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7.7 CLEAN ENERGY: Solar, wind, geothermal bammass
7.7.1 What is clean energy?

In this chapter, clean energy refers tenewable energy sources that have low emissions and lower
environmental impacts than coal, petroleum and other fossil féel€lean energy includes solar, wind,
geothermal, biomass, and hydropoweAlthough biomass is sometimes considered a form ofrcle@ergy, it

can be a significant contributor to greenhouse gases and other harmful air pollutantSésgien 7.7.2. 1%
Although ®me definitions of clean energycludenuclear power since this source of energy can have lower
greenhouse gas emissiongan traditional fossil fuebased generation sourcesve do not consider nuclear
power extensivelyin this chapter We donot include natural gas as a clean energy source since this fossil fuel
does not share the same benefits as renewable energy (ew.gteenhouse gas emissions), although this is
2yS 2F GKS aOtSIYySNE 7FdzSta FyR A& ¢gARSte G2dziSR
electricity generation. eeSection 7.8or more information on clean fuels.)

Clean energy lows emissions of air pollutants, including both toxic pollutants and greenhouse gas emissions
¢tKAAa Aa [O0OO02YLX AAKSR o0& RAALI I OAY3I ARANI @£ &2 dzNJ
fossil fuels. Emissiorsan be reduced by improwg energy efficiency, which reduces the energy required.
Energy efficiency often is the most ceaffective andshort-term strategy to reduce emissions and adverse
AYLI OGa FTNRBY GRANIGE@¢é¢ SySNHe& &2dz2NOSao

¢c2RIFI&> ySFENIe& KIfTF 0ndqgenerdted ByFburaing OdRINEte yar@ o altiveScaall NJ
mines in Michigan, and coal is imported from Wyoming and Montana, by raiS Ol dza S Y2 aid 21
coaAlF ANBR LR26SNI LXIyda NS 2fR FyR R2 y2i0 KI @S Y
LI NI A Odzf F N @ aGaRANI@¢ az2dz2NOS 2F SySNHe & Hited wed Y A ¢
plants, discussediSection 5.50f this Resource Manual, could be offset by clean energy. Nuclear power
F O02dzyia FT2N) Hc: 2 %renewablek sodld néibide nGeied Griemgyh &9 blided Flants are
phased out and decommissioned.

Currently, only about 8% of KA I+ yQa St SOGNAROAGE O2YSa FTNRBY NBY
the use of renewable energy is expected to rise over the next few decades. While energy forecasts a
uncertain, one estimate is that renewable energy will account for about dBétectricity in the U.S. in 2040,

up from 13% in 2013, as shownkigure 77-1. The largest gains in renewable energy are expected for solar

1 EPA (Environmental Protection Agency). Energy and Environment. Avhtipistéwww.epa.gov/energy/learraboutenergy
and-environment[accessed 2-16] and EPA (Environmentabection Agency). State and Local Climate and Energy Program.
Available:http://lwww3.epa.gov/statelocalclimate/local/topics/renewable.htmlaccessed 2-16].

2 US Eargy hformation Administration2016. State Profile and Energy Estimates: Michigan [WWW Document]. URL
http://www.eia.gov/state/?sid=MI [accessedB2-16].

3US Energy Information Administratidz016. Michigan: State Profile and Energy Analysis. Available:
https://www.eia.gov/state/analysis.cfm?sid=MI[accessed-25-16].

4 US Energy Information Administration, 2016. State Profile and Energy Estimates: Michigan [WWW Document]. URL
http://www.eia.gov/state/?sid=MI [accesseb22-16].
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and wind® Much larger increases in the renewable share are possible, and energy forecasts typically prese
bounding cases (best and woisdises) to account for the uncertainty.

Figure 77-1. Historical and forecasted trends of renewable electricity generation by fuel type in the United
States, 2002040. Data prior to 2013 are based on historical datata @fier 2013 are based on projections
that assume the gross domestic product increases at an annual rate of 2.4% and that current laws ar
regulations do not change through 2040.
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7.7.2 What types of clean energy can be used?
7.7.2.1 Solar
Solar_energyomes diredy 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 ene
is considered one of the cleanest and most abundant fornwezin energy.

