
GRID-CONNECTED 
RENEWABLE ENERGY: 

GEOTHERMAL POWER 

Presenter
Presentation Notes




Geothermal Energy 
 
• Origins and Uses 
• Global Status 
• Geothermal Power Generation Technologies 
• Environmental Impacts And Climate Change 
• Project Development Issues 
• Barriers To Market Penetration 
• Best Practices 

PRESENTATION 

Presenter
Presentation Notes
PresentationThis Geothermal Module provides information on grid-connected geothermal power generation and consists of the following sections:Section One - discusses the geothermal resource and how it may be usedSection Two – reports on the worldwide status of geothermal power generation and geothermal resourcesSection Three – examines the different technologies used to convert geothermal energy into electricity Section Four – deals with the environmental impacts and climate change benefits of geothermal power generationSection Five – discusses project development issues, including development costs and timeframes Section Six – examines barriers to geothermal power developmentSection Seven – provides best practices for enabling the development of geothermal power plants and offers some examples of successful geothermal projects in developing countriesThis module was prepared by:Dr. Ronald DiPippoChancellor Professor EmeritusMechanical Engineering DepartmentUniversity of Massachusetts Dartmouthrondipippo@comcast.net  



ORIGINS OF GEOTHERMAL ENERGY 

HEAT STORED IN THE EARTH’S CRUST CAN BE USED TO GENERATE ELECTRICITY.  
RADIOACTIVE ELEMENTS IN ROCK CREATE HIGH HEAT CONCENTRATIONS. 

PLATE TECTONICS – ACTIVE BOUNDARIES GIVE RISE TO VOLCANOES.  

VOLCANIC HEAT CREATES HIGH-TEMPERATURE RESERVOIRS. 

HOT ZONES ARE ACCESSIBLE TO DEPTHS UP TO 10 KM.  

 TECTONIC PLATE BOUNDARIES 
Graphics: DiPippo, 2008 
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Origins of Geothermal EnergyGeothermal energy (“earth heat”) arises from the residual energy stored in the upper section of the earth’s thin crust after the formation of the earth, and from the continuing dynamism of the earth’s tectonic plates and crustal deformation. Tectonic ActivityThe diagram depicts schematically the tectonic plates that form the crust of the earth. Many geothermal areas exist along the boundaries of the massive Pacific plate in the center of the diagram and give rise to numerous active geothermal fields in the United States, Mexico, Guatemala, El Salvador, Honduras, Nicaragua, Costa Rica, Panama, Colombia, Ecuador, Peru, Bolivia, Chile, New Zealand, Micronesia, Papua New Guinea, Indonesia, the Philippines, China, Japan, and Russia.Stored EnergyThe amount of energy from this source, measured to a depth of 10 kilometers (km), is enormous. Considering only the land area of the contiguous United States, between 3-10 km depth, the stored energy is about 14 million exajoules (EJ) – an enormous amount of energy. The total energy consumed by the U.S. in year 2005 was about 100 EJ. Of course, only a fraction of this total geothermal potential can be considered recoverable, but using a very conservative 2% recovery factor still yields 2,800 times the energy used in the United States in 2005. Geographically Dispersed The difficulty in capturing this energy stems from its dispersed and diffuse nature. Hot rocks and fluids contained within the earth are widely scattered geographically and extend to great depths. Modern geothermal drilling techniques allow wells to be completed as deep as 5 km and new approaches may extend this a few more kilometers in the coming years. Nevertheless, it is difficult and costly to conduct such drilling, and the outcome of a productive or useful well is not assured. Thus, the risk of failure is a strong deterrent for potential developers. To minimize this risk, there are exploration tools and methods that help locate and define the best prospects before the expensive drilling begins. These techniques are discussed later in this module. References38.  The Future of Geothermal Energy: Impact of Enhanced Geothermal Systems(EGS) on the United States in the 21st Century Further ReadingDiPippo, R., 1980. Geothermal Energy as a Source of Electricity:  A Worldwide Survey of the Design and Operation of Geothermal Power Plants, DOE/RA/28320-1, U.S. Department of Energy, U.S. Government Printing Office.	 



GEOTHERMAL ENERGY USES 

 
• Direct heat applications 

 
• Electricity generation 
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Geothermal Energy UsesDirect heat applications are straightforward uses of hot geothermal fluids for heating buildings, processing various products, enhancing greenhouse productivity, and other applications. These are listed more fully in the next slide.Electricity generation is a more challenging use of geothermal energy in that converting the heat energy of geothermal fluids to electricity – the highest grade and most versatile form of energy – requires a creative engineering design tailored to the characteristics of the geothermal resource. This presentation will focus on this application.Some geothermal plants combine the generation of electricity with direct heat uses.Photo credit: NREL Photographic Exchange



GEOTHERMAL ENERGY USES: 
LINDAL DIAGRAM  

Source: DiPippo, 2008 
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Geothermal Energy Uses: Lindal DiagramThe temperature of the geothermal resource determines which application may be appropriate. There is a wide spectrum of uses depending on the geothermal temperature, usually depicted on the classic Lindal diagram, which was first published in 1973.Lower Temperature Resources PredominateThere are many more lower temperature resources suitable for a variety of direct heat uses than there are higher temperature ones needed for power generation. The United States Geological Survey has estimated that roughly 75% of all hydrothermal resources in the United States have a temperature of 150oC or less.  Since warm and hot springs are abundant across the surface of the earth, many countries are able to tap into these shallow, easily accessible resources to supply heat to homes, buildings, and industrial processes. This presentation, however, will focus on grid-connected geothermal power production, which requires higher temperature geothermal resources.Geothermal heat pumps (or ground-coupled heat pumps or “Geoexchange”) are very effective systems to provide heating and/or cooling in buildings or residences. Geothermal heat pumps capture energy from near-surface soils or ground water and deliver it to buildings for heating. They can provide air conditioning in the summer by reversing the process. However, they consume electricity in order to function. In this module we will concentrate on technology that converts the energy in geothermal resources into electricity.References41.  USGS - Assessment of Moderate- and High-Temperature Geothermal Resources of the United States 86.  Geothermal Energy in Europe 91.  Geo-Heat Center Publication List 126.  Direct Heat Utilization of Geothermal Resources Worldwide 128.  Geothermal Heating and Cooling of Buildings  Further ReadingLindal, B., 1973. “Industrial and Other Applications of Geothermal Energy”, in Geothermal Energy: Review of Research and Development, UNESCO, Paris, pp. 135-148.WGC, 2005. “Direct Use, Geothermal Heat Pumps”, Section 14, Proc. World Geothermal Congress 2005, Antalya, Turkey, 24-29 April 2005.  



GEOTHERMAL POWER  
GLOBAL STATUS  

• 100+ years history of electricity generation  
 
• Reliable source of continuous, base-load 

power 
 
• Utilizes conventional power generation 

equipment  
 
• High potential, but high up-front costs 
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The development history and current status of geothermal power will be presented in the next few slides.
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GROWTH OF GEOTHERMAL POWER 

6% annual growth 

17% annual growth 

Graphic: DiPippo, 2008 
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History of Geothermal PowerThe first production of electricity from geothermal energy occurred in Italy in 1904.  The Larderello field had been known for its geothermal properties from ancient times.  The boron content of the waters was highly prized for the manufacture of boric acid.  Very shallow wells initially drilled at Larderello yielded dry or somewhat superheated steam, allowing relatively simple designs to be used in the power plants there. For nearly six decades Italy remained the only country in which geothermal energy was used commercially for electric power. Modern Development – New ZealandIn 1958 the Wairakei power station opened on the North Island of New Zealand.  Wairakei was unique as being the first plant to exploit a liquid-dominated resource in which hot water and steam were produced at the wellheads. This particular geologic situation necessitated an advance in technology to utilize the geothermal resource. As a result of their pioneering efforts in liquid-dominated resources, scientists and engineers from New Zealand gained respect and status that led to the creation of several companies that exported the technology developed at Wairakei.United States Enters the FieldIn 1960 the United States became the third geothermal power country when The Geysers area in California came on line with its first small 11 MW unit.  The Geysers field, a dry steam resource, was similar to Larderello.  For nearly two decades, The Geysers was the only geothermal field producing electricity in the United States, until 1979, when a novel binary plant opened at East Mesa in the Imperial Valley of California.Mode of Development – Early Steam Purchase ContractsOver the years, new power units were added at Larderello, Wairakei, and The Geysers as the technology of geothermal power became more sophisticated, the resource better understood, and confidence grew.  In the United States, development followed a general pattern of private parties exploring and developing the field, while public utilities purchased the geofluid and used it in plants that they designed, built, owned, and operated.  This required a contract whereby the field developer was paid for the geofluid, i.e., the “fuel.”  At The Geysers, the first contracts were heavily biased in favor of the utility (principally, Pacific Gas & Electric Company) and paid the steam supplier based on the amount of electricity produced by the geothermal plant.  This arrangement did not encourage the most economical use of the geothermal steam because steam could be vented at the power plant without any cost to the utility.  Furthermore, the contractual formula contained the costs to generate electricity from conventional means, which meant that when the price of oil increased so did the steam payments, and vice versa.  This meant that geothermal development’s revenue stream from The Geysers was tied directly to the price of oil. Later Steam Purchase ContractsIn 1978, a new type of contract was put in force whereby steam was purchased as a commodity.  The price was $1.00 per 1,000 pounds of steam delivered under certain pressure and temperature and other details pertaining to the quality of the steam.  Thus the utility was obliged to make the best use of the steam once it took possession of this resource. This immediately led to more efficient power plants that could generate far more electricity than the older ones.  A side benefit was that the resource was also being more effectively used, so everyone gained.Stimulus Provided by Oil ShocksWhen the oil shocks of 1973 and 1979 were felt across the world, many countries began investigating geothermal as an alterative to importing expensive fossil fuels from unreliable foreign sources.  The two oil crises had a clear impact on geothermal development, increasing the rate of growth considerably. Likewise, around 1985 when the price of oil started to decline, geothermal growth slowed considerably.  That lower growth rate has persisted until the present time.  Despite recent increased emphasis on renewable and sustainable sources of electric power, the growth rate for geothermal has not picked up appreciably.  The current worldwide recession and lack of credit are acting as counterweights to the new emphasis on renewables and may limit growth for the near term unless renewables are seen as part of the solution to the economic downturn.Further ReadingDiPippo, R., 2008. Geothermal Power Plants, 2nd. Ed.: Principles, Applications, Case Studies, and Environmental Impact, Butterworth-Heinemann: Elsevier, Oxford, England. 



