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Public Acceptance 
Renewable energies are often associated with sustainability or 
environmental friendliness.  

But renewable energies, like geothermal power, also have 
environmental impacts and have the potential to cause social 
resistance.   

Environmental issues are normally negative, which leads to a 
further investigation of negative acceptance issues.  



Environmental impact assessment, mitigation and monitoring 

EIA is the assessment of the possible impact (positive or 
negative) that a proposed project may have on the 
environment, together consisting of the natural, social and 
economic aspects. 
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Each stage of geothermal development  might generate environmental effects, especially with regard 
to air and water pollution, noise, land use, and impacts on the aesthetic qualities of the landscape.  
 
In regions with geothermal potential can be also considered social and economic effects 

EIA - ENVIRONMENTAL IMPACT ASSESSMENT 



Basic types of geothermal power 
generation systems 

• Geothermal facilities using flash-steam techniques  

• Geothermal facilities using binary cycles 

• Enhanced Geothermal Systems (EGS) 

 
 

  

hot rock playhot sedimentary aquifer Magmatic play

Relatore
Note di presentazione
An overview of possible environmental impacts in geothermal energy utilization will be described for three geothermal facilities i.e. geothermal facility for exploiting high enthalpy hydrothermal resources, medium enthalpy hydrothermal resources and Enhanced Geothermal Systems (EGS). Mostly developed without enhancing the reservoir, relying on natural 	aquifer and fracture permeability. These facilities generally produce 	from very high temperatures at shallow depth (150°-300+°C) and may 	release geothermal steam to the atmosphere, depending on the plant 	design technology adopted.	As for flash steam plants, this facility is mostly developed without enhancing the reservoir, relying on natural aquifer and fracture permeability. It is generally used for medium enthalpy resources (100°-150ºC) and can operate in a closed system where the geothermal fluid is injected into the ground. An Enhanced Geothermal System is an underground reservoir that has been created or improved artificially.  At present, EGS plants are mainly located in regions of elevated temperatures (caused by radiogenic heat production, elevated tectonic heat flow, or vertical heat advection through deep fault zones), where the financial performance of the corresponding investment is more favorable. EGS is typically situated in basement rock marked by relatively low natural permeability. The specific characteristics of the EGS are mainly connected to the enhancement of natural permeability. EGS geothermal power plants operating in a closed system where the geothermal fluid is reinjected into the ground have minimal emissions.Figure 2: example of different play types for geothermal systems (modified from Hot Rock ltd). Hot sedimentary aquifers and magmatic plays can be mostly developed without enhancing the reservoir, relying on natural aquifer and fracture permeability. Magmatic plays can generally produce very high temperatures at shallow depth. Low permeable rock plays are located in regions of elevated  temperatures (caused by radiogenic heat production, elevated tectonic heat flow, or vertical heat advection trough deep fault zones).  



Environmental impacts-main categories 
1. Surface disturbances 
 Landscape, surface water 

2. Physical effects 
 Fluid withdrawal on natural manifestations, land subsidence, 

induced seismicity, visual effect (buildings, cooling towers, surface 
pipelines, power transmission lines etc.) 

3. Noise 
4. Thermal pollution 
 Hot liquid and steam release on the surface 

5. Chemical pollution  
 Liquid and solid waste disposal, gas emissions to the atmosphere 

6. Ecological protection 
 Flora and fauna  
 

Relatore
Note di presentazione
Environmental impacts of the three geothermal production systems are similar with the main exception of emission and impact on air, which will be discussed separately. In general environmental impact of geothermal facilities may be divided into the following main categories:Surface disturbances: Caused during the plant construction possibly affecting flora, fauna, surface water (access roads, pipe and power lines, plant and associated land use).Physical effects: like the effect of fluid withdrawal on natural manifestations, land subsidence, induced seismicity, visual effects (buildings, cooling towers, surface pipelines, power transmission lines etc.)Noise: Equipment noise during drilling, construction and operation.Thermal pollution: Due to hot liquid and steam release on the surface.Chemical pollution: Due to disposal of liquid and solid waste, gaseous emission to the atmosphere, natural radioactivity etc. Protection: Such as ecological protection (fauna and flora).



