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Abstract 
Federal Electricity Commission (CFE), the most important electricity Company in Mexico 
wants to install a parabolic trough row in the Cerro Prieto Geothermal field. Cerro Prieto (CP) 
is the most important geothermal field in Mexico; this area has the highest levels of irradiance 
in the country. The levels of irradiance make it feasible to set up a solar collector field in the 
geothermal field to build a hybrid system in order to increase the steam and electricity 
production. There are several alternative in the hybrid system, depending where the solar field 
place is located. Two new options are presented in this paper. The first one uses water from the 
condenser in DSG with the solar field and steam is separated in the first separator. The second 
option (DSG), the steam produced is separated in an expansion vessel; the water is reinjected 
in the solar field and the steam goes to the turbine. This project plans to install an experimental 
facility to research and learning about the technology, CFE main objective will be the 
electricity generation; using steam from solar collectors using the existing turbines in CPIV; 
the second objective is to instruct the workers in the operation of the real facility. The third 
objective is to study the geothermal flow in the absorbers in Direct Steam Generation (DSG), 
which has salt and silica dissolved, and look for a possible solution for steam generation. The 
geothermal facilities have considerable experience using the brine flow, so it is not considered 
an impediment in the solar-geothermal hybrid system. 

 

1. Introduction  

The northwest of Mexico is the region of this country that counts on the highest levels of solar irradiance and 
it is identified by its inhabitants like a region that enjoys throughout the year with many cleared days and few 
clouds; this does possible to think about the installation of devices that take advantage of the solar resource 
on these zones. To use solar thermal plants for electricity generation in the geographic zones with high 
insolation, constitutes a promissory option with numerous advantages from the environmental point of view. 
In addition, the diversification in the supplying of energy is a highly recommendable strategy at the time of 
developing a specific energy policy.  
The geothermal cycle in Cerro Prieto is like any conventional open Rankine cycle for electricity generation, 
but with the difference that steam is supplied by geothermal wells. In some cases the wells can provide a 
mixture of liquid and steam, but in this case, the mixture is sent to a separator that feeds steam to the turbine, 
and the remaining liquid is sent either to a second separation system or to an evaporation pond. 
Cerro Prieto geothermal power plant is located in the North West of Mexico, lat. 32º39’, long., 115º 21’ in 
the North hemisphere. Cerro Prieto (CP) geothermal fields consist of four units: CPI, CPII, CPIII and CPIV; 
CPIV started its commercial operation in 2000, while the others started their operation since 1973. The most 
recent facility (CPIV) in this geothermal field has a capacity of 100 MWe, with four 25 MW turbines. Each 
unit has a different separation pressure to feed steam to the unit; CPII and CPIII have a separation pressure of 
13, while Cerro Prieto IV has 15 bar. One CPIV turbine of 25 MWe consumes 183 ton/h of steam incoming 
from the geothermal field. The figure 1 shows the aerial view of this facility. 
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The geothermal field is composed by several wells with different flow rates. About 7.3 ton/h steam are 
required to generate 1MWh in a single turbine. Steam production from wells will also diminish with time. 
So, it is important to increase the quantity of the steam in the brackish flow (water+steam, 60 and 40% 
respectively). One possibility to increase the steam flow generated from geothermal wells is with parabolic 
trough concentrators along the day, which increase the relation of steam of the mixture [5]. 
Cerro Prieto (CP) is the greatest and important geothermal plant of this country, the high irradiance levels 
received in the field, it sets feasible to increase the production of steam in the present cycle of a geothermal 
power plant, using a solar field of parabolic trough concentrators in a solar-geothermal hybrid system. The 
parabolic trough concentrators use the direct component of the solar irradiance, when equipment like this one 
is used, so it is required sites like CP with a high direct irradiance incidence. Actually the most successfully 
solar technology for electricity generation is based on parabolic trough collectors, as shown by SEGS plants, 
additionally the results of DISS project with DSG technology concluded that the cost reduction of electricity 
produced was the main conclusion [9]. 
 

 
Figure 1: Cerro PrietoVI facilities aerial view. 
 

2. Hybrid solar-geothermal project 

Some solar-geothermal hybrid systems have been proposed [4], however, it is the first time that a solar-
geothermal system has been proposed for electricity generation. The improvement of a geothermal power 
plant can be carried out by using parabolic trough concentrator in a high insolation area like CP.  
These levels of irradiance made feasible setting up a solar collector field in a geothermal field to get a hybrid 
system to increase the electricity production along the day, especially in summer time. Such improvement 
can help to increase the steam quantity when high demand exists as well as to increase the mean life of 
geothermal wells. 
 