WORLDWIDE GEOPOWER 

Country First year No. of units Power, MW 
United States 1960 193 2556 
Philippines 1977 58 1980 
Mexico 1973 37 953 
Italy 1904 33 811 
Indonesia 1978 15 807 
New Zealand 1958 39 572 
Japan 1967 22 538 
Iceland 1969 24 422 
El Salvador 1975 7 204 
Costa Rica 1995 5 163 
Kenya 1981 9 130 
Nicaragua 1983 7 109 
Russia 1967 12 79 
Papua-New Guinea 2003 6 56 
Guatemala 1997 9 45 
Turkey 1984 2 28 
China 1970 13 28 
Portugal (The Azores) 1980 5 16 
France (Guadeloupe) 1987 2 15 
Austria 2001 2 1.25 
Thailand 1989 1 0.3 
Germany 2003 1 0.2 
Australia 1986 1 0.15 

Totals  504 9513 
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Worldwide GeopowerThere are now 23 countries generating power from geothermal energy. In some cases, such as Costa Rica, El Salvador, Iceland, and Kenya, geothermal power provides a significant fraction of the country’s electricity.  During El Salvador’s civil war in the 1980s, one geothermal plant, Ahuachapán, supplied about 41% of the nation’s electricity. Today geothermal supplies 29% of all electricity generated in El Salvador. In 2006 (latest available data), Costa Rica received 14% of its electricity from the plants at the Miravalles geothermal field. Iceland makes 26.5% of all its electricity from geothermal and Kenya produced 14% of its electricity from the geothermal plants at Olkaria. For purposes of the table, a unit is defined as a generator, no matter how many turbines are connected to it.References127.  Geothermal Development in El Salvador - A Country Update 275.  Comision Ejecutiva Hidroelectrica del Rio Lempa, Boletin de Estadisticas Electricas No. 33, 2002278.  IEA - International Energy Agency StatisticsFurther ReadingMoya, P. and R. DiPippo, 2007. “Unit 5 bottoming binary plant at Miravallesgeothermal field, Costa Rica: Planning, design, performance and impact”, Geothermics, V. 36, pp. 63–96.



ESTIMATED GEOPOWER POTENTIAL 
Country Power potential, MWe 
United States - EGS 518,000 
United States 39,000 
Indonesia 16,400 
Chile 16,000 
Africa – East Rift Zone 14,000 
Philippines 8,000 
Australia (EGS) 5,500 
Mexico 4,000 
Czech Republic - EGS 3,400 
Nicaragua 2,500 
Russia (Kamchatka only) 1,130 
Kenya 1,000 
Iceland 1000 
Turkey 905 
Mexico (EGS) 800 
New Zealand 500 
Pacific Island Nations 450 
Ukraine 414 
Papua-New Guinea 300 
Italy 250 
El Salvador 100 
Guatemala 100 
Costa Rica 60 
Japan 50 
Upper Rhine Valley (France & Germany) (EGS) 42 
Czech Republic 10 

Totals 633,911 
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Estimated Geothermal PotentialVarious national agencies have estimated the geothermal power potential of their countries.  These values typically only take account of hydrothermal resources.  They are not very precise but rather give a general indication of local potential.  More precise estimates can only be made on a field-by-field basis, as described later in this module.  It is nearly impossible to estimate the power potential from enhanced geothermal systems (EGS) owing to the very early stage of development of that promising technology.  However, one such estimate has been made for the United States in the US DOE-sponsored study, “The Future of Geothermal Energy,”  and is captured in this table.Nevertheless, this table gives estimates for some countries and regions.  All values are for hydrothermal geothermal resources except where noted.  Not all nations or regions are included due to lack of data.  These values should be viewed as minima.  The total is impressive but is dominated by the US-estimated EGS potential. Excluding all EGS estimates, the total would be 106,169 MW, still a substantial sum.References38.  The Future of Geothermal Energy: Impact of Enhanced Geothermal Systems(EGS) on the United States in the 21st Century 



GEOTHERMAL POWER GENERATION 

• General Characteristics 
Hot water/steam → Turbine → Generator → Baseload power 
Low emissions 
Reliable operation 
 

• Geothermal Power Requirements 
 Commercial hydrothermal fields need a unique combination of 

geologic, physical, and thermal characteristics 
 
• Energy Conversion Systems 
 Overall plant capacity may be large (100-200 MW), but individual 

power units (turbine/generator) are small (25-35 MW), compared 
to fossil or nuclear plants 
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Geothermal Power GenerationThe generation of electricity from geothermal energy is less widespread than direct heating applications but it produces a higher value product, electricity being significantly more valuable than heat. In the case of geothermal energy, the thermal and kinetic energy of the geothermal fluid, be it hot water, steam, or a mixture of the two, is used to create mechanical energy in the form of a rotating shaft, typically by means of a turbine that in turn drives a generator to produce electricity. The electricity is sent through transformers and transmission lines to be distributed to endusers. Geothermal power plants provide continuous, baseload power regardless of the weather. They produce little or no greenhouse gas emissions. They can be designed as modular units to allow for gradual development of a resource as knowledge and experience at a site grows. They do require up-front capital expense to explore and define the resource before the plant can be built. Several companies specialize in this exploration activity but it is uncommon to find such expertise in local companies in the developing world. Exploration studies culminate in drilling a discovery well using techniques that have been adapted from the oil and gas industry. Many geothermal drilling companies exist to carry out these operations worldwide. Renewable Geothermal PowerThe entire process is similar to any other method of making electricity with the important exception that the motive source is natural, clean, renewable energy, and does not involve mining, transportation, combustion or air pollution by non-renewable fossil fuels; or the mining, enrichment, transportation, use and disposal of highly radioactive nuclear fuels. Furthermore, unlike variable renewable energy sources, geothermal energy is available 100 percent of the time, making it suitable to supply baseload power on a continuous basis.Geothermal Energy Conversion SystemsDifferent types of technologies may be employed to generate power from geothermal sources. The three most common types of plants—direct steam, flash steam, and binary—will be covered in this module. Enhanced geothermal systems, the focus of much research and perhaps a viable option in the future, also will be discussed briefly.  References282.  Geothermal Resources CouncilFurther ReadingDiPippo, R., 2008. Geothermal Power Plants, 2nd. Ed.: Principles, Applications, Case Studies, and Environmental Impact, Butterworth-Heinemann: Elsevier, Oxford, England. 
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GEOTHERMAL POWER REQUIREMENTS 

Heat source 
Reservoir 
Geofluid  
Recharge 
Caprock 
Temperatures 

>150oC 
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Geothermal Power RequirementsHydrothermal Reservoir CharacteristicsOne might think that geothermal energy would play a larger role in electricity generation, but it is limited by the dispersed nature of the resource,  and because only hydrothermal (“hot water”) geothermal resources have been commercially developed. Hydrothermal resources are distinct aquifers characterized by six important and essential features:Heat source - Typically, but not exclusively, a magma chamber at a depth of about 5-10 kmReservoir - A permeable rock formation within drillable depth, perhaps 2-3 km deepGeofluid - A shorthand expression for a supply of hot water or steam within the fractures and pores of the formationReservoir recharge - A process by means to re-supply water to the reservoir as geofluid is removed during exploitationCaprock - A nearly impermeable layer between the reservoir and the ground to prevent large-scale leakage of geofluids to the surfaceGeofluid temperature of at least 150oC.Lacking any one of these, a commercial hydrothermal resource will not be formed or will not have a sufficient extraction of the heat from the rock formation, or a sufficient lifetime. Thus, commercial hydrothermal systems are relatively rare. Hydrothermal Geofluid CharacteristicsHydrothermal reservoirs yield hot water, steam, or a mixture of steam and hot water through the production wells. The temperature and pressure of the geofluid in the formation determines what form of the geofluid reaches the surface at the wellhead. When the wells are artesian (self-flowing), a mixture of steam and hot water is most often present at the wellhead. In the case of a few very special reservoirs, the geofluid arrives at the surface in the form of dry or slightly superheated steam with no water at all. In other cases, down-well pumps are deployed to guarantee that pressurized hot water alone is produced. When the geothermal fluid has been used in the plant, what remains of it is normally returned to the reservoir through injection wells drilled specifically for that purpose. The science or art of locating production and injection wells and operating them effectively is called “reservoir engineering.” 



GEOTHERMAL POWER TECHNOLOGIES 

• Direct Steam Plants 
• Flash Steam Plants 
• Binary Steam Plants 
• EGS Plants  

 

Selection of plant technology depends upon the 
characteristics of the resource 
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Geothermal Energy Conversion SystemsDifferent types of technologies may be employed to generate power from geothermal sources. The three most common types of plants—direct steam, flash steam, and binary—will be covered in this module. Enhanced geothermal systems, the focus of much research and perhaps a viable option in the future, also will be discussed briefly.The choice among these options is governed by the nature of the geothermal resource, be it a steam field or a hot water field. The actual design of the power plant will be determined by the specific characteristics of the geofluid such as its temperature, pressure, and chemical properties.  References282.  Geothermal Resources CouncilFurther ReadingDiPippo, R., 2008. Geothermal Power Plants, 2nd. Ed.: Principles, Applications, Case Studies, and Environmental Impact, Butterworth-Heinemann: Elsevier, Oxford, England. 



