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While some fossil-fuel energy sources, such as coal, use up large swaths of 
land in the mining of their fuel, geothermal plants minimize the total amount 
of land used by only building the plant along with the number of well pads 
needed to support operation. It is important to keep in mind that the land 
impact of renewable energy development and use is much less damaging 
than the impact caused by fossil fuel development and use. Coal mining 
impact of renewable energy development and use is much less damaging 
than the impact caused by fossil fuel development and use. Coal mining 
requires the transportation of huge amounts of dirt and rock, sometimes into 
streams, and causes disruption of water systems through acid drainage, 
deforestation, and damage to ecosystems. Nuclear facilities require the safe 
maintenance of huge amounts of radioactive waste. Over 30 years, the 
period of time commonly used to compare life cycle impacts of different 
power sources, geothermal uses less land than many other sources.
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30 Year Land Use

* Includes mining.

**Assumes central station photovoltaic project, not rooftop PV systems.

*** Land actually occupied by turbines and service roads.
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GPP impose minimal visual impacts on their surroundings when compared to typical fossil-fuel 

plants. Some of the key visual quality effects related to geothermal development are the 

presence of steam plumes, night lighting on the wellfield and power plant, and visibility of the 

transmission line. Fossil fired power plants have all of these visual effects as well. The majority 

of geothermal visual impacts can be mitigated to reduce their effects. Detailed site planning, of geothermal visual impacts can be mitigated to reduce their effects. Detailed site planning, 

facility design, materials selection, revegetation programs, and adjustment to transmission line 

routing are all key aspects of geothermal operations that can reduce the visual impacts of the 

facility. Today, many geothermal operators already employ these mitigation techniques to 

reduce their facilities’ visual impact. 

Other visual impacts are only of concern on a temporary basis, such as construction 

equipment. Construction vehicles, drill rigs, and other heavy equipment would have a negative 

impact on the visual quality of the area for a limited amount of time.
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Subsidence is most commonly thought of as the slow, downward sinking of 
the land surface. Other types of ground deformation include upward motion 
(inflation) and horizontal movements. In some cases, subsidence can damage 
facilities such as roads, buildings and irrigation systems, or even cause tracts 
of land to become submerged by nearby bodies of water. Although it can 
occur naturally, subsidence can also occur as a result of the extraction of 
of land to become submerged by nearby bodies of water. Although it can 
occur naturally, subsidence can also occur as a result of the extraction of 
subsurface fluids, including groundwater, hydrocarbons, and geothermal 
fluids. In these cases, a reduction in reservoir pore pressure reduces the 
support for the reservoir rock itself and for the rock overlying the reservoir, 
potentially leading to a slow, downward deformation of the land surface. In 
most areas where subsidence has been attributed to geothermal operations, 
the region of Earth deformation has been confined to the wellfield area itself, 
and has not disturbed anything off-site.
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While subsidence can be induced by thermal contraction of the reservoir due to 
extraction and natural recharge, properly placed injection reduces the potential for 
subsidence by maintaining reservoir pressures. At fields produced from sedimentary 
rocks where the porosity and permeability is primarily between rock grains, injection 
can successfully mitigate for subsidence.

Naturally-occurring subsidence most frequently takes place in areas that are Naturally-occurring subsidence most frequently takes place in areas that are 
tectonically active such as volcanic regions and fault zones. Subsidence can also 
typically occur in areas where sedimentary basins are filled with unconsolidated 
sands, silts, clays and gravels. Most known geothermal resources are located in areas 
that are tectonically active, and may experience natural subsidence. Because 
geothermal operations occur at tectonically active sites, it is sometimes difficult to 
distinguish between induced and naturally occurring subsidence. Subsidence related 
to geothermal development is more likely in areas where the geothermal reservoir 
occurs in weak, porous sedimentary or pyroclastic formations. 
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In cases where subsidence may be linked to geothermal reservoir pressure decline, injection is an effective 

mitigating technique. By injecting spent geothermal brines back into the reservoir from which they came, 

reservoir pressure is stabilized. This approach has helped to maintain the pressure of geothermal 

reservoirs and can prevent or mitigate for subsidence at geothermal development sites. 

