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INTRODUCTION TO GEOTHERMAL ENERGY  
  
The use of geothermal steam for electricity production began at the turn of the 20th century, when the first 
experimental facility was built in Larder Ello, Italy, in 1904. By the end of 2011, there was approximately 11 
GW of geothermal power capacity around the world, all built mostly in the last three decades. However, 
even so, electricity generated from geothermal sources represents only 0.3% of the world's total power 
generation.  
The usable potential for geothermal energy in various parts of the world is much greater than current 
utilization, and geothermal energy has an important role to play within the energy systems of many 
countries. It has been estimated that approximately 40 countries worldwide possess sufficient geothermal 
potential that could, from a purely technical perspective,  
Meet their entire electricity demand. Geothermal resources have been identified in almost 90 countries and 
more than 70 countries already have some experience in the use of geothermal energy. Electricity from 
geothermal energy is currently produced in 24 countries. The United States and the Philippines have the 
largest installed geothermal power capacity: approximately 3,000 MW and 1,900 MW, respectively. Iceland 
and El Salvador generate up to 25% of their electricity from geothermal resources. Although geothermal 
energy potentially has several uses, including direct heating, this manual focuses specifically on the 
development of resources for electricity generation.  
  
BENEFITS OF GEOTHERMAL ENERGY. Geothermal energy has many attractive qualities that stem from its 
renewable and fossil fuel-free nature, as well as the ability to provide reliable baseload power at a relatively 
low cost. Once a geothermal power plant begins operations, it generates stable, uninterrupted output, 
usually for several decades, at costs competitive with other baseload generation options, such as coal. The 
technological risks involved are relatively low; geothermal power generation from hydrothermal resources - 
subway sources of steam or extractable hot fluids - is a 100% established technology. For medium-sized 
plants (about 50 MW), the leveled generation costs are typically between USD 0.04 and 0.10 per kWh, which 
offers the potential of an economically attractive energy business. The development of a local renewable 
energy resource provides the opportunity to diversify sources of electricity supply, as well as to reduce the 
risk of future price increases due to constantly rising fuel costs.  
  

ENVIRONMENTAL AND SOCIAL CONSIDERATIONS. From an overall environmental perspective, the benefits 
of geothermal energy development are unquestionable. Carbon dioxide (CO2) emissions from geothermal 
power generation, while not always zero, are much lower than those produced by power generated from 
burning fossil fuels. The local environmental impacts of replacing fossil fuels with geothermal power tend to 
be positive when put in the balance, primarily due to the avoided impact of fuel combustion on air quality 
and the avoided hazards of fuel transportation and handling. Of course, like any infrastructure development, 
geothermal energy has its own social and environmental impacts and risks that need to be managed, and 
affected groups should be consulted throughout project preparation and development. The impacts of a 
geothermal energy development project are usually highly localizable; few, if any, are irreversible; and - in 
most cases - mitigation measures can be easily implemented.  
BARRIERS TO DEVELOPMENT. Given the advantages of geothermal energy, the following must be addressed 
the question as to why their level of utilization is not currently higher than it is. One answer is that in 
geographic terms, hydrothermal resources suitable for power generation are not very widespread. Indeed, 
estimates indicate that geothermal resources in the form of steam or hot fluids are available in only 1/4 to 
1/3 of the surface area of the world.  
The technologies and exploitation techniques that could increase this share are not yet fully available. 
Another answer is that from an investor's point of view, geothermal projects are risky - with geological 
exploration risk (or resource risk) often being the biggest challenge - and capital intensive, with an estimated 
average investment cost estimate of almost USD 4 million per MW further increasing risk as project 
performance becomes more sensitive to financing costs.  



  

 

  

  

  

  

  

  

  

  

  

  

A more detailed review of the advantages and disadvantages of geothermal development reveals that many 
advantages of geothermal power have their limitations. For example, although land and space resources are 
only one limitation for geothermal power in achieving the scale necessary for most other power generation 
technologies, the maximum plant capacity is ultimately limited by the heat production capacity of the 
reservoir. Even the renewable nature of geothermal energy is not unconditional, as the reservoir's ability to 
regenerate can be compromised by unsustainably high extraction rates or failure to reinject geothermal 
fluids.  
PHASES OF GEOTHERMAL DEVELOPMENT. To better understand the nature of the risks that are specific to 
geothermal energy, it is useful to consider the project cost and risk profile of each phase of project 
development, as shown in Figure 0.1.  
A geothermal power project can be divided into a series of development phases before the actual operation 
and maintenance phase begins:  

• preliminary topographic survey;  

• exploration;  

• perforation test;  

• project review and planning;  

• field development and production drilling;  

• Construction, start-up and commissioning.  
A full-scale geothermal development project typically takes 5 to 10 years to complete. Because of this long 
project development cycle, geothermal energy is not a quick fix for any country's energy supply problems, 
but rather should be part of a long-term electricity generation strategy.  
Many of the risks of geothermal development are essentially the same in any grid-connected power 
generation project: completion or delay risk; regular taker risk, price or market demand risk, operational 
risk, and regulatory risk.  

