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EXECUTIVE SUMMARY

Transitionng away from increasingly scarce, carbotensive and polluting fossil fuels is one of
the key challenges facing modern society. Prominent among the energy supply options with
inherently low lifecycle CQ emissions is a suite of renewable technologiesyTalso represent
an opportunity to diversify energy resources while ingirgareliance on domestic fuels.

Government policies can provide a strong impetus for constructing renewable generation
facilities. Federal and state tax incentives, governmerupement policies, statewide
renewable electricity standards (RESSs), and regional carbon cap and trade programs all
encourage investments in renewable electricity. These policiesyagvaee not uniformly
adoptedhroughout the country. While 29 states/d an RES, only four of these states are
located in the South (Delaware, Maryland, North Carolina, and Texas) plus thetDfstric
Columbia (Figure ES.1).

ME: 30% by 2000

MI: 10%+1,100 MW
by 2015* VT: 20% RE&CHP
b by 2017

NY: 29%
by 2015

NH: 23.8% by 2025

PERIA: 22.1% by 2020
RI: 16% by 2020
CT: 23% by 2020
NJ: 22.5% by 2021
DE: 20% by 2020*
MD: 20% by 2022
DC: 20% by 2020
WV: 25% by 2025*
VA: 15% by 2025*
NC: 12.5% by 2021

® 1 40% by 2030

[ Has State Renewable Portfolio Standard ] No Renewable Portfolio Standard or Goal
[ Has State Renewable Portfolio Goal * : Extra credit for solar or sited 1 bl

Figure ES.1 States with Renewable Electricity Standards
SourceDatabase of State Incentives Renewable Energy (2010jtp://www.dsireusa.org/
Accessed August 17, 2010

An RES is particularly influential for renewable markets because it provides a mandate requiring
electricity suppliers to employ renewabésources to produce a certain amount or percentage of

Xi
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power by a fixed date. Typically, electric suppliers can either generate their own renewable

energy, buy power from independent power producers, or buy renewable energy credits. Thus,

this policy blende he benefits of a Acommand and contr ol
market approach to environmental protection.

Policy makers in someoBthern states oppose renewable electricity standards because they
believe their renewable resources are inswfiti The purpose of this report is to provide an up
to-date assessment of the economic potential for expanding renewable electricity generation in
the South. We examine this economic potential by first incorporating new and improved
estimates of hydropowand wind resources into our version of the National Energy Modeling
System (NEMS). Then we adjust the cost forecast for solar resources to better reflect published
estimates. Next we considered several policieeluding accelerated R&D and extensioffis o

tax credits where increased renewable utilization is a policy goal. Finally, we examine the
ability of renewable power generation to compete with traditional fossil and nuclear power
options under two different federal policy scenarios: a nationaldig@% carboitonstrained

future.

Customerowned renewables are included in this assessment in addition teaddity
renewables. While they are often not the focus of renewable policy debate, custoredr
renewables can achieve most of the same emviental and sustainability objectives that are the
major drivers for increasing utilitgcale renewables.

The Current Status of Renewable Power in the South

The SouthFigureES2),
with its strong energy
intensive industrial base,
accounts for 44% dhe
nationds tot
consumption, while iis
home to only36% of the
U.S. population. Coal
dominates electricity
generation in the South,
and renewables only
provide 3.7% of its
electricity generation. No
state in the South exceeds
the national avexge of

9.5% renewable electric ] West South Central [l East South Central [__| South Atlantic
power.

Atlantic

‘West South
Central

Xii
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Figure ES.2 The Census South Region and Its Three Divisions

Hydropower represents nearly thards of U.S. renewables, and it is also the largest renewable
resource in the Sout h arerewable ¢lactncgy. MaoyrSouth&m®o o f t
states produce hydropower, with Alabama, Tennessee, and Arkansas most notable among them
(Table ES.1). Wind power is the second largest renewable source of electricity in the U.S. and in
the South. Among the Southeratsts, Texas generates the largest quantity of wind power and
Oklahoma also has a significant share. West Virginia and Tennessee are the only other two
Southern states producing at least 1 TBtu of wind power. Biomass from wood and waste is the
third largesrenewable source of electricity both in the U.S. and the South. While Florida
produces the largest quantity of biopower, other Southern states have significant quantities, as
well, including Virginia, Maryland and the Carolinas. No state in the Souttupesdnore than

0.5 TBtu of geothermal or solar/PV electricity. In contrast, geothermal electricity comprised 8%
of U.S. renewable generation in 2008, and solar power constituted 0.2%.

