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7.7 CLEAN ENERGY: Solar, wind, geothermal, and biomass 

7.7.1 What is clean energy? 

In this chapter, clean energy refers to renewable energy sources that have low emissions and lower 

environmental impacts than coal, petroleum and other fossil fuels.1  Clean energy includes solar, wind, 

geothermal, biomass, and hydropower.  Although biomass is sometimes considered a form of clean energy, it 

can be a significant contributor to greenhouse gases and other harmful air pollutants (see Section 7.7.2.4).  

Although some definitions of clean energy include nuclear power since this source of energy can have lower 

greenhouse gas emissions than traditional fossil fuel-based generation sources, we do not consider nuclear 

power extensively in this chapter.  We do not include natural gas as a clean energy source since this fossil fuel 

does not share the same benefits as renewable energy (e.g., low greenhouse gas emissions), although this is 

ƻƴŜ ƻŦ ǘƘŜ άŎƭŜŀƴŜǊέ ŦǳŜƭǎ ŀƴŘ ƛǎ ǿƛŘŜƭȅ ǘƻǳǘŜŘ ŀǎ άŎƭŜŀƴΦέ  ¢Ƙƛǎ ŎƘŀǇǘŜǊ ŦƻŎǳǎŜǎ ƻƴ ŎƭŜŀƴ ŜƴŜǊƎȅ ǎƻǳǊŎŜǎ ŦƻǊ 

electricity generation.  (See Section 7.8 for more information on clean fuels.)   

Clean energy lowers emissions of air pollutants, including both toxic pollutants and greenhouse gas emissions.  

¢Ƙƛǎ ƛǎ ŀŎŎƻƳǇƭƛǎƘŜŘ ōȅ ŘƛǎǇƭŀŎƛƴƎ άŘƛǊǘȅέ ǎƻǳǊŎŜǎ ƻŦ ŜƴŜǊƎȅΣ ƛƴŎƭǳŘƛƴƎ ŎƻŀƭΣ ƻƛƭΣ ŘƛŜǎŜƭΣ ƎŀǎƻƭƛƴŜΣ ŀƴŘ ƻǘƘŜǊ 

fossil fuels.  Emissions can be reduced by improving energy efficiency, which reduces the energy required.  

Energy efficiency often is the most cost-effective and short-term strategy to reduce emissions and adverse 

ƛƳǇŀŎǘǎ ŦǊƻƳ άŘƛǊǘȅέ ŜƴŜǊƎȅ ǎƻǳǊŎŜǎΦ  

¢ƻŘŀȅΣ ƴŜŀǊƭȅ ƘŀƭŦ όпсΦп҈ύ ƻŦ aƛŎƘƛƎŀƴΩǎ ŜƭŜŎǘǊƛŎƛǘȅ is generated by burning coal.2  There are no active coal 

mines in Michigan, and coal is imported from Wyoming and Montana, by rail.3  .ŜŎŀǳǎŜ Ƴƻǎǘ ƻŦ aƛŎƘƛƎŀƴΩǎ 

coal-ŦƛǊŜŘ ǇƻǿŜǊ Ǉƭŀƴǘǎ ŀǊŜ ƻƭŘ ŀƴŘ Řƻ ƴƻǘ ƘŀǾŜ ƳƻŘŜǊƴ ŜƳƛǎǎƛƻƴ ŎƻƴǘǊƻƭǎΣ aƛŎƘƛƎŀƴΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ƛǎ ŀ 

ǇŀǊǘƛŎǳƭŀǊƭȅ άŘƛǊǘȅέ ǎƻǳǊŎŜ ƻŦ ŜƴŜǊƎȅΦ  ¢ƘŜ ŜƳƛǎǎƛƻƴǎΣ ƘŜŀƭǘƘ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ ƻŦ Ŏƻŀƭ-fired power 

plants, discussed in Section 5.5 of this Resource Manual, could be offset by clean energy.  Nuclear power 

ŀŎŎƻǳƴǘǎ ŦƻǊ нс҈ ƻŦ aƛŎƘƛƎŀƴΩǎ ŜƭŜŎǘǊƛŎƛǘȅΤ 4 renewables could replace nuclear energy as older plants are 

phased out and decommissioned.   

