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ABSTRACT 
This paper provides an evaluation of the current data of geothermal maps and the possible 

technology, especially working fluids available to be utilized in a geothermal power plant in the state of 

Arizona. Geothermal reservoirs have been found in the southwest region, as well as the west side of the 

state. However, these reservoirs have low temperatures (<90֯ C) which it is necessary to utilize working 

fluids to stimulate the reservoir in order to increase the thermal efficiency. In this study, the proposed of 

working fluids have been analyzed according to the temperatures and geothermal favorability in the 

state, as well as a basic analysis of costs for the necessary infrastructure.  

 

Introduction 
Geothermal is known as a renewable energy and environmentally heat source, which has been 

gained popularity and demand all around the world. The geothermal resource base depends on the 

thermal energy in the earth’s crust beneath a specific area. Geothermal resources are that fraction 

of the resource at depths shallow enough to be tapped by drilling in the foreseeable future that can 

be recovered as useful heat economically and legally at some reasonable future time. Currently in 

the state of Arizona, low temperature reservoirs data shows that binary power plants seem to be 

the ideal type of geothermal power plant. Therefore, the thermal energy of the reservoir is coupled 

by the secondary thermodynamic cycle. This states the need of working fluids such as hydrocarbons 

and refrigerants based on ORC (Organic Rankine Cycle) in order to raise the electric efficiency [8]. 

These fluids must meet requirements, such as economic, environmental, and operating 

performance. Hence, these fluids must exhibit the favorable chemical properties (low specific 

volume, viscosity, toxicity, and flammability since they attribute to the high efficiency pressure in 

the heat exchanger. The complexity to select the appropriate for the working fluid Based on several 

proposals for working fluids in low temperature reservoirs, the selection and recommendation for 

these fluids were made in this paper.  
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Identified Geothermal Resources in Arizona 
The studies made in Arizona, have shown several geothermal maps provided by the USGS (United 

States Geological Survey) and NREL (National Renewable Energy Laboratory) identifying 

hydrothermal deposits through the state. The NREL has demonstrate two hydrothermal low 

temperature deposits near the town of Morenci, Arizona which they had provided the dimensions of 

the deposit, such as volume, area and the most important temperatures according to their 

respective depth. These locations have intermediate favorability which is between a class 2 and class 

3 potential for a deep enhanced geothermal system. The favorability is being measured from class 1 

(most favorable) to class 5 (least favorable) <150 ᴼ C at 10 km beneath the surface. 

An enhanced geothermal system refers to the creation a subsurface fracture to which water is 

added through injection wells. This system requires 

the permeability of the hosting rock, where the 

injected water is heated by the contact of the rock 

and returns to the surface through production 

wells, as in naturally occurring hydrothermal 

systems.  

FIGURE 1. IMAGE COLLECTED FROM THE NREL 

GEOTHERMAL PROSPECTOR TOOL, WHICH SHOWS THE 

STATE GEOTHERMAL MAP. THIS IS THE MOST CURRENT AND 

UPDATE MAP OF THE STATE OF ARIZONA. IT CAN EASILY BE 

NOTICED THE LACK OF INFORMATION IN THE NORTH OF THE 

STATE.  

 

FIGURE 2. IMAGE COLLECTED FROM THE NREL 

GEOTHERMAL PROSPECTOR TOOL, WHICH IDENTIFIES THE 

HYDROTHERMAL LOW TEMPERATURE DEPOSITS NEAR 

MORENCI, ARIZONA. THESE GEOTHERMAL LOCATIONS, AS 

IT SHOWN IN THE IMAGE (SOUTH AND WEST) OF THE STATE, 
ARE THE ONLY ONES THAT HAVE SPECIFIC INFORMATION OF 

THE DEPOSITS.   
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There are several advantages of using the Geothermal Prospector provided by (NREL) such as: 

 Operating geothermal power plants  

 Direct use of geothermal installations 

 Developing geothermal projects 

 Query different areas (site type, temperature, capacity (MW) 

Geothermal prospector displayed query data from the map. For instance, there is data available at the 

identified geothermal locations in Morenci, Arizona.  