Table ES.1 Consumption of Electric Power from Renewable Resources,
by State in 2008 (Trillion Btu
Biomass
(Wood Solar &
Total Renewable| Renewable & Geo Photo-
Electricity | Share (%) Power Hydro | Wind | Waste) | thermal | voltaic
Alabama 1404 4.6% 64 61 0 4 0 0
Arkansas 532 9.0% 48 46 0 2 0 0
Delaware 73 2.7% 2 0 0 2 0 0
DC 1 0.0% 0 0 0 0 0 0
Florida 2002 2.6% 52 2 0 50 0 0
Georgia 1302 1.6% 21 21 0 0 0 0
Kentucky 1030 1.9% 20 19 0 1 0 0
Louisiana 701 1.7% 12 11 0 1 0 0
Maryland 486 5.6% 27 20 0 8 0 0
Mississippi 445 0.0% 0 0 0 0 0 0
North Carolina 1253 3.0% 38 30 0 8 0 0
Oklahoma 730 8.4% 61 38 23 0 0 0
South Carolina 1024 1.8% 18 11 0 7 0 0
Tennessee 911 6.2% 56 56 1 0 0 0
Texas 3652 4.8% 175 10| 160 5 0 0
Virginia 742 3.5% 26 10 0 16 0 0
West Virginia 907 1.3% 12 8 4 0 0 0
Census South 17,200 3.7% 630 340, 188 104 0 0
(% of the South) 3.7%| 2.0%| 1.1% 0.6% 0% 0%
United States 40,200 9.5% 3,800/ 2,500 550 440 310 9
Il n sum, the Southds wind power i s concentrate

! Map and definition from U.S. Census Bureau document on Regions and Divisions of the United States
www.census.gov/geo/www/usgdiv.pdf

Xiii
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biopower comes mostly from the South Atlantic regitshydropower is widely dispersed, but
is particularly dominant in the East South Central states (Figure ES.3).

3.7%

South Atlantic East South Central West South Central

6%
5.3%
5%

4%

B Hydro
3% Y

2.5%

1%

Biomass

B Wind

0%

Figure ES.3 Consumption of Electric Power from Renewable Resources, by Census

Division in 2008 (as a Percent of Electric Power Consumption)
SourceEnergy Information Administration. 20108tate Energy Data SysteRetrieved on July 2, 2010 from:
http://www.eia.doe.gov/emeu/states/_seds.html

Notable Renewable Energy Projects in th&outh

The scarcity of renewable electricity standards in the South should not suggest that the region
lacks renewable power activity. In fact, the potential for expansion of renewable energy in the
South is being demonstrated by the growth of investmemenhewable power projects

throughout the region. SACE (2009) listed approximately a dozen activities in its report on
renewable resources in the Southeast. Additional projects have been initiated recently with
funding from the American Recovery and Rastment Act (ARRA). Solar projects have

received the biggest financial boost from the ARRA, with more than $60 million spending on 14
programs. In addition, more than $10 million of ARRA funding supports biomass development,
and about $20 million is beirgpent on hydropower projects. When these projects are completed,
the South will have an additional 120 MW of sgdamwer, more than doublings currentsolar
capacity Investments in wind farms in the West South Central states have been significant, and
Florida Power and Light is planning a 14 MW wind farm on Hutchinson Island.

METHODOLOGY

Unlike most previous assessments of renewable electricity alternatives, this report inothdes
1) utility-scale renewable generation and 2) custeomared renewableesources. Utilityscale
generators use wind, biomass, hydro, or solar energy to produce electricity. Cistoradr
renewable resources include rooftop solar panels, industrial facilities that produce electricity

from waste heat (rcdaldoewde riicc oonrbh | Glddiechinategidd ad e ma n ¢

Xiv
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such as heat pumps that use heat in the air, water, or ground to produce energy services that
reduce the requirement to consume electricity.