2.1 Background 

The solar-geothermal hybrid system with a 10% quality steam increase was proposed in the current 
geothermal cycle, adding a solar field of parabolic trough. The flow from the wells passes through the 
absorber pipe of the solar concentrators using direct steam generation DGS [9] to generate steam.  
The first alternative heats the brackish flow using a solar field that is located after the geothermal well 
output, where the brackish is a mix of brine and steam. The well pressure is 50 bar and the first separation 
pressure 15 bar, the solar field pressure is the well pressure. A pump is not required. At 15 bar pressure 
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steam quality must be increased, from 37.1 to 47.1. The steam well flow is 166.2 tons/h, equivalent to 44.92 
kg/s. The effective beam irradiance considered was 900 W/m2 and 0.7 solar field efficiency. The required 
solar collectors were 13,863 m2 [7]. 
A second alternative produces steam by heating the residual brackish flow coming out from first separator in 
order to get DSG. In this the solar field is between the first and second separators, so the pressure conditions 
are lower (4.3 bar) and with more salinity, however there is enough water that can be evaporated and use this 
steam with different thermal conditions in a stage of low pressure turbine [7]. The mass flow from first 
separator is 27.9 kg/s and the quality is 15.7. This Second alternative required 6851 m2 of mirrors. 
The third alternative was to locate the solar field after the first separator, overheating the steam and send it to 
higher pressure stage of the turbine with more efficiency. The steam pressure before the separator is 15 bar. 
In this first alternative, the flow is a mixture of liquid and steam from the wells, while in the second one 
almost liquid from the first separator discharge is used and in the third alternative flow is steam. 
However two more viables alternatives are proposed in this paper. 
 

2.2 Cerro Prieto Hybrid solar-geothermal project 

CP geothermal field has more than 30 years old and has the infrastructure like roads, communication 
systems, obviously electricity, and the most important the solar resource. Table 1 gives the normal direct 
irradiance of years 2000 to the 2004in CP; the values are the average of monthly daily irradiance for the 
different months from the year.  
 

Table 1: Average of monthly daily normal direct irradiance 
Months kWh/m2 Months kWh/m2 
January 5.22 July 8.64 
February 6.27 August 7.34 
March 8.27 September 8.00 
April 9.28 October 7.12 
May 9.23 November 6.55 
June 9.35 December 6.13 
Irradiance data measured in Cerro Prieto geothermal field by CFE 

 
Hybrid solar-geothermal project will be an experimental facility and consists in approximately 1000m2 of 
solar collector located in the Cerro Prieto IV power plant, using water from the cooling tower coming from 
an open Rankine cycle in the modality of DSG; exists also the possibility to use oil and a heat exchanger to 
produce steam. The absorber pipe is an important element in the collector development and expensive part, 
so the DSG probes require clean water. 
The solar collectors considered in the hybrid system are parabolic troughs, in a North - South orientation; 
Mexicali, industrial city is close to this power plant, so the electricity demand is very high in summer, so the 
necessity of a high supply of electricity is very important, mainly during the day because the temperature in 
this zone is of the order of 45ºC in the afternoon. 
The Cerro Prieto IV turbines work with steam at 10 bar and 180ºC; therefore the hybrid system solar field 
should consider the forward thermodynamic properties to feed the steam to the geothermal cycle due the 
option considered. 
 

2.2 Solar field 

The solar field planned for this experimental facility will be composed of two serial rows of collectors, being 
considered the parabolic trough collectorr the LS-3 or the Eurotrough. The table 2 shows the technical data 
of this facility with Eurotrough ET100: 
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Table 2: ET100 collector technical data experimental facility 

Collector aperture 5.77 m 
Collector length 2 X 99.5 m 
Collector aperture area 1090 m2 
Collector orientation North - South 
Collector inclination axis 0º 
Solar field work pressure 55, 15, 4.3 bar 
Mass flow  0.3 – 1 kg/s 
Maximum outlet temperature 200 ºC 

 
Initially the commercial absorber tubes with 50mm inner diameter and 70 mm outer diameter with Cermet or 
other selective coating (absorbance between 0.90and 0.95and vacuum) will be considered.  
Mirrors should have 0.95 optical reflectivity and a mean life period of time more than 10 years, with a 
maximum of 10% reflectivity loss. 
 

