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What is a renewable resource?

An energy resource that is naturally replenished
in a relatlvely short penod of tlme

. These 1nclude 3

) °Geothermal ,_.,nergy

°Hydrop ower



Why Renewable Resources’

Demand for electr1c1ty contml:les to increase

Fossil fuelwﬁred plants are resp0n51ble for: *

— 67% of natlon S sulfur d10X1de ermss10ns

— 23% of mtrogen 0X1de em1551ons

— 40% of man made carbon d10x1de ermss10ns

bl g fossi"_z;__ ,}:?.:j-fuels" cle aner but
there 1s demand for lower ermss1ons |

Fossil fuel supphes are depleted faster than they

can be generated

*Soutce: U.S. Environmental Protection Agency (2007)

hitp:/ /www. epa.gov/ ceanencerey/ energy-and-y
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ou/affect/aic-emissions.himl




U.S. Electricity
Generation”
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*Soutce: Energy Information Administration (2007 data)

*Source: ORS Energy Policy Report (2007 data)  http://www.regnlatorystaff.sc.oov/Energy%20Policy%20R eport%20website.pdf
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http:/ foww ela doe.gov/emen/aer/ xt/peb0802b.himl




Capacity Factor

A y/@_-_-zfoﬂeamre the pmdwz‘z'y@ ofpower Dlants

Actual Power Produced

Capacity Factor _ Power that Would have been produced if

"zilant operated*a -5500_% all the time




~ Type = Factor
25-35%

Wood Blomass

:Poultl‘y &;.Q-Swme

+Soutce: Energy Information Administration (2007data) - http:/ [rerw.cia.doe.gov/cneaf/electricity /epa/epataG.him] ]
“Source: La Capra study (2007 data)  hitp:/ /www.cnerpy.sc.gov/publications/Renewables%o2(Potential%o20Final%20R eport%20-09-12-20607-B.ppt




Converting the Sun’s energv into electrici
S gy



Advantages of Solat Energy

* Air emissions are m51gmﬁcant because no tuels are
combusted =

— No sulfur d10X1de emlss1ons |
— No mtrogen oxtde em1551ons "

— No carbon chox1de ermss1ons

+ Photovoltaic (P ' Sstems don requite the use of

water to generate él@Ctl’lClt’Y

ted Water resources

— Not affected by drought ot I

— No concern of envu:onmental 1mpa(:t on rivers and lakes

8

* Source: U.S. Environmental Protection Agency (2007) http:/ Serwwepa.gov/solar/enerov-and-vou/index hiomi




-+

Advantages of Solar Energy

* PV systems can be placed on emstmg
structures, requlrmg no new land
- Schools ofﬁce buﬂdmgs etc can ‘be ut]llzed

+ The Sun’s ol ene r-
during peak tlmes

* No ash or spent fuei created

9

* Source: U.S. Envirenmental Protection Agency (2007) htip:/ /www.epa.gov/deanenergy/energy-and-you/affect/non-hvdro.html



Dlsadvantage of Solar Energy Costs

o Installed costs for u _j:-f_._;-mscale solar panels range from

§4,000 to $5,000 per KW*
o Remdenﬂal costs range from $8 OOO to $1O OOO per KW*

* Many recent pro]ects are not dlsclosmg thel.r upfront
costs - S N

e Silicone, a maln component in panels 1s" expensive and
in short supply =y "

R —

10
*Source: La Capra study (2007 dats)  htip://www.energy.sc.gov/publications/Renewables%20Potential%20Final %6 20R eport%20-09-12-2007-B.ppt




Geographic Limitations

* To efﬁcientlyuti]izesolar powet, panels must be
located in an area with ]mgh solar rachatlon

e South Car.o -a recelves 4.5 — 5 5 k / _meter2 /day”

_This Varles durmg the \mntel- .

— These levels zﬁfé lesus thaﬁithé re(.:;)mmended 6.75

kWh/ meter2 / day

* Source: U.S. Department of Energy (2008) o ht't;:./ / fmbsi.cere.energry.oov/ states /alternatives /csp.cfim i
* Source: La Capra study (2007 data) hitp:/ [wrwrw.energy.sc.oov/publications /Rencewables%20Poten il ¥620Final%20R eport¥20-09-12-2007-B.ppt




US Solar Potential

PV Solar Radiation
(Flat Plate, Facing South, Latitude Tilt)

Annual

Mode! estimetes of monthly average daily totel radation using inputs
derived from satellite andfor surface observations of cloud cover,
asrosol optical depth, pracipitable water vapsr, atbado, atmospheric
préssure and ozone resampled to a40km resolution. See

htp: fiwwwe nrol gevigsil_solar_pv.html docurnentztion for more details.