Currently, only about 8% of MiŎƘƛƎŀƴΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƳŜǎ ŦǊƻƳ ǊŜƴŜǿŀōƭŜ ǎƻǳǊŎŜǎΦ  !ŎǊƻǎǎ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣ 

the use of renewable energy is expected to rise over the next few decades.  While energy forecasts are 

uncertain, one estimate is that renewable energy will account for about 18% of electricity in the U.S. in 2040, 

up from 13% in 2013, as shown in Figure 7.7-1.  The largest gains in renewable energy are expected for solar 

                                                      

1 EPA (Environmental Protection Agency). Energy and Environment. Available:https://www.epa.gov/energy/learn-about-energy-
and-environment [accessed 3-2-16] and EPA (Environmental Protection Agency).  State and Local Climate and Energy Program. 
Available: http://www3.epa.gov/statelocalclimate/local/topics/renewable.html  [accessed 3-2-16]. 

2 US Energy Information Administration. 2016. State Profile and Energy Estimates: Michigan [WWW Document]. URL 
http://www.eia.gov/state/?sid=MI [accessed 5-22-16]. 
3 US Energy Information Administration. 2016.  Michigan: State Profile and Energy Analysis.  Available: 
https://www.eia.gov/state/analysis.cfm?sid=MI.  [accessed 8-25-16]. 

4 US Energy Information Administration, 2016. State Profile and Energy Estimates: Michigan [WWW Document]. URL 
http://www.eia.gov/state/?sid=MI [accessed 5-22-16]. 

https://www.epa.gov/energy/learn-about-energy-and-environment
https://www.epa.gov/energy/learn-about-energy-and-environment
http://www3.epa.gov/statelocalclimate/local/topics/renewable.html
https://www.eia.gov/state/analysis.cfm?sid=MI
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and wind. 5  Much larger increases in the renewable share are possible, and energy forecasts typically present 

bounding cases (best and worst-cases) to account for the uncertainty.  

 

Figure 7.7-1.  Historical and forecasted trends of renewable electricity generation by fuel type in the United 

States, 2000-2040.  Data prior to 2013 are based on historical data.  Data after 2013 are based on projections 

that assume the gross domestic product increases at an annual rate of 2.4% and that current laws and 

regulations do not change through 2040.6 

 

 

 

7.7.2 What types of clean energy can be used? 

 Solar 

Solar energy comes directly from the sun; technologies for harnessing this energy include photovoltaic cells, 

concentrated solar power (CSP, also called solar thermal technology), and passive solar heating.  Solar energy 

is considered one of the cleanest and most abundant forms of clean energy.7  

                                                      

5 US Energy Information Administration. 2015. Annual Energy Outlook 2015 with Projections to 2040. Available:  
http://www.eia.gov/aeo/ accessed 5-23-16]. 

6 US Energy Information Administration. 2015. Annual Energy Outlook 2015 with Projections to 2040. Available:  
http://www.eia.gov/aeo/ [accessed 5-23-16]. 

7 EPA (Environmental Protection Agency). Solar Energy. Available: 
http://www3.epa.gov/climatechange/kids/solutions/technologies/solar.html [accessed 3-2-16].  

http://www3.epa.gov/climatechange/kids/solutions/technologies/solar.html
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Photovoltaic (PV) cells absorb light and convert it to electricity; cells are placed together to form solar panels.  

Figure 7.7-2 ǇǊƻǾƛŘŜǎ ŀ ǎƪŜǘŎƘ ƻŦ ŀ t± ŎŜƭƭΣ ǿƘƛŎƘ ƎŜƴŜǊŀǘŜǎ ŜƭŜŎǘǊƛŎƛǘȅ ǿƘŜƴ ǇƘƻǘƻƴǎ ŦǊƻƳ ǘƘŜ ǎǳƴ άƪƴƻŎƪ 

ƭƻƻǎŜέ ŜƭŜŎǘǊƻƴǎ within the PV cell semiconductor material that then form an electrical current.  Solar panels 

can be installed on existing structures, e.g., roofs and shade covers over parking lots, or directly on the groud.  

{ƻƭŀǊ ǇŀƴŜƭǎ Ŏŀƴ ƘŀǾŜ ŀ άŦƛȄŜŘέ ƻǊƛŜƴǘŀǘƛƻƴ ƻǊ Ŏŀƴ ǘǳǊƴ ǘƻ άǘǊŀŎƪέ ǘƘŜ ǎǳƴΩǎ ǇŀǘƘ ŀŎǊƻǎǎ ǘƘŜ ǎƪȅΣ ǿƘƛŎƘ 

maximizes generating potential.  Distributed PV systems ǇƭŀŎŜ ǇŀƴŜƭǎ ƴŜŀǊ άƭƻŀŘ ŎŜƴǘŜǊǎέ όƭƻŎŀǘƛƻƴǎ ǿƘŜǊŜ 

