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Abstract  

In this paper, technical, financial, economic and environmental analysis of geothermal power 

plant developments in the Ecuadorian context was analysed by RETScreen International 

Geothermal Project Model. Three different scenarios were considered for the analyses. Scenario 

I and II considered incentives of 132.1 USD/MWh for electricity generation and grants of 3 

million USD. For Scenario III, geothermal project with an electricity export price of 49.3 

USD/MWh considered. Scenario III was further divided into IIIA and IIIB case studies. Scenario 

IIIA considered a 3 million USD grant while Scenario IIIB considered an income of 8.9 

USD/MWh for selling heat in direct applications. Modelling results showed that binary power 

cycle was the most suitable geothermal technology to produce electricity along with aquaculture 

and greenhouse heating for direct use applications in all scenarios. Financial analyses showed that 

the debt payment would be 5.36 million USD/year under in Scenario I and III. The correspindig 

values for Scenario II was 7.06 million USD/year. Net Present Value was positive for all studied 

scenarios except for Scenario IIIA. The equity paybacks were 3.2, 3.7, 16 and 5.6 years for 

Scenario I, Scenario II, Scenario IIIA and Scenario IIIB, respectively. Overall, Scenario II was 

identified as the most feasible project due to positive NPV with short payback period. 

Interestingly, Scenario IIIB could become financially attractive by selling heat for direct 

applications. Direct applications, public incentives and clean funding mechanisms are essential 

for the success of geothermal energy projects in the Ecuadorian context. The total initial 

investment for a 22 MW geothermal power plant was 114.3 million USD (at 2017 costs). 

Economic analysis showed an annual savings of 24.3 million USD by avoiding fossil fuel 

electricity generation. More than 184,000 tCO2 eq. could be avoided annually. Thus, the 

greenhouse emissions avoided on the use of geothermal energy would bring out environmental 

benefits and improve the socio-economic benefits in communities. 
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Highlights 

The total geothermal power generation potential in Ecuador is estimated at 3000 MWe with 

approximately 133 MWe of power generated in the three most advanced geothermal prospects.  

Power generation, direct applications, public incentives and clean funding mechanisms are 

essential for the success of geothermal energy projects in Ecuador. 

Approximately 162,000 tonnes of CO2 eq. per year greenhouse gas emissions can be avoided. 

Annually, we can save 486,500 barrels of crude oil imports, which is equivalent to 24.3 million 

USD per year. 
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FAM Financial Analysis model 
SRAM Sensitivity and Risk Analysis Models 
NPV Net Present Value 
PUGR-E Plan for the Utilization of Geothermal Resources in Ecuador 
UNFCCC   United Nations Framework Convention on Climate Change 
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kW Kilowatt 
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°C Centigrade degree  
% Percentage 
bar Bar 
kPa Kilopascal  
USD United State Dollars  
Mtoe  Millions tons of oil equivalent 
GHG Greenhouse gas emissions 
GJ Gigajoules  
tCO2 Tonnes of carbon dioxide  
Ctv Cents of dollar 
T&D Transmission and distribution  

 

  



1. Introduction 

The United Nations Framework Convention on Climate Change (UNFCCC) considered 

greenhouse gas emissions reduction targets in the member states to limit the increase in the global 

mean temperature and the inevitable effects on global warming and climate change [1]. More 

recently, the Paris Agreement ambitiously has addressed to limit global warming to no more than 

1.5 °C above pre-industrial levels [2]. The use of renewable energy sources to produce electricity 

plays an important role in the reduction of greenhouse gases [3-6]. By the end of 2017, global 

energy supply will reach 16,000 million tons of oil equivalent (Mtoe) with renewable energy 

resources accounting for 15% (2,400 Mtoe) [7]. It is estimated that developed and developing 

countries might require 23,885 Mtoe by 2050 [8]. Although the accuracy of estimating the global 

renewable energy potential is arguable, the unused global potential of renewable energy resources 

is estimated to be 179,135 Mtoe with geothermal energy accounting for 119,423 Mtoe [8, 9]. 

Thus, development of geothermal energy should be considered as a sustainable alternative to deal 

with future energy security challenges. In this regard, Ecuador has committed to increase the share 

of renewable energy through the restructuration of its energy matrix [10, 11] to contribute to the 

UNFCCC and Paris Agreement targets [12, 13].  

Techno-economic analysis of geothermal projects allows developers, investors and policy 

makers to have a complete view of the financial pre-feasibility of these kind of highly risky 

investment decisions [14-16]. Geothermal stakeholders have greatly agreed in the eight 

development phases of a geothermal power project [16, 17]. Figure 1 shows the critical success 

factors along the eight development phases to meet in geothermal project developments. Different 

approaches have been established to study the technical and financial viability of renewables in 

general [18, 19] and geothermal in particular [20-23].  

In the case of geothermal projects analysis, there are studies focused in specific phases of the 

development rather than in throughout the project [24]. Several researchers have previously 

estimated the cost of well drilling [21, 25-26], technical and financial aspects of geothermal power 

plants [27-30],  operation and maintenance costs or annual costs of a geothermal power plant [18-

31] and costs of electricity generation in a geothermal power plant [19-32-34]. Other researcher 

have evaluated the feasibility of developing hybrid power plants consisting of geothermal and 

solar [32, 35, 36] to produce fuels i.e., hydrogen [18, 22, 23, 34, 37, 38].  



 

Figure 1: Critical Success Factors in the development phase of a geothermal project. Achieving 

the economic viability of a geothermal project requires rigorous control of costs of 

each development phase [16, 39, 40]. 