.
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Froduced by tha Electric & Hydrogen
Technotogles & Systems Center - Meay 2004

Source: U.S. Department of Energy (2008} http://appsl.eere.energy.oov/states /alternatives /csp.cfm
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Avallablllt Of Power

Sunlight is not constant

— Must have supplemental system for evenlng usage

Capacity Factor 19%--—-- 21%

Weather condltlons anact power

_ Less solar radlatlon in the Wlnter -

— Cloudy, overcast da_'_;;szf;and fog

Potential damage to Panels ftom storms

Dust, pollen and debns can mterfere with panels

*Source

— Cleaning may be necessary “ 13

: La Capra study (2007 data)  hup:/ /www.en

erov.sc.oov/publications /Renewables%20Potential % 20Final%20R enort%e20-09-12-2007-B.pnt




Land Usage __-»«---_«:;---0n81derat10ns

 If panels are not placed on emstmg
structures land use mustbe c0n51dered

e [.and requlred 1s dlfﬁcult to determme
,janel sizes

because 0 __?;;;i-;-_vaﬂances in Solar

* The 1argest solar facﬂi located in
California’s Mo]a.a-;ff;;_ef- Desert occuples more
than 1,500 acres’ '

*Source: NextEra Energy Resources WA CXECrAeN CrpVEesONrCEs. GOt
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Solar Electric Generating Systems

California’s Mojave Desert

* 354 MW capacity
* Nine solar plants
° 900,000 mirrors

* 1,550 acres

* Includes natural
gas “back-up”

Solar Electric Generating Systems IV

e [ .ocation receives more

than 7 kWh/metetr?/day

Source: NextEra Energy Resources WWW.aleXleraenergyresources. com

15




How large 1s 1,550 acres?

Riverbanks Zoo: 170 acres

University of South Carolina
campus: 384 acres

Central Park: 843 acres
Sesqui State Park: 1,440

acCres

1,550 acres = 1,174 football
fields

Half of Central Park’s 843 acres

16



Converting the Earth’s wind into electricity



Advantages of _,ind Power"

* Air emissions are 1ns1gn1ﬁcant because no fuels are
combusted B
— No sulfur dlox,tde emissions - |

— No nltrogen 0X1de ermssmns
— No carbon d10X1de emlssmns

» Wind turblnes -:. not_g_requlre euseof water to
— Not affected by drought ot limi

Tir ted water resources
— No concern of envmonmenta:__’_:nnpact on rivers and lakes

— Minimal water may be needed to clean blades if there is

not sufficient rainfall - o

* Source: U.S. Environmental Protection Agency (2007) htip:/ /www.epa.gov/deanenergy/enerey-and-you/affect/non-hydro. heml




Advantages of Wmd Power

* Supplies are unhrmted When the Wmd
blows _;.:f b

+ No ash ot spent fuel created N

land, there are no soli d s W
residues left be'n d K

19

* Source: U.S. Environmental Protection Agency (2007) http:/ /www.epa.gov/cleanenergy/ energy-and-vou/affect/non-hydro html




Dis advantage | Of Wind Power: Costs

* Average mstalled costs of onshore Wmd power:

$1,800 to $2,000 per KW *

o Average mstalled costs of offshore Wmd power:
52,800 10 $3300 per KW *

* Costs of producmg energy a y bas
locatlon f

* Estimated cost of electrlcifff,',:jfangés from 12 to

15.5 cents per k\’ﬁ(/h+

_ . 20
* Source: La Capta study (2007 data) http://www.energy.scgov/publications/Renewables%20P otential%e20Final % 20R eport%20-09-12-2007-B.opt




Geographic Litnitations

* Grid- connected turbmes are ypically rated for

wind speeds of 14 meters per second (31 mph) "

e South Carohna does not have sufﬁc1ent on-shore
wind speeds to_support thlS _formg_:::of energy

— Mean Anﬁualf’wmd speed
* 70 meters (230 ft) 6 5 7 0 m/s (14 5 15 7 mph)*

'ght be available

* Source: GE Enetgy (2005) hatp: /[ /fwww.gepowet.com /prod_serv/products/wind turhines/en/36mmw/36mw_specs.htm
* Source: 8.C. Energy Office {2003) http:/ /www.enetgy.sc.gov/publications/SC_spd70m _SApril2005.pdf