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

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

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

This work is made possible biational Institute of Health and Environmental Sciences, RO1ES022616, and the Fred A. and Barbara M. Erb Family
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Photovoltaic (PV) cellbsorb light and convert it to electricity; cells are placed together to form solar panels.
Figure7.72LINR A RS& I a1SGOK 2F | t+ OSftt>x 6KAOK 3ISYS
f 2234S¢ WithistBPNRe)l &emiconductor material that then form an electrical current. Solar panels
can be installed on existing structures, e.g., roofs and shade covers overgplmtisinor directly on the groud
{2t N LI ySta OFly KINWSOFY afdzRBRE 22 NN Sy ©OR & A AyK S2 &
maximizes generating potentialDistributed PV systemsJt I OS LI} y St & ySIFNJ af 21 R
St SOGNAOAGRE A& dzaASRUI SodIdr 2y I 0dzAf RoAthe @A In WP 2 °
centralized PV systentarge numbers of solar panels are grouped together in a single location (sometimes
OFftt SR daz2ftlFNJ FFEN)Yaég 2N daz2flF N LINJLagdovzr O2yySoi
consumers

The prie of PV has fallen dramatically in recent years and these systems are often very competitive to othe
energy systems. PV costs may be lower than wind systems of comparatfle Gizee installed, solar panels
have low maintenance and low operating costs. After recovering the installation costs, electricity from sola
LIy St a Aa S amafdfianAsurplipdwenByNdd Soltback to the gridwhich is sometimes called

net metering. However, regulatory policies are presently in flux regarding the ability to do this, the price ma
not be very favorable, and there may be limits on the capacity that can be purchased. A bill in Michigan, S.
438, currently under considation would create disincentives for such sales. This is clearly unfavorable for
clean energy.

8 Woods Institute for the Environment, 2010. Distributesi Centralized®owerGeneration. Available:
https://woods.stanford.edu/sites/default/files/files/SolatUD-Distributedvs-CentralizedPowerGeneration20100408.pdfaccessed
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/analysisseaie Icost_est.html
(accessed 22-16).
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Figure 77-2. Schematic of a photovoltaic céfl.

How It Works
1. Sunlight hits the surface of thi
photovoltaic cell.

o 2. A material call a sensbnductor
converts theight into electricity.

[ r Click here to watch a video

Concentrated solar powgiCSP) systems work by directing light from the sun in order to capture the thermal
energy. Figure 77-3 shows one configuration of a CSP facility. Sunlight is captured by mirrored panels anc
directed at a pipe containing water or other heabsorbing materials. This material flows through the pipes,
where the heat is exchanged with water to generate stdaat turns the turbine generator. CSP facilities for
electricity generation are large industrial operations and operate as centralized systems. There are othe
types of CSP systems that are used to generate hot water (solar water heaters) for businessesdamnces.
These systems are relatively uncommon, and likelycost effective in Michigan.

P EPAENvironmental Protection Agency). Solar Energy. Available:
http://www3.epa.gov/climatechange/kids/solutions/technologies/solar.htfatcessed 2-16].
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Figure 77-3: Schematic of a concentrated solar power sysfém.

How It Works

1. Mirrors or reflectors concentrate the
ddzyQa NI e&a (2 KSI G

2. The heat from this liquid boils water tc
create steam.

3. Steam spins a turbine that is connected
a generator, which creates electricity.

4. The steam cools and condenses back
water, which is recycled, reheated, an
converted into steam again.

Click here to watch a video

Passive and solar heating systeare used in buildings, not to generate electricity, but to provide space
heating and cooling and to reduce overall energy consumpfiom 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 allghtsandiuring

the winter when the sun is closer to the horizon and block sunlight during summer months when the sun i
higher in the sky; heatetaining building and flooring materials; a high degree of thermal insulation;
specialized windows, and othezdtures.!?

Solar energy has several disadvantages. First, it is an ittentiesource, i.e., solar panels can only generate
electricity when the sun is shining, and the number of sunny days varies by loc&igure 77-4 shows solar
resources acrasthe United States. Michigan has relatively modest potential for PV power (approximately
4.0-4.5 kWh/nt/day).** The highest potential is in the desert southwest, e.g., California, Nevada, Utah,
Arizona, New Mexico, and Texas. Due to increases ireafficof solar panels and reductions in production
costs,PVisincreasingly coseffective, even in areas with intermittersiunshine. Second, if a large number of
solar panelss integrated with the electrical grid, intermittency can lead to instabiliythe availability of

1 EPA (Environmental Protection Agency). Solar Endyggilable:
http://www3.epa.gov/climatechange/kids/solutions/technologies/solar.htfatcessed 2-16].