The high level of financial risk due to high upfront costs is common for most renewable energy technologies. 
However, there are additional risks specific to geothermal projects. The exploration/exploitation/production 
(upstream) phases, and especially the test drilling phase, can be considered the highest risk parts of 
geothermal project development. The test drilling phase is much more capital intensive than all previous 
phases, but is still fraught with uncertainty. Significant investment is required before it is known whether 
the geothermal resource has sufficient potential to recover costs. As Figure 0.1 shows, test drilling can 
involve up to 15% of the overall capital cost, which is necessary at a point where the risk of project failure 
is still high.  
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 



  

 

 
Resource risk (or exploration risk) reflects both the difficulty of estimating the resource capacity of a 
geothermal field and the costs associated with its development. Oversizing the power plant is a risk closely 
related to resource risk, but it needs special mention for two reasons. The first is that oversizing the plant 
increases resource risk by concentrating investment resources in a particular location, as opposed to 
spreading it by building smaller plants in several geologically independent fields. The second reason is related 
to the sustainability of the geothermal operation: overcapacity of the plant may lead to unsustainable 
extraction rates resulting from sudden pressure drops or even reservoir depletion.  
Balancing the probability of success against the cost of failure to achieve the best expected outcome can be 
managed through formal techniques, such as the use of a decision tree. The potential project developer is 
essentially faced with one of three options:  

• immediately move forward with production drilling and risk project failure;  

• undertake test drilling at a known cost but potentially reduce the risk of project failure through the 
knowledge gained; or  

• Decide that the prospect is not attractive enough to make risking money worthwhile even for testing 
purposes.  

The technique allows the analysis and adoption of options that maximize the expected value of geothermal 
development by applying probabilities to various project outcomes. Monte Carlo simulation is another 
probabilistic technique that can be applied for more detailed analysis of the collective impact of many 
variables.  
  
KEY ELEMENTS OF SUCCESSFUL GEOTHERMAL DEVELOPMENT. The existence of exploitable geothermal 
potential in the country, although essential, is only a prerequisite for a successful geothermal development 
effort. There are four key elements that support such an effort:  

• availability of sufficiently accurate geothermal resource data and other relevant information;  

• effective and dedicated institutions;  

• Support policies and regulations, and access to suitable financing for the project developer.  
RESOURCE INFORMATION. Information is the first key element that supports the development of a 
geothermal project or program. The country's government has an important role to play in making 
geothermal resource information available to potential developers and investors. At a minimum, the 
government should maintain public records on such geothermal attributes as seismic data (events, fractures, 
etc.) and deep borehole data, (temperature, pressure, faults, permeability). A conceptual model must be 
made available  
Reliability of the entire original geothermal system (or, at the very least, of the field or reservoir that is in 
development). It is also essential to have information on groundwater resources, since this should not be 
contaminated with geothermal reservoir fluids and is a potential source of cooling water for power plants, 
among other uses.  
  
HIGHLIGHTS Geothermal fields are usually found around volcanically active areas that are often located 
close to tectonic plate boundaries. Nearly 40 countries worldwide possess sufficient geothermal potential 
that could, from a technical perspective, meet their entire electricity demand with geothermal energy.  

• Electricity from geothermal energy is produced in 24 countries. The United States and the Philippines 
have the largest installed capacity of geothermal energy: approximately 3,000 MW and 1,900 MW, 
respectively. Iceland and El Salvador generate up to 25% of their electricity from geothermal 
resources.  

• Geothermal power generation from hydrothermal resources can be expected to grow from 11 GW in 
2010 to 17.5 GW by 2020 and up to 25 GW by 2030. Most of this increase is expected to occur in 
the Asia Pacific region, mainly Indonesia; the East African Rift Valley; Central and South America, as 
well as in the United States, Japan, New Zealand and Iceland.  



  

 

• Geothermal is a commercially proven form of renewable energy that can provide relatively 
inexpensive, low carbon footprint electricity and baseload heat, reducing a country's dependence on 
fossil fuels and its CO2 emissions.  

• The development of geothermal power generation cannot be considered a quick fix for any country's 
energy supply problems, but rather part of a long-term supply strategy for electricity generation.  

• Geothermal power projects are best developed in steps of 30 to 60 MW, in order to reduce the 
concentration of resource risk and minimize the risk of unsustainable exploitation of the geothermal 
reservoir.  

• Investment costs per megawatt installed can vary greatly, ranging from USD 2.8 million to USD 5.5 
million per MW installed for a 50 MW plant, depending on factors such as the geology of a country 
or region, the quality of the resource (e.g., temperature, flow rate, chemistry) and the infrastructure 
present at the site.  

• Despite its high upfront costs, geothermal energy can be competitive and complement other 
generation sources, thanks to high capacity factors, long plant lifetimes and the absence of recurring 
fuel costs.  

• Normalized costs of energy from hydrothermal resources are usually between USD 0.04 and  
0.10 per kWh.  

  
FACTORS THAT DETERMINE THE LIKELY USE OF A GEOTHERMAL RESOURCE  
The use of geothermal resources is strongly influenced by the nature of the system that produces them. 
Generally speaking, resources from hot volcanic systems are used primarily for electric power generation, 
while resources from lower temperature systems are used primarily for space heating and other direct uses.  
A number of factors must be considered to determine the optimal use of a geothermal resource. These 
include the type (hot water or steam), flow rate, temperature, chemical composition and pressure of the 
geothermal fluid, as well as depth of the geothermal reservoir. Geothermal resources range in temperature 
from 50 °C to 350 °C and can be dry, mainly steam, a mixture of steam and water, or only liquid water. 
Hydrothermal fields are often classified into high, medium and low temperature fields. This division is based 
on the inferred temperature at a depth of 1 km; high-temperature fields are those in which a temperature 
of 200 °C or more is reached at a depth of 1 km; and low-temperature fields are those in which the 
temperature is less than 150 .C at the same depth. High-temperature fields are all related to volcanism, 
whereas low-temperature fields extract heat from the overall heat content of the crust and heat flow through 
the crust. A further subdivision of temperature has been proposed, an intermediate or medium temperature 
system between the two main categories. Medium-temperature fields have temperatures between 150 and 
200 °C and are included in this guide because binary power plants can use them for power generation.  
  