 

Pre-feasibility studies of geothermal projects helps us to estimate initial and annual costs, 

saving and production of energy, and focus development prior construction [41, 42]. Due to the 

complexity of these studies, different models were developed [41, 43, 44]. These modelling tools 

are classified as pre-feasibility, sizing, simulation and open architecture research tools [44]. For 

the purpose of this research, RETScreen modelling tool was used. This RETScreen International 

Clean Energy Project Analysis Software was developed by the Ministry of Natural Resources of 

Canada in collaboration with National Aeronautics and Space Administration (NASA), United 

Nations Environment Programme (UNEP), industry partners, and academia [45, 46]. It is a free 

software that can be used to evaluate energy production, life-cycle costs and greenhouse gas 

emission reductions for various proposed renewable energy technologies [42, 44, 46]. RETScreen 

offers a proven methodology focused on the pre-feasibility and feasibility studies, rather than 

developing a custom-developed methodology [47, 48]. This tool has been extensively used to 

carry out pre-feasibility studies of solar projects [48-56], wind projects [57-60], hydropower 

projects [61, 62], and a geothermal study [63].  

Ecuador is committed to increase the share of renewable energy through the restructuration 

of its energy matrix [10, 11, 64], including geothermal energy [12, 13]. Diversification of the 

Ecuadorian energy matrix represents an important milestone in the development of its economy 

throughout the process of changing its energy and productivity matrix. According to the Ministry 

of Renewable Energy and Electricity (MEER), it is expected that the share of the electricity should 

be approximately 85% from hydroelectric power plants, 10% from fossil-fuel-fired thermal power 

plants and 5% from other renewables such as wind and biomass by the end of 2017 [65]. The 



National Plan of Living Well of Ecuador, developed by the National Secretary of Planning and 

Development (SENPLADES), aims to make changes to the energy matrix and productivity matrix 

during the next decade [66]. These changes are supported by the New 2008 National Political 

Constitution and directed by the Plan of Electrification 2025 [67]. In order to change the 

productivity matrix, the SENPLADES has identified fourteen productivity sectors and five 

strategic industries [68], which will affect the structure of the energy matrix by increasing the 

demand for electric energy in the country. This rise of electricity demand would increase the 

consumption of fossil fuels due to its demand on fossil-fuel-fired thermal power plants. However, 

the new energy gap, as a result of the change of the productivity matrix, should be filled with 

electricity produced in renewable power plants such as geothermal power, considering that there 

are no current geothermal plants in the country [69, 70]. Therefore, geothermal power generation 

could be a viable option to diversify the electric energy matrix in the country. 

The analysis of the technical and economic potential for geothermal development is 

paramount. Only five of the forty odd active volcanoes in Ecuador were studied due to their 

potential to generate electricity [70]. Most of these investigations are currently in the exploration 

stage [69-72]. Furthermore, there are other geothermal prospects to be explored to determine their 

potential for direct use in industry and agriculture. The Ecuadorian Electricity Corporation 

(CELEC-EP), a public company, is leading the geothermal development for electricity generation 

in the country along with cooperation from the scientific and technical support of the National 

Institute of Renewable Energy of Ecuador (INER), under the MEER [69, 70]. The production of 

electric energy and direct use of thermal energy from geothermal resources in the Ecuadorian 

context is an option to diversify its Energy Matrix and to support the energy challenges that the 

change of the Productivity Matrix may produce in the coming years. Geothermal energy 

harvesting might not only reduce the consumption of fossil fuels, reducing the environmental 

electricity production impact, but could also create new opportunities of research, employment 

and positive economic impacts in Ecuadorian society. In Ecuador, 3000 MWe of total geothermal 

potential with approximately 133 MWe in the three most advanced geothermal prospects has been 

estimated [69]. However, despite its high geothermal potential, Ecuador is currently using the 

geothermal resources for restricted direct heat applications: swimming pools, medicinal mineral 

hot springs, balneology, spas and bathing resorts [70, 71, 73].  

 The aim of the study is to identify the most economically viable and feasible technology to 

harvest energy from geothermal resources identified by CELEC-EP and INER in Ecuador. At 

first, the technical feasibility of the utilisation of geothermal resources to produce electricity, and 

to harvest direct energy use in the Ecuadorian industry was conducted. Later, financial analysis 

of the costs, policies and funding to the geothermal configurations identified in the technical 

feasibility analysis was carried out along with the evaluation of the economic impact of the 



development of the studied geothermal energy systems in the Ecuadorian economy. Finally, 

emission analysis was also presented.   

2. Methodology: 

Data was collected from reports published by CELEC, INER-MEER, IGA (International 

Geothermal Association), WB (World Bank) and PUGR-E (Plan for the Utilization of Geothermal 

Resources in Ecuador – unpublished government document).  

The RETScreen modelling tool was used for the feasibility analysis [44]. This model 

evaluates the energy production of different clean and renewable technologies including life-cycle 

costs and greenhouse gas emissions (GHG) emission reductions [44, 46, 48]. Furthermore, it 

provides standardised and integrated financial analysis, sensitivity and risk analysis in order to 

determine the financial viability and risk of the project [46, 48, 50].  

 

Figure 2: RETScreen model flow chart showing the five-step standard analysis and design 

parameters [46]. RETScreen modelling includes the Energy Model, the Greenhouse 

Gas Emission Reduction Analysis Model, the Financial Analysis model (FAM), and 

the Sensitivity and Risk Analysis Models (SRAM). The FAM includes debt payments, 

pre-tax and after-tax cash flows, asset depreciation, income tax and financial feasibility 

indicators, while the SRAM includes the Monte Carlo simulation, impact graph, 

median and confidence interval, and the risk analysis model validation.  