Our assessment of renewable electricity resources in the Soatha usesion of NEMS, the U.S.
Department of Energyds FNEMSmodelsU.8.reremggnyarkdtso r e c a s
and is the principal modeling tool used by the Energy Information Administration (EIA) to
produce Areference deaadhgearanstdnaual EnelgyQutioaknthis pu bl i s
analysis, three scenarios of expanded renewables in the South are compared with the Reference
forecast reflecting EI A6s analysis of the Sti
2009a):

e Expanded RenewablesUses updated estimates of renewable resources in the South
detailed in Volume Il and other sources. In addition, it assumes a humber of renewable
policies such as an extension of R&D and tax subsidies, but no new state or Federal
carbon pricingor renewable energy portfolio policies are enacted.

e Expanded Renewables Renewable Electricity Standard (RES)Uses all of
renewable policies angpbdated estimates of renewable resouficas theExpanded
Renewables Scenarialong witha Federal requireemt of 25% renewable electricity
production by 2025. The scenario exempts small retailers from the RES mandate and
excludes hydroelectric power and municipal solid waste from the sales baseline. An RES
only scenario was also created in order to compatdtse

e Expanded Renewables + CarboiConstrained Future (CCF): Uses all of the
renewable policies angpbdated estimates of renewable resoufices theExpanded
Renewables Scenarialong with a carbon price of $15 (in $2005) per metric ton of
carbon dioxiden 2012 growing annually at 7%. Allowances are redistributed to load
serving entities as described above, and there are no carbon &f€€&. only scenario
was also created in order to compare results.

The first scenario seeks to provide an improfegdcast of the future growth of renewable
energy. The two additional scenarios estimate what might happen to the future of renewable
power in the South if a national RES or a national price on carbon were enacted.

Updated Estimates of Renewable Resouss

Recent assessments of renewable resources provide updated, more precise, and more expansive
estimates of available renewable resources across the country. The updated estimates shown in
Table ES.2 show potentials for five specific renewable resouraeshh of the 16 &uthern

states and the District of Columbia. These resource potentials are the basis for modeling the
hydro andhewind power in the Expanded Renewables scenario described above, since they
identify a greater physical resource than ey estimates. For the biomass)dfill gas, and

solar, we use other datourceghat provide more detailed supply curve estimates that are
consistent with the averages shown in Table E& 2lescribed in the full report.

2SNUG-NEMS: Southeastern NEMS User Group version of NEMS.

XV
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Table ES.2 Renewable Resoce Potential, by State
Low-Power
and Small Biomass

Hydro Wind Wood & Methane Solar

(MW of (km? of Waste from Waste Radiative

Feasible Developable| (Thousand | (Thousand Forcing

Projects) Land) tonslyear)® = tondyean)* | (kWh/m?day)
Alabama 460 24 12,000 340 4.9
Arkansas 590 1,840 12,590 190 5.1
Delaware 6 1.9 420 60 4.6
DC N/A N/A 56 1 4.6
Florida 79 0.1 9,210 500 5.2
Georgia 230 26 14,450 350 5.1
Kentucky 520 12 7,540 290 4.5
Louisiana 310 82 12,880 180 5.0
Maryland 91 300 1,910 220 4.6
Mississipi 300 0.0 15,790 170 5.0
North Carolina 350 160 9,920 810 5.0
Oklahoma 350 103,400 3,740 210 5.0
South Caroling 210 37 6,100 220 5.0
Tennessee 660 62 6,440 300 4.7
Texas 330 380,300 13,260 940 5.4
Virginia 420 360 6,230 310 4.8
West Virginia 480 380 2,390 50 4.3
South Total 5,370 486,900 134,900 5,140 -
U.S. Total 29,400 2,091,800 408,000 15,030 -

Note: Numbers may not add up due to rounding. Sotitak;: et al. (2006)-easibility Assessment of the Water
Energy Resources of the United StatedNlew Low Power and Small Hydro Classes of Hydroelectric Pl&xiks,
Table B1; NREL (2010)Wind Powering America. Wind Resource Poteniadtrieved on July 18, 2010 from:
http://www.windpoweringamerica.gov/wind_maps.a&pergy Information Administratior(2010b).State Energy
Data SystemRetrieved on July 2, 2010 fromttp://www.eia.doe.gov/emeu/states/ seds; Mitbrandt, A. (2005A
Geographic Perspective on the Current Biomass ResourceaBiigyl in the United StateNREL,TP-560
39181pg.49 (Table 10)December 2005.

3Biomass Wood & Waste in Table 2 includes crop residues, switch grass, forest residues, mill residues,
urban wood waste.

