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ABSTRACT 
Researchers and commercial operators have long been 
looking into new unconventional lithium sources, since 
the ever-growing demand for lithium has become a top 
priority for many countries including Germany. The co-
production of geothermal energy and lithium from 
geothermal brines could provide means for the 
development of new environmentally friendly lithium 
production techniques. However, if such 
unconventional sources could meet Germanys domestic 
demand under geological, technical, ecological and 
economic aspects is unclear. This is one of the 
objectives of the recently initiated Li-Fluids project. 
Here we present some of the preliminary results, 
focusing on lithium distributions in deep thermal waters 
and the assessment of the economic and technical 
criteria within the framework of an utility analysis. 
 
1. INTRODUCTION  
The demand for lithium is increasing with the 
development of modern technologies such as mobile 
electronics, electric vehicles and grid storage 
applications. As a result, lithium production has 
increased tenfold in the past 25 years from 
approximately 63001 tons in 1995 to more than 820001 
tons of lithium in 2020 (US Geological Survey 1996, 
2021). Nonetheless, in face of the present greenhouse 
gas emission targets the world bank estimates that the 
current lithium production would need to ramp up by 
nearly 500 percent to meet the demand by 2050 (Hund 
et al., 2020). Hence many countries and privately 
owned (tech-) companies have declared lithium supply 
a top priority, including Germany and the European 
Union. However, current commercial lithium 
operations are restricted to Australia, Argentina, Chile 
and China that account for the majority of the world’s 
lithium production (US Geological Survey 2021).  
Because of this geopolitical dependency and the ever-
growing demand for lithium, new potential lithium 
resources are being explored globally. Identified 
resources have increased substantially worldwide and 
total about 80 million tons in 2020 compared to 13 

million tons in 1995 (US Geological Survey 1996, 
2021). Currently, unconventional resources, such as 
lithium extractions from deep geothermal waters are 
being discussed with elevated lithium concentration 
reported in Japan, New Zealand, the US and Europe 
including Germany (Stringfellow and Dobson, 2021; 
Sanjuan et al., 2022). Such unconventional resources 
could provide environmentally friendly alternatives to 
conventional production techniques from mineral and 
brine operations.  
 
2. LITHIUM IN DEEP THERMAL WATERS 
For decades deep water samples were collected and 
analysed routinely in the course of hydrocarbon and 
geothermal exploration and subsequent operations. 
Most deep waters were shown to be highly mineralized, 
often gas-rich thermal waters with the exception of the 
Upper Jurassic waters from the southern Molasse 
Basin, but their composition, age and origin varies 
across regions and aquifers (Stober et al., 2013, 2014). 
Even though lithium levels were not always measured 
routinely, individual observations indicate towards 
elevated lithium concentrations in some parts of 
Germany including the North German Basin and the 
Upper Rhine Graben, both of which are used 
extensively for geothermal energy production. A 
correlation of the compiled literature data on lithium 
levels in deep waters and deep geothermal energy 
production in Germany (Agemar et al. 2014, GeotIS, 
2022) is given in Figure 1. The map displays areas with 
proven and suspected hydrothermal potential (Agemar 
et al. 2014, GeotIS, 2022) and the highest measured 
lithium concentration for a given location.  

2.1 Upper Rhine Graben 
In the Upper Rhine Graben, lithium concentrations of 
around 150-200 mg/L were reported on both the 
German sides in Landau, Bruchsal and Insheim and the 
French sides in Soultz-sous-Forêts and Rittershoffen 
(Sanjuan et al., 2016, 2022, Goldberg et al., 2021, 
UnLimited, 2021). In a recent publication Sanjuan et 
al., 2022 attributes the micaceous continental sandstone 
of Triassic Buntsandstein to be the main source and 
control of lithium in the Upper Rhine Graben, but the 
granite basement may also represent another potential 
lithium source (Drüppel et al., 2020). The extraction of 
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lithium from these geothermal brines has been 
demonstrated in pilot test within international research 
projects “UnLimited” and “EuGeLi” (UnLimited, 
2021; EuGeLi, 2021) as well as commercial operators 
such as Vulcan Energy Resources (Vulcan Energy 
Resources, 2021).  

2.2 The North German Basin 
Thermal waters from the geothermal well doublet Groβ 
Schönebeck (North German Basin) drilled into a 
Rotliegend sedimentary and Permo-Carboniferous 
volcanic rock reservoir reveal elevated lithium 
concentration of around 200 mg/L (Regenspurg et al., 
2015, 2016, PERFORM, 2021). West of the Groß 
Schönebeck well lithium concentrations have been 
determined in thermal waters from the Rotliegend 
Altmark and the Upper Carboniferous Husum-
Schneeren gasfield to be as high as 250-350 mg/L and 
78 mg/L respectively (Lüders et al., 2005, 2010). In 
addition to the thermal waters of the Rotliegend and 
Upper Carboniferous formations, elevated lithium 
concentrations of around 124 mg/L were observed in 
the Buntsandstein sedimentary rocks of the geothermal 
research well Horstberg Z1 (PERFORM, 2021).  