ŜƭŜŎǘǊƛŎƛǘȅ ƛǎ ǳǎŜŘύΣ ŜΦƎΦΣ ƻƴ ŀ ōǳƛƭŘƛƴƎΩǎ ǊƻƻŦΤ ǎǳŎƘ ǎȅǎǘŜƳǎ Ƴŀȅ ƻǊ Ƴŀȅ ƴƻǘ ōŜ ŎƻƴƴŜŎǘŜŘ to the grid.  In a 

centralized PV system, large numbers of solar panels are grouped together in a single location (sometimes 

ŎŀƭƭŜŘ άǎƻƭŀǊ ŦŀǊƳǎέ ƻǊ άǎƻƭŀǊ ǇŀǊƪǎέύΣ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ ŜƭŜŎǘǊƛŎŀƭ ƎǊƛŘΣ ŀƴŘ ŜƭŜŎǘǊƛŎƛǘȅ ƛǎ ŘƛǎǘǊƛōǳǘŜŘ ǘƻ 

consumers.8    

The price of PV has fallen dramatically in recent years and these systems are often very competitive to other 

energy systems.  PV costs may be lower than wind systems of comparable size.9   Once installed, solar panels 

have low maintenance and low operating costs.  After recovering the installation costs, electricity from solar 

ǇŀƴŜƭǎ ƛǎ ŜǎǎŜƴǘƛŀƭƭȅ άŦǊŜŜΦέ  In addition, surplus power may be sold back to the grid, which is sometimes called 

net metering.  However, regulatory policies are presently in flux regarding the ability to do this, the price may 

not be very favorable, and there may be limits on the capacity that can be purchased.   A bill in Michigan, S.B. 

438, currently under consideration would create disincentives for such sales.   This is clearly unfavorable for 

clean energy. 

 

 

 

 

 

 

 

 

                                                      

8 Woods Institute for the Environment, 2010. Distributed vs. Centralized Power Generation. Available: 
https://woods.stanford.edu/sites/default/files/files/Solar-UD-Distributed-vs-Centralized-Power-Generation-20100408.pdf [accessed 
5-21-16]. 

9 National Renewable Energy Lab, US Department of Energy, 2016. Energy Technology Cost and Performance Data: Distributed 
Generation Renewable Energy Estimate of Costs [WWW Document]. URL http://www.nrel.gov/analysis/tech_lcoe_re_cost_est.html 
(accessed 5-22-16). 

https://woods.stanford.edu/sites/default/files/files/Solar-UD-Distributed-vs-Centralized-Power-Generation-20100408.pdf
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Figure 7.7-2. Schematic of a photovoltaic cell.10  

 

Concentrated solar power (CSP) systems work by directing light from the sun in order to capture the thermal 

energy.  Figure 7.7-3 shows one configuration of a CSP facility. Sunlight is captured by mirrored panels and 

directed at a pipe containing water or other heat-absorbing materials. This material flows through the pipes, 

where the heat is exchanged with water to generate steam that turns the turbine generator.  CSP facilities for 

electricity generation are large industrial operations and operate as centralized systems.  There are other 

types of CSP systems that are used to generate hot water (solar water heaters) for businesses and residences.  

These systems are relatively uncommon, and likely not cost effective in Michigan. 

 

 

 

 

 

 

 

 

                                                      

10 EPA (Environmental Protection Agency). Solar Energy. Available: 
http://www3.epa.gov/climatechange/kids/solutions/technologies/solar.html [accessed 3-2-16].   

1. Sunlight hits the surface of the 

photovoltaic cell. 

2. A material call a semi-conductor 

converts the light into electricity. 

Click here to watch a video 

 

http://www3.epa.gov/climatechange/kids/solutions/technologies/solar.html
https://www.youtube.com/watch?v=0elhIcPVtKE
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Figure 7.7-3: Schematic of a concentrated solar power system.11   

 

Passive and solar heating systems are used in buildings, not to generate electricity, but to provide space 

heating and cooling and to reduce overall energy consumption.12  In passive solar buildings, solar energy is 

utilized in the winter to heat the building; in summer, solar energy can be rejected to keep the buildings cool.  

The design of such buildings include large, south facing windows with overhangs that allow sunlight in during 

the winter when the sun is closer to the horizon and block sunlight during summer months when the sun is 

higher in the sky; heat-retaining building and flooring materials; a high degree of thermal insulation; 

specialized windows, and other features. 13  

Solar energy has several disadvantages.  First, it is an intermittent resource, i.e., solar panels can only generate 

electricity when the sun is shining, and the number of sunny days varies by location.  Figure 7.7-4 shows solar 

resources across the United States.  Michigan has relatively modest potential for PV power (approximately 

4.0-4.5 kWh/m2/day).14  The highest potential is in the desert southwest, e.g., California, Nevada, Utah, 