“Methane from Waste includes methane from landfills, manureewaisd domestic wastewater
management.
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The hydro resource data suggest the availability of significant small conventional apovi@wn

hydro resources, above and beyond those previously modeled in NEMS. Thaseeseate

available across many states in the East South Central and South Atlantic regions, and they total
more than five GW, or the equivalent of approximately five new coal or nuclear plants. The

latest wind resource data measured at@der heights siw a broader geography of wind

resources relative to the resources previously modeled in NEMS. Prior estimates suggested more
limited wind power resources in the South. The estimates of biomass resources and methane
from waste broadly reflect the magnitsdaodeled in NEMS, which recently updated its

bioenergy supply curves. These resource estimates exceed those of other models that are not as
current.

RESULTS
Utility -Scale and CustomeiOwned Renewables

This section compares a Reference forecast withhtiee imodeled scenarios previously

described. Figure ES.4 displays the results in terms of the proportion of total electricity

generation in the South that would come from renewable resources over the next twenty years. In
the Expanded Renewables Scenaeagwable electricity generation doubles the output of the
Reference forecast for the South. If a Federal RES is adopted or the policies represented by our
CCF scenario are i mplemented, we estinate tha
geneated from renewable sources.

600

29%
500 B Reference
400 m Expanded

Renewables
300

mExp. Renew. + RES

200
mExp. Renew. + CCF

Generation (bill KWh)

100

2020 2030

Figure ES.4Utility -Scale Renewable Generation in the South
(% of total generation)
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Table ES.3 shows the amounts of renewable electricity (in billion kilowatt hduv), that

would be generated under the three renewabl&ncing scenarios compared to the same

scenarios without Expanded Renewables, including displaced electricity from custonest
renewables. Most of the growth comes from wind, CHP and distributed solar as well as biomass.
The modeled scenarios reftem environment in which renewable sources are increasingly
economically competitive or mandated, as in the case of an RES. Of thesgtliéyrenewable
sources, wind and biomass not only provide the most generation potential, but are also the least
expensive. It appears that wind exdmpetes biomass as the integration of renewable sources
expands through the modeled time horizon.

Table ES.3 Renewable Generation and Customé&wned Renewables
in the South in 2030 (billion kWh)
Utility -Scale Renewalds
. : Municipal % above
Wind Biopower Waste Hydro Solar PV | Total Reference
Reference 39 19 43 42 0.2 104 -
Forecast
Expanded 151 24 3.8 60 03 239 129%
Renewables
Renewable 0
Electricity Standard 54 238 4.3 42 0.2 339 224%
+ Renewable 0
Electricity Standed 224 82 3.8 60 0.3 370 254%
Carbon )
Constrained Euture 59 83 4.3 43 0.2 190 81%
+ Carbon 362 83 43 61 03 511 | 389%
Constrained Future|
Customer-Owned Renewables
At Heat Pump Solar " 0
cnp | Qnbuted|  warer | water | Barued | o | v
P Heaters* Heater$
Reference 102 37 - ; 10 149 -
Forecast
Expanded 151 34 34 21 68 308 107%
Renewables
Renewable -140
Electricity Standard 85 32 1.8 0 13 128 14%
+ Renewable 0
Electricity Standard 145 32 33 21 69 300 101%
Carbon ;
Constrained Futer 210 39 12 03 9 270 81%
+ Carbon 288 42 42 23 69 464 211%
Constrained Future|

+ RES and + CCF include the Expanded Renewables scenario assumptions in addition to the RES and CC
scenarios.

*The heat pumpnd solawater heatenumbes are thencrementadifference between the reference forecast an
each scenario. These numbers, though presented in billion kWh, differ from the other values presented in tt
Since the water heater technologies do not generate electricity, these numbers areytlsaéngsgthese
technologies avoid. They can be interpreted as the avoidedffessjjeneration attributed to heat pump and sole
water heaters.
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By definition, an RES must meet an increased renewable target by 2030. Placing a price on
carbon, represeéad by our Exp. Renew. + CCF Scenario, unsurprisingly leads to marked
increases in renewable uptake. Interestingly, the Exp. Renew. + CCF Scenario has about 150%
more utility-scale renewable generation than the CCF only Scenario. These results suggest the
is large, economically viable utiltgcale renewable potential that is close in costs with the other
major GHG emission free technology, nuclear. Table ES.3 also points out that custoradr
renewable sources are significant. This is particulauky in the case of CHP. Our study

suggests that by 2030 CHP may displace as much as 288 TWh of electricity generation in the
South.