United States - Wind Resource Map

Fosouree Wind Povior
Pelentlat Dengily at 53 m
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* Source: U.S. Department of Energy (2009) http://www.windpoweringamerica.gov/wind maps.asp 22



Offshore,Limitations+

Underwater transrmssmn hnes are Very costly so project

within 10 rmles Of the shore Would be 1deal

The northern part of SC has some potentlal for offshore

Oftshore perrmttmg Is mote cornphcated 1r1 federa,l waters
(>3 miles offshore):?,&*f_ .+ | |

Potential damage from hurrlcanes

— GE Wind: Turblnes can susta.ln up to 130 mph winds (Category
3 hurricane) . |

— S.C,N.C,, and Georgia experrenced 21 Category 3 hurricanes or

greater since 1851. -

* Source: La Capra study (2007 data) http:/ /wwor.energy.sc.gov/publications /Renewables%20Potential % 20Final%20R eport%o20-09-12-2007-B.ppt




e Wind i1s mtermlttent meamng 1t does not
COHStﬂﬂdY blOW

e Wind i1s not chspatchable meamng 1t can not

be turned on orof baseo "?‘*--’_demand

24
* Source: La Capra study (2007 data) hitp: //www.energy.sc.gov/publications /Renewables% 20Potential % 20Final%20R eport%620-09-12-2007-B.ppt




Wind Turbine Sizes

GE 3.6 MW Model *

Blades: approx 160 ft each (half of a
football field)

Tower: 295 ft

Total Height: 455 ft (38 stortes —
Columbia’s Capital Center: 25 stories)

Vertical Airspace: 364 ft

Weight: 164 Tons (69 Ford F-150
trucks or 112 Toyota Prius cars)

Platform:

* 1,000 tons cement/steel rebar

* 30-50 feet across

* 6-30 feet deep 25

* Source: GE Energy (2005) hitp:/ /www.gepowet.com/prod serv/products/wind _marbines/en/36mw/36mw_specs.htm



Cape Wind

Nantucket Sound, MA

Proposed Project:
* Capacity: 420 MW

* Acres: 16,000 (Larger
than Myrtle Beach, SC)

e Wind Turbines: 130
e Cost: Undisclosed
° 34 acres per MW

* Source: Cape Wind (2009) www.capewind.org

26



Landfills contain methane which can be

captured and combusted for energy 2!



Landfill Gas (LFG)

Advaﬂtage S'

' Methane is captured to produce electrrcrty

eemrssron of methane .a
greenhouse gaswhrch is a harmful GHG that

1S prevalent in landfil

° Prevents __

. Capacity factor is 80 - 8500Wh1ch is higher

than other renewahle resources

28
* Source: La Capra study (2007 data)  hup://www.enerey.sc.oov/publications/Renewables%20Potential%20Final % 20R eport %20-09-12-2007-B.ppt




Landfﬂl Gas (LFG)

* Resources atre hrmted —'f:ﬁf:f.: ere are only SO many landfills
able to provlde thls power B |

* Btu Content 9 500

» Costs: 5.9 - 9 cents per k\Wh+

Current Pro] ects‘z .

" Ten LFG Prolects are onhne 1n S

s.;f;'— rnore planned
e Almost 70% of B ’s palnt shop energy consumption

is generated from LPG

B o 29
" Soutce: U.S. Envitonmental Protection Agency (2009) httr):/ / WWW.EDAOOV / tandfill/proj/prof/profile/bmwmanufacturinglandfills. htm

* Source: La Capra study (2007 data)  http://www.energy.sc.gov/publicaions /Renewables%20Potential %20 Final%s20R eport%620-09-12-2007-B.ppt




O N o U A WD

Existing and Potential Landfill Gas
to Energy Sites

Wellford |
Union County Regional N
Northeast Landfill

Georgetown County

Oakridge* ) . omeean T
~ " Three Rivers ~
Berkeley County* = U sntel Yag

e SERULL RS '*’Lee
reenwood
G,: 4/1/09) Rlchland

Bees Ferry Road
Hickory Hill*

* Under development or proposed for development

Source: U.S. Environmental Protection Agency (2009 data) hitp:/ /www.epa.gov/lmon /proi/index.htm 30
Source: La Capra study (2007 data)  http://www.energy.sc.gov/publications/. Renewables%s20Potential¥e20Final%e20R eporte20-09-12-2007-B ppt




Burning wood and wood waste to create power

31



Wood and .‘..od Waste

* Wood waste, loggmg resﬂue and commetcial
thinning can be used in: |

— Direct fire generatlon (Blomass bumed to produce
steam to. drlve turbine englne) o