Arizona, New Mexico, and Texas.   Due to increases in efficiency of solar panels and reductions in production 

costs, PV is increasingly cost-effective, even in areas with intermittent sunshine.  Second, if a large number of 

solar panels is integrated with the electrical grid, intermittency can lead to instability in the availability of 

                                                      

11 EPA (Environmental Protection Agency).  Solar Energy.  Available: 
http://www3.epa.gov/climatechange/kids/solutions/technologies/solar.html [accessed 3-2-16].   
12 Department of Energy, 2016. Passive Solar Home Design [WWW Document]. URL http://energy.gov/energysaver/passive-solar-
home-design [accessed -.22-16]. 
13 EPA (Environmental Protection Agency).  Solar Energy.  Available: 
http://www3.epa.gov/climatechange/kids/solutions/technologies/solar.html [accessed 3-2-16].   
14 National Renewable Energy Lab, US Department of Energy, 2016. Dynamic Maps, GIS Data, and Analysis Tools [WWW Document]. 
URL http://www.nrel.gov/gis/maps.html [accessed 5-22-16]. 

1. Mirrors or reflectors concentrate the 

ǎǳƴΩǎ Ǌŀȅǎ ǘƻ ƘŜŀǘ ŀ ǎǇŜŎƛŀƭ ƪƛƴŘ ƻŦ ƭƛǉǳƛŘΦ 

2. The heat from this liquid boils water to 

create steam. 

3. Steam spins a turbine that is connected to 

a generator, which creates electricity. 

4. The steam cools and condenses back to 

water, which is recycled, reheated, and 

converted into steam again.  

Click here to watch a video 

http://www3.epa.gov/climatechange/kids/solutions/technologies/solar.html
http://www3.epa.gov/climatechange/kids/solutions/technologies/solar.html
https://www.youtube.com/watch?v=64mtITOuXiA
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electricity and can reduce the ability to meet demand.15  Potential solutions to this challenge include the use 

of new tools and technologies to monitor the electrical grid and better integrate PV systems, and improved 

storage systems (e.g., batteries) to even out the supply and demand for electricity.16  Third, solar places 

different demands on the electric distribution grid, which is not optimized for this purpose, and the current 

policy, regulatory, and economic structures often do not promote solar and other clean energy options.   

Fourth, solar requires appropriate siting, building and panel orientation, and unobstructed sun.   

  

Figure 7.7-4: Solar resource (as kWh/m2/day) across the entire United States. From the National Renewable 

Energy Laboratory.17 

 

                                                      

15 US Department of Energy, 2016. Grid Performance and Reliability [WWW Document]. URL http://energy.gov/eere/sunshot/grid-
performance-and-reliability [accessed 5-22-16]. 
16 US Department of Energy, 2016. Systems Integration [WWW Document]. URL http://energy.gov/eere/sunshot/systems-
integration [accessed 5-22-16]. 
17 National Renewable Energy Lab, US Department of Energy, 2016. Dynamic Maps, GIS Data, and Analysis Tools [WWW Document]. 
URL http://www.nrel.gov/gis/maps.html [accessed 5-22-16]. 
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 Wind 

Wind energy is produced using wind turbines, large structures that use rotating blades to power a generator 

and produce electricity (Figure 7.7-5).18  Michigan ranks 12th in the nation for generating electricity from wind 

turbines, with over 20 commercial wind farms that collectively can generate 1500 MW of electricity.19  

Locations are shown in Figure 7.7.6.  Wind farms can be combined with other land uses, specifically agriculture 

as well as others, because the turbine towers have small footprints.  

Figure 7.7-5: Schematic of a wind turbine.20   

 

As with solar power, wind power has advantages and disadvantages.21  Advantages are that wind is a free, 

infinite and cost-effective source of power generation that does not emit greenhouse gases or air pollutants. 

The current cost of electricity from wind is low, between 4 and 6 cents per kWh,22  and comparable to many 

other (more polluting) sources of electricity.  Its primary disadvantage, like solar power, is its intermittency 

since the wind does not blow consistently.  Thus, wind power faces the same challenges of integrating with 

existing power grids and being dispatched when needed.  Additional disadvantages include: the possibility of 

                                                      

18 EPA (Environmental Protection Agency). Wind Energy. Available: 
http://www3.epa.gov/climatechange/kids/solutions/technologies/wind.html [accessed 3-2-16].   

19 US Energy Information Administration, 2016. State Profile and Energy Estimates: Michigan [WWW Document]. URL 
http://www.eia.gov/state/?sid=MI [accessed 5-22-16]. 

20 EPA (Environmental Protection Agency). Wind Energy. Available: 
http://www3.epa.gov/climatechange/kids/solutions/technologies/wind.html [accessed 3-2-16].   