2.3 The southern German Molasse Basin 
Hydrochemical analysis of deep thermal water of the 
Upper Muschelkalk in the southern German Molasse 
Basin suggest likewise high lithium values in excess of 

150 mg/L (Stober 2014). This stands in strong contrast 
to the overlying low salinity waters of the Upper 
Jurassic waters from the southern Molasse Basin were 
lithium values do not exceed 1 mg/L (Stober et al., 
2013, 2014; Stober 2014) 

2.4 Other regions 
Elevated lithium levels were also recorded outside of 
the discussed geothermal prime regions in the former 
GDR (Müller and Papendieck, 1975). Data compiled by 
Müller and Papendieck in 1975 indicate towards 
elevated lithium levels of around 100 mg/L in thermal 
waters of the Staßfurtkarbonat, Buntsandstein and 
Plattendolomite located in the Thuringian Basin, the 
Lausitz and North Eastern Part of the former GDR. In 
all of these regions highest lithium values are bound to 
the Staßfurtkarbonat, namely up to 200 mg/L in the 
Thuringain Basin, 190 mg/L in the Lausitz and Li 150 
mg/L in the North Eastern part of the former GDR 
(Müller and Papendieck, 1975). However, the exact 
location of these measurements is not disclosed in their 
review. More data will be compiled as the project 
progresses. 

2.5 Outlook 
This data will be used to perform a lithium in place 
analysis, similar to the heat in place analysis 
developed by the USGS. Here, the lithium content of a 
deposit will be determined instead of the heat content. 

 
Figure 1 The map displays areas with proven and suspected hydrothermal potential (Agemar et al. 2014, GeotIS, 

2022) and the highest measured lithium concentration for a given location. 
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3. UTILITY ANALYSIS 
The assessment of the economic and technical 
extraction techniques of raw materials such as lithium 
is a complex multi-criteria problem. If the assessment 
concludes that lithium is recoverable, the explored site 
is considered a deposit.  In order to reach this decision, 
the alternatives, basic conditions, scopes, criteria, and 

preferences of the stakeholders must be made clear and 
related to each other. 

Therefore, in Li-Fluids we perform a utility analysis for 
the lithium extraction from geothermal water. Figure 2 
shows the methodology of the utility analysis. This 
section deals with the structure of the utility analysis 
and the determination of main scopes and criteria. 

 
Figure 2: Methodology of the utility analysis for the assessment of the lithium extraction from 

geothermal water 
 
 

The overall goal of the utility analysis is the site-
specific assessment of the use of lithium extraction 
from geothermal water in Germany. The sub goals are 
as follows: 

• to extract as much lithium as possible in the long-term 
(efficiency of the site) 

• to generate as much geothermal energy as possible 
(efficiency of the site) 

• to minimize the technical effort for the extraction and 
transport of the lithium (efficiency of the lithium 
production) 

• to minimize negative impacts on the environment and 
human beings 

The following basic conditions and exclusion criteria 
have to be considered: present and future lithium 
market price, political and legal framework conditions, 
seismic activities, lithium concentration at the site, and 
the concentration of other elements such as magnesia at 
the site.  

In accordance with the before mentioned goals we 
determined criteria for the efficiency and sustainability. 
The basic criteria for the utility analysis are 
summarized in table 1. 

The next steps include interviews with experts and 
stakeholders in order to structure the goals 
hierarchically and specify weighting factors. Finally, 
the structure of the utility analysis will be applied to 
assess certain geothermal deposits in the North German 
Basin and Upper Rhine Graben. 

 

 

 

Table 1: Criteria for the utility analysis to assess 
efficiency and sustainability  

criteria for the utility analysis 

efficiency 

location 

yield of the deposit 
temperature of the thermal 
water, access to the 
location, and transport 

lithium 
produc-
tion 

capital and operating costs 
for the lithium extraction 
process, yield and purity of 
the extracted lithium, 
technical feasibility, 
reliability and upscaling 

Sustain-
ability  

environmental impact (e.g. 
release of chemicals), land 
sealing, additional expense 
for energy and material 
through lithium extraction, 
generation of waste (e.g. 
extraction chemicals, 
adsorption materials) 

 
4. CONCLUSIONS 
Elevated lithium levels exceeding 100 mg/L have been 
reported in many regions were deep geothermal energy 
is produced, including the Upper Rhine Graben the 
North German Basin, and partly in the southern 
Molasse Basin, but also outside of these regions in the 
Thuringian basin, the Lausitz and the North Eastern 
Part of the former GDR. In addition to the geo-based 
data, possible extraction methods will be evaluated in 
the prime regions Upper Rhine Graben and North 
German Basin and a utility analysis will be performed.   
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