Injection technology has not always been utilized in other parts of the world, and therefore subsidence has Injection technology has not always been utilized in other parts of the world, and therefore subsidence has 

been a larger issue at some geothermal developments overseas. The most commonly referenced case of 

major subsidence at a geothermal field is the Wairakei geothermal field in New Zealand. At this field, 

which has been operating since the late 1950s, geothermal fluids were not routinely injected back into the 

geothermal reservoir. Although limited injection began in the late 1990s at Wairakei, most subsidence had 

already occurred at this point. Long-term extraction of fluids without injection resulted in high subsidence 

rates in some areas near the production field, and a lower rate of subsidence across a much wider area. In 

the United States, as well as most other geothermal fields worldwide, injection of spent geothermal brines 

begins immediately after a plant comes on-line, and continues through the life of the plant.
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Earthquake activity, or seismicity, is generally caused by displacement across active 
faults in tectonically active zones. An earthquake occurs when a body of rock is 
ruptured and radiates seismic waves that shake the ground. Although it typically 
occurs naturally, seismicity has at times been induced by human activity, including 
the development of geothermal fields, through both production and injection 
operations. In these cases, the resulting seismicity has been low-magnitude events operations. In these cases, the resulting seismicity has been low-magnitude events 
known as “microearthquakes”. Earthquakes with Richter magnitudes below 2 or 3, 
which are generally not felt by humans, are called microearthquakes. These 
microearthquakes sometimes occur when geothermal fluids are injected back into 
the system, and are centered on the injection site. The microearthquakes sometimes 
associated with geothermal development are not considered to be a hazard to the 
geothermal power plants or the surrounding communities, and will usually go 
unnoticed unless sensitive seismometers are located nearby. 
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Much like subsidence, seismicity typically takes place in areas with 

high levels of tectonic activity, such as volcanic regions and fault 

zones. Because geothermal operations usually take place in areas that 

are also tectonically active, it is often difficult to distinguish between are also tectonically active, it is often difficult to distinguish between 

geothermal-induced and naturally occurring events. Many regions 

where geothermal development has occurred or has been planned 

are known as areas with high levels of fault activity. These regions 

frequently experience earthquakes of various magnitudes, though few 

are felt by humans.
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The extent to which geothermal development induces landslides is unclear, 
as landslides, which occur naturally in certain areas of geothermal activity 
such as volcanic zones, are produced by a combination of events or 
circumstances rather than by any single specific action. While field 
construction operations can “trigger” landslides, local geological 
preconditions must already exist in order for landslides to occur. Though 
construction operations can “trigger” landslides, local geological 
preconditions must already exist in order for landslides to occur. Though 
landslides are rare, when they occur they are small enough to be confined 
entirely to the wellfield area of a geothermal facility. Geothermal areas with 
landslide hazards can be properly managed through detailed hazard 
mapping, groundwater assessment, and deformation monitoring, among 
other management techniques. Because landslides always present warning 
signs, such techniques ensure that landslides can be avoided on geothermal 
lands.
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Geothermal resources are often 

discovered under certain land 

features such as geysers, fumaroles, 

hot springs, mud pools, steaming 

ground, sinter, and travertine. ground, sinter, and travertine. 

Geysers are hot springs where hot 

water, steam, or gas periodically 

erupts, while fumaroles vent gas and 

steam. The word “geyser” derives 

from the Icelandic word, “geysir”, 

which means, “the gusher”. 