Activities causing environmental impacts 

 Building of access roads and drilling pads 
 Well drilling, repairs, stimulation and testing phase  
 Laying of pipelines, electric power transformation and 

transmission lines 
 Plant construction and equipment installation 
 Power plant commissioning and operation 
 Decommissioning of facilities 



Access roads, pipe laying 
Predominant environmental concerns: 
• Surface disturbance 
(limited duration) 
• Visual impact 
• Disposal of waste 
(limited duration) 
 
Source: pictures provided by Mannvit 

 

 

These activities are similar like a normal construction activities, so its environemntal 
effects and the attached public resictance are the same. These kind of activities are 
usually accepted by the public. Only the NIMBY-syndrome could araise 

 

Relatore
Note di presentazione
Visible surface changes:During the construction phase the strongest visual impact can be expected through the drilling platform, surrounding equipment, streets, traffic and power lines. These impacts are only of limited duration. But as discovered, earth movement and the visual impact through buildings is a social acceptance issue.To limit the visual impact of buildings they can be “landscaped” to fit into the characteristics of the countryside. (for example: in north Hungary, Miskolc in a geothermal heating project the production well is located on a hill side in a wine contry environment, so the architecture designed the well house as a press house)Except for the visual impact, these effects are mostly temporary since they largely disappear once this construction phase is finished.  Although surface disturbance can be minimized it cannot be avoided and care should be taken during construction works, in particular in ecologically sensitive areas. The associated environmental risks are quite insignificant. a) Surface disturbance: Any permanent damage as such can be minimized with proper care, such as avoiding ecologically sensitive areas, locations of historical value and natural beauty. Attention should be paid when selecting a road location to minimize the need for significant earth removal and road fill. It is also recommended that available roads should be utilized to the fullest extent possible, widened and strengthened as needed. This is economical and also a good way to reduce permanent effects. b) Visual impact: There is some potential visual impact associated with the wellheads and the pipelines. The plant buildings should be located close to the production wells and the pipeline from the wells to the plant should be as short as possible to cause minimal visual impact. To minimize visual impact of the wellheads, it is recommended that each wellhead should be enclosed in a small building of a design that falls well in with the surroundings. This is normal procedure for example in Iceland and the well house serves three simultaneous purposes: it effectively hides the wellhead and the associated equipment, reduces maintenance and provides security.c) Disposal of waste: Waste associated with this activity is typical contractor waste, mostly solid. The contractor doing the work should be made responsible by contract for cleaning and transporting away all such waste to an approved waste dump after his work is completed. Such a performance should also be prescribed in a health, safety and environment (HSE) management program for the whole project.



Example of landscaping 

Source: pictures provided by Mannvit 



Well drilling, repair, stimulation and testing phases 

Predominant environmental concerns: 
• Liquid and liquid carried pollutant release 

(mainly related to the well drilling and/or well 
repair activity) 

• Noise and vibration 
 (levels around 45 to 120 dB). 
• Induced seismicity and seismic hazards 
(during fracturation - typically deeper than 1 km) 
• Surface release of geothermal fluid 
(short-term and/or emergency liquid releases will 
have to be accommodated in a special holding 
tank or a holding pond) 
• Surface disturbances 
 (around 1-1.5 hectare per well) 
• Visual impact 

 

Source: pictures provided by Mannvit 

 

Relatore
Note di presentazione
Liquid and liquid carried pollutant release: Noise and vibration: Levels around 80 to 120 dB(A).Induced seismicity and seismic hazards: Has occurred in the development and production of several conventional fractured geothermal resources (typically deeper than 1 km) EGS especially.Surface release of geothermal fluid: Surface disturbances: Around 1-1.5 hectare per well.Visual impact: When situated in rocky landscape or where the pipeline cannot be lead in the ground due to other reasons there will be visual impact.



Plant construction and equipment installation 

Predominant environmental 
concerns: 
• Surface disturbances  
• Noise  
(the noise is temporary and its 
general level does not exceed 80 dB) 
• Visual impact 
• Disposal of waste 
(The waste that accumulates is 
normal construction waste, like 
waste timber, lubricant spill, cleaning 
fluid waste, metallic waste, packing, 
cement etc. ) 

 

Nesjavellir flash power plant in Iceland 
 
 
 
 
 
 
 
 
Bruchsal binary cycle power plant in Germany 
 

Source: pictures provided by Mannvit 

Relatore
Note di presentazione
a) Surface disturbances: The land required for a power plant exploiting high enthalpy resources like the Hellisheidi power plant in Iceland and its associated equipment and facilities, . This land is unlikely to be recoverable in its original form on decommissioning of the plant, see figure 5. Geothermal facilities using binary cycles require much less land. An example of that is the Bruchsal power plant in Germany. The impact can be minimized through careful siting of the plant, avoiding ecologically and historically sensitive areas. b) Noise: The noise associated with this work phase is a typical construction noise, such as from drill rigs, power tools of various kinds, concrete mixers, cranes and various lifting equipment. . To avoid danger to hearing it is advised that equipment operators wear ear protectors. Otherwise the effects are within acceptable working levels. c) Visual impact: Most power plants house its envisaged equipment, at least electrical and control equipment and in most cases also the turbine. Still for example heat exchangers can in suitable climate be situated outside of the power plant housing. There is also a tower either air cooled or water cooled to cool the working fluid and a substation for connection to the electrical grid situated nearby the rest of the power plant equipment. The other equipment involved in geothermal utilization (constructions) is associated with well enclosures and pipelines. Visual impact of various buildings and equipment can be minimized through careful layout of the power plant buildings and landscaping once the construction phase is over. Applying good architectural principles in the design and layout of the power plant facility is also important in order to ensure that it falls in with the surroundings in the best possible way. d) Disposal of waste: The contractors involved in the construction and equipment installation should be provided with a storage area for their equipment and the location of the nearest approved waste disposal areas should be given. They should then be made responsible by contract to observe environmental rules of conduct specified by the plant owner and clean up their own waste when their work is done.  A description and monitoring of such procedures should be a part of an HSE management program for the development.