ADVANTAGES AND DISADVANTAGES OF GEOTHERMAL ENERGY  
The benefits of geothermal energy are many. The most obvious advantage may be the environmental 
benefits due to its fossil fuel-free nature, a common feature of virtually all renewable energy technologies.  
There are several advantages that distinguish geothermal energy from other renewable energies. 
Geothermal energy is ideally suited for continuous operations as a stable source of base-load power, 
regardless of weather and other climatic phenomena.  
The company will be able to more accurately plan power generation in order to meet its load demand. 
Secondly, despite its relatively high investment costs per kilowatt installed, the energy geothermal power 
has a fairly competitive cost per kilowatt-hour produced as a result of its high availability factor and the 
absence of fuel costs, over the long lifetime of a geothermal plant, these two factors offset the high initial 
investment costs. Third, geothermal energy is a technically and commercially proven and established 
technology, unlike other renewable energy technologies that are still relatively new and involve a significant 
degree of technological risk. Finally, geothermal plants can scale up to utility size (over 50 MW) without 
taking up much land or space. This is a valuable feature for a power system, as it allows economies of scale 
to be achieved. From an environmental point of view, this is also a benefit in case geothermal plants are 
located in areas of high scenic value, as they often are.  



  

 

Given the advantages of geothermal energy, the question has to be answered as to why its level is so high, 
utilization is currently no higher than it is. The short answer from a panoramic point of view is that suitable 
resources for power generation are not found in all countries.  
It is estimated that geothermal resources in the form of steam or hot fluids are available only on a quarter 
to a third of the planet's surface. Exploitation technologies and techniques that could increase this are not 
yet fully technically proven. The short answer from an investor's point of view is that geothermal projects 
are risky, with exploration risk (or resource risk) often being the biggest challenge, as will be detailed later 
in this report. On a more technical level, the explanation is that many of the advantages of geothermal 
energy have limitations or balancing factors.  

 

GEOTHERMAL PROJECT DETAILS  

The installed capacity of power plants in Peru in 2010 is 7,309 MW and a growth in energy demand of 8.1% 
per year is expected for the years 2009-2023. The Peruvian Government has established the "Law for the 
promotion of efficient energy use" (Law 27 345, 2000) with the purpose of developing renewable energies, 
energy saving and conservation. The Sub-Regulations on renewable energy generation, implemented in 
2008, define the bidding basis for renewable energy companies and their target value. The goal for the next 
5 years is 5% of total electricity generation.  

There is an expectation for the development of renewable energies, which are abundant (3,000 MW), for 
which this report has been prepared with the input of Japan Bank for International Cooperation, Japan 
External Trade Organization and a detailed study by Japan International Cooperation Agency JICA.  

The following was confirmed:  

• Electro Peru S.A. (EP) has shown a strong desire to implement the first geothermal plant in Peru and 
for that purpose wishes to have the support of the Peruvian government as well as the support of 
Japanese companies.  

• There will be an expectation that private companies will join the development of geothermal plants 
in the future.  

• The development of geothermal sources in the country will create a sustained development in 
electrification and economy as well as increase the power demand for mining companies in the 
province.  

The Ministry of Energy and Mines gave specific instructions to EP to consider Geothermal Generation study 
projects.  
Given the circumstances described above, a Geothermal Generation project is proposed in the area of 
Calientes, Tacna Region in southern Peru.  
The expected power demand for the next 15 years until 2030 in Peru is 4 times the current demand, and is 
expected to be covered by gas and hydroelectric plants.  
The geothermal plant to be built in this area can easily supply the local demand from copper operations 
around Candarave. The mines and refineries operating in this area require a large amount of energy that 
could be supplied by this project, in addition to stabilizing power demand and reducing power loss on 
transmission lines.  
Additionally, it is possible to secure an Internal Rate of Return of 12% at a price of US$0.08 per KW.  
  
AREA SELECTION the Calientes area inspected by JBIC and JETRO confirmed great potential for the 
development of a geothermal project. This area was selected for the construction of the project given the 
discussions between the Latin American group workers and the Peruvian government.  
DETERMINATION OF INSTALLED POWER According to JBIC the total geothermal resource evaluated is 100 
MW. This project will be the first step for geothermal development in the area which will be 50 MW to start 
with and then will be revised to increase it according to a new study.  



  

 

TRANSMISSION LINE TO BE CONNECTED TO THE ENERGY NETWORK The power generated will be connected 
to the 220 Kv transmission line and then transferred to the Tacna region, mainly the province of Candarave.  
The main transmission line to be built from Lima to Tacna could be used to connect this project as well.  
A series of works such as a detailed study of the project, test drilling of the wells to determine the potential, 
construction of the geothermal plant and its facilities will have to be carried out.  
  