 

Figure 2 illustrates the five steps required to complete the analysis: The Energy Model, the 

Greenhouse Gas Emission Reduction Analysis Model, the Financial Analysis model (FAM), and 

the Sensitivity and Risk Analysis Models (SRAM) [74]. The FAM includes debt payments, pre-

tax and after-tax cash flows, asset depreciation, income tax and financial feasibility indicators, 



while the SRAM includes the Monte Carlo simulation, impact graph, median and confidence 

interval, and the risk analysis model validation [45].  

 
2.1. Statement of assumptions  
 

For financial analyses, some assumptions were established based on the literature data [75-

77]. This study found that the costs have increased by approximately 50% during the period 2009-

2016. Therefore, the assumptions for the total investment costs were based on this growth rate. 

The following sections present the procedure for technical, financial and economic data analyses. 

 

2.1.1. Technical data  
 

In RETScreen model, technical analysis was defined by the energy model. In the technical 

analysis, electricity energy matrix, and how geothermal power generation and direct use 

technologies would be relevant to the goal of changing the Ecuadorian energy and productivity 

matrices were evaluated. Based on the recent and previous studies published by CELEC-EP, the 

potential geothermal prospects for electricity generation and direct applications have been 

conceptualised with their technical feasibility to be developed. Finally, the sub-problems related 

to the state of the electricity sector framework of Ecuador to develop geothermal projects were 

also considered in the analysis. 

Table 1 presents the data required to proceed with the technical analysis using RETScreen. 

Based on the literature, parasitic load of 10% and transmission losses of 2% were assumed in this 

study [77, 78]. Consequently, the effective full load power capacity for a 22 MW geothermal 

power plant was estimated at 19.36 MW. 

  



Table 1: Data used to calculate the Power capacity and Grid exported electricity of the 

proposed configuration for the Energy Model by RETScreen software. 

Technical item Quantity Unit Source 
Installed capacity  
of geothermal power 

Up to 81 
81,000 

MW 
kW 

[79] 

Availability 97 % [78] 
Production wells 5 wells [80, 81] 
Reinjection wells 2 wells [80, 81] 

Total wells 7 wells   
Steam flow  
 

5 production wells 

65 
234,000 

1,170,000 

kg/s 
kg/h 
kg/h 

[81, 82] 

Temperature  
(fluid in reservoir) 

210 - 350 °C [79] 

Operation pressure  6 
600 

bar 
kPa 

[82, 83] 

Steam temperature  200 °C [79] 
Back pressure 3.95 

395 
bar  
kPa 

[83] 

Steam turbine efficiency 80 % [84] 
Minimum capacity 50 % [42, 45] 
Electricity export rate 132.1 USD/MWh [85] 
Parasitic loads 10 

2.2 
% 
MW 

[77] 

Transmission loss 2 
0.44 

% 
MW 

[77] 

Construction time 18 months [77] 
Life time 15 

25 
Years 
Years  

[86] 
[16] 

 

2.1.2. Financial data 
 

In the financial analysis, detailed investment costs were assessed to formulate the most 

complete financial model for the development of geothermal energy projects. This approach will 

identify the limitations and opportunities for investment in geothermal power projects in the 

Ecuadorian context. The role of funding bodies, both public and private, current carbon and 

energy tax policies, and other related frameworks were also considered in this analysis. The input 

data required by the RETScreen Cost Analysis Model are presented in detail in Table 2.   

  



Table 2: Input data on investment and operating costs for the geothermal power plant in 

Ecuador used based on literature data and adapted to the Ecuadorian context as of December 2016 

[76, 77, 87]. 

Capital costs – Initial investment 
Exploration 4,500,000 USD 
Well field development (7 wells: 5-production, 2-injection) 35,000,000 USD 
Plant equipment (using 1.5 scale factor) 57,000,000 USD 
Permits for land use 750,000 USD 
Interconnection 375,000 USD 
Overheads profit 11,715,000 USD 
Construction schedule 18 Months  
Interest during construction 6 % 
Contingencies  6.5 % 

Total  109,340,000 USD 
Operating costs – Annual costs  

LABOR   
Plant manager – SP10 (1x$2308x12months) 27,696 USD 
Plant operators – SP3 (8x$986x12 months) 94,656 USD 
Mechanic – SP3 (1x$986x12months) 11832 USD 
Other labour – SP1 (1x$817x12months)  9804 USD 

Total 143,988 USD 
SP10, SP3, SP1 are the classification levels of public servants in the Ecuadorian system. 
PLANT    
Turbine/generator 37,500 USD 
Electric and control systems 64,500 USD 
Cooling systems 9,000 USD 
Auxiliary systems 19,500 USD 
Cooling water and chemicals 70,500 USD 
Miscellaneous and consumables* 75,000 USD 

Total 201,000 USD 
WELL FIELD     
Well clean 138,000 USD 
Brine chemicals 75,000 USD 
Miscellaneous* 52,500 USD 

Total 213,000 USD 
*These values are included in the % of contingencies. 

Major overhaul (maintenance), fees, resource costs 
MAJOR OVERHAUL    
Plant (L+M), every 3 years 1,161,000 

387,000 
USD/3 yrs. 
USD/yr 

   Labour – L (90$/h, 400h) 36,000 USD/3 yrs. 
   Materials, parts - M 1,125,000 USD/3 yrs. 
Well maintenance (every 2 years) 75,000 

37,500 
USD/2 yrs 
USD/yr. 