TABLE 1 NREL RESERVOIR DATA IN ARIZONA 

Indeed, future work has to be considered the permeability of the hosting rock, as well as a thermal 

recovery factor (Rg) for the producible fraction of a reservoir’s thermal energy.  

Power generation potential depends on thermal energy present in the reservoir, and the amount of 

thermal energy that can be extracted from the reservoir. Once the reservoir fluid is available at the 

wellhead, the thermodynamic and economic constraints on geothermal applications can be determined. 

The challenge in the resource assessment lies in quantifying the size and thermal energy of a reservoir as 

well as the constraints on extracting that thermal energy [1]  

 In the volume method, the reservoir thermal energy is calculated as: 

 

FIGURE 3 THERMAL ENERGY RESERVOIR. 

 

Geologic Province Area Perimeter
Reservoir 

Volume (km3)

Mean Electricity 

Generation 

Potential (Mwe)

Minimum 

Temp 

(Degrees C)

Maximum 

Temp 

(Degrees C)

AV Temp 

(Degrees 

C)

M_Access_Re

s_Energy (J)

M_Res_Energy 

(J)

Beneficial 

Heat 30yr 

(MWt)

Basin and Range 75,494,600 51,827    1.5 11.8 40 100 75 1.56E+17 3.90E+16 20.67
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From the data collected, the most feasible geothermal power pant type to be constructed in Arizona, in 

accordance with the geological conditions and temperatures at the reservoirs located in the state. The 

implementation of a binary cycle power plant seems to be the ideal based on their design and criteria. 

Binary plants use a second working fluid, in this paper the analysis of ORC (Organic Rankine Cycles) will 

be analyze. These types of fluids have a lower boiling point than water, which passes through a heat 

exchanger where the working fluid flashes to vapor and drives the turbine. The cooled water vapor is 

then released back into the underground reservoir, so the cycle can begin again. No gas is emitted to the 

atmosphere, as the binary cycle is a closed system [4].  

The advantage of the binary cycle plants is that can be operated with fluids with temperatures ranging 

from 85°C to 170°C. Depending on the temperatures, different working fluids are selected based on 

appropriate boiling points. The upper temperature limit is restricted by the working fluids well, as they 

are generally organic molecules that become thermally instable at higher temperatures. The low 

temperature limit is restricted by economic and engineering concerns. The heat exchanger size for a 

given capacity becomes impractical and costly at low temperatures. Parasitic loads that drive the plant 

also require larger percentages of the output energy. [4] 

 

 

FIGURE 4 BINARY CYCLE POWER PLANT 

Summary of Wells in Arizona 
According to the NREL, it has known there are certain number of wells through the state of Arizona.  The 

data is displayed by the total cumulative depth that has been drilled in Arizona, as well as the number of 

wells for each county. Also, it is shown the number of wells for different depths, with the respective 

average and maximum temperatures. This information helps us to analyze where could be the possible 
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areas to study the feasibility of geothermal power plants. Besides, it contributes to the future work 

needed in the surrounding areas to determine the availability of the resources. 

The following image represents the number of wells located in Arizona, with their respective average 

temperatures and maximum temperature according to depth 

 Arizona mean drill depth: 1,743 meters 

 Maximum drill depth: 5,458 meters 

 

FIGURE 5 SUMMARY OF WELLS IN ARIZONA WITH RESPECTIVE TEMPERATURES AND DEPTHS. 

The summarize data for the wells in Arizona is below, where it has shown the lack of information for 

deeper surfaces throughout the state. It is important to mention that there are not sufficient number of 

wells in the region, so it is suggested to drill more well to get more data of the geothermal deposits, 

such as temperatures, pressure, type of rock, recovery factor, etc.  