Figure ES.5 portrays the generation results of the Expanded Renewables Scenario across the four
National Energy ReliabilitfCouncil regions that broadly cover the South:

e Electric Reliability Council of Texas (ERCOT),

¢ Florida Coordinating Council (FRCC),

e Southeast Electricity Reliability Council (SERC), and
e Southwest Power Pool (SPP).

We see that the western part of thgioe is dominated by wind. Wind is also heavily
represented in Florida, due principally to wind imports. The contribution of biopower, while not
insignificant, is attenuated by its higher cost when compared to wind.

90 ~
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50 - = Hydro

40 + Biopower
30 B swind
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FERCOT  FRCC SERC SPP

Figure ES.5 Southern Renewable Disbution by NERC region in 2030
(Expanded Renewables Scenario)

Figure ES.6 illustrates how much total renewable potential could be realized by 2030,

considering both utilityscale and custom@wned renewable€ombined heat and power

systems as well alar and heat pump water heatanes classified as custoraewned resources

that avoid fossil fuel ®ener SOl amo ( ThéEigatreg
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distributed solar PV and solar water heatidgiling custometowned renewable® utility -
scale renewables nearly doubikes potential of renewable generation in the South.
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Figure ES.6 Economic Potential foiJtility -Scale and CustomeiOwned Renewable
Generationin 2030

Greenhouse Gas Emission Reductions

Figure ES.7 below shows theojgcted greenhouse gas emissions from electricity generation for
the South, for each of the Expanded Renewable. scenarios. Not surprisingly, the carbon
constrained future scenario results in the greatest reduction in emission. The avoided emissions
from electricity shown in Figure ES.7 are similar to the overall avoided emissions for the South
(shown in Table ES.4).

Table ES.4 Emission Reductions from Reference (million tonnes G
Expanded Renevya}ble =4 Carbo_n Exp. Renew.
Renewables Electricity | Renew. +| Constrained + CCE
Standard RES Future
2020 Avoided 54 69 100 169 300
2030 Avoided 84 160 160 553 710

Notably, renewable sources could be expected to help reduce electricity emissions in the South
in 2030 between 7% (in the Expanded Renewadderario) and 55% (in thexpanded
Renewables CCF).
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Figure ES.7 Southern Electricity Carbon Dioxide Emissions Reductions, by Scenario

ECONOMICS OF RENEWABLE ENERGY IN THE SOUTH

The expanded tax credits, technology improvements, and updated renegablee estimates

that comprise the AExpanded Renewabl esd scena
rates and utility bills. As shown in Figure ES.8, average electricity rates in the South are forecast

to rise for all users by 23% in the ElAefRrence case (from ©8Wh in 2010 to 9.%kWh in

2030). In contrast, the average electricity rate in the region in the Expanded Renewables scenario
would rise by only 16% over the two decades, t@/8\Wh. The escalation of rates associated

with the RESand CCF policies is similarly dampened with the addition of the Expanded

Renewables assumptions.
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Figure ES.8 AverageElectricity Rates in the Southunder Alternative Scenarios

The Expanded Renewable scenario has a similarly favorable impact on leitisrdn the
Reference Case, the Southdés energy bill (acro
would rise to $341 billion in 2030 (in $2007). In the Expanded Renewables scenario, electricity

bills would increase lefsreaching an estimatek?92 billion in 2020 and $318 billion in 2030

(7% less). Part of this reduced increase in energy bills is due to lower electricity rates (discussed
above), but it is also a result of the inclusion of significant custaweaed renewabléeis

especially CHRand solar and heat pump water heaitetsat displace energy consumption in the
industrial and residential sectors, in particular.

CONCLUSIONS

By including a fultsuite of renewable electricity sources, this report identifies a broad and
diversified portolio of renewable resources available for electric power generation in the South.
Under realistic renewable expansion and policy scenarios, the region could economically supply
a large proportion of its future electricity needs from both wditgle andtustomerowned

renewable energy sources. The growth of custawered renewable generation in the South

could well match that of utility generation. Additional renewable potential is likely to

materialize over the next several decades, when solar becoare costompetitive,

intermittent transmission barriers are overcome, and emerging technologies mature.

