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Presenter
Presentation Notes
Hello everyone, Thank you very much for joining with me in my talk. Considering the current environmental concern, increasing energy demand and limited resource of energy, renewable energy can be an alternative source for climate change mitigation, and safeguard the future energy demand. In this presentation I will discuss solar, wind and geothermal energy systems, their importance, potential environmental impacts, possible mitigations and land reclamation strategy.



Global Energy System

World electricity generation from 1971 to 2015 by fuel (TWh)
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 Fossil fuel contributes 66.3 % of world electric energy demand

» Global energy demand expected to increase 35 % by 2030



Impact Of Conventional Energy System

» Fossil fuel based energy is the major source of GHG emission

Energy type CcoO, SO, NO, Particulates
[9/KWh] [g/KWh]| [9/KWh] [a/KWh]

Coal 994-1130 ~4.71 ~2.0 ~1.0

» USA fossil fuels contribute 36 % electricity and emit 41 % CO,

* Alberta fossil fuels contribute 89 % electricity and emit 17 % CO,

 Alberta power sector generated 58 % of total Canadian GHG
emissions from power generation
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USA is the 3rd largest carbon emitter and emit 13% 0f total global CO2



Impact Of Conventional Energy System
 Emissions lead to increasing climate extreme events
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Importance of Renewable Energy

* Move from carbon intensive to renewable energy can
- Mitigate climate change
- Safeguard energy security
- Increase sustainability of human activities

Energy Type CcoO, SO, NO, Particulates
[9/KWh] [g/KWh]| [9/KWh] [g/KWh]

Geothermal 0-39 0-0.16

 In USA, if solar energy contributes 10 % of national demand then
reduction of CO, emission would be 6.5 to 18.8 %



Presenter
Presentation Notes
Solar energy systems do not emit substances to the air during plant operation other than emissions connected with manufacturing of the panels and mirrors and during plant construction and transportation of equipment
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Renewable Energy
 Global production as of 2017
- Geothermal 14 GW
- Solar 402 GW
- Wind 539 GW

« Canada
- 13" in solar (0.6%) 3.11GW

- 9t in wind (5.3%) 12.8 GW
- 167 MWe geothermal for heating

(www.erec.org)
Global energy resources potential

» 1t Geothermal plant Saskatchewan . Alberta
- Power 5000 home - Solar 63 MW
- Offset 27,000 t CO, yr - Wind 1.5 GW

- Geothermal planning
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A single windmills can produce 1-10 MW. Wind energy shared in Denmark (43.4%), Portugal (23%), Uruguay (26.3%), Canada (5.3%)
Solar: Honduras (14%), Germany (7.9%), Italy (7.3%), Canada (0.6%)
The global capacity of solar could be 700 GW (GTM Research, 2015) by 2020, while in the long term (by 2050), it could amount to 4500 GW
If 4% of the deserts are utilized for solar energy production, the generated power could meet the world’s energy demands (Kurokawa, 2012).

http://www.erec.org/
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Alberta Geothermal Energy

« Can produce 389 GW
- Plant in Hinton
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The best geothermal resources are located in Western Canada. Regions in British Columbia, Alberta, the Yukon and Northwest Territories have relatively shallow reservoirs at sufficient temperatures for geothermal electricity production

https://ags.aer.ca/publications/chapter-30-geothermal-regime.htm
http://upload.wikimedia.org/wikipedia/commons/9/9f/NesjavellirPowerPlant_edit2.jpg

Are solar, wind and geothermal energy sources really
as clean as widely believed
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 A poor understanding of environmental impacts and mitigation process can be a serious concern especially for ecologically vulnerable areas across the globe. There is a scarcity of empirical research on the environmental impacts of these energy systems 
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 Among renewable energy systems, solar energy has one of the greatest potentials for climate change mitigation.



