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Abstract. A geothermal direct-use project utilizes a natural resource – a flow of geothermal 

fluid at elevated temperatures, which is capable of providing heat and/or cooling to buildings, 

greenhouses, aquaculture ponds and industrial processes (LIENAU, 1998). Geothermal utili-

zation requires a unique blending of skills to located and access a resource, and to concur-

rently match the varied needs of the user in order to develop a successful project. Each re-

source development projects is unique, and the flow chart (Figure 1) of typical activities can 

serve as a guideline of logical steps to implement a project. The development of a project 

should be approached in phases so as to minimize risk and costs. The size of the project 

determines the amount of exploration and development of the resource that can be economi-

cally justified. For heating a single home the risk is high, as outside of gathering data on 

adjacent hot springs, wells and use, the well becomes the exploration tool and hopefully pro-

vides the necessary energy to the project. Larger projects, such as district heating and indus-

trial applications can justify more investigation to better characterize the resource and thus 

reduce the risk. 

The first phase generally involves securing rights to the resource. This includes infor-

mation on ownership, leasing, agencies involved, water rights, injection requirements, com-

petition with adjacent geothermal users, and any potential royalty payments. The second 

phase involves interdisciplinary activities of geology, geochemistry, geophysics, drilling and 

reservoir engineering. These exploration activities are usually expensive and often the eco-

nomics of a direct-use activity will not support an extensive program. The necessary mini-

mum exploration of resource characteristics would include depth to the resource, tempera-

ture, flow-rate, drawdown and fluid chemistry of the fluid – information which is needed to 

determine if a project is feasible and will meet the needs of the proposed activity. 

Keywords: geothermal potential, direct use, Lindal diagram, balneology, greenhouses, in-

dustrial use 

 

1. SELECTING THE POTENTIAL USE OF RESOURCE  

One of the frequently asked question is “I have this resource, now what can I do with 

it?” The multi-part answer consists of these questions: (1) what is the estimated (or 

known) temperature and flow rate of the resource? (2) what is the chemistry of the 

resource? (3) what potential markets do you have for the energy (and what would be 

the expected income)? (4) do you have the experience or are you willing to hire 

experienced people to run the project? (5) do you have financing and is the estimated 

net income enough to justify the investment? (6) do you own or can you lease the 

property and the resource, and are there limitation on its use? 

Figures 1 and 2 are examples of charts that can be used to match resource tem-

perature with potential uses, and can be used to narrow the choices. A brief discus-

sion of some of the more common uses is presented below. 
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Figure 1. 

Various geothermal uses, including power generation and direct-use, and which tempera-

ture range is appropriate in each case (courtesy of Geothermal Education Office). 
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Figure 2. 

Examples of potential industrial applications of geothermal energy, with the colored bars 

indicating which geothermal applications are currently being practiced. 

 

2. SPAS AND POOLS 

People have used geothermal water and mineral waters for bathing and health for 

many thousand of years. Balneology, the practice of using natural mineral water for 

the treatment and cure of disease, also has a long history. Spas are usually located 

where water emerges from a spring or well. The water, often warm and characterized 

by a certain mineral composition, gives the spa certain unique characteristics which 

can be used to attract customers. Many spas also use therapeutic muds (peoloids), 

either found at the site or is imported from special locations. Drinking the spa water, 

bathing in it and using the associated muds are generally thought to offer health ben-

efits to the user. The generally accepted swimming-pool temperature is 27 oC, alt-

hough this can vary from culture to culture by as much as 5 oC. If the geothermal 

water is too hot, then some sort of mixing or cooling by means of aeration or a hold-

ing pond is required to lower the temperature. Alternatively, the hot geothermal wa-

ter can be used first for space heating, then cascaded into the pool. If the geothermal 

water is used directly in the pool, then a flow-through process is necessary to replace 

the “used” water on a regular basis. In many cases, the pool water must be treated 

with chlorine – in such cases it is more economical to use a closed loop for the treated 
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water and have the geothermal water provide heat through a heat exchanger (LUND, 

2000). 

 

3. SPACE AND DISTRICT HEATING 

District heating involves the distribution of heat (as hot water or steam) from a cen-

tral location, through a network of pipes to individual houses or blocks of buildings. 