Geothermal Surface Features
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There are concerns that such land features will be drastically altered or destroyed as a 

result of geothermal development. In some cases, both during past geothermal 

development and geothermal development overseas, it is true that land features have 

been altered by geothermal development. However, through the evolution of geothermal 

development, developers have come to understand the best management practices that development, developers have come to understand the best management practices that 

reduce surface feature impact, and have employed preventative mitigation measures that 

reduce potential impact to surface features before they arise. In addition, monitoring 

programs for significant surface features are required by law, and geothermal development 

in areas where surface features may be adversely affected is forbidden. The current status 

of geothermal development shows that little alteration of land features has occurred in 

recent years as a result of sound geothermal management practices and law compliance.
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Geothermal development poses only minimal impact to wildlife and 
vegetation in the surrounding area when compared with alternatives 
such as coal. It should be noted that geothermal facilities must 
sometimes be built in more sensitive areas than coal plants. However, 
increased sensitivity leads to increased mitigation and surveillance in increased sensitivity leads to increased mitigation and surveillance in 
these areas. Before geothermal construction can even begin, an 
environmental review may be required to categorize potential effects 
upon plants and animals. While any disruption of land that results 
from power plant construction has the potential to disturb habitat, 
geothermal plants, like any type of power plant, must comply with a 
host of regulations that protect areas set for development.
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Geothermal plants are designed to minimize the potential effect upon wildlife and 
vegetation: pipes are insulated to prevent thermal losses, power plants are fenced in 
so as to prevent wildlife access, spill containment systems with potential to hold 150 
percent of the potential maximum spill are put in place, and areas with high 
concentrations of wildlife or vegetation specific to an area are avoided. Because 
geothermal plants avoid much of the additional disruption caused by mining coal and geothermal plants avoid much of the additional disruption caused by mining coal and 
building roads to transport it, the construction of a geothermal plant reduces the 
overall impact on wildlife and vegetation species from energy production. A typical 
500 MW coal plant, for example, can disrupt 21 million fish eggs, fish larvae, and 
juvenile fish from water usage alone during normal operation, as the 8.3 millions m3

of water required each year to create steam for turbine generation is extracted from 
nearby water bodies rich with fish species. Many species’ habitats are restricted by 
road construction or eliminated altogether by mining activities related to fossil fuel 
production.
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Despite improvements in coal, natural gas, and oil power plant technology, fossil fuel 

combustion continues to produce more air pollution than any other single source. They 

are main contributors for water pollution, SO2 emissions and take great part in the NOx

and CO emissions. These pollutants have been widely documented to cause a host of and CO2 emissions. These pollutants have been widely documented to cause a host of 

environmental and health problems, and climate change. 

Although green power pollutes significantly less than fossil fuel sources, it is important to 

note that all power generation impacts the environment, regardless of whether electricity 

is derived from the combustion of fossil fuel or renewable sources. Impacts such as land 

use, for example, cannot be avoided no matter what level of mitigation is employed. The 

goal, instead of eliminating all impacts, should be to minimize impacts. 
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Most important environmental benefits which support the expanded 

geothermal power generation:

� Geothermal energy is reliable

� Geothermal energy is renewable� Geothermal energy is renewable

� Geothermal energy produces minimal air emissions and offsets the high 

air emissions of fossil fuel-fires power plants

� Geothermal energy can offset other environmental impacts

� Geothermal energy is combustion free

� Geothermal energy minimally impacts land

� Geothermal energy is competitive with other energy technologies when 

environmental costs are considered
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Abundant geothermal resources throughout the nations can provide an environmentally 

friendly source of energy. Data compiled from a variety of sources point to geothermal 

energy as an environmental option for new power and heat generation that is far better than 

other energy sources such as fossil fuels. In addition, geothermal remains as environmentally 

friendly as most other renewable sources, while simultaneously offering reliability and a friendly as most other renewable sources, while simultaneously offering reliability and a 

source of baseload power that is unique among most other renewable options available. 

While currently used at only a fraction of its potential, geothermal energy can substantially 

contribute to the energy needs of the twenty-first century. 

As geothermal energy production is refined and expanded, the benefits continue to grow. 

With continued technological development, geothermal can be expanded all over the world, 

and the already negligible environmental geothermal impacts can be reduced to nearly zero. 

Geothermal energy can provide the clean, reliable, and plentiful renewable energy resource 

for the world.