Power plant commissioning and operation 

Predominant environmental 
concerns are: 
• Emission and 

injection/reinjection of 
geothermal fluids (induced 
seismicity) 

• Noise (levels of 55-70 dB) 
• Subsidence (max event occurred 

in New Zealand 400mm/year, 
Tuscany 250 mm/y) Source: pictures provided by Mannvit 

 

Relatore
Note di presentazione
Emission and injection of geothermal fluids: Only related to surface effects, since in any case it is strictly required to avoid any contact with groundwater and wells are always cased to prevent effect to water bearing layers. Emission of geothermal gases: Hydrogen sulfide (H2S) remains the pollutant generally considered to be of greatest concern. Another pollutant release through ventilation into the atmosphere is CO2 gas from the fluid through the de-gassing of the geothermal fluid before re-injection.Noise: 



GAS EMISSION SOURCES: 
 
• Geyser, Fumarol 
• Well  (during well testing operation) 
• Production Plant 
 
 
 

 
 

 

kg/MWh net NOX SO2 PM H2 S 
 

CO2  

Fossil fuels 0.49 0.54  0.024 0 691 

Geothermal  0  0  0 3.09 in 2007 
1.73 in 
2011 

372 in 2007 
340 in  
2011 ENVIRONMENTAL REPORT _ENEL_2011 

Gas emissions 

Relatore
Note di presentazione
Alcune di queste specie sono vincolate a livello normativo.Alcune possono essere utilizzate a livello industriale…co2, nh3, ch4, h2



Decommissioning of facilities 

Predominant environmental concerns: 
• Chemical pollution and disposal of hazardous and other waste 
The main risks are fire hazard and poisonous effects in enclosed spaces. Other 
waste materials can be surplus chemical inhibitors, tracer materials, chemical 
reagents etc.  

 
• Surface disruption 
Surface disruptions always accompany decommissioning of facilities. 

Relatore
Note di presentazione
Chemical pollution and disposal of hazardous and other waste-The main risks are fire hazard and poisonous effects in enclosed spaces. Other waste materials can be surplus chemical inhibitors, tracer materials, chemical reagents etc. b) Surface disruption	-Surface disruptions always accompany decommissioning of facilities. Proper 	care, efficient clean-up procedures and careful landscaping should serve 	to prevent permanent scarring of the location.



 
Impacts to be considered  

 
Possible mitigation measures  

Surface disturbance, disposal of waste and visual 
impact. 
  

To avoid ecologically sensitive areas, locations of 
historical value and natural beauty.  

Visual impact It is recommended that each wellhead should be 
enclosed in a small building of a design that falls well in 
with the surroundings.  

Liquid and liquid carried pollutant release and solid 
waste 

To select only contractor(s) that have good 
environmental record. State in contract requirements on 
special waste ponds.  

Noise and vibrations To apply hearing protections and noise barriers. Noise 
barriers will need to be erected if residential areas are 
being affected.  

Induced sismicity Prior to EGS activities, the Project Owner will need to 
implement the Protocol for Induced Seismicity 
Associated with Geothermal Systems. 

Environmental impacts and mitigation measures  



 
Impacts to be considered  

 
Possible mitigation measures  

Emission and injection of geothermal  fluids, gases To minimize the number of hazardous substances in the 
geothermal fluid return  stream  it  is  recommended  to  
consider  thermodynamic  scaling control rather than 
inhibitors where possible. 
  
For mitigation of emission of H2S from flash geothermal 
power plants it is important to monitor the release and 
apply appropriate measures if emission numbers are 
above environmental limits. In Tuscany ENEL: AMIS 
(ABATEMENT SYSTEMS for H2S and Hg efficiency 
respectively of >99%, 80-85%) 
  
Ventilation should be applied to avoid gases in confined 
spaces. 
 

Chemical pollution and disposal of hazardous and 
other waste during the decommissioning phase  

In general proper care should be taken when disposing of 
chemicals, during cleaning up of equipment  

Environmental impacts and mitigation measures  



Thank You! 
VISIT GEOELEC.EU 

 
 

nardini@igg.cnr.it 
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