12 Department of Energy, 2016. Passive Solar Home Design [WWW Document]. URL http://energy.godeedppssivesolar
home-design [accessed22-16].

B EPA (Environmental Protection Agency). Solar Endyggilable:
http://www3.epa.gov/climatechange/kids/solutions/technologies/solar.htfatcessed 2-16].

4 National Renewable Energy Lab, US Department of Energy, 2016. Dynamic Maps, GIS Data, artbalsa]yé&'W Document].
URL htp://lwww.nrel.gov/gis/maps.html [accessedZ2-16].

This work is made possible biational Institute of Health and Environmental Sciences, RO1ES022616, and the Fred A. and Barbara M. Erb Family
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electricity and can reduce the ability to meet demaidPotential solutions to this challenge include the use

of new tools and technologies to monitor the electrical grid and better integrate PV systems, and improve
storage systemge.g., batteries) to even out the supply and demand for electri€ityThird, 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 dot msomote solar and other clean energy options.
Fourth, solar requires appropriate siting, building and panel orientation, and unobstructed sun.

Figure 77-4: Solar resource (as kWh#fday) across the entire United States. From the National Renewable
Energy Laboratory.
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15US Department of Energy, 2016. Grid Performance and Reliability [WWW Document]. URL http://energy.gov/eere/sigtshot/gr
performanceand-reliability [accessed-22-16].

16 US Department of Energy, 2016. Systems Integration [WWW Document]. URL http://energyrgtsuieghot/systems
integration [accessed-32-16].

7 National Renewable Energy Lab, US Department of Energy, 2016. Dynamic Maps, GIS Data, and Analysis Tootupa&niy D
URL htp://lwww.nrel.gov/gis/maps.html [accessedZ2-16].
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7.7.2.2 Wind

Wind energyis produced using wind turbines, large structures that use rotating blades to power a generator
and produce electricityRigure 77-5).18 Michigan ranks 12th in the nation for generating electricity from wind
turbines, with over 20 commercialwind farms that collectively can generate 1500 MW of electricity.
Locations are shown irigure 7.7.6 Wind farms can be combined with other landes,specificallyagriculture

as well as othersbecause the turbineowershave small footprints.

Figure 77-5: Schematic of a wind turbir@.

How It Works

1. As the wind blows over the blades of
wind turbine, it causes the blades to lift an

rotate.
2. The otating blades turn a shaft that it

G:\:\,‘\ connected to a generator.

Q*\\ | # 3. The generator creates electricity as

= M, turns.

As with solar power, wind power has advantages and disadvantagéslvantages are thatwind isa free,
infinite and costeffective source of power generation that does not emit greenhouse gases or air pollutants.
The current cosbf electricity from wind is low, between 4 and 6 cents per k¥/rand comparable to many
other (more polluting) sourcesf 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 wi
existing power grids and being dispatched when needed. Additdisativantages include: the possibility of

18 EPA (Environmental Protection Agendyjnd Energy. Available:
http://www3.epa.gov/climatechange/kids/solutions/technologies/wind.htmjaccessed 2-16].

19 US Energy Information Administration, 2016. State Profile and Energy Estimates: Michigan [WWW Document]. URL
http://lwww.eia.gov/state/?sid=MI [accessedZ2-16].

20EPA (Environmental Protectioné&wy).Wind Energy. Available:
http://www3.epa.gov/climatechange/kids/solutions/technologies/wind.htijalccessed 2-16].

21 US Department of Energy, 2016. Advantagred Challenges of Wind Enerdy\VW Document]. URL
http://energy.gov/eere/wind/advantgesand-challengeswvind-energy [accessed-82-16].

22US Department of Energy, 2016. Advantages and Challenges of Wind Energy [WWW Document]. URL
http://energy.gov/eere/wind/advantagesand-challengeswvind-energy [accessed-52-16].

This work is made possible biational Institute of Health and Environmental Sciences, RO1ES022616, and the Fred A. and Barbara M. Erb Family
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competing land uses, e.g., it may be more profitable to use the land for a different use; concerns over nois
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.

Figure7.7-6: Stony Corners Wind Farm, one of the first utility scale wind farms in Michigan.
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Z Heritage Sustainability Energywvailablehttp://heritagewindenergy.com/projects/stonegornerswind-farm/ [accessed ®-16].