Utility -Scale Renewables

With the inclusion of ugio-date data on wind resource availability (using@@@t er data) , w
lower levelized costdvors it in a regional analysis of utility power generation. As a result, our

analysis suggests that wind will overwhelm biopower as a preferred renewable resource for the
electric utility sector in the South. Onshore wind in the western part of the iIS@ukbw-cost

resource that will make resolving transmission issues associated with wind highly desirable.

XXii



RENEWABLE ENERGY IN THE SOUTH December 2010

Previous EIA analysis using NEMS and lower altitude wind potential measurements found
biopower to be the preferred renewable resource over wind go@9). The realvorld

adjustments to these assumptions in our modeling resulted in the shift of emphasis between the
two sources. In endse applications, however, biopower continues to beeftesttive and has

the potential to grow. Hydropower resowsde the South are also shown to be significant with

the potential for significant expansion.

While utility-s cal e sol ar resources are not forecast
electricity requirements over the next 20 years, solar projecesrbaeived more than $60

million of funding from the ARRA. These resources will be used to build an additional 120 MW
of new solar capacity, which will expand its current capacity by more than 200%, and will bring
solar workforce skills and supply chairfrastructure to the region. Future growth should be
spawned from these investments, exceeding the SNBMS modeling estimates.
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Customer-Owned Renewables

On the customer side, CHP, for example, is a highly-efisttive source of electricity defined
asrenewable in the sense that it produces electric power from waste heat that would otherwise be
vented to the atmosphere. Similarly, solar water heating offers a relatively inexpensive means of
displacing the need for electricity production, as do heat puatgr heaters. Under the Exp.

Renew. + CCF Scenari o, Adi stributed solaro pr
generation. sThhedereéhmewatmhd es are not wusually e
nevertheless, the modeling shows that theyld be significant lowcost contributors to the

Southdés clean energy portfolio.

Translating Renewable Energy Potential into Reality

Given the magnitude of the environmental and energy security challenges facing the nation,
many different renewable resoes and technologies need to be exploited, and every region of

the country needs to contribute. Success will involve transforming and modernizing energy
systems in fundamental ways. These transformations in many cases will involve more than just
the nextgeneration of technology. They will require paradigm shifts in how we generate and use
energy today as well as acceptance of entirely new concepts such as complex integrated systems
that optimize suites of technologies. Federal, state, and local pubtiepaan accelerate this
transition. The South has an abundance of renewable energy resource potential to help transition
the nation away from increasingly scarce, cafindensive and polluting fossil fuels. With the
commitment of policymakers, utilitiesegulators, entrepreneurs, capital markets, and other
stakeholders, this potential ddibe translated into a reality.
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1. INTRODUCTION

Transitioning away from increasingly scarce, cariiaansive and polluting fossil fuels is one of
the key challeges facing modern society. Prominent among the energy supply options with
inherently low lifecycle CQ emissions is a suite of renewable technologies. To the extent these
technologies emit GHGs, the emissions generally occur during manufacturing éonaraer

and not during the combustion of fuels (National Research Council, 2009). They also represent
an opportunity to diversify energy resources while also increasing reliance on domestic fuels
with greater employment and economic growth multiplierdiveddo imported energy supplies.

The inherently lowcarbon and local nature of these technologies comes from the fact that most
renewable technologies are powered by the sun:

e Plants and algae require sunlight for photosynthesis before they can be abtoverte
biofuels or biopower.

e Hydropower capitalizes on rain and snowfall from water evaporation and transpiration.

e Wind generates electricity directly by turning a turbine or indirectly in the form of ocean
waves, but the wind itself is driven by the sun.

e Ocean thermal energy conversion uses the temperature differential between surface water
warmed by the sun and cold deep water to drive a turbine and make electricity.

Tidal and geothermal energy are renewable energy resources that are not a direcopsadiar
energy. Tides go up and down due to the gravitational attraction between the oceans and the
moon. The heat trapped in the earth, which results in geysers and other geothermal energy
sources, is due to both leftover heat from formation of thegiland the radioactive decay of
elements within the crust, such as uranium and thorium.

Increasing the contribution of renewables to the nation's energy portfolio will directly lower
GHG emissions in proportion to the amount of carbomtting energy sarces displaced.