21 US Department of Energy, 2016. Advantages and Challenges of Wind Energy [WWW Document]. URL 
http://energy.gov/eere/wind/advantages-and-challenges-wind-energy [accessed 5-22-16]. 

22 US Department of Energy, 2016. Advantages and Challenges of Wind Energy [WWW Document]. URL 
http://energy.gov/eere/wind/advantages-and-challenges-wind-energy [accessed 5-22-16]. 

1.  As the wind blows over the blades of a 

wind turbine, it causes the blades to lift and 

rotate. 

2. The rotating blades turn a shaft that is 

connected to a generator. 

3. The generator creates electricity as it 

turns. 

 

http://www3.epa.gov/climatechange/kids/solutions/technologies/wind.html
http://www3.epa.gov/climatechange/kids/solutions/technologies/wind.html
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competing land uses, e.g., it may be more profitable to use the land for a different use; concerns over noise 

and aesthetics that lead to lack of community support for wind projects; concerns that turbines may be 

harmful to wildlife, especially birds;  and the need for appropriate sites.   

Figure 7.7-6: Stony Corners Wind Farm, one of the first utility scale wind farms in Michigan.23 

 

Figure 7.7-7:  Location of known wind projects in Michigan as of 2013.24 

 

                                                      

23 Heritage Sustainability Energy. Available: http://heritagewindenergy.com/projects/stoney-corners-wind-farm/ [accessed 6-2-16]. 
24 LARA, Michigan, Report on the implementation of P.A. 295 wind energy resource zones 
http://www.michigan.gov/documents/mpsc/2014WERZReport_449308_7.pdf  [accessed 6-1-16]. 

http://heritagewindenergy.com/projects/stoney-corners-wind-farm/
http://www.michigan.gov/documents/mpsc/2014WERZReport_449308_7.pdf
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Figure 7.7-8 shows wind resources across the United States.25  Southeast Michigan has modest land-based 

annual wind speeds (5 - 6.5 m/s), but there is considerable potential for off-shore wind power in the Great 

LakesΣ ŀƴŘ ƛƴ ǘƘŜ άǘƘǳƳōέ ƻŦ aƛŎƘƛƎŀƴΣ ŀǎ ǎƘƻǿƴ ƛƴ ǘƘe previous figure.  Across the US, the greatest land-

based wind resources are in the Great Plains region, which is sparsely populated, thus capitalizing on this wind 

resource would require new transmission lines to bring electricity to more densely populated areas.26  

 

Figure 7.7-8: Map showing the annual average land-based and offshore wind speeds (at 80 m) for the US.27  

Bottom:  location of known wind projects in Michigan as of 2013.28 

 

  

                                                      

25 US Department of Energy, 2016. Advantages and Challenges of Wind Energy [WWW Document]. URL 
http://energy.gov/eere/wind/advantages-and-challenges-wind-energy [accessed 5-22-16]. 

26 US Department of Energy, 2016. Advantages and Challenges of Wind Energy [WWW Document]. URL 
http://energy.gov/eere/wind/advantages-and-challenges-wind-energy [accessed 5-22-16]. 

27 National Renewable Energy Lab, US Department of Energy, 2016. Dynamic Maps, GIS Data, and Analysis Tools [WWW Document]. 
URL http://www.nrel.gov/gis/maps.html [accessed 5-22-16]. 
28 LARA, Michigan, Report on the implementation of P.A. 295 wind energy resource zones 
http://www.michigan.gov/documents/mpsc/2014WERZReport_449308_7.pdf  [accessed 5-22-16]. 

 

http://energy.gov/eere/wind/advantages-and-challenges-wind-energy
http://www.michigan.gov/documents/mpsc/2014WERZReport_449308_7.pdf
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 Geothermal 

Geothermal energy is thermal energy generated and stored in the earth, arising from the hot dense core of 

ǘƘŜ ŜŀǊǘƘ ŀƴŘ ŦǊƻƳ ǊŀŘƛƻŀŎǘƛǾŜ ŘŜŎŀȅ ƛƴ ǘƘŜ ŜŀǊǘƘΩǎ ŎǊǳǎǘΦ  9ȄŀƳǇƭŜǎ ƻŦ ƎŜƻǘƘŜǊƳŀƭ ŜƴŜǊƎȅ ƛƴŎƭǳŘŜ ƎŜȅǎŜǊǎ ŀƴŘ 

hot springs, where groundwater is heated when it interacts with hot rocks below the surface of the earth.29  

Geothermal energy can be captured and used to generate electricity and provide thermal energy.  Geothermal 

power plants use wells drilled 1-2 miles deep to pump steam or hot water to the surface.30,31  Figure 7.7-7 

shows a schematic of a typical geothermal plant.  Hot water is pumped from the geothermal reservoir and 

used to generate steam that turns the turbine generator.  The steam is condensed in a cooling tower and 

returned to the reservoir to be reheated.   