24LARA, Michigan, Report on the implementation of P.A. 295 wind energy resource zones
http://www.michigan.gov/documents/mpsc/2014WERZReport 449308 7 [adtessed-1-16].
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Figure7.7-8 shows wind resources across the United StdtesSoutheast Michigan has modest labdsed
annual wind speeds (56.5 m/s), but there is considerable potential for -stiore wind power in the Great
Lake¥ YR Ay GKS d&aiKdzyoé eprevioasKXighie Marosy the US dthe Frisaest yandA y
based wind resources are in the Great Plains region, which is sparsely populated, thus capitalizing on this wi
resource would require new transmission lines to bring electricity to more densely pepuda¢as’®

Figure 77-8: Map showing the annual average labdsed and offshore wind speeds (at 80 m) for tH&?U
Bottom: location of known wind projects in Michigan as of 28f13.

United States - Land-Based and Offshore Annual Average Wind Speed at 80 m

Sourcs. Wind ped by ANS
e Web 2 power.com. Map
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5 aws Truepower- $ENREL

25US Department of Energy, 2016. Advantages and Challenges of Wind Energy [WWW Document]. URL
http://energy.gov/eere/wind/advantgesand-challengeswvind-energy [accessed-B2-16].

26 US Department of Energy, 2016. Advantages and ChaBesfg/Vind Energy [WWW Document]. URL
http://energy.gov/eere/wind/advantagesind-challengeswvind-energy[accessed 22-16].

27 National Renewable Energy Lab, US Departmeknefgy, 2016. Dynamic Maps, GIS Data, and Analysis Tools [WWW Document].
URL http://www.nrel.gov/gis/maps.htnjaccessed 22-16].

28 LARA, MichigarReport on the implementation of P.A. 295 wind energy resource zones
http://www.michigan.gov/documents/mpsc/2014WERZReport 449308 7 Jadtessed £2-16].
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7.7.2.3 Geothermal

Geothermal energy is thermal energy generated and stonethe earth, arising from the hot dense core of
GKS SINIK FYR FTNRBY NIRA2IFIOGAGS RSOFe Ay GKS SI NI
hot springs, where groundwater is heated when it interacts with hot rocks below the surface @fatih?°
Geothermal energy can be captured and used to generate electricity and provide thermal eGemhermal
power plantsuse wells drilled 2 miles deep to pump steam or hot water to the surfd@&. Figure7.7-7
shows a schematic of a typicadéahermal plant. Hot water is pumped from the geothermal reservoir and
used to generate stearthat turns the turbine generator. The steam is condensed in a cooling tower and
returned to the reservoir to be reheated.

Figure 77-9: Schematic of a geotheal power plant?

How It Works

1. Hot water is pumped from deep undergroun

Gapthermal Power Plant i
through a well under high pressure.

P s : - 2. When the water reaches the surface, tr
e o”'l o :".""" E o ——— pressure is dropped, which causes the water
IRRRERD e turn into steam.

Cooling
tower

3. The steam spins a turbine, whichcennected
to a generator that produces electricity.

Injection 4. The steam cools off in a cooling tower ai
well condenses back to water.

5 5. The cooled water is pumped back into tt
Earth to begin the process again.

Geothermal heat pumpare 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 depictedHigure 77-10, in winter, sirface temperatures are typically lower than

29US Department of Energy, 2016. Geothermal Basics [WWW Document]. URL http://energy.gov/eere/geothermal/geothermal
basicdaccessed 22-16].

30 EPA (Environmental Protection Agency). Geothermal Energy. Available:
http://www3.epa.gov/climatechange/kids/solutions/technologies/geothermal.htfatcessed 2-16].

31US Department of Energy, 2016. Geothermal Electricity Generation [WWW Document]. URL
http://energy.gov/eere/geothermal/electricig-generation [accessedB2-16].

S2EPA (Environmental Protection Agency). Geothermal Energy. Available:
http://www3.epa.gov/climatechange/kids/solutions/technologies/geothermal.htfatcesed 32-16].

This work is made possible biational Institute of Health and Environmental Sciences, RO1ES022616, and the Fred A. and Barbara M. Erb Family
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sub-surface temperatures (which are typically between@U F), so heat from the ground can be transferred
to water or refrigerants in a pipe system to provide heating. In the summer, surface temperaturesg)laee
than ground temperatures, so excess heat in the building is transferred to the gfdund.