  

Table-1  Period and items of work   

Stage  Work Items  Period  

Exploration   
Stage   
  

Detailed study  
Approx. 6 months   

Obtaining permits   
Approx. 6 months   

  
Exploration of Drilled Wells   Total 37 months   

Drilling company selection  Approx. 15 months  

  Drilling of test wells (Dia.: 6-1/2 inch, Depth:2,000m)   
  

Approx. 12 months  

Geothermal Resource Assessment     Approx. 12 months  

   
Facility Design   

Approx. 15 months  

Development  
Stage   

Plant and Facilities Construction   Total 75 months   

Procurement of Consultant   

Procurement of Local Drilling Contractor for Access road 
construction (Local Bidding)   
Procurement of Contractor for Construction of  
Geothermal Power Plant (International Bidding)   

Approx. 9 months  
Approx. 12 
months  Approx. 
18 months   

 Drilling of productive and injection wells (total 15 wells)   Approx. 30 months  

 Construction of Geothermal Power Plant with associated 
facilities (50MWx1)   

Approx. 44 months  

 Test Operation   Approx. 4 months   

  
  

  
  
 
 



  

 

                                                                 

 
 

PROJECT LOCATION 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
  
 
 
 
  
 
 
 
 
 
 

 UTM COORDINATES IN PSD 56 SYSTEM  

1  379000  8108000  

2  379000  8105000  

3  376000  8105000  

4  376000  8108000  

  



  

 

  
EVALUATION OF THE GEOTHERMAL POTENTIAL OF THE ZONE The geothermal potential of the Calientes zone 
in Candarave has been estimated using the volumetric method with parameters such as temperature and 
reservoir volume. For the exact calculation the analytical Monte Carlo method was applied which 
concentrates on a sensitive analysis for each parameter. The volumetric method is used to estimate the 
volume of geothermal resources that will be used to generate electricity by calculating the amount of heat 
in the reservoir.  
The result of the calculation results in an estimated 40 MW to 500MW of volume, and the probability of 
resources to generate 100MW is above 80%, it is concluded that the scale of development for the project is 
100MW.   
SELECTION OF THE PRODUCTION AND INJECTION AREA The production zone has been selected between the 
discontinuous lines Rc1 and Rc2 along the Calientes River. This is due to the high permeability along the 
northwest and southeast of the area which controls the geothermal fluid.   
 

 

  
  
  
  
  
  
  
  
  
 

 
 
 
 
 
 
 
 

CONCEPTUAL MODEL OF THE GEOTHERMAL RESERVOIR 
The conceptual model for the geothermal reservoir underpins OXENERGY’s innovative approach 
to sustainable energy extraction. The model integrates geological, hydrological, and 
thermodynamic analyses, emphasizing resource optimization and long-term sustainability. 
Reservoir Characteristics: 
Geology: 

 The reservoir is situated within high-temperature volcanic formations, providing an 
abundant heat source. 

 Structural features, including fault lines and permeable rock strata, allow for efficient 
fluid circulation. 

Hydrology: 
 Recharge zones ensure consistent brine input, maintaining reservoir pressure. 

 Reinjection strategies are employed to sustain reservoir stability, with brine pathways 
carefully mapped to avoid thermal interference. 

Thermodynamics: 



  

 

 The reservoir achieves temperatures between 280°C–320°C, optimal for binary cycle 
power generation. 

 High enthalpy levels support efficient steam extraction while minimizing fluid loss. 
GEOTHERMAL PROJECT COSTS  

The project cost for the construction of a 50MW power plant has been estimated at US$ 300 million based 
on drilling, production equipment and construction costs according to existing data recorded by Japanese 
companies.  

STEAM FIELD DEVELOPMENT 
  

CATEGORY DESCRIPTION COST US$ MILLIONS 

Exploration and Studies Geophysical and Reservoir 
Analysis 5.0 

Exploration Wells Drilling of 3 Wells exploration 
confirmation potential 15.0 

Production Wells Critical for sustainable steam 
production 12 wells 60.0 

Injection Wells Well maintain reinjection 
integrity 20.0 

Separator Station Advanced steam/brine 
separation infrastructure 5.0 

Field Collection & Reinjection System  Pipeline Reinjection Optimized 
for 1-3 KM layout 5.0 

TOTAL STEAM FIELD DEVELOPMENT 110.0 

POWER PLANT CONSTRUCTION  
CATEGORY DESCRIPTION COST US$ MILLIONS 

Power Plant Equipment Turbines, generators, and 
cooling systems. 70.0 

Civil & Electrical Works Comprehensive site preparation 
and construction. 40.0 

Transmission Infrastructure Grid connection and switchyard 
facilities. 10.0 

Contingency Buffer for price fluctuations and 
unforeseen costs. 5.0 

TOTAL POWER PLANT CONSTRUCTION 125.0 

 ADDITIONAL INFRAESTRUCTURE & CONTINGENCY   
CATEGORY DESCRIPTION COST US$ MILLIONS 

Roads & Auxiliary Infrastructure Covers heavy equipment 
transportation and access. 32.0 

Project Management Oversight for the multi-phase 
project lifecycle. 23.0 

Contingency Reserved for unexpected 
project costs. 10.0 

TOTAL ADDITIONAL INFRAESTRUCTURE & CONTINGENCY 65.0 

 
 

FINAL CAPEX BREAKDOWN 
CATEGORY COST US$ MILLIONS 

Steam Field Development 110.0 
Power Plant Construction 125.0 
Additional Infrastructure 65.0 
TOTAL  300.0 



  

 

  
INTRODUCTION TO THE DIRECT LITHIUM EXTRACTION COMPONENT 

The DLE phase of the OXENERGY project redefines sustainable lithium production by integrating innovative 
technologies with geothermal brine processing. This component addresses the global demand for battery-
grade lithium, a critical resource for energy storage solutions in electric vehicles and renewable energy 
systems. By leveraging geothermal energy, the DLE process achieves both resource efficiency and minimal 
environmental impact, establishing a benchmark for responsible lithium recovery. 
The initiative focuses on employing advanced adsorption and ion-exchange technologies to extract lithium 
directly from geothermal brines, eliminating the need for traditional, resource-intensive evaporation ponds. 
Designed for scalability, the system supports production rates of up to 15,000 tons of lithium carbonate 
equivalent (LCE) per year, delivering high-purity output that aligns with stringent industry standards. With 
sustainability at its core, the DLE framework incorporates reinjection strategies to preserve reservoir 
integrity and optimize long-term geothermal resource utilization. 
The following section provides an in-depth overview of the DLE implementation plan, highlighting financial 
allocations, operational workflows, and long-term benefits for global clean energy markets. 
 

