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Utilization of Geothermal Resources
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To reduce maintenance costs and shut-downs, the technical
complexity of the plant should be on a level that is accessible to
local technical personnel or to experts who are readily available.

If the geothermal plant is to produce consumer products, a careful
market survey must be carried out beforehand to guarantee an
outlet for these products. The necessary infrastructures for the
economic transport of the end-product from the production site to
the consumer should already exist, or be included in the initial
project.
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Utilization of Geothermal Resources
Economic Considerations

Energy and investment costs for electric energy production
from RES (Fridleifsson, 2001)

Current energy Potential future Turnkey
cost energy cost Investment cost
US¢/kWh US¢/kWh USS/kW
Biomass 5-15 4-10 900 - 3000
Geothermal 2-10 | -8 800 - 3000
Wind 5-13 3-10 1100 - 1700
Solar (photovoltaic) 25125 5-25 5000 - 10 000
Solar (thermal electnicity) 12-18 4-10 3000 - 4000
Tidal B—15 8—15 1700 - 2500




Utilization of Geothermal Resources
Economic Considerations

Energy and investment costs for direct
heat from RES (Fridleifsson, 2001)

Current Potential future Turnkey
energy cost energy cost investment cost
US¢/kWh US¢/kWh USS/KW
Biomass (including ethanol ) 1-5 1 -5 250 - 750
Geothermal 0.5-5 0.5-5 200 - 2000
Wind 5-13 3-10 1100 - 1700
Solar heat low temperature 3-20 2-10 500 - 1700
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Environmental Impacts

There is no way of producing or transforming energy into a form
that can be utilized by man without making some direct or
indirect impact on the environment.

Exploitation of geothermal energy also has an impact on the
environment, but there is no doubt that it is one of the least
polluting forms of energy.
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Environmental Impacts

Sources of pollution
In most cases the degree to which geothermal exploitation affects the
environment is proportional to the scale of its exploitation.

Impact Probability of occurring Severity of consequences Probability and

Air quality pollution E M severity of potential
Surface water pu!lullmn M M environmental impact
Underground pollution L M . ]
Land subsidence L LtoM of direct-use projects
High noise levels H LioM

Well blow-outs L LioM

Conflicts with cultural and LioM MioH

archaeological features

Social-economic problems L L

Chemical or thermal pollution L MtioH .
Solid waste disposal % | MiocH i CONCERTOA




Environmental Impacts

Any modification to our environment must be evaluated carefully, in deference to the relevant
laws and regulations, but also because an apparently insignificant modification could trigger a
chain of events whose impact is difficult to fully assess beforehand.

Drilling

Installation of a drilling rig and all the accessory equipment entails the construction of access
roads and a drilling pad, i.e. covering area 300-500 m? for a small truck-mounted rig (depth 300-
700 m) to 1200-1500 m? for a small-to-medium rig (depth of 2000 m). These operations modify
the surface morphology of the area and could damage local plants and wildlife. Blow-outs can
pollute surface water; blow-out preventers should be installed when drilling geothermal wells
where high T and p are anticipated. During drilling or flow-tests undesirable gases may be
discharged into the atmosphere. The impact on the environment caused by drilling mostly ends
once drilling is completed. W,
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Environmental Impacts

Installation of pipelines and construction of utilization plants

Also affects animal and plant life and the surface morphology.
The scenic view will be modified, although in some areas such
as Larderello, Italy, the network of pipelines criss-crossing the
countryside and the power-plant cooling towers have become

an integral part of the panorama and are indeed a famous
tourist attraction.
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Environmental Impacts

During plant operation

Geothermal fluids (steam or hot water) usually contain gases such as CO,,
H,S, NH;, CH,, and trace amounts of other gases, as well as dissolved
chemicals whose concentrations usually increase with temperature. For
example, NaCl, B, As and Hg are a source of pollution if discharged into the
environment.

Some geothermal fluids, such as those utilized for district-heating in
Iceland, are freshwaters, but this is very rare. The waste waters from
geothermal plants also have a higher temperature than the enwronment
and therefore constitute a potential thermal pollutant. L w
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Environmental Impacts

Electricity generation - air pollution

Carbon dioxide is also present in the fluids used in the geothermal
power plants, although much less CO, is discharged from these plants
than from fossil-fuelled power stations: 13-380 g/kWh of electricity
produced in the geothermal plants, compared to the 1042 g/kWh of
the coal-fired plants, 906 g/kWh of oil-fired plants, and 453 g/kWh of
natural gas-fired plants. Binary cycle plants for electricity generation
and district-heating plants may also cause minor problems, which can
virtually be overcome simply by adopting closed-loop systems that
prevent gaseous emissions.
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Environmental Impacts

Discharge of waste waters

Potential source of chemical pollution. Spent geothermal fluids with
high concentrations of chemicals such as boron, fluoride or arsenic
should be treated, re-injected into the reservoir, or both. However,
the low-to-moderate temperature geothermal fluids used in most
direct-use applications generally contain low levels of chemicals and
the discharge of spent geothermal fluids is seldom a major problem.
Some of these fluids can often be discharged into surface waters after
cooling. The waters can be cooled in special storage ponds or tanks to
avoid modifying the ecosystem of natural bodies of waters.
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Environmental Impacts

Subsidence phenomena

Gradual sinking of the land surface after extraction of large quantities of fluids from
geothermal reservoirs - irreversible phenomenon, but by no means catastrophic, as
itis aslow process distributed over vast areas. Should be monitored systematically,
as it could damage the stability of the geothermal buildings and any private homes
in the neighborhood. In many cases subsidence can be prevented or reduced by re-
injecting the geothermal waste waters.

Seismic events
Micro-seismic events that can only be detected by means of instrumentation.

Unlikely to trigger major seismic events, and so far has never been known to do so.
Il .
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Associated with operating geothermal plants could be a problem where
the plant in question generates electricity. During the production phase
there is the higher pitched noise of steam travelling through pipelines and
the occasional vent discharge.

These are normally acceptable. At the power plant the main noise
pollution comes from the cooling tower fans, the steam ejector, and the
turbine 'hum'.

The noise generated in direct heat applications is usually negligible.
.,
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Present and Future

High-temperature resources suitable for
electricity generation

Low-temperature
resources suitable
for direct use in

Geothermal million TI/yr of
. heat (lower Limit)
pOtent!al Conventional Conventional and binary
worldwide technology in | technology in TWhyr of
TWhiyr of electricity
electricity
Europe 1830 3700 > 370
Asia 2970 5900 > 320
Africa 1220 2400 = 244
North America 1330 2700 = 120
Latin America 2800 5600 > 24)
Oceania 1050 2100 > 110
World potential 11 200 22 400 > 1400
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Present and Future

If exploited correctly, geothermal energy could certainly assume an
important role in the energy balance of some countries. In certain
circumstances even small-scale geothermal resources are capable of
solving numerous local problems and of raising the living standards of
small isolated communities.

Of the total electricity produced from RES in 1998, 2826 TWh, 92% came
from hydro power, 5.5% from biomass, 1.6% from geothermal, 0.6% from
wind, 0.05% from solar, and 0.02% from tidal.

Biomass constitutes 93% of the total direct heat production from RES,
geothermal represents 5% and solar heating 2%. ¥
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