The technologies in the suite of renewable options are in various states of market penetration or
readiness. Within solar, wind, geothermal, ocean, biomass, and hydropower, each resource
includes mature technologies that either have ajrbadn commercialized or are suitable for
nearterm commercialization. Each category also consists of many systems still in various stages
of development, ranging from laboratory testing to prototype demonstrations.

Renewable energy production is expadat doubledigit rates across the globe (REN21, 2009).
Although they are starting from a small base, renewables are the fastest growing energy source
worldwide (EIA, 2009; Table 8). Much of the growth is in hydropower, solar photovoltaics, wind
power andbiomass (especially in OECD countries). Of the 3.3 trillion kwh of new U.S.
renewable generation to be added to global energy ptiodbetween 2006 and 2030, 546
forecast to be hydropower and 33 percent wind power (REN21, 2009, Figure 17).

Many rengvable technologies are unable to compete economically with fossil fuels under current
pricing regimes. As a result, government policies and incentives typically are the primary drivers
for the construction of renewablerggation facilities (REN21, 2010pp3541). Industrialized

1
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countriesacross the globleavecreated government policieséacourage the construction of
renewable electricity facilitiesncluding feedin tariffs, tax incentives, angnewable electricity
standard (called markeshare qutas in Europe). The extension of production tax creditisen
2005 U.S. Energy Policy Aalong with the implementation of state renewable electricity
standardsind an array of other incentivage expected to accelerate growth in the use of U.S.
renewabé technologies.

1.1 THE CURRENT STATUS OF RENEWABLE POWER IN THE SOUTH

The renewable energy situation in the South is quite unique and is the focus of this report. To
draw on a variety of data sources and to facilitate a broad array of data analysid,itve

beneficial to define the South to two different wale adopt the definition of the South

provided by the U.S. Census Bureau for the purposes of data analysis that relies principally on
Census statistics, stabased data from the Energy InfornagtiAdministration (EIA), and
energyendise statistics from the EI A6s National Er
definition of the South includes the District of Columbia and 16 States (Fig. 1.1), and it divides
the region into three Census DivisionseBouth Atlantic division is the largest both by

population and geography, with eight states and the District of Columbia; all but West Virginia
sit along the eastern seaboard. Hast South Centraldivision includes Alabama and three

states with westerborders that touch the Mississippi River. West South Centraldivision

also includes four states, which all lie west of the Mississippi River. The South as defined by the
U.S. Census Bureau is almost identical to the Region served by the SoutherroGoeii
Association (SGA); it is slightly larger than the-4thte region served by the Southeast Energy
Efficiency Alliance.

TheSouth is also defineds a subset dbur of the 13regionsdefined bythe North Amercan
Electric Reliability CorporatiofNERC) covering the continental United States (Fig. 1.2). The
four NERC regions that are used to define the south are:

Electric Reliability Council of Texas (ERCOT),
Florida Coordinating Council (FRCC),

Southeast Electricity Reliability Council (SERC), and
Southwest Power Pool (SPP).

NERCOGs r egi onsmamagiret It eh en abtaisd rs6 & oadnearaisediindhiet y ger
electricity market module of NEMS.
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Figure 1.1 The Census South Region and Its Three Divisichs

Legend
[JcensusRegions [ 6.NY
NERC Regions 2004 [l 7. ne
REGION, NAME [ s.r
B 1 ecar 9. SERC
I 2,ercor [ 10.spP
| BRI | I
[ l4aMaN [l 12ra

| B B 13.cA

Figure 1.20verlapping Census andNERC Regions

®>Map and definition from U.S. Census Bureau document on Regions and Divisions of the United States
www.census.gov/geo/www/us_regdiv.pdf
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The overlap between these four NERC regions and the three Census divisions is approximate.
Some of the notable disagreements between the two regions are the inclusion of Kansas in the
NERC South and its exclusion from the Censusi&ant the inclusion of West Virginia,

Kentucky, and part of North Carolina in the Census South, but their exclusion from the NERC
South.To facilitate the easy identification of each definition, we distinguish between the
ACensus Sout ho aond etghheo NisNERC Sout h

With 36% of the countryés population in 20009,
census regions of the United States (U.SeBu of the Census, 2009%iricludes two of the

most populous states ihe countryi Texas and Floriai and itleads the nation not only in

population but also in imigration and populationgrowfths t he nati onés | ar ge
growing region, the South has experienced a 20% population growth over the past decade, and

this rapid expansion is exged to continue.