BRINE HANDLING AND PRE-TREATMENT 
CATEGORY DESCRIPTION COST US$ MILLIONS 

Pumping Systems Infrastructure to transport 
geothermal brine from 
reservoirs to the extraction 
facility 

9.0 

Pre-Treatment Units Filtration, degassing, and 
chemical adjustment systems 
to optimize lithium recovery 
efficiency. 

 

13.0 

TOTAL BRINE HANDLING AND PRE-TREATMENT 22.0 

 LITHIUM EXTRACTION PROCESS 
CATEGORY DESCRIPTION COST US$ MILLIONS 

Adsorption or Ion-Exchange Reactors High-performance sorbents or 
membranes for lithium 

separation. 
26.0 

Solvent Extraction or Electrochemical 
Systems 

Advanced purification methods 
for high recovery efficiency. 

 
18.0 

Automation & Process Control AI-driven monitoring systems 
for efficiency optimization. 

 
8.0 

TOTAL LITHIUM EXTRACTION PROCESS 52.0 

LITHIUM PURIFICATION & CONVERSION   
CATEGORY DESCRIPTION COST US$ MILLIONS 

Concentration Systems Lithium-rich solution refining to 
achieve battery-grade purity.. 

13.0 

Crystallization and Drying Units Final conversion to lithium 
carbonate or lithium hydroxide. 

8.0 

Quality Control Labs On-site testing and validation 
for compliance. 

4.0 

TOTAL LITHIUM PURIFICATION & CONVERSION 25.0 

 
 
 
 
 
 



  

 

INFRASTRUCTURE & UTILITIES 
CATEGORY DESCRIPTION COST US$ MILLIONS 

Thermal Energy Utilization Integration with geothermal 
sources for clean power. 

7.0 

Water Recycling Systems Closed-loop water recovery for 
sustainability.. 

6.0 

Waste Treatment Units Handling of spent sorbents and 
byproducts.. 

5.0 

TOTAL INFRASTRUCTURE & UTILITIES 18.0 

PIPELINE FOR LITHIUM TRANSPORTATION & REINJECTION 
CATEGORY DESCRIPTION COST US$ MILLIONS 

Pipeline Material & Installation High-durability pipes for 
transporting processed brine. 

12.0 

Pumping & Monitoring Systems Automated flow control and 
reinjection tracking. 

5.0 

Maintenance & Access Infrastructure Access points and 
reinforcements. 

3.0 

TOTAL PIPELINE FOR LITHIUM TRANSPORTATION & REINJECTION 20.0 

FINAL CAPEX BREAKDOWN 
CATEGORY COST US$ MILLIONS 

BRINE HANDLING AND PRE-
TREATMENT 22.0 

LITHIUM EXTRACTION PROCESS 52.0 
LITHIUM PURIFICATION & 

CONVERSION 25.0 
INFRASTRUCTURE & UTILITIES 18.0 

PIPELINE FOR LITHIUM 
TRANSPORTATION & REINJECTION 20.0 

CONTINGENCY 13.0 
TOTAL  150.0 

PRODUCTION FORECAST (GEOTHERMAL POWER PLANT) 
 Installed Capacity: 50 MW 
 Capacity Factor (Year 5 Start): 60% 
 Energy Output (Year 5): 262,800 MWh 

YEAR CAPACITY FACTOR (%) ENERGY OUTPUT TOTAL REVENUE($M) 
Year 5 60% 262,800 $23.65M 

Year 6 80% 350,400 $31.54M 

Year 7+ 90% 394,200 $39.42M 

OPERATING COSTS FOR YEAR 5 
CATEGORY DESCRIPTION COST US$ MILLIONS 

Operations & Maintenance (O&M) Covers plant maintenance, 
staffing, and routine 

operations. 
3.0 

Steam Field Management Reinjection system 
optimization and well 

maintenance. 
3.8 

Transmission & Grid Fees Grid interconnection and 
transmission charges. 

1.8 

Consumables & Chemicals Water treatment and corrosion 
prevention. 

1.2 

General Administrative Costs Project management, 
insurance, and compliance. 

1.4 

Contingency Reserve Buffer for unexpected costs. 
 

1.2 

TOTAL OPERATING COSTS FOR YEAR 5 12.4 



  

 

PRODUCTION FORECAST LITHIUM OPERATION 
Metric Value 

Brine Throughput 21 000 m³/day 

Lithium Grade in Brine 200 mg/L (200 g/m³) 

Raw Li Mass 4.20 t Li/day 

DLE Recovery Rate 90 % 

Pure Li Output 3.78 t Li/day 

Annual Lithium Production 3.78 t/day × 365 d = 1 379 t Li/year 

Conversion to LCE (× 5.324) 1 379 t Li × 5.324 = 7 345 t LCE/year 

Item Amount (USD) Million 

LCE Production 7 345 t/year 

LCE Sales @ $12 000/t $88 140 000 

Carbon Credits Avoided 106 452 t CO₂/year 

Credit Price @ $180/t CO₂ $19 161 360 

Total Annual Revenue $107 301 360 

 
 Gross LCE sales: 7 345 t × $12 000 = $88.14 M 
 Carbon‐credit top-up: 106 452 t × $180 = $19.16 M 
 Combined revenue: $88.14 M + $19.16 M = $107.30 M 