@Environmental Impacts: Solar, Wind, Geothermal

Soil
- Compaction and topsoil erosion

- Increase sediment or turbidity in local
streams

Vegetation and wildlife

- Vegetation and habitat loss __ i
- Wildlife mortality: 37-138K for solar, 20-234K for wmd
- Fragmentation and barrier of wildlife movement

Footprint

- Wind: ~0.4 haMW-" and temporarily 1.5haMW-

- Solar: 595-6600 m?MW-"

- Geothermal: 0.02-3.00 haMW-1, conflict with other land uses
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Dust deposition can decrease the amount of solar radiation absorption

Solar energy systems do not emit substances to the air during plant operation other than emissions connected with manufacturing of the panels and mirrors and during plant construction and transportation of equipment
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Environmental Impacts: Solar Specific

Water
- Cleaning mirrors and panels 860 LMWnh-!
- 60-90 % water use for dust control

Hazardous waste
- Chemical compounds cadmium (Cd), selenium, lead
- 5 g of Cd m

Emissions
- No emission during operation
- Panel manufacturing: 14-38 g kWh-' CO,, ~0.1gGWh-! mercury
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Dust deposition can decrease the amount of solar radiation absorption
Cd used as a semiconductor to convert solar energy. 
Solar energy systems do not emit substances to the air during plant operation other than emissions connected with manufacturing of the panels and mirrors and during plant construction and transportation of equipment
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Environmental Impacts: Wind Specific = T"’

Visual

- Change natural landscapes view, NIMBY syndrome,
shadow flickering

Noise
- Creates irritating rhythmical swishing tone (<1000 Hz)
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When wind masses move across the blades of a wind turbine, significant fractions of the wind's momentum is transferred on to the turbine and converts it into electrical energy and the existing wind losses the similar amount of momentum, which disturbs the natural exchanges of energy between the land surface and the atmospheric layers close to it
the global temperature could increase by 1 ºC, if 10% of global energy demand were met by wind power in 2100.
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Environmental Impacts: Geothermal Specific g

Air
- Greenhouse gas emissions (CO,, H,S, SO,, NH,)
Water

- Contamination of aquifers and other water bodies
- 2 km well installation requires 8,000-55,000 m3 of water

Geophysical and land hazards
- Subsidence (1-45 cm/yr), landslide and hydrothermal eruptions

(a) =Y (b)

—~ - | in Tibet

March 26,2020 ~ (ZhenhongLi2013)
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geothermal plant typically requires 9-11 kg/hr of steam for each KWh output of which 75% is released a vapour to the atmosphere after power extraction
Air quality impacts from geothermal plants depend on chemical composition of the geothermal steam, baseline meteorological conditions, resource temperature, geothermal plant type (steam, two phase, hot water), terrain and number of geothermal emission sources and their spatial and temporal distribution

http://upload.wikimedia.org/wikipedia/commons/9/9f/NesjavellirPowerPlant_edit2.jpg

Mitigation: Solar, Wind, Geothermal

Soil
- Restored surrounding disturbed area for reducing erosion and
compactness

- Consider careful landscaping during plant construction

Vegetation and wildlife
- Plants should be located in areas of little biodiversity
- Avoid area with important bird habitats or migration routes

- Improving structural design (e.g. enlarging blades, slowing rotational
speed of wind turbines)

- Increase visibility or limit operation during the heaviest migration



Mitigation: Solar, Wind, Geothermal

Footprint

Avoid ecologically sensitive areas where possible
Colocation with other energy systems
Use landfill or abandoned mine sites (re-powering)

In USA, >11,000 sites (~6 million ha), can produce
1000 GW

March 26, 2020 15



Mitigation: Solar Specific

Water

- Use rain or other recycled water

- Need to develop alternative methods to increase cleaning efficiency
- Plant should be nearby continuous water supply facility

- Avoiding locations that impacts on surface water bodies

Hazardous waste

- Recycling solar panels to reduce the hazardous chemical

- Take proper care when disposing of chemicals and cleaning
equipment
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Mitigation: Wind Specific
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Visual

- Proper alignment of wind turbine tower layouts smaller numbers
of wind turbines