TECHNOLOGY: DIRECT STEAM PLANTS 

SONOMA UNIT, 72 MW         
THE GEYSERS, CALIFORNIA, 
UNITED STATES 

[operational since 1983] 
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Geothermal Power Plants:  Direct Steam TypeDry Steam Power PlantsThere are two notable geothermal fields which produce dry or superheated steam: Larderello in the Tuscany region of Italy; and The Geysers in northern California. Larderello, Italy and The Geysers, CaliforniaLarderello has the distinction of being the first geothermal field to generate electricity. It was accomplished in 1904 with a crude device fashioned from a single-cylinder reciprocating steam engine put together by Prince Piero Ginori Conti. The device was capable of illuminating a few light bulbs in the Prince’s factory. Since then Larderello has grown dramatically and been in continuous operation except for a short period at the end of World War II. The field has been expanded using modern exploration tools to areas and depths far beyond the original productive zone, and now stands at a power capacity in excess of 800 MW. The Geysers field began operating commercially in 1960 and now is the largest geothermal power complex in the world with an installed power capacity of over 1,450 MW. Power Plant SizesOwing to the separation needed among production and injection wells to avoid interference, power units are relatively small in capacity compared to fossil or nuclear plants. This is a general feature of all geothermal plants regardless of the type of technology used. Thus 25 individual units (turbine-generator sets) are required to generate the 1,450 MW at The Geysers, and 31 are needed to produce 800 MW at Larderello. Each power unit typically lies between 25-35 MW in capacity. This may be compared to a typical coal-fired plant with a capacity of 250-500 MW or a nuclear plant with a capacity of 1,000-1,200 MW.Operation of Dry Steam PlantsA geothermal direct steam plant is very straightforward. Steam from production wells is sent to a steam turbine that converts the kinetic and internal energy of the steam into mechanical energy that in turn drives the generator to produce electricity. The spent steam exhaust is sent to a condenser where it contacts cold water piping supplied by the water cooling tower and fully condenses to liquid water. That warm water is cooled through evaporation by direct contact with air in the cooling tower, and a portion of it is returned to the condenser where it serves to condense the steam exiting the turbine. A fraction of the condensate is sent to the injection well to recharge the reservoir to some extent. There are a great many subsystems needed to operate the plant that are not shown in this simple schematic and are beyond the scope of this presentation. Direct steam plants are highly efficient on a thermodynamic basis, being able to convert about 50-70 percent of the theoretical power in the incoming steam into useful electrical output. This is much better than, say, typical coal-fired plants (35-42 percent) and nuclear plants (~33 percent).Photo credit: CalpineReferences273.  Calpine Geysers Power Plants274.  Calpine Power Plant TechnologiesFurther ReadingENEL, 1993. The History of Larderello. Public Relations and Communications Dept., Ente Nazionale per L’Energia Elettrica, May 1993.	 DiPippo, R., 1980. Geothermal Energy as a Source of Electricity:  A Worldwide Survey of the Design and Operation of Geothermal Power Plants, DOE/RA/28320-1, U.S. Department of Energy, U.S. Government Printing Office.	 



TECHNOLOGY: FLASH STEAM PLANTS 

AHUACHAPÁN, EL SALVADOR 
 
3 POWER UNITS: 
2x30 MW, 1x35 MW 

[operational since 1983] 

Photo credit: LaGeo 

Presenter
Presentation Notes
Geothermal Power Plants:  Flash Steam TypeWet Steam SystemsMost hydrothermal resources produce a mixture of steam and hot water and require a different type of energy conversion system from the direct steam plant. Turbines are not capable of receiving high pressure, high velocity liquid-vapor mixtures without suffering severe erosion damage to their blades and nozzles. Thus, some means must be provided to remove the liquid from the vapor prior to admission to the turbine. Single-Flash PlantsThe geofluid produced at the wellhead is a mixture of 15-25 percent steam and 75-85 percent liquid (by mass). The mixture is directed into a large vertical cylindrical vessel equipped with an open stand-pipe mounted on its central axis. The mixture swirls spirally around the inside of the vessel and owing to the large difference in the density between the liquid and vapor phases, the liquid tends to flow along the inside of the vessel walls while the steam collects in the center where the stand-pipe is waiting to gather it.  The liquid is taken out of the vessel through a side (or bottom) connection and is fed to an injection well – the “hot” injection well in the slide – since the temperature of the separated water is the same as the steam that is separated and sent to the turbine.  The rest of the plant is effectively identical to the corresponding sections of the direct steam plant.  The other injection well shown in the slide is a “cold” injection well, since the temperature of the overflow from the base of the cooling tower is close to ambient temperature.  This type of plant is less efficient than a direct steam plant—its utilization efficiency is in the range of 25-35 percent, depending on the resource temperature and steam fraction at the wellhead.Double-Flash PlantsA more efficient variation of this system is called a double-flash system and involves the use of the separated hot liquid to generate an additional steam flow through a pressure-reduction process known as flashing or throttling.  The lower-pressure steam so produced is then admitted to the turbine through a pass-in section where it merges smoothly with the high-pressure steam at the location in the turbine where the pressures of the two streams are equal.  A double-flash plant can produce 20-25 percent more power for the same geofluid flow rate from the reservoir compared to a single-flash plant.  Of course, such plants are more costly and complex, but the economics usually favor double-flash plants, provided certain other technical issues are satisfied. Ahuachapán Power StationThe Ahuachapán Power Station in El Salvador consists of three power units.  Units 1 and 2 are single-flash types with ratings of 30 MW each and Unit 3 is a double-flash unit with a 35 MW rating.  The units were installed over a period of six years as understanding of the reservoir was being developed. The total cost was $25 million. It is a vital piece of the electrical supply for the country today. Historically, it provided about 41 percent of the country’s electricity during the civil war in the 1980’s. Currently this one plant supplies about 9% of the nation’s power generation; in total, geothermal plants provide about 29% of El Salvador’s electricity generation.References275.  Comision Ejecutiva Hidroelectrica del Rio Lempa, Boletin de Estadisticas Electricas No. 33, 2002276.  Encyclopedia of the Nations, El Salvador – Energy and Power



TECHNOLOGY: BINARY PLANTS  
(WATER COOLED) 

 

HEBER 2 POWER PLANT 
HEBER, CALIFORNIA 
 
12 UNITS: 33 MW TOTAL 

[operational since 1983] 

 

Photo credit: Ormat 
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Geothermal Plants:  Binary Type – Water CooledBinary TechnologyUntil recently it was generally accepted that a resource temperature of about 150oC was the lower limit for commercial geothermal power development. With the adaption of waste heat-recovery technology to geothermal power, this limit has been lowered significantly to about 70-75oC. The key to this important advance lies in binary technology. This technology takes geothermal hot water from a reservoir and passes it through heat exchangers that cool the geofluid, while simultaneously a secondary working fluid (hence the name “binary”) is heated and boiled. The secondary fluid passes through a closed cycle while driving a turbine to generate power, as shown in this diagram.Since the cycle working fluid is usually an organic substance such as isobutane or isopentane, plants of this type are called “organic Rankine cycles” or ORCs. The particular version shown in this slide uses a water cooling tower to provide condensation of the organic fluid. This is not always practical if water availability is limited.Heber Binary PlantAn example of binary technology is the 33 MW plant at Heber in the Imperial Valley of California. Modular in design, it incorporates 12 identical units producing 2.75 MW each. This plant replaced a large binary demonstration plant that had a rating of 65 MW-gross, 45 MW-net at the same site. The demonstration plant used a single turbine but was unsuccessful mainly because the resource could not be developed to supply sufficient geofluid to power the plant. Small, modular binary plants are now the standard method of deploying this type of system.References281.  Ormat - Geothermal Power Plant Configurations



TECHNOLOGY: BINARY PLANTS 
 (AIR COOLED) 

STEAMBOAT PLANTS 2 & 3 
NEVADA, UNITED STATES 

4 UNITS: 28 MW TOTAL 

[operational since 1983] 

Photo credit: R. DiPippo 
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Geothermal Plants: Binary Type – Air CooledAir-Cooled Binary PlantsInstead of using a water cooling tower, an air-cooled condenser may be used to condense the organic fluid after it leaves the turbine.  Since the organic fluid can be selected from many substances that have different boiling temperatures, one can tailor the cycle to match essentially any geothermal resource temperature, limited only by the size and cost of the plant components.  An important advantage for the air-cooled system is that no fresh water is needed for the condenser.  Thus, air-cooled plants can operate in arid lands. Another factor is the environmental friendliness of the plant.  Notice that the geofluid travels from and returns to the reservoir without coming into contact with the surroundings, and the organic fluid passes through a closed series of piping and equipment.  Only air is taken from and returned to the surroundings (indicated by the blue-highlighted arrows).Steamboat Plants 2 and 3The 28 MW Steamboat power plant is about 16 km south of Reno, Nevada, in the United States. It consists of four turbine-generator sets and a large array of air-cooled condensers.  Each generator can produce about 7 MW.  The fact that the plant has minimal impact on the environment allows it to operate harmoniously in a fairly residential area.  The installed power from all of the geothermal plants at Steamboat totals 82 MW.References280.  Steamboat Springs Geothermal Field



TECHNOLOGY: ENHANCED  
GEOTHERMAL SYSTEMS 

CONCEPTUAL DESIGN BASED ON AUSTRALIA’S COOPER BASIN 

Graphic: After Geodynamics 
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Enhanced Geothermal Systems (EGS)Enhanced geothermal systems (EGS) are under development to overcome the fact that hydrothermal geothermal systems are rare. EGS systems are characterized by rocks having low-to-medium permeability over the full range of geothermal temperatures. The lack of an adequate supply of water in the formation requires the introduction and recirculation of fluid to extract the thermal energy in place in the formation. The basic concept of EGS is depicted schematically here.  The drawing represents the type of formation encountered in the Cooper Basin in South Australia where a 1 MW pilot binary power plant is under construction.  A key piece of equipment for EGS facilities is the down-well production pump that helps collect all the fluid that is injected, minimizing water loss to the formation.Expansion of Geothermal OpportunitiesThe objective of EGS is to extend geothermal resources across a wide expanse of geography by creating conditions similar to hydrothermal conditions but in places where all six of the critical features mentioned earlier are not present. For example, in South Australia, deep drilling (~4 km) has proven that there exists a high-temperature formation (~200-250oC) that is well-sealed from the surface. Although there are some fractures and some fluid in place in the formation, neither is sufficient to render the system “hydrothermal” in the commercial sense. Reservoir StimulationThrough techniques of stimulation (hydrofracturing), the permeability of the formation can be enhanced to allow pairs of wells to be connected through fractures in the formation. Then fluid can be forced into the reservoir through injection wells and recovered from production wells after the fluid has traversed the enhanced permeable hot rocks. Once the hot fluid reaches the surface, it can be used in a fairly standard geothermal power plant, say, a binary plant. The cooled geofluid will then be returned to the reservoir through injection wells to start the process over again.Reference89.  Power From the Earth – Zero Emission Power Further readingThorsteinsson, H., C. Augustine, B.J. Anderson, M.C. Moore, J.W. Tester, 2009. “The Impacts of Drilling and Reservoir Technology Advances on EGS Exploitation”, Proc. Thirty-Third Workshop on Geothermal Reservoir Engineering, Stanford University, Stanford, CA, January 28-30, SGP-TR-185. 