The distinction between district heating and space heating systems, is that space 

heating usually involves one geothermal well per structure. An important consider-

ation in district heating projects is the thermal load density, or the heat demand di-

vided by the ground area of the district. A high heat density, generally above 1.2 

GJ/hr/ha or a favorability ratio of 2.5 GJ/ha/yr is recommended. Often fossil fuel 

peaking is used to meet demand in the coldest period, rather than drilling additional 

wells or pumping more fluids, as geothermal can usually meet 50% of the load 80 to 

90% of the time, thus improving the efficiency and economics of the system 

(BLOOMQUIST, et al. 1987). Geothermal district heating systems are capital inten-

sive. The principal costs are initial investment costs for production and injection 

wells, downhole and circulation pumps, heat exchangers, pipelines and distribution 

network, flow meters, valves and control equipment, and building retrofits. The dis-

tribution network may be the largest single capital expense, at approximately 35 to 

75% of the entire project cost. The comparatively lower operating expenses consist 

of pumping power, system maintenance, control and management. Typical savings 

to consumers range from approximately 30% to 50% per year of the natural-gas cost 

(LIENAU, 1998). 

 

Greenhouses 

A number of commercial crops can be raised in greenhouses, making geothermal 

resources particularly attractive in cold climates. Crops include vegetables, flowers 

(potted and cut), house plants and tree seedlings. Greenhouse heating can be accom-

plished be several methods: finned pipe, unit heater and fan coil units delivering heat 

though plastic tubes in the ceiling or under benches, radiant floor systems, bare tub-

ing, or a combination of these methods. The use of geothermal energy for heating 

can reduce operating costs and allow operation in colder climates where commercial 

greenhouses would not normally be economical.  The economics of a geothermal 

greenhouse operation depend on many variables, such as type of crop, climate, re-

source temperature, type of structure, market etc. Peak heating requirements in tem-

perate climate zones are around 1.0 MJ/sq. m. A 2.0 ha facility would require 20 

GJ/yr. (5.5 MWt of installed capacity). With a load factor of 0.50, the annual energy 

consumption would be around 90 TJ/yr (25 kWh/yr). 

 

4. AQUACULTURE 

Aquaculture involves the raising of freshwater or marine organisms in a controlled 

environment to enhance production rates. The principal species raised are catfish, 
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bass, tilapia, sturgeon, shrimp and tropical fish. The temperature used in fish farming 

depends on the species involved, ranging from 13 to 30 oC. With acquaculture, the 

geothermal water can be used in raceways, ponds and tanks. The benefit of these 

controlled temperatures can increase growth by an estimated 50 to 100%, thus in-

creasing the annual harvest. A typical outdoor pond in a temperate climate would 

require 2.5 MJ/hr/sq. m, and a 2.0 ha facility would require an installed capacity of 

50 GJ/yr (14 MWt). With a load factor of 0.60, the annual heating requirement would 

be 260 TJ/yr (73 million kWh/yr). Water quality and disease control are important 

in fish farming, and must be taken into consideration when adding geothermal fluids 

directly to the ponds.  

 

5. INDUSTRIAL 

Industrial applications usually require temperatures than those used for space heat-

ing, greenhouses and aquaculture projects. Examples of industrial operations which 

use geothermal energy are:  heap leaching operations to extract precious metals in 

the USA (110 oC), dehydration of vegetables in the USA (130 oC), diatomaceous 

earth drying in Iceland (180 oC), and pulp and paper processing in New Zealand (205 
oC). Drying and dehydration may be the two most important process uses for geo-

thermal energy. A variety of vegetable and fruit products are appropriate for geo-

thermal dehydration, as for example onions, garlic, carrots, pears, apples and dates.  

Industrial processes can often make more efficient use of geothermal resources, as 

they tend to have high load factors – in the range of 0.4 to 0.7. High load factors 

reduce the cost per unit of energy used, as indicated in Figure 3. 

 

 
Figure 3. 

Load factor vs. cost of energy (RAFFERTY, 2003). 
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6. CONCLUSION 

There are many possible uses of geothermal fluids for direct-use; a number of pa-

rameters can limit one’s choices, however, and need to be determined in advance. 

First, what are the characteristics of the resource, i.e., what is the temperature, flow-

rate, chemistry and land availability? Second, what markets are available, and do 

you have the expertise to provide the product, whether it be heat energy, a crop of 

plants or fish, drying a product (lumber or food), or extracting a mineral from the 

fluid – and can you get the product to the user economically? Finally, what are the 

capital investments, annual income, and rate of return on investment and/or payback 

period, and can you raise the funds or find investors?  
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