- Shadow flickering can be reduced by optimizing the rotor blade
surface smoothness, coating with less reflecting materials

Noise
- Careful design of the blades

- Construct plant close to noisy areas (road traffic)
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a simple layout with smaller numbers of wind turbines can create a visually balanced, simple, and consistent image


Mitigation: Geothermal Specific

Air
- Design the plant to avoid steam release to air, use ventilation

Water

- Control water spell to soil, and below and above ground aquatic
systems

Geophysical hazards
- Incorporating reinjection to control subsidence

March 26, 2020 18


http://upload.wikimedia.org/wikipedia/commons/9/9f/NesjavellirPowerPlant_edit2.jpg

Take Home Message: Solar, Wind, Geothermal

These energy systems are not free of adverse environmental
consequences

Have low GHG emissions and land use, are abundant in nature

Major environmental drawbacks

- Bird mortality (solar and wind)

- Biodiversity and habitat loss

- Noise (wind)

- Visual impact (wind)

- Hazardous chemicals (solar and geothermal)

Geothermal has small risks of subsidence, induced seismicity and
landslides, with potential serious consequences



Reclamation
Consideration
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Although knowledge regarding the land reclamation process for solar and wind energy plants is somewhat scarce and debated, such information is necessary to create a diverse and self-sustaining ecosystem
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Reclamation Regulations

« Requires well defined reclamation regulations and reclamation bonds

* Alberta Government amended

- Conservation and Reclamation Regulation (Government of Alberta,
2018a)

- Conservation and Reclamation Directive for solar and wind energy
operations (Government of Alberta, 2018b)

* No regulations or policies for geothermal energy in Alberta
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Presentation Notes
Environmental regulation is often put into place in response to an environmental incident; therefore many countries developed regulations and policies to safeguard those incidences. Despite the overwhelming number of environmental regulations across the world, reclamation of solar and wind sectors received little attention and is mostly restricted to developed countries including Canada, UK, USA
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Reclamation Process

* An outline of restoration and aftercare statement should be
documented at planning phase

« Cover soil should be salvaged
and temporarily stockpiled

« Two phases of reclamation
- Intermediate
- Final
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�A well-defined reclamation plan includes: establishing appropriate vegetation, hydrology, Wildlife habitats, erosion and soil stabilization measures, and noxious and invasive plant controls.



Reclamation Process: Intermediate Phase

Right after plant construction, excluding

- Wind turbine tower, base of solar panels
- Geothermal wells heads

- Facility structures, infrastructure

Landform should be reconstructed with 10-20cm cover soils
replacement depth

Stockpiled some salvaged cover soils for final reclamation and
management

Cover soils placed roughly or in small piles
- To reduce compactness
- To create microtopographic heterogeneity




Reclamation Process: Intermediate Phase

 Enhance seedbed quality and productivity by
- Mulching
- Hydro seeding
- Targeted fertilization
- Watering

« Revegetate with desired plant species by planting or seeding

« Revegetated between and under rows of solar panels once they are
installed



B
Reclamation Process: Final Phase

Decommissioning
- Methodical deconstruction process.
- Care taken to reduce disturbance in existing reclaimed areas

Contaminant remediation
- Investigation and cleanup of hazardous materials before reclamation

Reclamation

- Solar, wind base and geothermal wells should be plugged with
previously stockpiled or other soils

- Revegetation with appropriate species by planting or seeding

Monitoring
- Until reclamation goals and regulatory requirements are met


Presenter
Presentation Notes
Decommissioning is a step-by-step, methodical deconstruction process, which involves removing and disposing all the equipment and infrastructure (turbines, solar panels, well pipes, electronic equipment, transformers,electrical control devices, underground collector cables etc).
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Thank You

Contact

Amalesh Dhar, PhD

Department of Renewable Resources
847 General Service Building
University of Alberta

Phone: 780-492-6538

Email: amalesh@ualberta.ca
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Geothermal Energy
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