TECHNOLOGY: EGS REQUIREMENTS 

• Select a suitable site 
• Drill at least 2-3 very deep wells 
• Create or enhance permeability 
• Stimulate a connection between or among the wells 
• Maintain a continuous flow of fluid 
• Achieve high mass flow rates and high fluid temperature 

from the production wells 
• Replicate the above to create a network of wells 
• Design, construct, and operate a power plant 
• Deliver the electricity to users 
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EGS RequirementsFor EGS to reach commercial status many challenges must be overcome that will require a concerted research and development effort. Although it was invented in the 1970’s at the Los Alamos National Laboratory in New Mexico, U.S., EGS technology is still in the early stages of development. The successful completion of a project involves accomplishing a series of challenging tasks: Selection of a suitable site – The nature of the geological formation and of the indigenous stress field are prerequisites for the development of an EGS project. The existence of prior wells in the area of interest is of immense value. Drilling at least 2-3 very deep wells – The first phase requires drilling several wells to 3.5-5 km depth. This is close to the limit of current geothermal drilling technology and is fraught with risk. A lost well can mean the loss of more than US$5M. Creating or enhancing the permeability – The formation, typically granite, will likely have small fractures containing some fluid, but will need stimulation to propagate the fractures and open them to create good permeability. The application of high-pressure fluid via injection wells creates the force needed to carry out this feat. Stimulating a connection between or among the wells – The permeable rock must be penetrated by all the wells to allow fluid to be passed down to the formation, through the newly fractured rock, and return to the surface through the pumped production well. At first, it was thought that a single injection well could create a large volume of fractured rock and that a second well could then be drilled to intercept the new fractures. More recent thinking is that it is better to drill two wells first and stimulate them simultaneously,  thereby creating a fractured mass of rock between the two wells. Maintaining a continuous flow of fluid – In principle, a closed loop should be formed from the surface, through the formation, and back to the surface, with minimal loss of fluid to the formation. Sufficiently high mass flow rates (~60-80 kg/s) and fluid temperature (~150-200oC) must be achieved in a continuous flow. Replicating all of the above to create a network of wells – After having accomplished all these feats, the entire sequence must be replicated several times to ensure that a cluster of 10-20 wells can be put into operation simultaneously to support a commercial size power plant. Designing, constructing and operating a power plant – Although the type of power plant to be used at an EGS system will be straightforward, it must be designed and coupled to the reservoir to operate for a sufficiently long time (~25-30 years) to make the project economically viable. The management of the reservoir-plant system is something that has never been done before, although it will apply and adapt the techniques being used at hydrothermal systems. Delivering the electricity to users – Of course the generation of power must be conveyed to endusers via transmission lines that may or may not exist. At minimum, a connection will have to be built to an existing line, and at worse, a new, long line will need to be built from the site to the closest load center. These are expensive endeavors and will require permits and the acquisition of land rights. (* See the Transmission section of the Overview Module) The first attempts at EGS (then called Hot Dry Rock) failed because of problems in the well-drilling phase. Typical wells at hydrothermal sites are only 1-3 km in depth, and the problems encountered in deeper wells are daunting. Failures are expensive and discouraging to others thinking about tackling similar projects. Nevertheless there have been several good outcomes recently that are encouraging. Some of these are in France and Germany, areas not normally thought of as having geothermal energy. Other countries that have conducted research and development projects include the United States, Great Britain and Japan.



EGS – IT CAN BE DONE! 

SOULTZ-SOUS-
FORÊTS, FRANCE 

1.5 MW-net PLANT 
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EGS – It Can Be DoneSoultz-sous-Forêts EGS PlantIn spite of these formidable obstacles, there is one successful example of an EGS power plant – the one at Soultz-sous-Forêts in France where a 1.5 MW-net pilot plant has been constructed.  It is located in the Upper Rhine Valley in Graben, close to the border with Germany.  The plant is currently undergoing shake-down trials prior to commercial operation.With a concerted effort, the right site, and sufficient funding, EGS could become commercial in about five years with plants in the 20-25 MW power range.Photo credits: SoultzReferences92.  European Deep Geothermal Energy Programme, Soultz HDR Project 



ENVIRONMENTAL IMPACTS 

• Environmental Advantages 
• Potential Environmental Problems 
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Environmental ImpactsThe generation of power from geothermal energy can be achieved with far less impact on the environment than conventional means such as fossil-fuel burning plants or nuclear plants.  Although geothermal power plants can be operated with minimal environmental impact, there are definite challenges that face plant designers.The photograph shows the 20 MW binary power plant at Amatitlan in Guatemala. Photo credit: OrmatReferences88.  A Guide to Geothermal Energy and the Environment Further ReadingDiPippo, R., 2008. Geothermal Power Plants, 2nd. Ed.: Principles, Applications, Case Studies, and Environmental Impact, Butterworth-Heinemann: Elsevier, Oxford, England. 
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ENVIRONMENTAL ADVANTAGES 

• Very low gaseous emissions 
• No contamination of fresh water supplies 
• Negligible or no solid waste emissions 
• Low noise during plant operation 
• Low land usage 
• Low water usage; zero water use if air-cooled 
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Environmental AdvantagesVery low gaseous emissions – Geothermal steam contains various contaminants, usually in small quantities, such as carbon dioxide, hydrogen sulfide, methane, and ammonia. Some of these can be released into the atmosphere after the steam is used in the plant without serious impact, but if their release would violate air quality standards, they must be captured and treated before release.  Carbon dioxide – a greenhouse gas – is not yet captured at geothermal plants because it constitutes a very small emission based on the number of megawatt-hours of electricity generated, as shown on the next slide.No contamination of fresh water supplies – Depending upon the resource, there are negligible emissions of substances that might  otherwise contaminate fresh water supplies.  Complete reinjection of waste geofluids into secure wells eliminates the possibility of those fluids mingling with fresh water wells.  This was not always the case in the early days of geothermal power; the practice of dumping waste geofluids into nearby streams and rivers did cause some environmental problems.  For example, this was practiced 40-50 years ago at the Wairakei field in New Zealand and led to high arsenic and boron concentrations in the Waikato River.  Nearly all of the waste fluid there is now reinjected.  Also, the waste geofluid from the Ahuachapán field in El Salvador used to be sent to the Pacific Ocean via a long canal. The canal has been removed, the land reclaimed, and all waste liquid is now reinjected in an adjacent geothermal field.  During the drilling phase of field development, there is the potential for contamination of surface and ground waters because of the fluids used during well drilling.  These are called “drilling muds” but are actually aqueous solutions containing several compounds designed to give the mud the desired viscosity and density.  Good drilling practice employs temporary, lined holding ponds, sufficient in volume to prevent the escape of either drilling mud or geofluids produced during drilling and well testing.  Thus with good engineering, the water supplies near the geothermal field can be protected from any contamination. Negligible or no solid waste emissions – With one notable exception – Salton Sea field, California, United States – geothermal resources do not contain high concentrations of dissolved solids such as heavy metals and other toxic compounds.  Whatever minerals are present in the geofluids are returned to the reservoir during reinjection.  At Salton Sea, where the concentration of minerals exceeds that of seawater by a factor of about six or seven, the brines must be treated before reinjection and the most problematic substances either removed or stabilized.  If removed, they must be conveyed to a certified disposal site.  Most countries now have environmental laws in place to guard against contamination from solid waste, and geothermal plants are obliged to comply with these rules and regulations. Low noise during plant operation – The noisiest aspects of geothermal development occur during well drilling and testing.  This takes place mainly during the early period of field development and later as makeup wells are periodically needed to replace those wells that have become useless.  It takes roughly one to three months to complete a well, so whatever noise occurs is of limited duration.  During the well-drilling phase several drill rigs are normally in operation, further shortening that phase of the project.  The noise emanating from drilling operations is mainly a problem for the workers who are close to the rigs, but the noise from well testing can be loud enough to affect any nearby residents.  Fortunately there are means to abate noise levels and alter the frequency to render them relatively benign.  Cyclone silencers and rock mufflers drastically lower the sound intensity and direct the sound vertically.  During plant operation, the noises are similar to those from any other power plant.  Fans in water cooling towers or air-cooled condensers are sources of noise that may have an impact on nearby neighbors, but baffles can be deployed to abate this sound. Low land usage – The amount of land occupied by a geothermal power plant is quite small on a per megawatt or megawatt-hour basis.  Having a relative small “footprint” allows the land at the geothermal site to be used for other purposes such as agriculture, cattle raising, and aquaculture.  The next slide gives more details.Low water usage; zero water use if air-cooled – During well drilling, water is needed to cool the engines used to turn the drill bit and to provide the base for the drilling muds used to cool the drill string.  This is usually taken from rivers or other surface sources, or from fresh water wells drilled for this purpose.  But this is temporary and ceases once the wells are completed.  Of course, the fresh water wells may still be useful for other purposes after the drilling phase.  Geothermal steam plants require only a minimal amount of fresh water since the geothermal steam condensate is available as make-up for the water cooling tower.  Normally there is an excess of condensate that can be reinjected into the reservoir.  This is an advantage over other types of power plants based on the Rankine cycle (such as fossil, nuclear, and solar thermal plants), which all need large quantities of water for condenser service.  Water-cooled geothermal binary plants are similar to conventional power plants.  However, since water is often a scarce commodity at geothermal sites, it is not uncommon to use air-cooled condensers that require no water at all. 



 
Plant type 

CO2 emissions 
kg/MWh 

Emissions relative 
to a coal plant 

Coal-fired steam plant 994 1.00 
Oil-fired steam plant 758 0.76 
Natural-gas-fired combustion turbine 550 0.55 
Natural-gas-fired combined cycle 365 0.37 

The Geysers (CA) dry-steam plant 40.3 0.041 
Flash-steam plant (typical) 27.2 0.027 
Geothermal binary plant 0 0 

CO2 EMISSIONS COMPARISONS 

LAND USE COMPARISONS 

Land usage 
Power plant technology m2/MW m2/GW-h 
110 MW geo-flash plant (including wells) 1,260 160 
20 MW geo-binary plant (excluding wells) 1,415 170 
670 MW nuclear plant (plant site only) 10,000 1,200 
2,258 MW coal-fired plant (including strip-mining area) 40,000 5,700 
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Carbon Dioxide EmissionsThe upper table on this slide compares the emission of CO2 from geothermal plants with fossil fuel power plants. Geothermal steam plants emit between 2.7-4.1% of the CO2 emitted by coal-burning plants. They also emit an order of magnitude less CO2 than a natural gas-fired combined cycle gas-turbine/steam-turbine plant, the lowest emitting fossil plant. Such plants have the highest thermal efficiency of any fossil plant, but geosteam plants emit 10 times less CO2 per MWh of electricity generated.Land UsageThe comparison between geothermal plants and alternatives is shown in the lower table in this slide. The advantage held by geothermal plants is obvious. To compare plants on the same basis, the land required per installed megawatt or per megawatt-hour is used. Geothermal steam power units typically are no larger than about 50 MW. A few units may occupy a single power house, served by pipelines from a number of wells. Each well takes up a small patch of land and pipelines are usually run along the sides of roads. Thus relatively little land is removed from concurrent use by the fluid gathering system. 