 

Figure 7.7-9: Schematic of a geothermal power plant.32   

 

Geothermal heat pumps are another type of geothermal technology that takes advantage of the relatively 

constant temperature of the earth.  Geothermal heat pumps do not generate electricity; instead, they help to 

reduce energy demand.  As depicted in Figure 7.7-10, in winter, surface temperatures are typically lower than 

                                                      

29 US Department of Energy, 2016. Geothermal Basics [WWW Document]. URL http://energy.gov/eere/geothermal/geothermal-
basics [accessed 5-22-16]. 
30 EPA (Environmental Protection Agency). Geothermal Energy. Available: 
http://www3.epa.gov/climatechange/kids/solutions/technologies/geothermal.html [accessed 3-2-16].   
31 US Department of Energy, 2016. Geothermal Electricity Generation [WWW Document]. URL 
http://energy.gov/eere/geothermal/electricity-generation [accessed 5-22-16]. 
32 EPA (Environmental Protection Agency). Geothermal Energy. Available: 
http://www3.epa.gov/climatechange/kids/solutions/technologies/geothermal.html [accessed 3-2-16].   

1. Hot water is pumped from deep underground 

through a well under high pressure. 

2. When the water reaches the surface, the 

pressure is dropped, which causes the water to 

turn into steam. 

3. The steam spins a turbine, which is connected 

to a generator that produces electricity. 

4. The steam cools off in a cooling tower and 

condenses back to water. 

5. The cooled water is pumped back into the 

Earth to begin the process again. 

http://www3.epa.gov/climatechange/kids/solutions/technologies/geothermal.html
http://www3.epa.gov/climatechange/kids/solutions/technologies/geothermal.html
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sub-surface temperatures (which are typically between 50-60° F), so heat from the ground can be transferred 

to water or refrigerants in a pipe system to provide heating.  In the summer, surface temperatures are higher 

than ground temperatures, so excess heat in the building is transferred to the ground.33  

 

Figure 7.7-10: Schematic of geothermal heat pump.34  

 

 

A significant advantage of geothermal energy is its reliability, i.e., it does not have the variability or 

intermittency of wind or solar energy.  This makes geothermal energy ǇŀǊǘƛŎǳƭŀǊƭȅ ǳǎŜŦǳƭ ŦƻǊ άōŀǎŜ ƭƻŀŘέ 

electricity generation (the minimum electricity needed essentially all of the time).  In addition, geothermal 

plants can have small footprints and use less water than conventional power plants.35  Its primary 

disadvantages are the limited number of suitable hydrothermal sites and the high costs of installation.  

[ƻŎŀǘƛƻƴǎ ǎǳƛǘŀōƭŜ ŦƻǊ ŎƻƳƳŜǊŎƛŀƭ ƻǊ ƭŀǊƎŜ ǎŎŀƭŜ ƎŜƻǘƘŜǊƳŀƭ ŜƴŜǊƎȅ ŜȄǘǊŀŎǘƛƻƴ ŀǊŜ ŎŀƭƭŜŘ άƘȅŘǊƻǘƘŜǊƳŀƭέ ǎƛǘŜǎΦ  

Figure 7.7-11 shows identƛŦƛŜŘ ƘȅŘǊƻǘƘŜǊƳŀƭ ǎƛǘŜǎ ŀŎǊƻǎǎ ǘƘŜ ¦{ ŀƴŘ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŦƻǊ άŘŜŜǇ ŜƴƘŀƴŎŜŘ 

ƎŜƻǘƘŜǊƳŀƭ ǎȅǎǘŜƳǎέΦ  ¢ƘŜǊŜ ŀǊŜ ƴƻ ƛŘŜƴǘƛŦƛŜŘ ƘȅŘǊƻǘƘŜǊƳŀƭ ǎƛǘŜǎ ƛƴ aƛŎƘƛƎŀƴΦ  IƻǿŜǾŜǊΣ ƎŜƻǘƘŜǊƳŀƭ ƘŜŀǘ 

pumps can be used in Michigan, and these help improve the efficiency of heating and cooling systems.   Note 

                                                      

33 EPA (Environmental Protection Agency). Geothermal Energy. Available: 
http://www3.epa.gov/climatechange/kids/solutions/technologies/geothermal.html ) [accessed 3-2-16].   
34 EPA (Environmental Protection Agency). Geothermal Energy. Available: 
http://www3.epa.gov/climatechange/kids/solutions/technologies/geothermal.html ) [accessed 3-2-16].   
35 US Department of Energy, 2016. Geothermal Basics [WWW Document]. URL http://energy.gov/eere/geothermal/geothermal-
basics [accessed 5-22-16]. 