Figure 77-10: Schematic of geothermal heat punip.

How It Works

1. Water or a refrigerant moves through a loop
pipes.
2. When the weather is cold, the water c

refrigerant heats up as it travels through th
buried loop.

Geothermal Heat Pump 90 o0

3. Once it gets back above ground, the warm
water or refrigerant transfers heat to the
building.

4. The water or refrigerant cools down, then
pumped back underground where it heats u
once more, &rting the process again.

A significant advantage of geothermal energy is its reliability, i.e., it does not have the variability ol
intermittency of wind or solar energy. This makes geothermal enetyyNIi A Odzf F N¥ & dzA ST
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 ptantss primary
disadvantages are the limited number of suitable hydrothermal sites and the high costs of installation
[ 20 GA2ya adAdzAdGrofS F2NJ O2YYSNOAIIE 2Nt NBS aol S
Figure 77-11 shows idenk FA SR K@ RNRUKSNXYIf &aixisSa I ONraa GKS
3S20KSNXYIf &aeadsSvyat¢o ¢CKSNBE IINB y2 ARSYGAFASR K
pumps can be used in Michigan, atse help improve thefficiency ofheating and coolingystems. Note

33 EPA (Environmental Protection Agen&ygothermal Energy. Available:
http://www3.epa.gov/climatechange/kids/solutions/technologies/geothermal.Hihfaccessed -2-16].

34 EPA (Environmental Protection Agen&ygothermal Energy. Available:
http://www3.epa.gov/climatechange/kids/solutions/technologies/gdmrmal.html) [accessed-2-16].

35US Department of Energy, 2016. Geothermal Basics [WWW Document]. URL http://energy.gov/eere/geothermaiigaioth
basics [accessedZ-16].

This work is made possible biational Institute of Health and Environmental Sciences, RO1ES022616, and the Fred A. and Barbara M. Erb Family
Foundation. Additional support was providedthg Michigan Center on Lifestage Environmental Exposure®@whse (M.EEaD),
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that these geothermal heat pumps still require electricity (although a reduced amount), and much of this
electricityin Michiganis generated using dirty fuels

Figure 77-11: Map showing identified hydrothermal sites atite potential for enhanced geothermal systems
for the United States. Map from the National Renewable Energy Labor&tory.
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7.7.2.4 Biomass

Biomass energgerivesfrom plants and animals. It includes agricultural waste, forest residues, wood mill
waste, urban wod waste and municipal wasté. Biomass can be burned directly, e.g., generating steam for

3% National Renewable Energy Lab, US Department of Energy, 2016. Dynamic Maps, GIS Data, and Analysis Tools [WWW Docum
URL http://wwwnrel.gov/gis/maps.html| [accessedZ2-16].

37US Department of Energy, 2016. Biomass Technology Basics [WWW DocuiRent]. U
http://energy.gov/eere/energybasics/articles/biomasschnology-basics [accessed Z-16].

This work is made possible biational Institute of Health and Environmental Sciences, RO1ES022616, and the Fred A. and Barbara M. Erb Family
Foundation. Additional support was providedthg Michigan Center on Lifestage Environmental Exposure®@whse (M_.EEaD),
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electricity generation. When combusted, biomass is often blended with other fuels, e.g., coal. Potentially le:
polluting ways to use biomass include conversiow iniofuels(e.g.,ethanol),® or gasege.g., methane)or
liquids(e.g., biodiesel}®

Abouto p’2 2 ¥ a A GhidkoBdwsf €eaewabi2 ghergy comes from biomass, primarily from landfill gas,
municipal solid waste, and forest residtfe. Figure 77-12 shows the potential biomass resources at the
county level across the United States. Wayne County has between 250 and 500 thousand tons of biome
made available each year. Other areas of southeast Michigan have more modest biomass ressonce of

the wade entering the Detroit Resource Recovery Facility, a rbass incinerator with energy recovery, is
biomass.

'Yy FTR@IydFr3asS 2F o0A2YlFaa SySNHeé A& GKS NBtAFOATAC
power. Its primary disadvantagettse production of air pollutant emissions. Biomass energy production can
emit greenhouse gases, PM, {lGO, VOCs, and potentially other hazardous air pollutants.

38 EPA (Environmental Protection Agency). Biomass. Available:
(http://ww w3.epa.gov/climatechange/kids/solutions/technologies/biomass.h}ifdccessed-2-16].

