium solution coming 

from the DLE. Therefore, despite improvement of Li 

productivity, a higher cost of purification (for Na and 

Ca) is expected to obtain a pure Li-rich eluate.  

 

 

Figure 6: Productivity (in blue) and yield of 

extraction (in green) measured during the 

production of the 3 m3 of eluate. The dashed 

green line represents the Li extraction yield 

after optimization (see text 3.2). 

After more than 200 cycles, at the end of the pilot 

campaign, active solids were taken at the top, in the 

middle and at the bottom of the column to be analysed 

by ICP-OES and XRD (Table 3). As a result, no traces 

of other crystalline phase and no contamination with 

impurities from geothermal brine were detected. The 

low contamination of the active solid in term of carbon 

content is promising due to the high pressure of CO2 (6 

bar) in the fluid. Indeed, it is well known that CO3
2- / 

HCO3
- ions can interact with LDH, which does not 

seem to be the case here. Active material capacity was 

measured about each 50 cycles during the pilot showing 

no significant decrease in performances. However, a 

slight decrease of capacity was observed between fresh 

active material and solid after 50 cycles of operation, 

that could be explained by an equilibrium between 

impurities from brine and active material. 

Table 3: Chemical composition of the active solids 

analysed at the top, middle and bottom of the 

column at the end of the campaign. 

% Al Cl Li P C S 

Top 23.00 4.49 1.25 0.43 0.70 0.06 

Middle 23.60 6.25 1.43 0.14 0.28 0.04 

Bottom 23.90 6.45 1.44 0.12 0.28 0.04 

 

Despite encouraging results, the productivity of the 

active material and lithium concentration at the outlet 

of DLE are much lower than what is currently reached 

with brines from South American salars with similar 

active material (internal conversation). Indeed, the 

performance of the active material is still dependant of 

the temperature of the brine conjointly with Li and 

impurities concentrations in the brine. Li concentration 
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could reach up to 1400 ppm in Atacama salars in Chile 

compared to 180 ppm here (Munk et al., 2018). 

Nevertheless, the active material showed a great 

stability during pilot operation with geothermal 

conditions and real brine on site. 

3. CONCLUSIONS AND OUTLOOK 

The benefit of this project is to implement a direct Li 

extraction system on existing European geothermal 

wells with low carbon impact. Availability of the 

Rittershoffen or Soultz-sous-Forêts geothermal power 

plant in the URG are higher than 90% and therefore 

present a great interest to produce simultaneously 

power (heat and electricity) and lithium. The eluate 

generated in this study is the first one ever made with 

real brine in geothermal exploitation conditions on site. 

A 3 m3 eluate was produced in Soultz-sous-Forêts and 

was enriched ~5 times more in Li than the original brine 

composition. Following the eluate production, the 

solution was then purified to remove calcium, 

magnesium, and boron in the lithium solution to be able 

to precipitate battery grade Li2CO3. Reverse osmosis, 

nanofiltration, evaporation and ion exchange were 

among the main steps achieved before the precipitation 

of Li2CO3. In total, few kilograms of battery-grade 

Li2CO3 were produced. This was the first European 

battery-grade lithium carbonate from low-carbon 

energy ever produced. However, several parameters 

need to be adjusted to improve and increase the 

productivity of the DLE and the overall recovery of the 

process. Adjustment of flowrate in the column, 

comprehension of the chemical reaction occurring 

between the brine and the active solid, management of 

higher impurities in lithium solution are among the 

main parameter to consider in the future to improve the 

profitability of the project. Considering the 

characteristics of the Rittershoffen geothermal plant 

(300 m3/h, working more than 8000 h/year) and the 

lithium extraction rate of more than 90%, a total 

production of 2000 t per year of Li2CO3 can be 

estimated. Since lithium is an essential metal for the 

transition towards a low carbon economy this work 

demonstrated the interest for the EU the great interest 

in Li production coming from geothermal waters in 

order to reduce its dependency to other countries and to 

produce a more sustainable lithium.  
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