Well replacement (every 5 years) 3,450,000 
690,000 

USD/5 yrs. 
USD/yr 

FUEL RESOURCE     
Community benefits (3% of total electricity sales)  229,979 USD 
Reservoir management  37,500 USD 
Make-up water  9,750 USD 
Land lease fees  8,400 USD 

Total 1,400,129 USD 
 



In annual costs, the operation and maintenance of the power plant was calculated based on 

three individual costs: parts and labour, well field and contingencies. The parts cost was related 

to the parts required for the turbine-generator, the electric and control systems, the cooling system, 

auxiliary systems, and cooling water and chemicals. The annual labour costs were calculated at 

an operating labour of 11 staff: 1 plant manager, 8 plant operators, 1 mechanic and 1 labourer. 

These costs have been taken from the unified scale of monthly salaries from the Ministry of 

Labour Relations of Ecuador [87]. RETScreen financial analysis model calculates two main 

financial indicators: debt payment and Net Present Value (NPV). Debt payment is the sum 

principal portion increases with time, and the interest portion decreases with time. On the other 

hand, NPV is the value of all future cash flows in today’s currency discounted at the proposed 

discounted rate [45]. A positive NPV indicates that the project is feasible in financial terms.  

Finally, the second set of financial indicators i.e. simple and equity payback periods are analysed 

[88]. Simple payback represents the length of time for the proposers to recoup their initial 

investment, while equity payback represents the length of time for the owner to recoup its own 

initial investment [45]. 

 

2.1.3. Economic data  
 

RETScreen Cost Analysis Model includes costs related to development, engineering, power 

system and balance of systems and miscellaneous, for initial costs; and operation and 

maintenance, for annual costs [46]. In the economic analysis, specific micro-economic and macro-

economic variables were considered [22]. From the micro-economic point of view, the electricity 

market structure of Ecuador was studied in order to determine if there were any structures to 

support geothermal developments. In addition, the demand and supply of renewable energy and 

how geothermal energy could play an important role in the diversification of the Ecuadorian 

Energy Matrix was analysed. From the macro-economic point of view, four variables were 

addressed: the share of renewable energy production; and finally, employment opportunities that 

geothermal projects may establish was also studied.  

 

2.1.4. Greenhouse gas emissions data 
 

In the GHG analysis, a comprehensive Ecuador’s energy matrix was considered by including 

primary energy and electricity consumptions. RETScreen Greenhouse Gas Emissions Analysis 

Model provides the carbon dioxide (CO2,), methane (CH4), and nitrous oxide (N2O) emissions 

that can be avoided on replacing fossil fuel with renewable energy resource [45, 74]. Table 3 

presents the input data on the share of each fuel type in the country’s fuel mix, electricity 



generation efficiency, and the transmission and distribution (T&D) losses [65, 89, 90] along with 

GHG emission factors used for calculating GHG emissions. 

 

Table 3: Input data for calculating the greenhouse gas emissions in the base case electricity 
scenario [45, 65, 67, 89-91].  

Fuel type Fuel 
mix 

CO2 
emission 

factor 

CH4 
emission 

factor 

N2O 
emission 

factor 

Electricity 
generation 
efficiency 

T&D 
losses 

GHG 
emission 

factor 
% kg/GJ kg/GJ kg/GJ % % tCO2/MWh 

Oil 90.0 74.12 0.0029 0.0019 28.60 12.4 1.075 
Natural gas 4.0 49.36 0.0036 0.0009 40.80 12.4 0.501 
Hydro 4.0 0.00 0.0000 0.0000 100.00 12.4 0.000 
Biomass 2.0 0.00 0.0299 0.0037 23.30 12.4 0.033         

Electricity 
mix 

100.0 272.05 0.0136 0.0073 
 

12.4 0.988 

 

2.1.5. Scenarios 
 

Three likely scenarios were studied. Scenario I was based on a project life of 25 years, which 

is the usual term for World Bank geothermal projects [16]. Scenario II was based on a project life 

of 15 years, which is the usual term for the National Electricity Council, CONELEC, renewable 

energy projects [86]. For Scenario I and II, an incentive and grants of 3 million USD were 

considered, an amount already provided by the government. Scenario III does not take into 

account the government incentive of 132.1 USD/MWh and the project was considered as fossil-

fuel power plant project at 49 USD/MWh [86]. Within Scenario III, two separate cases were 

considered based on the availability of different financial incentives viz., other grants, direct 

application, GHG reduction income and Clean Energy production income. In Scenario IIIA, 

electricity export price at 49.3 USD/MWh and 3 million USD grant was considered. On the other 

hand, grants, incentives and direct applications of heat were considered in Scenario IIIB. In 

addition, Scenario IIIB also assumes 20 million USD government grants and an income of 8.9 

USD/MWh for the sale of heat for direct applications estimated at 115 MWh per year. Finally, 

two Clean Development Mechanisms (CDM) of funding were proposed. For GHG reduction 

income, 7 USD/tCO2 avoided was assumed [92]. Similary, 0.01 USD/kWh of clean energy 

produced was assumed under Clean Energy production income [45], which is assumed as a likely 

incentive if a Geothermal Law comes into existence in the country. 

 

2.2. Scope and limitations  
 



This study does not engage with geology, geophysics and exploration studies of geothermal 

resources. However, CELEC-EP has provided evidence of cited studies, which support the 

selection of potential geothermal prospects to harvest high and low enthalpy energy for electricity 

generation and to use in direct applications. The specific document on which this study was based 

is the PUGR-E, elaborated by the MEER and provided by CELEC-EP for this study [71]. It is 

beyond the scope of this study to conduct laboratory experiments to support the technical analysis. 