39US EPA. 2016. Biogas Opportunities Roadmap. Avaitéipes/www3.epa.govclimatechange/Downloads/BiogaRoadmap
Factsheet.pdfaccessed £2-16].

40US Energy Information Administration, 2016. State Profile and Energy Estimates: Michigan [WWW Document]. URL
http://www.eia.gov/state/?sid=MI [accessed-32-16].
This work is made possible biational Institute of Health and Environmental Sciences, RO1ES022616, and the Fred A. and Barbara M. Erb Family
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Figure 77-12: Tons of biomass resources available at the county level across the Gtgties. Map from the
National Renewable Energy Laborat6ty.
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7.7.2.5 Cost of renewable energy

Costs of clean energy depend on capital, fixed and variable costs, projected utilization and sales of energy, &
fuel costs (if applicable). Costs are affectecebgnomic incentives, including state and federal tax credits.
Presently, the key challenges to the economic viability of clean energy are the low cost of natyitad gasl

of federal and state tax credifd y Ot dzZRAy 3 ( KS S ERelfewbldPartoo IgndardonRP& A 3 |
2015, and other policies favoringhe use of renewable technologiesThe 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

41 National Renewable Energy Lab, US Department of Energy, 2016. Dynamic Maps, GIS Data, and Analysis Tools [WWW Docum
URL http://www.nrel.@v/gis/maps.html| [accessedZ2-16].

42US Energy Information Administration. 20RHanual Energy Outlook 2015thiProjections to 2040. Available:

http://www.eia.gov/aeo/ [accessed 23-16].

This work is made possible biational Institute of Health and Environmental Sciences, RO1ES022616, and the Fred A. and Barbara M. Erb Family
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delaying the development of renewable resources. In addition, as energy efficiency improves, electricit
production declines and demand decreases for new facilities, thus slowing the development of new facilitie
using renewable or cleaner technologies.

Tavle 77134 K268 GKS af SPSt AT SR 0O02aid 2F St SOGNROAGRE
online in 2020*3 This LCOE represents the total cost per kiloviaitir (kwWh) of building and operating a new
facility to generate electricity and repsents an average cost. Locatgpecific factors are not considered,
Soaods (GKS t20lf NB&az2dz2NOS YAEO® 9y SNH& &a2dz2NOS&a | N
to meet peak loads, and dispatchable resources, which can be used to geSerad 6 8 S f 21 Ré¢ S
in the table are for utilitysized facilities. (They do not reflect costs for smaller units, e.g., solar panels installec
on the roof of a residence.)

Costs vary regionallyTéble 77-1). For dispatchable technologiesaghermal power has the lowest LCOE.
For the nondispatchable technologies, lafdzhsed 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 sc
PV facilities are slightly higher than traditional and advanced -dwoatl facilities, butconsiderablyless
expensive than new facilities that use carbon capture and sequestrabidimit emissions of greenhouse
gases. As discussed earlier, an importartatlenge with directly replacing dispatchable resources with wind
and solar is the intermittent availability of these resources. As integration with the grid and storage capacitie
improve, there may be more opportunities for solar and wind to replaceenmnventional fuels.

43US Energy Information Administration. 2018velized cost and levelized avoided cost of new generation resources in the annual
energy outlook 2015. Availabldrttp://www.eia.gov/forecasts/aeo/pdf/electricity _generation.pdaccessed 23-16].
This work is made possible biational Institute of Health and Environmental Sciences, RO1ES022616, and the Fred A. and Barbara M. Erb Family

Foundation. Additional support was providedthg Michigan Center on Lifestage Environmental Exposure®@whse (M.EEaD),
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Table 77-1 Estimated levelized cost of electricity for new generation resources, 2020. Table from the US
Energy Information Agendy.

7.7.2.6  Why is this important?

Coalfired power plants make up 39% of the net electriggneration in the United States, and account for a
large portion of air pollutionHgure 77-13). Natural gas power plants, which also contribute to greenhouse
gas and air pollutant emissions, account for another 27% of electricity generation. Thelick fleet also

44 US Energy Information Administration. 2018velizectost and levelized avoided cost of new generation resources in the annual
energy outlook 2015. Availabldrttp://www.eia.gov/forecasts/aeo/pdf/electricity _generation.pdaccessed 23-16].
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