For depth ranges from 3,190 to 5,465 meters where there is any available data. Therefore, exploration 

must be taken into consideration to considered the geothermal reservoirs for future development.  

 

TABLE 2 SUMMARY OF WELLS IN ARIZONA 

Depth Range (meter) # Wells Avg. Temp (⁰C ) Max. Temp (⁰C )

5-460 1442 31 138

460-915 250 40 147

915-1370 164 44 131

1370-1825 127 49 113

1825-2280 128 52 127

2280-2735 20 61 100

2735-3190 17 74 116

3190-3645

3645-4100

5010-5465

Summary of Wells in Arizona

N/A
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By using the geothermal analysis results provided by the NREL, shows that the majority of Arizona has 

geothermal exploration regions, but there is a gap in the upper right corner adjacent to the Utah and 

New Mexico. In accordance with the NREL data, there is a class 3 (maximum of 5) deep enhanced 

geothermal potential. Therefore, future exploration should be analyzed to have clear and update data of 

the site for future geothermal development. 

 

FIGURE 6 NREL GEOTHERMAL EXPLORATION REGIONS 

Geothermal resource reporting provided by the NRL; generates the following data. However, the most 

the key factors to determine the feasibility of geothermal deposits must be taken into consideration, 

such as temperature, power conversion, Permeability, volume and fluid chemistry.  

 

FIGURE 7 GEOTHERMAL RESOURCE REPORTING 
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Optimal Working Fluids for Organic Rankine Cycles 
Due to the low temperatures’ geothermal locations in Arizona, which ranges from 70-90 ֯C with the 

necessity to use a working fluid other than water in the cycle.  

The working fluid must meet a number of requirements, namely operational, physical and 

environmental ones, but the main requirement is that the pressure at which the fluid evaporates should 

be higher than the surrounding pressure and that its triple point must be below its parameters at the 

lower temperature of the cycle [2].  

There are several criteria while recommending the proper working fluids, such as stability, non-

flammability, non-corrosiveness, non-toxicity are the preferable physical and chemical characteristics.  

According, to these criteria the emerged of potential candidates with boiling point temperatures ranging 

from -47.69 to 47.59 ⁰C, among which chlorofluorocarbons (CFCs), such as R11, R12, R113, R114 and 

R115 [3]. These fluids can be categorized in two groups wet and isentropic according to the equation 

below. 

 

An innovative novel cogeneration system was proposed and techno-economically analyzed. The suitable 

working fluids have been screened and recommended for the ORC-based power generation subsystem, 

among 27 fluids (boiling point temperature range, 47.69 to 47.59 C) given the geothermal source 

condition (geothermal source/exhaust temperature of 90/25 C) and heating supply parameters (heating 

supply/returning temperature of 45/35 C). Moreover, the investigated 27 fluids are divided into four 

groups according to their normal boiling point temperatures [3]. In the following table, only top 5 

working fluids were selected from the 27 fluids. 

 

 

TABLE 3 WORKING FLUIDS 

 

Substances
M 

(kg/Kmol)

Boiling. 

Temp 

(⁰C)

Critical.Temp 

(⁰C)

Critical. 

Pressure 

(Mpa)

Type of 

fluid

R11 137.7 23.7 197.96 4.41 Isentropic

R12 120.91 -29.75 111.97 4.41 Isentropic

R113 187.38 47.59 214.06 3.39 Isentropic

R114 170.92 3.59 145.68 3.26 Isentropic

R115 154.47 -38.94 79.95 3.12 Isentropic

Working Fluids
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The main advantage for this system is to avoid the use of an additional cooling system, since the heating 

returning water is employed as the cooling circling water. This innovation leads to a lower investment in 

the system. On the other hand, an intermediate heat exchanger and a commercial R134a-based heat 

pump subsystem are incorporated into the innovative cogeneration system leading to a lower 

geothermal source exhaust temperature, maximizing the usage of thermal energy in the low-

temperature geothermal source and avoiding the thermal pollution. 