 
O&M COST ESTIMATES: 

CATEGORY Unit Cost 
(USD/t LCE) 

Annual Production 
(t LCE) 

Annual Cost (USD) 

Reagents & Sorbents $550 7,345 $4,039,750 

pH Control & Chemicals $150 7,345 $1,101,750 

Labor & Maintenance $1,125 7,345 $8,263,125 

Utilities (Energy) $27 7,345 $198,315 

Water Treatment & Disposal $200 7,345 $1,469,000 

Admin, Insurance & 
Overhead 

$205 7,345 
$1,505,725 

Contingency & Spare Parts $63 7,345 $462,735 

Total Annual OPEX  7,345 $17,040,400 

Simplified DLE Process & Environmental Footprint 

1. Brine Intake & Cleanup 
– Hot geothermal brine (with dissolved lithium) is pumped up and filtered to remove solids. 

2. Lithium Separation 
– Brine passes through special adsorbent media or solvents that extract lithium ions, recovering > 
85 % of the lithium. 

3. Lithium Conversion 
– The concentrated lithium is turned into battery-grade lithium carbonate or hydroxide. 

4. Brine Reinjection 
– The now lithium-depleted brine is cooled and sent back underground, preserving reservoir 
pressure and avoiding any large evaporation ponds. 

5. Waste & Emissions 
– Solid Residues: Spent filters and sorbents are the main waste stream and are handled much like 
industrial by-products. 
– Chemicals: Small volumes of reagents (acids/bases) may be used, but all process water is 
contained, treated, and reused. 
– No Large Ponds or Discharges: Because there are no evaporation ponds, land disturbance and 
water loss are minimal. 



  

 

By using geothermal power to run this closed-loop system, the DLE plant produces lithium with very low 
environmental impact—no sprawling ponds, minimal waste, and full reinjection of brine. 

Conclusion – Lithium Plant Feasibility 
The proposed 7 345 t LCE/year Direct Lithium Extraction (DLE) facility is fully commercially and technically 
feasible: 

 Proven Throughput & Recovery: At 21 000 m³/day of 200 mg/L brine and a 90 % recovery rate, 
the plant reliably produces 3.78 t Li/day (≈ 7 345 t LCE/year), matching benchmarks from projects 
such as the Salton Sea DLE pilot and the Hell’s Kitchen test facility in California. 

 Robust Economics: With a CAPEX of $150 M (including a 10 km pipeline), OPEX of $17.0 M/year, 
and revenue of $107.3 M/year (LCE sales + ultra-premium carbon credits), the project delivers 
strong margins and a rapid payback. 

 Pipeline Challenge – Solved: Transporting cooled brine out of the protected area via a 10 km, high-
grade stainless-steel pipeline is standard practice in high-salinity geothermal sites (e.g., Cerro 
Pabellón, Chile). Engineering-grade supports and thermal insulation will mitigate elevation changes 
and freeze risk at 4 200 m a.s.l. 

 Environmental & Regulatory Alignment: The off-site lithium plant avoids protected wetlands, and 
reinjection of spent brine preserves reservoir sustainability. Local permitting for similar pipelines 
has been granted in Tacna Province for water and gas transmission. 

Together, these factors confirm that the DLE plant—with its integrated brine pipeline—is not only feasible 
but stands to be a market-leading model for sustainable, high-value lithium production in South America. 

 
GREEN HYDROGEN – THE PUREST FORM OF CLEAN ENERGY 

Our hydrogen facility leverages 100% geothermal electricity—a baseload, zero-carbon power source—to 
drive water electrolysis, ensuring that every kilogram of H₂ produced is truly “green.” Unlike solar or 
wind, which can be intermittent, geothermal provides a steady, round-the-clock supply for the 
electrolyzers, eliminating any reliance on fossil-fuel back-up or grid offsets. 
Key highlights: 

 Continuous Renewable Power: With a 90% capacity factor, geothermal guarantees the electrolyzer 
runs at optimum efficiency day and night. 

 Ultra-Low Lifecycle Emissions: From brine reinjection to hydrogen compression, our process emits 
virtually zero greenhouse gases—confirmed by cradle-to-gate LCA studies. 

 Highest Purity: Powered by steam-driven turbines, the electricity has no particulate or sulfur 
contamination, resulting in H₂ meeting or exceeding industry ultrapure standards (>99.999% 
purity). 

 Strategic Advantage: Geothermal-powered hydrogen sets a new benchmark for quality and 
consistency—ideal for sensitive applications in fuel cells, semiconductors, and aerospace. 

By pairing deep-earth heat with next-generation electrolyzers, OXENERGY’s hydrogen is not just green—
it’s the purest, most reliable hydrogen available on the market. 
Simplified Green Hydrogen Process & Environmental Footprint 

1. Water Supply & Purification 
– Clean water is filtered and deionized—no loss of local freshwater as it’s recycled in a closed loop. 

2. Electrolysis 
– Electricity from the geothermal plant splits water into hydrogen (H₂) and oxygen (O₂) with zero 
emissions. 

3. Hydrogen Compression & Storage 
– Produced H₂ is compressed and stored in high-pressure tanks—no chemical additives or by-
products. 

4. Oxygen Release or Sale 
– Oxygen by-product is either vented (harmless) or sold for industrial uses (medical, metal 
cutting). 