POSSIBLE  
ENVIRONMENTAL PROBLEMS 

• Well blowouts 
• Thermal pollution 
• Destruction of thermal manifestations 
• Disturbance of natural habitat, cultural artifacts, 

wildlife, vegetation, and vistas 
• Ground subsidence 
• Induced seismicity, landslides, and earthquakes 
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Issue: Environmental ProblemsThere are a number of environmental challenges that need to be addressed by the designers of geothermal power plants.  Some of these are common to any kind of development and others are unique to geothermal. Well blowouts – While this potentially life-threatening event was fairly common in the very early days of geothermal development in Italy and elsewhere, the use of blowout preventers on wells being drilled has all but eliminated this problem. In fact most countries require that such a device be mounted on all wells being drilled where there is any possibility of a blowout occurring.Thermal pollution – Geothermal power plants discharge relatively large amounts of waste heat to the surrounding areas compared to conventional fossil and nuclear plants.  The amount of heat rejected per unit of power generated is determined by the thermal efficiency of the power plant.  Since geothermal power plants are considerably less efficient on a thermal basis than conventional plants, they emit more heat per unit of electrical output.  This is particularly evident in regard to binary plants that have thermal efficiencies in the range of 5-15% depending on the resource temperature and the design of the plant.  The waste-heat-to-work ratio ranges from about 6-19.  This may be compared to a combined cycle gas turbine-steam turbine plant that would typically have a thermal efficiency of 55 percent and a waste-heat-to-work ratio of 0.8, and to a nuclear plant with an efficiency of 33% and a waste-heat-to-work ratio of 2; coal-fired and simple gas turbines lie between these two examples.  As a result of this effect, the cost of the condenser and cooling equipment for geothermal power plants constitutes a significant fraction, 20-40%, of the capital cost of the entire plant.  The highest cost case occurs with binary plants that use air-cooled condensers. Destruction of thermal manifestations – It is common to find natural thermal manifestations such as geysers, hot springs, mud pots, fumaroles, and similar phenomena in the vicinity of geothermal plants. Often these areas are tourist attractions and may include health spas to take advantage of the alleged healing powers of geothermal waters. Even under natural conditions, thermal manifestations are ephemeral, ever-changing under the dynamism of volcanic and tectonic forces, but when large-scale exploitation of the reservoir occurs, the consequences for the surface manifestations may be dire. Valley of the Geysers, Yellowstone, Beowawe and WairakeiRecently, the spectacular Valley of the Geysers on the Kamchatka peninsula in Russia, perhaps the second-ranked geyser field in the world behind Yellowstone National Park in the United States, suffered a catastrophic natural landslide that extinguished many of the geysers that had occurred there.  From year to year the manifestations at Yellowstone also change their character in unpredictable ways at the whim of nature.  In the case of geothermal development, there are numerous examples of the extinction of spectacular geysers and other natural phenomena directly caused by reservoir exploitation. For example, the Beowawe (Nevada, U.S.) and Wairakei (New Zealand) geysers died shortly after field exploitation began.  While it is often true that other manifestations replace the vanished geysers, it is small consolation for the loss of one of nature’s most splendid features.  The only way to avoid these losses is to prohibit development at or near these remarkable places.  Many countries have designated such areas as national parks or preserves, setting them off-limits for development.Disturbance of natural habitat, cultural artifacts, wildlife, vegetation,  and vistas – Industrial or commercial development, including geothermal development, necessarily changes the nature of the environment. Geothermal areas are typically, though not always, found in lesser populated areas, well removed from centers of commerce and development. These areas are natural habitats for wildlife, often carry cultural significance, and in some cases are even central to the religious practices of native peoples. Attempts to exploit geothermal resources in such environments can understandably be met with strong resistance. Geothermal developers must be sensitive to the concerns of local inhabitants and other stakeholders, and attempt to work with them for the common good.  There are a number of cases where this has taken place: for example, in El Salvador at the Berlin field, in New Zealand at the Wairakei and Ohaaki fields, and in Kenya at the Olkaria field, where all parties benefit from the careful development of the geothermal resources.Wildlife can be fairly easily accommodated within a geothermal field.  Geothermal plants require far less land than other power generating stations.  Furthermore, pipelines are typically located and installed such that wildlife can roam freely without encountering barriers.  Vegetation in the immediate vicinity of wellhead silencers may be adversely affected by the discharge of steam and non-condensable gases. However, with careful planning, revegetation of areas disrupted during construction can be carried out and the land restored or even improved over the pre-development conditions.  Examples of harmonious development can be found in many sites, with El Salvador and Kenya perhaps being among the best.  The Olkaria power plants in Kenya are actually within the Hells Gate National Park (the plant preceded the area being designated a park) but the plant has been designed and is operated such that the animals and the plant live together, and tourism is unaffected, though the impact on the native Masai is of some concern. While most of the development has had positive impacts, such as the Masai receiving free fresh drinking water and emergency health care at the project dispensary, the jobs that are created during projects tend to be temporary. Also, some outside workers may be brought in for specialized tasks and this sometimes puts a strain on local traditional ways of life.  Ground subsidence – Potentially serious problems related to changes in the elevation of the earth’s surface can occur when vast quantities of fluid are withdrawn from subsurface formations.  The formation may contract, resulting in a lowering of the surface.  While this is much more of a probability where the reservoir contains very high-pressure fluids that help support the surface, it sometimes can happen in hydrothermal systems.  Subsidence does not occur rapidly as in an earthquake, but rather after an extended period of exploitation.  The most notorious case is the Wairakei field in New Zealand where a portion of the ground surface has now sunk by more than 15 m.  The plant was put on line in 1958 and has been in continuous operation since then.  The deepest bowl of depression lies far from the power house and has not affected the turbomachinery, but pipelines and canals have needed rebuilding from time to time.Since each field is different in terms of its geologic structure and fluid characteristics, it is crucial that monitoring be conducted of the ground elevation in and around the field, starting before exploitation and continuing throughout the life of the power plant.  If subsidence is detected, the reservoir exploitation practices can be adjusted to minimize the effect before it becomes significant. Induced seismicity, landslides, and earthquakes  – This important topic is covered in the next slide.References87.  Valley of Geysers - What Actually Happened 129.  Environmental Management at Olkaria Geothermal Power Project, Kenya - Presentation326.  Environmental Management at Olkaria Geothermal Power Project, Kenya - ReportFurther ReadingDiPippo, R., 2008. Geothermal Power Plants, 2nd. Ed.: Principles, Applications, Case Studies, and Environmental Impact, Butterworth-Heinemann: Elsevier, Oxford, England. Hodgson, S.F., 2008. “North of the Volcanoes: Balancing Geothermal, Environmental, and Social Development in El Salvador”, GRC Bulletin, V. 37, No. 4, July/August 2008, pp. 21-28. Mariita, N.O., 2002. “The impact of large-scale renewable energy development on the poor: environmental and socio-economic impact of a geothermal power plant on a poor rural community in Kenya”, Energy Policy, V. 30, Issues 11-12, September 2002, pp. 1119-1128.	  



ENVIRONMENTAL ISSUES:  
POTENTIAL LANDSLIDES 

LANDSLIDE 
AT ZUNIL, 
GUATEMALA 

Photo credit:  
Google Earth 
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Potential LandslidesGeothermal fields are often found in mountainous or volcanic regions where the terrain may be unstable.  Thus, there is the possibility of landslides resulting from any number of activities ranging from the construction of access roads and well pads, to drilling operations, to flow testing and reinjection.  It is important to engage specialists to develop a hazard map for the prospective area so that before any activity begins, hazardous zones or unstable areas can be reinforced or avoided. A particularly tragic event occurred at the Zunil field in Guatemala and resulted in the deaths of at least 23 people who had been living near the field.  Although the precise cause of the landslide is not known, it was likely related to a hidden fault that slipped when it was subjected to fluid under pressure. This slide from Google Earth shows the section of the mountainside that gave way and the resulting flow that stopped just short of the main highway.  The Zunil power plant was constructed a few years after the landslide and can be seen in the lower left of the scene. Although infrequent, phreatic explosions have taken place at or near geothermal fields. These happen naturally, as can be observed, for example, at Yellowstone Park where the thermal features can abruptly change their characteristics —hot springs dry out, geysers alter their period of eruption or go dormant, new thermal areas burst into life, all without any human causation. However, when such events occur near an operating geothermal power plant, it is possible that something related to its operation may have caused the change. Careful study is needed to determine the actual cause of such events.  EGS technology carries the risk of induced seismicity. The hydrofracturing process that creates the fracture network involves the injection of high-pressure fluids into the formation through injection wells. This pressure creates an over-stressed environment to crack open the partially fractured reservoir.  It is normal, indeed expected, that this will create microseismic events. The noise generated by the cracking is monitored precisely to determine the location of the fractures and the effectiveness of the stimulation.  These seismic events are typically very weak, less than magnitude three on the Richter scale.  However, stronger events have occurred.  Further ReadingFlynn, T., F. Goff, E. VanEeckhout, S. Goff, J. Ballinger and J. Suyama, 1991.  “Catastrophic Landslide at ZunilI Geothermal Field, Guatemala, January 5, 1991”, GRC Trans, V. 15, pp. 425-433. http://www.geothermal.org/result.php?CategoryID=3&Source=Transactions&Title=&Keywords=&Author=flynn&Volume=&Number=&PublicationYear=1991&SUBMIT=Search Voight, B., 1992. “Causes of Landslides: Conventional Factors and Special Considerations for Geothermal Sites and Volcanic Regions”, GRC Trans., V. 16, pp. 529-533. http://www.geothermal.org/result.php?CategoryID=3&Source=Transactions&Title=&Keywords=&Author=voight&Volume=&Number=&PublicationYear=1992&SUBMIT=Search Majera, E.L., R. Baria, M. Stark, S. Oates, J. Bommer, B. Smith and H. Asanuma, 2007. “Induced seismicity associated with Enhanced Geothermal Systems”, Geothermics, V. 36, Issue 3, June, pp. 185-222. http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VCN-4NMTYWT-1&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=d73ef8b157fccf012e5db8d95a28c007 