1. Water or a refrigerant moves through a loop of 

pipes. 

2. When the weather is cold, the water or 

refrigerant heats up as it travels through the 

buried loop. 

3. Once it gets back above ground, the warmed 

water or refrigerant transfers heat to the 

building. 

4. The water or refrigerant cools down, then is 

pumped back underground where it heats up 

once more, starting the process again. 

5. On a hot day, the system can run in reverse.   

http://www3.epa.gov/climatechange/kids/solutions/technologies/geothermal.html
http://www3.epa.gov/climatechange/kids/solutions/technologies/geothermal.html
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that these geothermal heat pumps still require electricity (although a reduced amount), and much of this 

electricity in Michigan is generated using dirty fuels.  

 

Figure 7.7-11: Map showing identified hydrothermal sites and the potential for enhanced geothermal systems 

for the United States. Map from the National Renewable Energy Laboratory.36 

 

 

 Biomass 

Biomass energy derives from plants and animals.  It includes agricultural waste, forest residues, wood mill 

waste, urban wood waste and municipal waste.37  Biomass can be burned directly, e.g., generating steam for 

                                                      

36 National Renewable Energy Lab, US Department of Energy, 2016. Dynamic Maps, GIS Data, and Analysis Tools [WWW Document]. 
URL http://www.nrel.gov/gis/maps.html [accessed 5-22-16]. 
37 US Department of Energy, 2016. Biomass Technology Basics [WWW Document]. URL 
http://energy.gov/eere/energybasics/articles/biomass-technology-basics [accessed 5-22-16]. 
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electricity generation.  When combusted, biomass is often blended with other fuels, e.g., coal.  Potentially less 

polluting ways to use biomass include conversion into biofuels (e.g., ethanol),38 or gases (e.g., methane), or 

liquids (e.g., biodiesel).39   

About ор҈ ƻŦ aƛŎƘƛƎŀƴΩǎ ƴƻƴ-hydropower renewable energy comes from biomass, primarily from landfill gas, 

municipal solid waste, and forest residue.40   Figure 7.7-12 shows the potential biomass resources at the 

county level across the United States.  Wayne County has between 250 and 500 thousand tons of biomass 

made available each year. Other areas of southeast Michigan have more modest biomass resources.  Some of 

the waste entering the Detroit Resource Recovery Facility, a mass-burn incinerator with energy recovery, is 

biomass.   

!ƴ ŀŘǾŀƴǘŀƎŜ ƻŦ ōƛƻƳŀǎǎ ŜƴŜǊƎȅ ƛǎ ǘƘŜ ǊŜƭƛŀōƛƭƛǘȅ ƻŦ ǘƘŜ ŦǳŜƭ ǎƻǳǊŎŜΣ ǘƘǳǎΣ ōƛƻƳŀǎǎ Ŏŀƴ ƎŜƴŜǊŀǘŜ άōŀǎŜ ƭƻŀŘέ 

power.  Its primary disadvantage is the production of air pollutant emissions.  Biomass energy production can 

emit greenhouse gases, PM, NOx, CO, VOCs, and potentially other hazardous air pollutants. 

 

 

 

 

 

 

 

 

 

 

 

                                                      

38 EPA (Environmental Protection Agency). Biomass. Available: 
(http://ww w3.epa.gov/climatechange/kids/solutions/technologies/biomass.html ) [accessed 3-2-16].   
39 US EPA. 2016. Biogas Opportunities Roadmap. Available: https://www3.epa.gov/climatechange/Downloads/Biogas-Roadmap-
Factsheet.pdf [accessed 5-22-16]. 
40 US Energy Information Administration, 2016. State Profile and Energy Estimates: Michigan [WWW Document]. URL 
http://www.eia.gov/state/?sid=MI [accessed 5-22-16]. 

http://www3.epa.gov/climatechange/kids/solutions/technologies/biomass.html
https://www3.epa.gov/climatechange/Downloads/Biogas-Roadmap-Factsheet.pdf
https://www3.epa.gov/climatechange/Downloads/Biogas-Roadmap-Factsheet.pdf
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Figure 7.7-12: Tons of biomass resources available at the county level across the United States. Map from the 

National Renewable Energy Laboratory.41 

 