2.3 Hybrid solar-geothermal project options 

Two new options have been considered to increase the quantity of steam in the Hybrid solar-geothermal 
cycle in CP: 
The first option heats the water that leaves the condenser in order to produce steam by DSG with the solar 
field and inject it after the well output, where the steam is separated in the first separator; this action had an 
advantage, reduces the salt concentration that comes from the brackish well flow [3, 4]; however this option 
requires a pump and work with more pressure than well pressure of 50 bar. In this option if the total flow of 
waer is not evaporated, it is not a problem because the water is eliminated in the first separator. Figure 2 
shows the first option process diagram.  
Considering 60 bar pressure, 0.3 kg/s mass inlet flow, 110kJ/kg inlet flow enthalpy, 900 W/m2 effective 
beam irradiance, 0.7 solar field efficiency, 1090 m2 solar collector area, a steam production will be of 0.227 
Kg/s. 
 

  
Figure 2: First option process diagram. 
 
The second option heats the exceeding condenser water by the same process of DSG. [2] Steam produced is 
separated in an expansion vessel; the water is reinjected in the solar field increasing the water temperature on 
it and the steam goes to the turbine. This option requires a pump too; the first separator pressure is 15 bar. 
Because the solar field area is very small (1090m2); then the water flow will be very small. Figure 3 shows 
the second option process. 
Making estimations with these conditions: 350kJ/kg liquid flow enthalpy from the condenser and the 
expansion vessel, 20 bar pressure, 0.3 kg/s mass inlet flow. 900 W/m2, effective beam irradiance, 0.7 solar 
field efficiency and 1090m2 solar collector area, a steam production of 0.272 Kg/s will be produced. 
The advantage of this option is that has the possibility of a uniform steam flow production, absorbing the 
variation due the transitory like clouds. 
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Figure 3: Second option process diagram 

2.4 Hybrid solar-geothermal project objectives 

CFE has a main objective the electricity production, so in this project the main purpose is the steam 
production for electricity generation; this objective consider the solar resource explotation using solar 
collectors for electricity production in a hybrid system using the existing turbines in CPIV geothermal cycle. 
Second objective, CFE has the understanding (O&M) of this technology to instruct their workers and 
engineers with the parabolic trough facility. 
The third objective is the collector evaluation. One of the main aspects is determine the life of real mirrors 
and absorber pipe with optical efficiency. Other aspect is determining the efficiency in two phase flow, 
mainly in annular flow with parabolic troughs in order to get a reliable evaluation.  
The fourth objective is the research and technology development especially with the geothermal cycle 
integration. This project will study the DSG with annular flow, because under stratified flows several 
problems appear, as mentioned by Flores and Almanza [8]. For a real approach to the hybrid system, it is 
necessary to evaluate absorbers with larger diameters than the actual SEGS or DISS plants. DSG researchers 
consider the use of a cheaper absorber pipe without vacuum because the low temperature working fluid in 
this geothermal field. 
Another important aspect to study is the geothermal flow effect in the absorber pipes; the geothermal 
facilities have a lot of experience by the use of the brain flow; so it is not considered as an impediment in the 
development in solar-geothermal hybrid system [1, 3]. The scale control techniques in geothermal cycle like 
the brine acidification and the electronic descaler signal that inhibit silica deposits are important to consider 
in DSG test program [6]. 
This project is the first step for future projects, the hybrid project results are very important to assure the 
solar projects continue with CFE, so should be take the basic actions to obtain a successfully experience. 

Conclusions 

This project is a good opportunity to begin the implementation of solar thermal power plants in Mexico, the 
success of this project will depend the future projects. 
In summer, the northwest of Mexico registers the highest electricity demand levels; therefore a high steam 
demand exists, so N-S solar field is recommended to supply such demand. 
All options studied before and the presented in this paper, increase the steam production in the geothermal 
cycle. The difference is in the mass flow and the area required. The area is proportional to steam flow 
produced.  
The 1st alternative flow is a liquid and steam mixture from wells, while in the 2nd one alternative is almost 
water; however this alternative has the objection that the flow has highest concentration of salts and silica in 
the geothermal cycle. 
The first option permits the steam quality increment immediately after the well output, reduce salt and silica 
concentration, so less scaling can occur in the pipes that conduct the brine-steam mix and permits to have 
advantages over the other alternatives studied before. 
The 1st option is the easiest one, because requires a low changes in the geothermal cycle facilities, and the 
advantage to use directly the flow in the absorber pipes in DGS. Also the possibility to use oil with a heat 
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exchanger exists. The water flow from expansion vessel flow in 2nd option increase the inlet enthalpy, 
therefore the steam production is higher. 
The hybrid system should take in consideration the scale in tubes and is recommended the water treatment 
and periodic check up and cleaning of piping if is required. The pH modification in the brackish flow is a 
potential method of silica deposition control and represents an option to make possible DSG in the hybrid 
system.  
The implementation of increase more rows will depend on the hybrid project success 
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