The technical analysis of the penetration of geothermal energy systems in the energy and 

productivity matrix of Ecuador was based on a detailed and systematic review of the related 

scientific and academic literature of the technologies currently in use to harvest energy from 

geothermal resources. The study would suggest plant configurations to produce electricity and 

thermodynamic cycle configurations for direct use of geothermal resources. The boundaries of 

the financial analysis were subjected to the current financial framework of Ecuador. However, it 

was proposed to conduct this analysis using three scenarios. The first scenario was based on the 

current financial environment, which is public funding. The second was a mixed funding between 

public and private funds. While the third scenario was studied without any incentives but taking 

into account other funding sources. 

A full discussion of micro- and macro-economic variables lies beyond the scope of this study. 

Therefore, the study focused on the economic aspects previously described in section 2.1.2 

through 2.1.5. Nevertheless, the analysed economic variables should be more than adequate to 

predict the economic impact of the penetration of geothermal energy projects in the Ecuadorian 

economy.  

 

3. Results and discussion 

3.1. Geothermal energy potential in Ecuador 
 

Figure 3 and Table 4 summarise the prospects of geothermal energy in Ecuador. According 

to MEER, the gross economic geothermal potential in Ecuador was estimated at 1000 MW [90]. 

The PUGR-E report, on the other hand, suggested a geothermal potential up to 3000 MWe taking 

into account only 20 active volcanoes [71] and 8000 MWe taking into account 30-40 volcanoes 

from the more than 40 active volcanoes in the country [70]. This data is accurate with the 

empirical relationship between the number of active volcanoes and the geo-thermoelectric 

potential proposed by Stefansson [93]. Nevertheless, the sustainable geothermal energy potential 

has not been estimated yet (Figure 3). There were two other different prospects discarded in this 

study. The Cerro Negro, Bi-National Ecuador-Colombia prospect was discarded due to the 

difficulties of finding data because of the two different government bodies in-charge of it. 

Furthermore, the Chalupas prospect was also discarded due to the current (September, 2015) 



eruption process of the Cotopaxi volcano, which is near to Chalupas increasing the risk of any 

development [71]. Therefore, the results presented in this study were mainly attributed to 

Chachimbiro, Chacana or Chalpatán (Table 4). It is significant to note that in all three cases, the 

project status is the same. The development has reached up to prefeasibility studies to pre-drilling 

stage, including geological, geochemical and geophysical surveys, conceptual models, risk 

assessment and location of first drilling sites [69, 70]. 

 

Figure 3: Geothermal potential in Ecuador. Adapted after [72]. The MEER presents a gross 

economic-feasibility estimation of geothermal potential at 1000 MW, the PUGR-E 

suggests up to 3000 MWe taking into account only 20 active volcanoes and 8000 MWe 

taking into account 30-40 volcanoes from the more than 40 active volcanoes in the 

country [69, 70, 72]. 

 

The Ecuadorian electric sector has been experiencing changes since 2008. The Constituent 

Resolution No. 15, the New 2008 National Constitution with specific articles for the energy sector 

and the Master Plan of Electrification are the main electricity framework to promote the change 

of the energy and productivity matrix of the country [65]. These policy instruments promote the 

use of clean energy technologies, energy efficiency management, and renewable energy [72]. In 

2015, with about 50% of the electricity matrix supported by fossil fuels (2893 MW) and 11% 

supported by interconnections from Colombia and Peru (635 MW), it is clear that the Ecuadorian 

energy sector is required to replace the fossil fuel sector with cleaner and renewable energy 

sources. 

 

Table 4: The three most advanced geothermal prospects and their estimated power generation 

potential in Ecuador [69-72, 94, 95].  

Geothermal prospect Possible applications Estimated potential 
Chachimbiro Electricity generation 

Direct Uses 
81 MWe 

Chacana Electricity generation Jamanco, 13 MWe 



Direct Uses Cachiyacu, 39 MWe 
Oyacachi, 104 MWe 

Chalpatán Not suitable for electricity production 
High potential for direct uses 

120ºC, 484,000 GWh 

 

According to the MEER, the share of the electric energy matrix by end of 2016 should be 

approximately 85% from hydro power plants, 10% from fossil-fuel-fired thermal power plants 

and 5% from other renewables such as wind and biomass [65, 67, 72, 90]. However, the 

geothermal development is still in the exploration stage. There have been several studies related 

to the issues of hydroelectricity, where it is a major source of electricity, around water 

management, water storage, induced flood, and reduction of volume of rainfall [96-98]. Even 

though Ecuador has been fortunate to have vast hydroelectricity resources of 22,000 MWe for 

extra production [44], geothermal electricity provides stable and reliable base-load power at a 

relatively low cost in comparison with other renewable sources and fossil fuels [16]. Therefore, 

geothermal electricity generation might be considered as an alternative to cover the 11% from 

fossil-fuel-fired thermal power plants expected after the introduction of the new hydroelectric 

power plants in 2016. Interconnections from Colombia and Peru are a great opportunity to be 

replaced by renewable energy generation.  

3.2. Technical analysis  
 

Table 5 shows the initial results of the RETScreen Energy Model Stage. This model calculates 

the likely power installed capacity of the proposed case geothermal power system, which would 

be at 22 MW. The RETScreen Energy Model also calculates the electricity exported to the grid 

to be 186,975 MWh (Table 5). If we assume that the major overhaul and annual maintenance 

might take 263 hours (equivalent to 11 days), the geothermal power availability is estimated to 

be 97% of the total annual availability. The electricity export rate was estimated to be 132.1 

USD/MWh as an incentive from the Ecuadorian government [85, 86].  Assuming 10% of parasitic 

loads (2.2 MW) and 2% of transmission losses (0.44 MW), the calculated actual effective full 

load power capacity was about 19,360 kW (Table 5). 