 Cost of renewable energy 

Costs of clean energy depend on capital, fixed and variable costs, projected utilization and sales of energy, and 

fuel costs (if applicable).  Costs are affected by economic incentives, including state and federal tax credits.42  

Presently, the key challenges to the economic viability of clean energy are the low cost of natural gas, the end 

of federal and state tax credits (ƛƴŎƭǳŘƛƴƎ ǘƘŜ ŜȄǇƛǊŀǘƛƻƴ ƻŦ aƛŎƘƛƎŀƴΩǎ Renewable Portfolio Standard or RPS in 

2015), and other policies favoring the use of renewable technologies.  The low cost of natural gas is a 

challenge since many existing fossil fuel facilities can be retrofitted to burn natural gas, which has the effect of 

                                                      

41 National Renewable Energy Lab, US Department of Energy, 2016. Dynamic Maps, GIS Data, and Analysis Tools [WWW Document]. 
URL http://www.nrel.gov/gis/maps.html [accessed 5-22-16]. 

 
42 US Energy Information Administration. 2015. Annual Energy Outlook 2015 with Projections to 2040. Available:  
http://www.eia.gov/aeo/ [accessed 5-23-16]. 

http://www.eia.gov/aeo/pdf/electricity_generation.pdf
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delaying the development of renewable resources.  In addition, as energy efficiency improves, electricity 

production declines and demand decreases for new facilities, thus slowing the development of new facilities 

using renewable or cleaner technologies.  

Table 7.7-1 ǎƘƻǿǎ ǘƘŜ άƭŜǾŜƭƛȊŜŘ Ŏƻǎǘ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅέ ό[/h9ύ ŦƻǊ ƴŜǿ ƎŜƴŜǊŀǘƛƻƴ ŦŀŎƛƭƛǘƛŜǎ ǘƘŀǘ ǿƻǳƭŘ ŎƻƳŜ 

online in 2020.43  This LCOE represents the total cost per kilowatt-hour (kWh) of building and operating a new 

facility to generate electricity and represents an average cost.  Location-specific factors are not considered, 

ŜΦƎΦΣ ǘƘŜ ƭƻŎŀƭ ǊŜǎƻǳǊŎŜ ƳƛȄΦ  9ƴŜǊƎȅ ǎƻǳǊŎŜǎ ŀǊŜ ŘƛǾƛŘŜŘ ƛƴǘƻ άƴƻƴŘƛǎǇŀǘŎƘŀōƭŜέ ǊŜǎƻǳǊŎŜǎΣ ǿƘƛŎƘ Ŏŀƴ ōŜ ǳǎŜŘ 

to meet peak loads, and dispatchable resources, which can be used to generaǘŜ άōŀǎŜ ƭƻŀŘέ ŜƭŜŎǘǊƛŎƛǘȅΦ /ƻǎǘǎ 

in the table are for utility-sized facilities.  (They do not reflect costs for smaller units, e.g., solar panels installed 

on the roof of a residence.) 

Costs vary regionally (Table 7.7-1).  For dispatchable technologies, geothermal power has the lowest LCOE.  

For the non-dispatchable technologies, land-based wind power has the lowest LCOE, which is on par with 

some of the dispatchable technologies (e.g., combined cycle facilities that burn natural gas).  LCOEs for solar 

PV facilities are slightly higher than traditional and advanced coal-fired facilities, but considerably less 

expensive than new facilities that use carbon capture and sequestration to limit emissions of greenhouse 

gases.   As discussed earlier, an important challenge with directly replacing dispatchable resources with wind 

and solar is the intermittent availability of these resources.  As integration with the grid and storage capacities 

improve, there may be more opportunities for solar and wind to replace more conventional fuels. 

 

 

 

 

 

 

 

 

 

                                                      

43 US Energy Information Administration. 2015. Levelized cost and levelized avoided cost of new generation resources in the annual 
energy outlook 2015. Available:  http://www.eia.gov/forecasts/aeo/pdf/electricity_generation.pdf [accessed 5-23-16]. 
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Table 7.7-1 Estimated levelized cost of electricity for new generation resources, 2020. Table from the US 

Energy Information Agency.44 

 

 

 Why is this important? 

Coal-fired power plants make up 39% of the net electricity generation in the United States, and account for a 

large portion of air pollution (Figure 7.7-13).  Natural gas power plants, which also contribute to greenhouse 

gas and air pollutant emissions, account for another 27% of electricity generation.  The U.S. vehicle fleet also 

                                                      

44 US Energy Information Administration. 2015. Levelized cost and levelized avoided cost of new generation resources in the annual 
energy outlook 2015. Available:  http://www.eia.gov/forecasts/aeo/pdf/electricity_generation.pdf [accessed 5-23-16]. 