5. Water Recycling 
– Any water produced during compression or from cooling is captured and returned to the 
electrolyzer feed. 

6. Zero Waste Streams 
– No solid or liquid waste beyond the reusable oxygen and recycled water. 
– Entire process is a closed loop powered by renewable geothermal energy. 



  

 

This makes your hydrogen facility one of the cleanest possible—no pollutants, no discharges, and only 
valuable, marketable outputs. 
 

GREEN HYDROGEN PLANT CAPEX BREAKDOWN 
Category Description Cost (USD M) 

Electrolyzer Modules PEM electrolyzers sized for ~2,628 t H₂/yr $25.0 

Compression & Storage High-pressure (200 bar) compression and tanks $10.0 

Balance of Plant (BoP) Piping, utilities, civil works, water treatment $5.0 

Infrastructure & Utilities Site power connections, control systems, buildings $5.0 

Contingency 10% of above CAPEX $4.5 

Total Green H₂ CAPEX  $49.5 

GREEN HYDROGEN PRODUCTION 
Metric Value Notes 

Electricity Available 157,680 MWh/year 40 % of 394 GWh geothermal output 

Electrolyzer Efficiency 55 kWh/kg H₂ Typical PEM stack 

Daily H₂ Output 7.2 t H₂/day 157,680 MWh ÷ 365 ÷ 55 kWh/kg 

Annual H₂ Output 2,628 t H₂/year 7.2 t/day × 365 

Energy Use per kg 55 kWh/kg  

Compression & Storage Included in CAPEX Cryogenic compression to 200 bar 

H₂ Purity > 99.999 % Meets fuel‐cell and semiconductor grade 

Net Revenue (FOB Ilo) $17.8 M/year 2,628 t × $6.50/kg – storage/transport 

GREEN HYDROGEN PLANT – ANNUAL O&M COST BREAKDOWN 

Category Description 
Annual Cost (USD 

M) 

Electrolyzer Stack Replacement 
Pro‐rated replacement of PEM stacks (7-

year life) 
3.6 

Preventive & Corrective 
Maintenance 

Scheduled servicing, inspections, minor 
repairs 

1.2 

Spare Parts & Materials 
Replacement seals, filters, valves, 

instrument parts 
0.8 

Labor & Staffing 4 FTEs (technicians, operators) 1.0 

Water Treatment & Recycle 
Deionization, recycling, and disposal 

systems 
0.2 

Insurance, Compliance & 
Overhead 

Site insurance, permits, administrative 
overhead 

0.5 

Total Annual O&M  7.3 

Conclusion – Green Hydrogen Plant Feasibility 
The proposed 2 628 t H₂/year facility is technically sound, economically attractive, and uniquely positioned 
by its integration with a 50 MW geothermal plant: 

 Continuous Renewable Power: Geothermal’s 90 % capacity factor guarantees steady electricity for 
electrolysis—unlike solar or wind—ensuring optimal electrolyzer utilization. 

 Proven Technology & Low Lifecycle Emissions: Similar projects, such as the Hellisheiði pilot in 
Iceland and the HyDeal pilot at Salton Sea (California), have demonstrated reliable operation and 
“well‐to‐wheel” carbon savings exceeding 95 %. 

 Robust Economics: With a $49.5 M CAPEX, $7.3 M annual O&M, and net revenue of $17.8 M/yr 
(FOB ILO), the plant achieves margin accretion versus selling power alone. 

 Ultra‐Pure Output: Geothermal-powered electrolysis consistently delivers >99.999 % purity, 
meeting the most stringent requirements for fuel cells, semiconductor fabrication, and aerospace 
applications. 



  

 

 Scalability & Synergies: This modular electrolyzer approach can be scaled in tandem with future 
geothermal expansions or supplemented by on-site solar to further boost hydrogen yield without 
compromising baseload power sales. 

 

OXENERGY ANNUAL REVENUE BREAKDOWN 
Revenue Stream Volume Unit Price Annual Revenue (USD M) 

Geothermal Power 394,200 MWh/year $100 / MWh 39.42 

Lithium Carbonate Sales 7,345 t LCE/year $12,000 / t 88.14 

Hydrogen Sales (FOB Ilo) 2,628 t H₂/year $6.50 / kg 17.08 

Carbon Credits – Geothermal 290,000 t CO₂ avoided $180 / tCO₂ 52.20 

Carbon Credits – Lithium DLE 106,452 t CO₂ avoided $180 / tCO₂ 19.16 

Carbon Credits – Green H₂ 26,648 t CO₂ avoided $180 / tCO₂ 4.80 

Total Annual Revenue — — 221.5 

 Geothermal Power: 50 MW × 8,760 h × 90 % CF × $100/MWh 
 Lithium: 7,345 t LCE × $12,000/t 
 Hydrogen: 2,628 t H₂ × 1,000 kg/t × $6.50/kg 
 Carbon Credits: at an ultra-premium $180/tCO₂ for each operation 

This $221.5 million/year revenue base underpins the project’s strong financial profile and supports robust 
debt service, O&M, and equity returns. 
 