 

Table 5: Power capacity and grid exported electricity production for the proposed configuration 

generated from the RETScreen Energy Model.  

Technology Geothermal power 
Availability 8,497 hours  
Saturated temperature 159 °C 
Actual steam rate 53.17 Kg/kWh 
Power capacity 22,004 kW 
Grid exported electricity 186,975 MWh 

 



It is paramount to clarify that the steam flow provided to the power plant from the reservoir 

may vary from 50 kg/s (slightly acceptable) to 200 kg/s (outstanding steam flow) and may vary 

from location to location and geothermal reservoir, as discussed by DiPippo [81] and Shulyupin 

and Chermoshentseva [82]. As the drilling exploration stage does not provide the final geothermal 

data of the most advanced prospects, a steam flow of 65 kg/s (234,000 kg/h) was assumed in this 

study. Based on these assumptions, five production wells are expected and produce a total steam 

flow of 1,170,000 kg/h. Beate and Urquizo [69] reported a range of temperatures for Chachimbiro 

between 110 °C and 235 °C, for Chacana between 150 °C and 240 °C and for Chalpatán between 

74 °C and 137 °C. Likewise, a previous study by Aguilera, et al. [99] found a comparable range 

of temperatures for Chachimbiro between 225–235 °C. Similar data is also reported on the PUGR-

E [71]. However, more exploration studies including drilling are required in order to verify the 

actual temperatures in the geothermal reservoirs. For the purpose of this study, a steam 

temperature of 200 °C was assumed and is with the range of those reported in the literature [69, 

71, 99]. 

 

Based on the data provided by the PUGR-E [71], and according with DiPippo [81] and 

Valdimarsson [83], a binary power plant was considered as the appropriate technological solution 

for electricity generation in any of the most advanced geothermal prospects. In addition, to 

maximise the revenue of a geothermal project, Bloomquist [78] and the USAID [100] 

recommended direct uses of the geothermal fluid after power generation. This configuration is 

considered as the denominated cascade of geothermal energy application [16].  

The proposed geothermal cascade configuration is illustrated in Figure 4. As the three most 

advanced geothermal prospects are near to Andean indigenous communities dedicated to 

agriculture business [70], this study proposes two direct uses: greenhouse heating for agricultural 

crop production, and aquaculture heating for fish farming. A cascade geothermal project might 

be feasible to develop and maximise the use of the resource in Ecuador. The binary power plant 

might be combined with aquaculture and greenhouse heating applications (Figure 4). The 

grouping of electricity generation and direct application not only would supply the demand for 

electricity and heating, but additionally provide economic development for the communities 

around the geothermal prospects.  

 



 
 

Figure 4: Schematic diagram of the proposed 22 MW Binary geothermal power plant with 

potential direct applications for aquaculture and greenhouse direct uses. 

 

3.3. Financial and economic analysis  
 

Table 6-7 and Figure 5 summarises the financial and economic analyses for direct uses of 

geothermal heat and the three studied scenarios. The total initial cost of the geothermal power 

plant was calculated to be 110 million USD for the construction of a 22 MW installed capacity. 

This would mean approximately 5,000 USD per kilowatt (kW), see Table 7. These results are in 

line with those of previous studies reported in the literature [14, 19, 50, 77, 78]. A similar cost of 

3,200 and 4,800 USD/kW was reported in the Kenyan and Ethiopian context, respectively [76]. 

Further, World Bank [101] reported a total cost of 100 million USD for developing a 28 MW 

geothermal power plant in Armenia in 2015. These results are in accord with previous studies 

where geothermal developments characteristically require an investment of 4,000-5,000 USD/kW 

[102], 2500-5000 USD/kW [28] or 6300 USD/kW [103]. Thus, the total initial cost of the 

proposed power plant in Ecuador is comparable to the developmental costs report in the literature.   

Table 6: Investment and operation costs for the direct uses of geothermal heat proposed in this 

study [100].  

GREENHOUSE HEATING 
Capital  312.5 USD/kW 
Cost of energy 0.89 Ctv/kWh 
Operation and Maintenance  2.75 USD 
Capacity factor  0.48  

AQUACULTURE HEATING 
Capital  250 USD/kW 
Cost of energy 0.61 Ctv/kWh 



Operation and Maintenance  2.25 USD 
Capacity factor  0.56  

 

According to the cost model, power plant construction accounted 50.2% of the total cost and 

was the largest cost incurred in the development of the project (Table 7). The second largest cost 

was the engineering and well field development and accounted 30.6% of the total initial cost, 

which includes the exploration drilling stage. Finally, the combination of feasibility study (3.9%), 

the permits and approvals of the development (0.7%) and the balance of system and miscellaneous 

(14.6%) accounted 19.2% of the total initial cost of the power plant (Table 7). It should be noted 

that these costs do not include the costs of the suggested direct applications. These results are 

consistent with Gehringer and Loksha [16] who reported that the cost for engineering and well 

field development are between 32% and 42%. However, power plant construction costs of 34% 

and 36% of the total cost reported in the above study [16] were lower than the costs obtained in 

the present study (Table 7).  

 

Table 7. Total initial costs and annual costs of geothermal power plant obtained by using the 

RETScreen cost analysis model. 