PROJECT DEVELOPMENT FLOW 

• Resource identification 
• Resource assessment 
• Exploratory well drilling and testing 
• Development well drilling 
• Plant and fluid gathering systems design 
• Construction phase 
• Performance testing, verification, and 

acceptance 
• Long-term operation 
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Project Development FlowThe sequence of steps that must be followed to develop a new geothermal field to commercial power production are shown here.  Generally speaking, the steps involve exploration, drilling, design, construction, and operation.  Experts from various specialties are engaged to carry out the work.  Some of the steps may overlap in time if a project is “fast-tracked,” but this can raise the financial risk of a project. For example, if the power plant design is initiated before the resource is fully characterized, the design may not be suitable for the actual resource.  It has happened that power plant equipment has been delivered to a site, but the resource then turns out to be disappointing or different from what was anticipated, and the equipment cannot be used as designed.For example, at Cove Fort in Utah, United States, the developer ordered a set of four binary units to be used at what was expected to be a hot water resource.  Upon drilling, a small steam reservoir was discovered, and the binary units were ill-suited to effectively utilize the steam.  Eventually, a new back-pressure steam turbine was purchased and deployed as a topping unit upstream of the binary units.  Obviously, a more efficient and cost-effective power system could have been designed from the beginning if the steam had been discovered before the plant was designed and the equipment ordered.Further ReadingChristensen, S. and  G.E. Morse, 1992. “Maintenance of a Multi Unit Geothermal Power Plant”, GRC Trans., V. 16, pp. 545-546. http://www.geothermal.org/result.php?DocumentID=2243&CategoryID=3&d=1



Geothermal Energy 
 
• Origins And Uses 
• Global Status 
• Geothermal Power Generation Technologies 
• Environmental Impacts And Climate Change 
• Project Development Issues 
• Barriers To Market Penetration 
• Best Practices 

PRESENTATION 



PROJECT TIME FRAMES AND COSTS   

Project Phase (30 MW plant) Time Frame 
years 

Est. Cost        
M US$ (2008) 

Resource identification 
Resource assessment 
Exploratory well drilling and testing 

2-3 $6 

Development well drilling 3-4 $20 
Plant and fluid gathering systems design 
Construction phase 
Performance testing, verification and acceptance 

2-4 $75 

Long-term operation (annual costs) 25+ $2 
Installed cost (US$/kilowatt) $3,365 
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Project Time Frames and CostsCapital costs The first three steps – the exploration phase – can be completed in 2-3 years.  This usually includes the drilling of 2-3 wells to prove up the resource.  In the United States this can cost around $6 million.  The drilling of wells sufficient to support a 25 MW plant, for example, can take up to 3-4 years and cost upwards of $20 million.  This includes both production and injection wells and allows for failed wells.  Finalizing the design and construction of the piping systems to convey the hot fluids to the plant and the waste fluids to injection wells must await the completion of the drilling program, but some of this effort can be done in parallel with the drilling.  Power house site selection, design and construction can be accomplished in 2-3 years for a geothermal steam-type plant and in about 1-2 years for a binary-type plant.  This is the most costly phase of the project and can run to $50-75 million. Binary plants, particularly ones using air-cooled condensers, tend to be more expensive per installed kilowatt than geosteam plants.Operating and maintenance costs Once the plant is on line, there are continuing costs of operation and maintenance that typically average a few percent of the plant capital cost.  However, periodically new wells need to be drilled to replace those that have declined.  Each well can cost $1-1.5 million and take 2-3 months to complete.  Large plants consisting of several units can reach a power capacity of 100 MW or more, and require the drilling of makeup wells on a fairly frequent basis.  Some companies purchase their own drill rigs and hire their own crews to carry out this work.  Some geothermal plants are so simple and reliable that they do not require an on-site staff of workers; but can be monitored remotely from an administrative center. This arrangement is used by The Geysers in California, where 15 separate plants are controlled remotely from a single control room.  If trouble arises a work crew is dispatched to handle the problem.



FACTORS AFFECTING COSTS  

 
• Quality of resource 
• Technical problems and delays  
• Availability and cost of professionals  
 and trained labor 
• Cost of capital, exchange rates 
• Plant reliability 
• Plant capacity factor 
• Electricity price for base-load, non-dispatchable 

power 
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Factors Affecting CostsThe cost of developing and installing a geothermal power plant is influenced by the following factors:Quality of resourceIf the quality of the resource is low, e.g., it has a low temperature or the geofluid flow rate is low, the cost (per installed kilowatt) of the development will be high. More production and injection wells will be needed, and more unproductive or useless wells will be encountered, driving up the early field development costs. Also, the energy conversion equipment, typically a binary plant, will be larger and more expensive, driving up the construction cost.Technical problems and delaysDelays in any phase of the project lead to unproductive costs.  Trouble during drilling is one of the most common causes of delays.  There are many possible mishaps that can occur during drilling related to problems with drill bits that wear out, drill strings and piping that separate or get stuck in the hole, loss of drilling fluid, or other events that halt penetration and result in drill rigs being unproductive and sometimes completely idle.  This means the per-day rig charges keep accruing but wells are not being completed. This problem is most often encountered at new fields or with very deep drilling.  The first attempts at EGS were plagued by trouble of this sort, but as experience is being gained, these problems appear to be lessening.Availability and cost of professionals and trained laborGeothermal power could play a significant role in the energy supply systems of many developing countries.  However, often such countries lack specialists educated and trained in geothermal energy.  This leads to the hiring of outside consultants who are expensive. Training centersFor many years, geothermal training centers existed in New Zealand (Auckland Geothermal Institute) and in Iceland that greatly assisted young people from many countries to achieve expertise in this field.  The New Zealand center has closed but there are still programs in Iceland and a new center is bring proposed for the United States.  If these schools are successful in producing a new generation of geothermal professionals to replace the older generation, particularly in Europe, Asia, and Africa, then development of geothermal power will be enhanced.Local drilling companiesOne important issue that relates to the problems with drilling and the availability of local trained personnel is that of having local drilling companies for geothermal projects.  For example, in both Costa Rica and El Salvador, early on the drilling of wells was contracted out to foreign companies, but in time both countries took over the drilling operations at their geothermal fields.  El Salvador formed a new company specifically to drill wells (Santa Barbara Drilling Company) and Costa Rica purchased drill rigs and now operates them with personnel from its National Electric Authority, ICE. This is an effective way to control drilling costs, and in fact can provide revenue since these companies, such as the one in El Salvador, can bid for jobs in neighboring countries and challenge drillers from more established companies.Cost of money, exchange ratesGeothermal plants, like all others, require financing. When interest rates are high, the cost of money is high.  Because geothermal plants are heavily front-end loaded with capital costs, high rates for borrowing will drive up plant costs.  International exchange rates can also play a role, since most major geothermal plant equipment suppliers are based in the United States, Israel, or Japan. Plant reliability and capacity factorThe cost to generate a kilowatt-hour of electricity is strongly influenced by the plant’s reliability and capacity factor.  Geothermal plants have exemplary records for both of these factors.  Power supply to the grid from geothermal plants can be relied upon as constant.  Steam plants are more steady and consistent in power delivery than binary plants, particularly air-cooled ones, but both have excellent reputations.  Since they generate nearly at full capacity for nearly all the hours in a year, the unit cost of electricity is low, given the other factors that go into the bottom line. Grid-integrated, base-load powerBase-load electricity is highly prized by utilities and energy supply companies.  Geothermal facilities often have capacity factors as high as 95 percent and provide valuable base-load power.  However, the power generally is not dispatchable because geothermal units should be operated steadily to maintain the wells in continuous flow. To turn wells on and off leads to damage to the wells. This means that geothermal plants cannot be scheduled for on/off periods to follow variable demand by consumers of electricity. Utilities need a certain percentage of base-load power and a lower percentage of peaking power (dispatchable power) to follow load. However, with more and more solar and wind power coming online, utilities likely will look for more base-load to help cover the gaps in generation when the sun is down and the winds are calm. Geothermal can help fill those gaps.



COMPARATIVE COSTS OF  
GENERATION 

 
Technology 

 
Plant Size, MW 

Capital Cost, 
US$/kW 

Development 
Time, years 

Nuclear 1,000-1,200 4,500-7,500 10+ 

Coal 300 2,000-4,000 6+ 

Combustion Turbine 250 700-1,000 2-3 

Combined-Cycle Gas Turbine 500-1,400 800-1,200 3-4 

Geothermal Steam 50 2,000-3,000 10 

Geothermal Binary 20 2,500-3,500 5-7 

EGS Binary 5 15,000 est. 10 
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Comparative Costs of GenerationThis table compares the capital costs of eight common generation types, including three types of geothermal resources. The cost spread is due to different sites and resource quality. All of the non-geothermal technologies reflect only capital costs and do not include fuel costs, decommissioning, or waste fuel disposal.  The US Federal Energy Regulatory Commission compiled these data in June 2008. Conventional geothermal power plants compare favorably with other forms of electricity generation in terms of cost per installed (or average) kilowatt. Currently, the least expensive plants (among those examined in the US) are those fired by natural gas, either combustion turbines or combined cycle gas turbine-steam turbine plants, but this may or may not continue to be true depending upon future natural gas prices. These natural gas plants can also be brought on line more rapidly than other conventional plants. Coal plants without carbon capture are still more expensive than geothermal plants, and those with carbon capture (if the technology can be developed) will be much more expensive. Nuclear plants have become very expensive in recent years and remain questionable for further deployment in the United States and Europe. Also see Overview Module for more details.References37.  DOE - Increasing Costs in Electric Markets  