Working Fluids  
There have been proposals that suggests the usage of R611 (Methyl Formate) according to the 

performance and economic terms. This molecule is known as a refrigerant, which represents a 

fluorinated ether. It can be made in the lab by the acid-catalyzed esterification of formic acid and 

methanol. It has other industrial uses as a blowing agent for foams, and agricultural fumigant. However, 

it possesses a toxicity hazard to the environment which obligates to the analysis of more studies and 

further research. It is important to mention that this modification reduces the cycle efficiency. 

 

 

FIGURE 8 METHYL FORMATE 

 

Bryszewska-Mazurek proposed various propose various methods for raising the efficiency of geothermal 

power plants, by using a cascade of evaporators with both a high- and low-pressure turbine, or by using 

two cycles of fluids of different thermodynamic characteristics, but these methods significantly increase 

the investment expense [7] where the method consists on raising the power of the cycle without an 

additional input of external energy. This is based on increasing the flow of the cycle fluid by returning the 

stream of geothermal energy, from the outlet evaporator to the line upstream of the evaporator.   

The utilization of this method, have yielded positive theoretical calculations where shows an increase of 

the cycle power output by 95%, as it shown in the table below. 

For the refrigerant R236fa studies shown the potential on the increased of power output (KW) in relation 

with the geothermal temperature. The following graphs shows the behavior of the fluid as a function of 

the water temperature on the evaporator inlet. 
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FIGURE 9 TEMPERATURE OF GEOTHERMAL BEFORE EVAPORATOR 

 

FIGURE 10 POWER KW 

 

 

Hybrid Solar and Geothermal power plant 
The possibility and opportunity to integrate a geothermal power plant with a concentrating solar power, 

which enables a higher efficiency of geothermal energy. The role of the solar plant is to heat up the 

geothermal fluid entering the heat exchanger of the ORC. The CSP (concentrating solar power) plant is 

equipped with a thermal energy storage (TES) unit which accumulates the surplus of solar thermal 

energy available during day-time, while releasing it during night-time when the efficiency of the power 

system is higher. The authors explained that the addition of a solar energy can raise cycle efficiency 

which could potentially reduce the capital expenditure on production and injection wells [9]. This 

technology might be introduced in Arizona, where as of today there are 4 major solar power plants. 

Currently, Arizona generates more than half of the total solar production in the United States, where in 

2017, Arizona produced 4,737 (GWh) 
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The schematic layout below, demonstrates the model used in Nevada for a Hybrid (geo-solar) power 

plant. The geothermal fluid is extracted from several production wells at different temperatures. The 

geofluid produced at lower temperatures is further heated in the solar heat exchanger, and mixed with 

the remaining geofluid in the main production line. The “enhanced” geo-fluid is then used to evaporate 

the working fluid in two identical ORC units to produce electricity, and finally re-injected into the 

reservoir.  

 
FIGURE 11 LAYOUT OF HYBRID GEO-SOLAR POWER PLANT 

The following graph shows the power output comparison of hybrid plant with storage capacity vs 

geothermal only plant. 

 
FIGURE 12 NET ELECTRICAL POWER OUTPUT 
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Economic Analysis  
The application of geothermal power plants represents an advancement in the renewable energy topic. 

Currently, the existence of several deposits has been found all over the world. However, it is subjected 

to limited places due to technological, economic and temperature capacities.  For instance, the low 

temperatures reservoirs in Arizona tend to have an increased in the operational cost because of the 

necessity of working fluids, which depends on the capacity and availability.  

There are three stages in the development of geothermal plants, such as exploration, confirmation and 

development of the site. It is important to mention that the majority of the researches and reports 

constitutes 17-47% of the total project cost is allocated to drilling [11] where this happens mainly inn 

the exploration stage (initial costs) therefore drilling requires investment and time.  