 

With respect to the annual costs, the operation and maintenance of the power plant was 

analysed based on three individual costs: parts and labour (344,988 USD), well field (1.6 million 

USD) and contingencies (127,501 USD). Of the total cost of 201,000 USD, highest costs were 

Initial costs (credits) Relative 
cost 

Feasibility  4,500,000 USD 3.9 % 
Development 750,000 USD 0.7 % 
Engineering, and well field 
development 

35,000,000 USD 30.6 % 

Power system  57,375,011 USD 50.2 % 
Balance of system & 
miscellaneous 

 16,635,302 USD 14.6 % 

Construction 
Contingencies 

12 
11,715,001 

% 
USD 

Interest during 
construction (6%) – 
Period 

18 
4,920,301 

Months 
USD 

Subtotal 114,260,313 USD 100 % 
Annual costs – Operation and Maintenance 

Parts & labour 344,988 USD  
Well field and reservoir 
management, community benefits 
and overhaul 

1,613,129 USD  

Annual Contingencies 6.5 %  
Subtotal 2,085,618 USD  



associated with the electric and control systems (64,500 USD) followed by cooling water and 

chemicals (70,500 USD), spare parts for the turbine-generator system (37,500 USD), auxiliary 

systems (19,500 USD) and the cooling system (9,000 USD). These data have been compared with 

similar studies across the world [76-78, 87]. Labour cost has considered wages and salaries in the 

Ecuadorian context [87]. The annual labour costs take into account the operating labour of 11 

staff: a plant manager (27,696 USD), eight plant operators (94,656 USD), a mechanic (11,832 

USD) and another labourer (9,804 USD), representing a total of 143,988 USD.  

Financial viability for the three studied scenarios is presented in Table 8. In Scenarios I and 

III, the debt payment was calculated to be 5.36 million USD per year, constant over the debt term. 

The corresponding value for Scenario II was 7.06 million USD, which is 30% higher than 

Scenario I (Table 8). The NPV was positive for all scenarios except for Scenario IIIA, indicating 

that the project is feasible in financial terms for Scenario I, II and IIIB.  

The simple and equity payback periods are a second set of financial indicators to be analysed 

(Table 8 and Figure 5). The simple payback for Scenario I was 4.9 years with an equity payback 

of 3.2 years. Therefore, this scenario might be an attractive for investors not only because of the 

positive NPV, but also due to the short payback period. For Scenario II, although the equity 

payback increased to 3.7 years, the simple payback remained the same as that of Scenario I. This 

is because the initial investment does not change. Furthermore, the NPV stays positive. Thus, 

Scenario II can also be considered as a financially viable project. In the case of Scenario IIIA, the 

main financial indicator i.e., NPV was negative meaning that the project is financially 

unattractive. This scenario is unattractive for investor as the simple payback is 15.6 years and 

equity payback is 16 years in a project of 25 years life. For Scenario IIIB with infusing of 20 

million USD government grants and an income of 8.9 USD/MWh for the sale of heat for direct 

applications plus two clean development mechanism (CDM) funding, the project became 

financially attractive (Table 8). The NPV was positive and the simple and equity payback were 

reduced to 9.3 and 5.6 years, respectively (Figure 8). Therefore, it is clear that direct applications, 

public incentives and clean funding mechanisms are essential for the success of geothermal 

energy projects. 

Table 8: Financial viability for the three studied scenarios obtained by using RETScreen 

modelling.   

Financial indicator Scenario I 
(25 years) 

Scenario II 
(15 years) 

    Scenario III (25 years) Units 
Case A Case B 

      
Incentives and grants 3,000,000  3,000,000 3,000,000 20,000,000 USD 
      
Pre-tax IRR - equity 45.7  41.7 8.0 23.8 % 
Pre-tax IRR - assets 19.3  15.6 0.8 6.4 % 
      



After-tax IRR - equity 32.6 27.8 4.5 18.3 % 
After-tax IRR - assets 13.3  8.2 -2.4 2.9 % 
         
Simple payback 4.9  4.9 15.6 9.3 Years 
Equity payback 3.2  3.7 16.0 5.6 Years 
         
Net Present Value 
(NPV) 

62,776,769  35,959,376 -24,831,772 7,870,200 USD 

Annual life cycle 
savings 

9,133,920  5,854,509 -3,612,983 1,145,102 USD/year 

         
Benefit-Cost (B-C) 
ratio 

2.37 1.79 0.46 1.17  

Debt service coverage
  

4.34 3.30 1.37 1.94  

Energy production 
cost 

72.20 91.68 72.20                          41.87                           USD/MWh 

GHG reduction cost 56 36                         22 7 USD/tCO2 
      
      
Annual costs and debt 
payments 

     

O&M costs 2,085,618  2,085,618 2,085,618 2,085,618 USD/year 
Debt 
payments  

5,362,296  7,058,735 5,362,926 5,362,926 USD/year 

Total annual 
costs 

7,448,543  9,144,352 7,448,543 7,448,543 USD/year 

      
Total annual savings 
and income  

24,699,421  24,699,421 9,217,876 12,221,955 USD/year 

Note: O&M: Operating and Maintenance costs 

 



Figure 5: Cumulative cash flow for the three studies scenarios: a) Scenario I, b) Scenario II, c) 
Scenario IIIA and d) Scenario IIIB 

 

From the microeconomic point of view, the electricity market structure of Ecuador is being 

supported by different regulations, incentives and policies for promotion of renewable energy. 