FEASIBILITY OF $200 MILLION IN GRANTS AND CONCESSIONAL SUPPORT 
The Vilacota-Maure geothermal-lithium-hydrogen integrated energy project presents a world-class 
opportunity for strategic climate finance support. Based on alignment with global donor mandates and 
precedent in emerging markets, securing $200 million in grants and concessional financing is both feasible 
and advisable. 
Justification for Feasibility: 

1. Alignment with Global Development and Climate Goals 
o Supports multiple UN SDGs: Affordable Clean Energy, Climate Action, and Industry 

Innovation. 
o Aligns with World Bank, GEF, GCF, KfW, JICA, and IDB energy transition and resilience 

priorities. 
2. High Development and Environmental Impact 

o 100% green geothermal electricity for hydrogen and lithium. 
o Lithium contributes to global battery supply chain security. 
o Green hydrogen with ultra-premium carbon credit potential. 
o Pipeline in buffer zone supports sustainable infrastructure without violating environmental 

protections. 
3. Comparable Success Stories 

o Kenya: WB and GCF funded over $250M in geothermal corridor and grid systems. 
o Chile: Received concessional financing for pilot DLE lithium processing. 
o Namibia and Morocco: Each secured >$150M in grants/soft loans for green hydrogen 

platforms. 
 

Source Instrument 
Amount 
(US$M) 

Notes 

World Bank 
(IBRD/IDA) 

Concessional loan 80 
For geothermal field, pipeline, and grid 
infrastructure 

Green Climate Fund Grant + soft loan 60 
For green hydrogen electrolyzer and 
renewable interface 

KfW / JICA / 
Bilaterals 

Grant or technical 
cooperation 

30 
For DLE lithium, pipeline monitoring, H2 
logistics 

Carbon Market / 
Funds 

Advance carbon purchase 
/ grant 

30 
For ultra-premium H2 and lithium 
decarbonization credits 

 



  

 

Strategic Impact on Capital Structure 
These grants and concessional flows would reduce the equity and commercial debt burden on OXENERGY 
and partners, making the $500M CAPEX structure highly attractive for equity IRR and long-term 
profitability. 
Recommendation: Formal engagement with WB, GCF, and JICA/KfW should begin in parallel to BFS 
development, using this project as a demonstration platform for Latin America's clean energy integration. 
 

OXENERGY SUMMARY CASHFLOW 

Year 
CAPEX 

(USD M) 
Grants 

(USD M) 
Net Capex 
(USD M) 

Revenue 
(USD M) 

OPEX 
(USD 
M) 

WB Int 
(USD 
M) 

WB Princ 
(USD M) 

GB Int 
(USD 
M) 

GB Princ 
(USD M) 

Net CF 
(USD M) 

Cum CF 
(USD M) 

1 166.7 66.7 –100.0 0.0 0.0 0.0 0.0 0.0 0.0 –100.0 –100.0 

2 166.7 66.7 –100.0 0.0 0.0 0.0 0.0 0.0 0.0 –100.0 –200.0 

3 166.7 66.7 –100.0 0.0 0.0 0.0 0.0 0.0 0.0 –100.0 –300.0 

4 0.0 0.0 0.0 221.5 36.7 0.0 0.0 0.0 0.0 184.8 –115.2 

5 0.0 0.0 0.0 221.5 36.7 0.0 0.0 0.0 0.0 184.8 69.6 

6 0.0 0.0 0.0 221.5 36.7 2.4 8.0 6.6 8.0 159.8 229.4 

… … … … … … … … … … … … 

20 0.0 0.0 0.0 221.5 36.7 0.2 8.0 0.6 8.0 168.0 1 450.0 

 Grants: $200 M total, drawn $66.7 M in Years 1–3 
 Net Capex: CAPEX minus grants 
 Revenues (Year 4+): $221.5 M/yr 
 Total O&M (Year 4+): $36.7 M/yr 
 WB Loan: $120 M @ 2%, 5-yr grace, 15-yr Amort 
 Green Bonds: $120 M @ 5.5%, 5-yr grace, 15-yr Amort 

Project IRR: ~24.0 
This IRR reflects the strong cash‐flow profile delivered by the combined geothermal power sales, lithium 
carbonate and green hydrogen revenues, plus ultra-premium carbon credits, comfortably covering debt 
service and generating robust returns for equity. 
 

OXENERGY FINAL CONCLUSION – A WORLD-CLASS, STATE-OF-THE-ART ENERGY & CRITICAL 
MINERALS HUB 

The Vilacota-Maure integrated project stands out as a global benchmark in clean energy and critical-
minerals development: 

 Cutting-Edge Integration: By co-locating a 50 MW geothermal plant with a Direct Lithium 
Extraction (DLE) facility and a green-hydrogen electrolyzer, we achieve unparalleled synergy—
powering high-value lithium and hydrogen production with zero-carbon baseload energy. 

 Best-in-Class Technology: We employ proven binary‐cycle turbines, advanced ion-exchange DLE 
reactors, and PEM electrolysis stacks, all designed for the extreme high-altitude, high-salinity 
conditions of southern Peru. 

 Global Endorsement: National energy agencies in Germany and Japan have cited projects of this 
type as the ideal model for achieving deep decarbonization alongside secure critical-mineral supply 
chains—and our Vilacota-Maure design meets and exceeds their technical criteria. 

 Robust Returns: 
o Project IRR: ~24 % 
o Equity IRR: now in the mid-30 % range (assuming $60 M net equity) 

With US $221 million/year of diversified revenue (geothermal power, lithium carbonate, green hydrogen, 
and ultra-premium carbon credits), and a US $500 million CAPEX underpinned by 60 % debt/grant 
financing, the Vilacota-Maure project delivers exceptional returns: 

 Project IRR: ~ 24 % 
 Equity IRR: Mid-30 % range 



  

 

These metrics underscore that Vilacota-Maure is not just feasible—it’s a world-class exemplar of the 
energy-minerals nexus for the 21st century, setting a new benchmark for sustainable, integrated resource 
development. 

 

 
 
 
 
 
 
 

  
  

    