GEOTHERMAL INVESTMENT ISSUES 

• Business Models  
• Permitting 
• Incentives 
• Financing 
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Issues Guiding Geothermal Investment Even high-grade geothermal resources may stumble during the early development phases owing to institutional and social factors.  This section discusses various ways to overcome barriers to development, thereby creating an environment favorable to attracting investment in geothermal projects. Each of these topics will be treated separately in the next several slides. Energy Policy is another critical consideration and is covered in the Overview Module.The photograph shows the 56 MW single-flash power plant at Berlín in El Salvador as it looked following its first phase of construction. The power plant was recently expanded to include another 40 MW flash unit and a 9 MW binary unit.Photo credit: LaGeo



 ISSUE:  BUSINESS MODELS 
 

Utility-Owned and Developed 
• ICE/Miravalles field, Costa Rica  

 
Independent Power Producer (IPP) 

• Public auction of resource rights 
• Private development of resource and plant 
• Long-term sales agreement with utility 

 
Hybrid Utility/IPP 

• The Geysers field, California 
• Miravalles field, Costa Rica 
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Issue:  Suitable Business ModelCountries are effectively divided into two different types of electricity models.  One is the traditional, vertically integrated utility model, whereas the other is a restructured electricity system in which there are separate generation, distribution, and service companies. Geothermal power can be developed under either model.  Due to the cost, complexity, and risks of drilling for geothermal resources, recent development of most geothermal projects has been conducted by the private sector. Since most geothermal resources are located on public lands, government agencies may auction rights to develop the resources. Given the long construction period for geothermal, a long-term power purchase agreement may be needed from the off-taker (which is almost always a utility) to ensure a revenue stream to entice development. Once the geothermal resource has been developed, construction of the plant may be undertaken by a traditional EPC (engineering, procurement, and construction) firm or, in some cases, by the geothermal equipment manufacturer, For example, Ormat and Fuji, two of the major geothermal turbine manufacturers, also design geothermal power plants on an EPC basis.In some cases government-run utilities have engaged in geothermal development. This strategy has been successful in Central America, though less so in Asia. In Costa Rica, which has resisted electricity market restructuring in its full form, the government utility entity ICE carried out all activities related to the development and exploitation of its major geothermal resource at Miravalles.  With funding assistance from several international agencies, mainly the United Nations Development Fund and the Inter-American Development Bank, ICE conducted field exploration, drilled wells, designed and built the infrastructure to convey the geofluids, and owns and operates the power station.  ICE also transmits the power to customers through its power lines and collect revenues.  In some cases, a hybrid utility/IPP model has emerged, with the IPP or utility developing the resource, and the other operating the power plant. For example, in the U.S. in the 1960’s and 1970’s, The Geysers dry steam field was developed by private exploration companies who drilled wells, proved up steam reserves, and then sold that steam to the Pacific Gas & Electric Company for use in PG&E’s own power plants. PG&E as a regulated utility was averse to taking on the risk of geothermal field development and left that aspect to the private sector. However, with many individual companies drilling for steam, the reservoir was adversely affected, and severe pressure declines led to a drop-off in steam production and power output. After restructuring, PG&E sold their Geysers generating plants.  Eventually one company, Calpine, bought all except two of the plants at The Geysers, and also bought the land on which the wells were located. This consolidation of ownership led to improvements in steam management and more effective operation of the enterprise. The only commodity sold now is electricity into the power exchange, and the cost of producing the steam is a cost of doing business for Calpine. This alone has driven Calpine to more efficient means of operating the field and its power plants. The other IPP operating at The Geysers is Western GeoPower Corporation, the owner of a 35 MW plant scheduled to come on line in 2010. Western GeoPower signed a 20-year PPA with Northern California Power Agency at $98/MWh. In Costa Rica, changes to the country’s energy law now allow third parties to build and own power plants and to sell electricity to ICE. One of the five power units at Miravalles operates under this new rule.  Nevertheless, ICE is still responsible for developing and maintaining the geothermal resource, is obligated to provide steam to the privately owned plant, and to dispose of the waste brine through reinjection. ICE buys the electricity at a fixed rate of US$90/MWh for the 15-year contract period.



ISSUE:   
COMPLEX PERMITTING PROCESS 

 
 Clean Air Act  
 National Environmental Policy Act 
 National Pollutant Discharge Elimination System Permitting Program 
 Safe Drinking Water Act 
 Resource Conservation and Recovery Act 
 Toxic Substance Control Act 
 Noise Control Act 
 Endangered Species Act 
 Archeological Resources Protection Act 
 Hazardous Waste and Materials Regulations  
 Occupational Health and Safety Act 
 Indian Religious Freedom Act 

Laws Governing US Geothermal Projects 
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Issue:  Complex PermitsThe geothermal permitting process can be long, tedious, and costly, depending on the requirements of the country where the prospective site is located. By the end of the process, more than a dozen permits must be obtained for a geothermal plant to be built in the United States, and it matters greatly whether the proposed project is on private, federal, or state land since different rules apply in each case. The developer may buy the property from a private owner or sign a lease for portions of the land. Leases must be obtained for federal or state lands. The developer must identify the appropriate agencies in charge of the state or federal lands. The payment of royalties must be negotiated as part of the lease.Permits need to be obtained for exploration work, for drilling, and, finally, for utilization to generate electricity. Water usage is strictly controlled and the availability of use permits will affect the design of the plant. The types of permits needed depend on the adopted definition of geothermal energy as a mineral or water. In the United States, the individual states have differing definitions, and countries may also have various definitions and rules regarding ownership of geothermal energy rights. One of the main tasks facing any geothermal developer is the environmental review. This is usually done in stages and in the US the public gets to review and provide input at each stage. Among the many issues covered are impacts on surface and ground water, air, wildlife, cultural resources and artifacts, national parks and protected areas, and viewshed. Furthermore, impacts must be considered for any new transmission lines to connect the proposed plant to the grid.   Streamlining the process for obtaining permits can be very helpful in reducing the time needed at the early phase of a project. By expediting the review of the applications for renewable energy projects with longer lead times like geothermal, months or even years can be saved in the project timeline. References88.  A Guide to Geothermal Energy and the Environment 



ISSUE:  FINANCING  

 
• Power Purchase Agreements (PPA) 
 
• Incentives vs. disincentives 
 - loan guarantees 
 - tax credits/reductions 
 - early depreciation 
 

• Public-private partnerships 
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Issue:  Financing IncentivesGeothermal development is heavily front-loaded with capital outlays.  Few companies have the cash to self-finance geothermal projects.  Financing is therefore crucial to get a project moving. The first venture in a new field is seen as more risky than development of an existing field. Governments can assist by offering loan guarantees, production tax credits, tariff feed-ins, accelerated depreciation, and other incentives. Securing a long-term power purchase agreement (PPA) will improve chances for financing since a guaranteed source of income can be seen at the end of the project’s development phase.  However, sufficient work must be done with positive results proving out the resource to convince a utility to sign a PPA with a potential power generator.  Nevertheless, in the era of renewable portfolio standards (RPS), some utilities may see such agreements as a way of demonstrating their support for and compliance with such mandates.  If the new project is successful, the utility has a new supply of renewable energy; if the project fails, it will look elsewhere. Sometimes governments can provide incentives for geothermal development by offering loan guarantees to back up loans from private sources to cover the high risk that occurs in the early drilling phase.  Or the government can loan the money itself to construct a plant on a proven resource if other funding is unavailable.  Tax incentives may be offered such as tax credits for the generation of electricity, accelerated depreciation allowances, and reduced property or VAT taxes.  Paying the developer a premium price for each kilowatt-hour generated (such as through a feed-in tariff) can offset the extra cost involved with using a renewable resource.  Clearly this type of incentive has led to dramatic increases in deployment of wind and solar plants, especially in Europe where the incentives have been extremely generous. Recently this approach has led to an increase in deep drilling for geothermal resources in Europe for both electrical power as well as district heating. (See also Incentive section of the Overview Module.)The difficulty with all such programs is their ephemeral nature.  A financing program may run for a year or two and then lapse.  Perhaps it may be revived a few years later, or not.  The amount of the incentive can change from year to year.  Without a long-term commitment on the part of the government, a company facing a long and uncertain process from field discovery, development, and exploitation to actual power generation may be discouraged from even trying. In some cases where allowed by regulations, public-private partnerships can be effective. In the case of Costa Rica, the combination of a private power plant builder, owner, and operator and a government-owned and operated geothermal field has proven to be a successful mode of development.



BARRIERS TO  
MARKET PENETRATION  

• Infrastructure 
inadequacies 

 
• Site accessibility 

 
• Social barriers 
 
• Education vs. 

misconceptions 
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Barriers to Market PenetrationEven high-grade geothermal resources may stumble during the early development phases owing to institutional and social factors.  In this section some of these potential barriers are discussed, along with suggestions for mitigation in certain circumstances.Infrastructure inadequacies,  site accessibility Geothermal fields often lie in remote areas, in difficult volcanic terrain.  If developers lack access to even excellent prospective sites, they will be deterred.  The construction of access roads may be difficult, costly, and time-consuming, and at worst may even be prohibited.  Even if a site is accessible enough to allow surveying and exploration activities, once the project reaches the drilling stage, access must be upgraded to allow heavy vehicles to enter the site.  Roads will need to be paved and widened, bridges reinforced, and supplies of water will need to be secured.  This will involve either the purchase of land rights or the taking of land with adequate compensation under eminent domain.  And if the resource is proved up, a power station must be constructed and further site access will be required.  Transmission lines likely will be needed to carry the new power to the grid. Social barriers, education vs. misperceptionsGeothermal power generation is not widely understood by the average person.  Unless one lives in a noted geothermal area such as Iceland or New Zealand, it is unlikely that a citizen will have any appreciation of what geothermal energy can do to assist in meeting the country’s electricity needs.  Furthermore, the typical person knows of geothermal energy only in a negative light, such as earthquakes and volcanic eruptions. It is helpful to have an education program to point out that such disasters are problems that geothermal development must cope with and prevent against and that they are not an inevitable outcome of geothermal development.There are many examples of harmonious development of geothermal energy that promotes the welfare of local inhabitants.  One recently reported case is in the Ahuachapan and Berlín geothermal fields in El Salvador.  As S. F. Hodgson puts it in her 2008 article, “North of the Volcanoes: Balancing Geothermal, Environmental, and Social Development in El Salvador”: “LaGeo [a private geothermal development company] really harvests three crops from geothermal resources.  The first is electricity, equaling 26 percent of the country’s electrical production.  The second is social programs, raising educational, health, and economic levels for thousands of people in and around the two geothermal fields.  The third is reforestation, animal reintroduction, and animal welfare programs: replacing the fields’ barren slopes with healthy ecological communities. Together the projects generate electricity; healthier, happier people; and a thriving natural environment.”Kenya, New Zealand, and Japan are other noteworthy examples of geothermal development in harmony with nature and local peoples. But these community benefits do not grow organically from the power project.  The geothermal developer must work closely with the community from the initial project stages to identify areas of mutual concern and interest.Photo credit: OrmatFurther ReadingHodgson, S.F., 2008. “North of the Volcanoes: Balancing Geothermal, Environmental, and Social Development in El Salvador”, GRC Bulletin, V. 37, No. 4, July/August 2008, pp. 21-28.	 
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BARRIER:   
TECHNOLOGICAL LIMITATIONS 