The MEER, MSS (Ministry of Strategic Sectors) and CONELEC have established detailed plans 

for initial investment of geothermal projects. However, Ecuador lacks a Geothermal Law or 

dedicated regulations, which presents difficulties for the development of these projects [72]. The 

results of this study indicates that a 22 MW geothermal power plant in the Chachimbiro prospect 

would avoid consumption of 486,500 barrels of crude oil per year. This is equivalent to annual 

savings of 24.3 million USD in oil consumption. It should be cautioned here that these values do 

not take into account the likely credit generated for reduction of 161,901 tCO2 GHG emissions 

per year. Therefore, it is clear that geothermal energy could play an important role in the 

diversification of the Ecuadorian Energy Matrix generating positive impacts on its economy. 

From the macro-economic point of view, the share of renewable energy production would be 

slightly affected by geothermal energy generation due to the large share of hydrothermal 

electricity. As previously discussed in Section 3.2, 11% of the electricity mix is covered by 

interconnections from Colombia and Peru, accounting for 635 MW of installed capacity. 
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Additionally, the economic potential of geothermal energy in the country is expected to be 1000 

MW. Therefore, geothermal development would be an option to reduce the dependency on 

external energy supply and is estimated to 40 million USD annually [89, 91, 104].  

Another economic impact on the national economy is the possible employment opportunities. 

It is estimated that approximately 30 workers are required for construction of a 20 – 50 MW 

geothermal power plant [76]. Moreover, indirect employment opportunities also increase due to 

direct applications of geothermal heat in the affected zone. In this study, greenhouse heating and 

aquaculture were considered as the two likely direct applications of geothermal energy in the 

prospects, as described in Section 3.1. These developments could possible reduce the incidence 

of poverty in the communities involved; promote new technologies for greenhouse farming, food 

processing and fish farming; and improve economy security and reduce greenhouse emissions. 

 

3.4. Greenhouse emissions 
The results on the GHG emission analysis are presented in Table 9. Based on the current 

electricity mix in Ecuador (Table 3), more than 184,000 tCO2 could be avoided annually if 

electricity from geothermal resources is exploited. However, if we internalise the losses due to 

transmission and distribution (12.4%), approximately 23,000 tCO2 are produced. Therefore, 

emission analysis of the proposed geothermal project reveals that approximately 161,000 tCO2 

per year can be avoided. This GHG emission reduction is equivalent to CO2 emissions from 

29,000 cars and light trucks or 376,500 barrels of oil, or 15,000 hectares of CO2 sequestration by 

forests (Table 9). 

 

Table 9: Results of the GHG analysis based on the current energy mix in Ecuador [45].  

GHG emission reduction summary 
Base case GHG emission 184,818.2 tCO2 eq 
Proposed case GHG emission (T&D 
losses) 

22,917.5 tCO2 eq 

Gross annual GHG emission reduction 
(Geothermal project) 

161,900.7 tCO2 eq 

Net annual GHG emission reduction is 
equivalent 

29,652.0 Cars & light trucks not used 
376,514.0 Barrels of crude oil not consumed 
14,891.0 Hectares of forest absorbing 

carbon 
 

  



The feasibility study thus show that Ecuador’s commitment to increase the share of renewable 

energy through the restructuration of its energy matrix can be achieved through investments in 

geothermal energy. Diversification of the Ecuadorian energy matrix would improve its economy 

by reducing the fossil fuel electricity consumption and the country’s dependence on fossil fuel 

imports. Thus, the new energy gap, as a result of the change of the productivity matrix, could be 

filled with electricity produced from geothermal power. With 3000 MWe of total geothermal 

potential, Ecuador can explore the use of geothermal resources for direct heat applications and 

power generation. The technical and economic analyses showed that the produced electric energy 

and direct use of thermal energy from geothermal resources in the Ecuadorian context can 

diversify its Energy Matrix and support the energy challenges in the coming years. Geothermal 

energy harvesting might not only reduce the consumption of fossil fuels, reducing the 

environmental electricity production impact, but could also create new opportunities of research, 

employment and positive economic impacts in Ecuadorian society. Although the current 

electricity framework in Ecuador supports the development of this kind of renewable energy 

project, the lack of a specific Geothermal Law is the main obstacle to achieve the geothermal 

target in the country. 

 

Conclusion  

In this study, technical, financial and economic analysis of the development of geothermal energy 

projects in the Ecuadorian context was carried out. The technical feasibility analysis showed that 

the binary geothermal power cycle was the most suitable technology to produce electricity in the 

Chachimbiro prospect according with the estimated temperatures established in PUGR-E. This 

finding could also be applied to Chacana and Chalpatan prospects. However, the financial analysis 

would vary highly depending on drilling depth of each project. Aquaculture and greenhouse 

heating were identified as the most likely applications in the industrial activities within the 

involved communities. The financial analysis revealed that the investment cost for 1 MW 

geothermal power plant would be 5.2 million USD installed capacity. Field development and 

construction accounted for 80% of the total investment of the power plant. The economic analyses 

revealed a possible annual saving of 24.3 million USD due to substitution of fossil fuel use for 

electricity generation. Furthermore, 187 MWh of per year electricity imports from neighbouring 

countries could also be avoided. Greenhouse gas emissions analyses indicated 162,000 tCO2 eq. 

could be avoided annually with the proposed project. Direct application of the geothermal heat, 

after being used for electricity generation, would also increase the socio-economic benefits in the 

communities involved. The results show that RETScreen is a potent tool to analyse the pre-

feasibility of geothermal projects under specific considerations. Future research might consider a 

different model to estimate the drilling cost and then, provide a more accurate financial analysis. 
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