— Co- Flred

eneranon (B1omass mlxed w1th fossil

o Emissions (C. ex15t but carf‘ion footprmt is
reduced (B B F "

— Capacity Factor: 70% 5%

32

* Source: La Capra study (2007 data)  hup://www.energy.sc.oov/publications /Renewables%20Potential % 20Final%20R eport%620-09-12-2007-B.ppt




Wood and ' .ooleasteJr

C0n51derat10ns.

o anted by the avaﬂab]hty Of fuel
° Long-dlstance transportatlon not 1deal

* Btu content 12.00

* Costs ate apprommately 9 to 13 5 cents per

kWh

33
* Source: La Capra study (2007 data)  http://www.energy.sc.gov/publications /Renewables%20Potential%20Final%20R eport%620-09-12-2007-B.ppt
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Poultry thter Swine Waste

Historically used as ferz‘z/zzer b%z‘ Z‘/ﬂere are concerns abont
gmmdmzfer mm‘czwmaz‘zm

Advantages.
o \Waste 1s combusted Wlth no new carbon emissions

° Rehabﬂlty is mucgreater than solar or Wlnd

* Assists farmer‘s"‘ir‘i e limina HfE
e Ash can be used as fertlhzer _____
e Btu content: 12 OOO 14 OOO -

* Source: La Capra study (2007 data)  hutp://www.enetgy.sc.gov/publications /Renewables%620Potential % 20Final%20R eport%620-09-12-2007-B.ppt




Poultry thter . Swine Waste™

* Limited by the avallablhty of fuel and cost

— Poultry thter 1s more prevalent in South Caro]ma

— Swine Waste 1s

;;_'_-:__::_"ted and requlres greater
transportatlon | -

* Most hkely use 1s co ﬁrmg 'due to ited resources

* Costs are apprommately 9 to 13 5 cents per kWh

36
* Source: La Capra study (2007 data)  http://www.energy.sc.gov/publications/Renewables%20Potential%20Final%s 20R ep ort?20-09-12-2007-B.ppt




Geothermal Energy

Converting the Earth’s heat into energy

37



Geothermal Potentia

Source: U.S. Department of Energy (2008)

Direct Heat
Geo. Heat Pumps

httn:/ Swwwl.eete.eneroyv.gov/ tribalenetoy/ouide /oeothermal resources himl
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Hydroelectric Energy

39

Converting the movement of the Earth’s water into energy



What is Ciean Energy

Electr1c1ty that When generated does not

produce pOﬂutlon*;**}i;:;';_:_:_ &

*Source: Stirling Energy hitp: / /o stirlingenergy.com /news-media/glossary.asp
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Nuclear Energy

— Does not produce air pollutior1
— Low fuel and opemtmg cos s

— High capa(:lty factor — 92%

° Dlsadvantages

— Water is reqﬁ_?‘;f_-_ﬁj_:ﬁ_?'ed for electrlc“:';::' "-- UCthIl
_ Spent Fuel. -

°* On- s1te Storage

o Off-site Storage' N
— High capital c"(')'sts_'___-_-":.___ oy 5

+Sourtce: Energy Information Administration (2007 datz) hitp: / fwwre.eia doe.gov/ eneaf/ dlectricity /epa/epatab.heml
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Nudear Energy

* 104 reactors i 111 the ite
 South Caro]ma 3“1 n US for nuclear energy

° 7 Reactors 111 SC TR
— Catawba 1 & 2 6 m]les from Rock Hﬂl SC
— Oconee 1 2 & 3 30 mﬂes West of Greenville
— Robmson 2 26 'es from EE:"-'.f_Q._Q-Ior'ence
— V.C. Summer ]en' svﬂle — 26 rmles from
Columbia

+Source: Nucleat Regulatoty Commission (2008)
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U.S. Commercial Nuclear Power Reactors

Years in Commercial
Operation

A 09
A 1019
A 20-29
A 30-39 44
+Source: Nuclear Regulatoty Commission (2008)

http:/ /www.arc.oov/reactors/ operating /man-nower-reactors. html




Conclusmns

While renewable resources are a patt of the
solution, they are not z‘/ae solutlon

Solar and Wmd are not economlcally feas1b1e in
South Caroa at t].’llS tlIIle L "

Biomass 1s an opuon for South 5.;_j,ff:;u:o]ma

Geothermal and new hydroele__ t 1:1C""}are not

available for uf' i -—scale generatlon

Nuclear is an approPrlate part of the generation
mix for a GHG-constramed soc1ety
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