The confirmation phase consists of the drilling of production wells until approximately 25% of the 

needed resource capacity is confirmed. Cost of the confirmation phase for commercially viable projects 

should average around $150/kWe. According to the Geothermal Energy Association it takes a minimum 

of 3 to 5 years to put a geothermal power plant on line, therefore it is assumed that capital investment 

in a geothermal power plant occurs during the period of 3 years, where in the first two years 20% of the 

overall cost is invested in exploration and confirmation of resources and 80% of the total site 

development cost is invested in the third year.The table below represents several values from a 

preliminary designed unit which could be used as a reference for the purpose of this paper.  

 
TABLE 4 FCI COSTS 

1.168.000

81.738

70.062

58.385

46.708

1.424.893

81.738

70.062

45.19

48.647

Installation of Equipment 

 Capital Investment Geothermal 

(US $)Direct Costs

Purchase Equipment 

Piping

1.670.530

Instrumentation and Controls

Electrical Equipment 

Total Onsite Costs 

Offsite Costs 

Civil and structural Work 

Indirect Costs

Engineering & Supervision

Construction Costs 

Contingency 

Total 
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The purchase of equipment cost includes all the components for conventional geothermal power plant 

such as preheater, evaporator, turbine, regenerator, condenser, pump and cooling tower. It is important 

to mention that the most expensive heat exchangers are those that operate using geothermal fluid, 

since the high prices of steel 254 SMO from which they are manufactured.  

 

Operation and maintenance Costs 
According to Ormat technologies, which has several projects developed in the United States as well as 

around the world claimed the cost were $ 0.2/MWh on average during 30 months of operation. 

Operation and maintenance costs of the preheater and evaporator in geothermal applications are 

significantly higher because of the risk of scaling and corrosion. Maintenance requirements of the 

recuperator are also higher than for the remaining heat exchangers due to deposition of particulate 

matter carried by streams of exhaust gasses [11]. 

 
TABLE 5 ANNUAL O&M COSTS 

One of the assumptions for geothermal applications is that water level in the well is at the surface 

ground. This provides a most optimistic of the price for the final product, due to the fact that in the base 

case the downhole pump is used only to maintain liquid state of high temperature fluid, its power 

requirement is very low. Hence, the depth of the water level has a potential influenced in the energy 

consumption of the pump. As it shown in the graph below which represen5ts the effect of the height of 

the pumping relative to cost of power. Additionally, work done by the downhole 

pump affects the cost rate of exergy of geothermal fluid. 
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FIGURE 13 RELATIVE COST OF POWER VERSUS DEPTH OF WATER LEVEL IN WELL 

Discussion  
There have been several studies showing the availability of geothermal deposits throughout the country. 

However, the need of future exploration and evaluation of geothermal reservoirs in Arizona must be 

taken into consideration in order to determine the availability and feasibility of a future geothermal 

power plant. This type of renewable energy source has been implemented by many countries with more 

and better technology. For instance, the combination of geothermal and solar, biomass, and fossil fuels 

as well.  There are several advantages of using geothermal because of the small footprint that requires, 

clean air emissions and water quality. Most important is that geothermal power plants are sustainable 

and they have given a higher priority, since this is an innovative for the future power generation.  

Indeed, future work has to be considered such as the permeability of the hosting rock, as well as a 

thermal recovery factor (Rg) for the producible fraction of a reservoir’s thermal energy. This data is 

fundamental to determine the conditions of the reservoirs for future development regarding 

geothermal power plants. Thus, lower temperatures reside in Arizona the existing technology have not 

advanced to provide a cost-effective power plant. Definitely the current studies on working fluids have 

proven the capabilities to improved the Organic Rankine Cycle (ORC) efficiency. However, the 

identification of a specific working fluid in the system has not been easy for this type of application. 

Refrigerants tend to be the ideal working fluid but it has demonstrated there are many considerations 

that must be revised before to be implemented.  
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