 

 
• Resource 

identification and 
assessment 
 

• Resource longevity 
 

• Transmission line 
access and cost 
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Issue: Technological LimitationsGeothermal resources are not easy to find and develop to the point of electricity production.  This section discusses some of the technical issues facing a potential geothermal developer.Resource Identification and AssessmentIt may safely be assumed that all the “easy” geothermal resources have been found and explored.  There may be some unexplored major geothermal area left on earth that has escaped the attention of humankind, such as the magnificent Valley of the Geysers in remote Russian Kamchatka that was identified only in 1941, but the chances are slim.  Further exploration will require new sensors and technology that can reveal subsurface geothermal activity whose presence is not revealed by the usual surface manifestations.  There have been discoveries of “blind” geothermal resources, but nearly all were found when drilling for oil and gas.  The sites were abandoned as lacking in the expected petroleum resources and long afterward revisited by geothermal prospectors.  Given the high cost of drilling, wildcat geothermal drilling is not a favored activity.  Lacking new technology to carry out blind exploration, developers are left exploring small areas marked by a solitary hot spring or areas with evidence of ancient geothermal activity. Resource LongevityHaving invested all the required up-front costs of field exploration and assessment including the drilling of a few deep wells, the field developer must hope that once full-scale exploitation begins, the field continues to flow at rates sufficient to supply the power station. Often individual wells that looked so promising just after drilling and testing decline rapidly once put into continuous production. However, it is less likely that an entire field stops producing.  Usually when one or two wells decline, others can be drilled in other parts of the field to replace and sometimes outperform the old ones. What is more likely is that the characteristics of the geofluid in the reservoir and at the production wells change. For example, the resource at The Geysers began to show lower pressure steam when too many uncoordinated production wells were put into operation a decade ago. Once the operation was taken over by a single entity, Calpine Corporation, the field was stabilized by overall coordination of production and injection practices. Transmission Line Access and CostWhen a resource is located in a remote area, a transmission line must be built to take the power from the geothermal plant to the grid.  This cost is often borne by the developer in today’s energy marketplace.  Obtaining permits for these power lines can be time-consuming, costly, and certainly not assured, particularly if the land to be traversed is of special significance in any way, and especially if it is culturally or environmentally sensitive.  Entire projects can be halted because of the lack of transmission lines.  Even when power lines can be accessed, the carrying capacity may be insufficient to allow additional power to be transmitted. (See also the Transmission section of the Overview Module)The photograph is of the Poás volcano in Costa Rica, a reminder that many geothermal fields are located near active or inactive volcanoes.Photo credit: R. DiPippo
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PROJECT DEVELOPMENT RISKS  

PROBABILITY OF 
PROVING UP A 
VIABLE PROJECT 

RISK AS A FUNCTION 
OF EXPENDITURE 

Graphics:  Barnett  et al, 2003 
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Project Development RisksThe risk involved in developing a hydrothermal geothermal project is very high in the early stages but decreases as the phases of development play out and as the expenditures increase.  The probability of achieving a successful project is only 40 percent even after the completion of the geoscientific studies and the exploratory drilling.  Only during the developmental well drilling phase does the probability rise to over 80 percent.  It is not unusual for this early work to cost as much as US$10 million. Further ReadingBarnett, P., J.B. Randle and A. Fikre-Mariam, 2003. “Risk and Risk Management in Geothermal Development”, GRC Trans., V. 27, pp. 209-212. http://www.geothermal.org/result.php?DocumentID=21910&CategoryID=3&d=1 



BEST PRACTICES:   
GEOTHERMAL POWER 

• Community involvement from the beginning 
 

• Respect for the environment 
 

• Respect for local culture 
 

• Early buy-in from utility (PPA) 
 

• Secure financing  
 
• Community enhancements, rural electrification 
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Best Practices for Enabling the Development of Geothermal PowerCommunity Involvement from the BeginningFor resources located near communities, it is imperative to involve community leaders at the earliest possible moment to inform them of the project and its potential impacts.  Educational meetings at which presentations of actual geothermal plants are made can demonstrate how harmoniously geothermal energy can be developed.  Land may need to be acquired from the local owners for drill pads, storage areas, work camps, and other uses, and negotiations will need to be carried out to determine fair prices for the purchases or leases. For government-initiated or privately financed projects alike, good communications and a clear understanding of the project's anticipated benefits can help facilitate the development process. Arrangements should be made where possible to hire workers from the community to work on the project.  Assistance from the project benefiting local schools or other infrastructure can help gain the support of the community. The new access roads to the thermal power facility, in many instances, facilitate transportation within the wider community.  If the project leads to a power station and the associated infrastructure, there is the opportunity to build a youth center or senior center that can be equipped with computers and internet access.  With an operating plant, there will be other opportunities to hire people locally for many jobs at the plant.  When people see that geothermal energy can improve their lives, they will be less resistant to the project.  Respect for the EnvironmentAny geothermal project will by necessity have a potential impact on the environment. Developers must show that they will follow the environmental rules and regulations as they go through the various phases of a project, and be willing to negotiate with local people to respect any cultural aspects of the properties that might be affected.  There are numerous actions that can be taken to mitigate environmental impacts (as discussed previously in the environmental impacts section of this module) and they must be incorporated into the project plan. Early Buy-in from Utility (PPA)A project should seek a power purchase agreement at the earliest possible opportunity. As described earlier, a PPA will facilitate financing of the project.  Details of any PPA are subject to negotiation.  In many cases, there is little risk for the developer if the project does not reach fruition, but progress must be made within a certain specified time frame or the PPA will be voided.  (Also see the section on PPAs in the Overview Module)Secure FinancingThe costs to develop a geothermal project are considerable, usually necessitating acquisition of external financing. Lending institutions normally look favorably on geothermal projects that have progressed beyond the exploration phase with positive indications of a commercial resource. Tight global credit poses financing challenges for even very promising projects, so all financing routes should be explored.  International lending agencies such as the World Bank, Inter-American Development Bank (IDB), Central American Bank for Economic Integration (CABEI), and others have extensive experience with funding all phases of geothermal projects. Community Enhancements, Rural ElectrificationThe fact that a geothermal power plant is being built in a rural area should benefit the local communities. At the least, the communities should be electrified by the new plant. Government officials involved in the project send a poor message if a project occupies land in the community for a power plant and then ships the power to major cities, bypassing local residents who do not have electricity.Further ReadingDiPippo, R., 2008. Geothermal Power Plants, 2nd. Ed.: Principles, Applications, Case Studies, and Environmental Impact, Butterworth-Heinemann: Elsevier, Oxford, England. 
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SUCCESSFUL  
GEOTHERMAL PROJECTS 

• Olkaria project - Central Kenya 
 

• Berlín project - Eastern El Salvador 
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Successful Geothermal ProjectsThere are many examples that could be cited as successful geothermal power projects that fulfilled not only the needs of the developers but of the communities as well. Two good examples are the Olkaria project in central Kenya and the Berlín project in eastern El Salvador. 



OLKARIA, KENYA 

Giraffes, zebras, and binary power plant 
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Olkaria, KenyaOlkaria is host to four geothermal power stations.  It lies in the Hells Gate National Park.  The plant exists there now solely because it was “grandfathered” since the development preceded the establishment of the park.  The Kenyan utility, KenGen, has taken numerous steps to assure that the plant is maintained in harmony in its fragile environment.  These steps include: Rehabilitation of all surfaces disturbed during construction Areas deemed potentially dangerous to animals are fenced off, such as wellheads with holding ponds  Pipelines are mounted on elevated stanchions in wildlife migration routes to allow free passage  Speed regulations on roads are enforced and nighttime driving is minimal Wildlife watering spots were created Soil disturbance was minimized during construction and soils were stabilized, erosion is controlled and monitored A weather station was established to monitor air quality, particularly the amount of hydrogen sulfide and the levels of acid rain Noise levels are monitored at places frequented by park visitors such as picnic areas and camp sites Silencers are deployed to muffle the sound of discharging steam Waste brine is reinjected, both hot and cold streams Pipelines are painted to blend in with the surroundings Photo credits: 	top right – BGR			center - Ormat			bottom - OrmatReferences129.  Environmental Management at Olkaria Geothermal Power Project, Kenya 



BERLÍN, EL SALVADOR 

LaGeo Computer Center 

Geothermal 
greenhouse 

El Tronador park  
and geothermal pool 
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Berlín, El SalvadorThe Berlín geothermal field lies in the eastern part of El Salvador on the rugged slopes of the Tecapa volcanic complex.  During the civil war of the 1980s, it was controlled by the rebels, thereby precluding development that had started in the 1970s  It is a poor rural region of 17 small communities.  LaGeo, the successor to the national commission for electricity generation (CEL), has made Berlín into much more than simply a 100 MW geothermal power station. A long list of community enhancements includes:    Construction and repair of roads, streets and bridges  Construction of primary schools and high schools  Installation of basketball courts and soccer fields  Establishment of health clinics  Supply of electricity and potable water to local houses  Creation and funding of the Center for Training and Development that offers disadvantaged children English classes, computer courses, and vocational training  Scholarships to residents for high school and university  Construction of the geothermal park at El Tronador, complete with geothermal swimming pool, sauna, changing rooms, and a small restaurant  Construction and funding for an animal recovery center for endangered species  Construction of a geothermally heated greenhouse to raise coffee trees  Support to FundaGeo, which manages the greenhouse and other social and environmental activitiesPhoto credits: S.F. Hodgson Further ReadingHodgson, S.F., 2008. “North of the Volcanoes: Balancing Geothermal, Environmental, and Social Development in El Salvador”, GRC Bulletin, V. 37, No. 4, July/August 2008, pp. 21-28. 
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