The South accounted for 44% of the nationbds t
more than its share of t he -tacavenage pgr@apitapremgw | at i
consumption is true for each of the major-@igd sectors: residential buildings (39%),

commercial buildings (38%), industry (51%), and transportation (41%), and for electric power

(43%).

As Table 1.1 shows, coal dominates electricity generation in the South, accountindg48t 53
2008, which is sghtly higher than the U.S. average of 51%. In contrast, the South depends less
on renewable sources of electricity than any other region. As a result of its heavy reliance on
fossil fuels, the Census South accounts for 41% of U.S. carbon emissions.efhasal r

averages mask a great deal of statestate diversity. Three states in the South rely primarily on
natural gas for power production, and one state (South Carolina) relies primarily on nuclear
power.In 2008, nostate in the South excemtthe natonal average of 9.5% renewable electric
power.

Table 1.1 Energy Consumption for Electric Power in the South and the U.S.,
in 2008
Coal Renewables | Petroleum Nath;rsal Nuclear | Imports
U.S. 51.1% 9.5% 1.2% 17.1% | 21.0% 0.3%
Census Soutll  53.5% 3.7% 1.3% 20.6% | 21.0% | 0.0%
NERC South| 53.1% 3.5% 1.4% 20.0% | 22.1% | 0.0%

Source: http://www.eia.doe.gov/emeu/states/sep_sum/html/pdf/sum_btu_eu.pdf

® The South has the highestnmigration and population growth in persons, that West leads the nation

in growth rate on a percentage basis. For the period from 2000 to 2008, population growth for the whole
U.S. was estimated at 7.8% with growth for the South at 11.1% and the West at 11.7%; over the same
time, the average annualpdation growth rate for the whole U.S. was 0.94% with average annual
population growth rates for the South at 1.32% and West at 1.39% (U.S. Bureau of the Census, 2008).
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In 2008, eleven of the states in the Census South imported electricity, and only six southern
states exported eleatity. The largest importers of electricity were Virginia (443 TBtu

imported), Florida (432 TBtu imported), and Tennessee (210 TBtu imported). The three largest
exporters of electricity were West Virginia (539 TBtu exported), Alabama (438 TBtu exported),
and South Carolina (156 TBtu exported) (SEDS, 2010). The electricity sales into Tennessee and
out of Alabama are partly a function of the unified system of public power managed across seven
states by the Tennessee Valley Authority.

In some cases, stadéectricity imports are purchased from renewable energy sources located in
other southern states or situated outside of the South. For instance, the Tennessee Valley
Authority contracted with Horizon Wind Energy LLC, a wind farm in lowa, to purchase up to
115 MW of wind energy for 20 years (TVA, 2010).

In other instances, utility companies forgo importing electricity into the South and pursue
renewable projects outside the South. Southern Company and Turner Renewable Energy jointly
acquired a 30 MW soldacility in New Mexico. The power generated by the facility will be

sold to customers in Colorado, Nebraska, New Mexico, and Wyoming (Renewable Energy
World, 2010). Duke Energy has acquired interests in several wind farms throughout the U.S. It
owns eght wind farms (a total of 703 MW) located in ColoraBennsylvania, Texas and

Wyoming. It also owns a 283 MW interest in the 585 MW Sweetwater Wind Farm in Texas
(Duke Energy, 2010d). Many such transactions are quite recent and are not reflected in Tabl
1.1.

EIA (200<) forecasts that energy consumption for electric power generation in the South will
grow from 17 quads in 2010 to 20 quads in 2030. Renewable utility generation is forecast to
grow from less than 4% currently to 5% of total electric payegreration by 2030 (Fig. 1.3).
Petroleum use remains constant and small, but coal, naturaihgamiclear are forecastito
increase in nearly equal proportions.

20

Z 15 m Renewables
E ) m Nuclear
i Fuel O1l
= 10
S ®m Natural Gas

5 m Coal
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2010 2015 2020 2025 2030

Figure 1.3 Energy Consumption for Electric Power Generation in th&€€ensusSouth,
20072030 (EIA, 2009)
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Energy in the South is relatively cheap, and EIA forecasts that this comparative advantage will
continue through 2030. Table 1.2 compares U.S. and Sowherage electricitprices.

Table 1.2 Average Electricity Prices to All Userén the Census South and
the United States

Cost per Unit United States The CensusSouth
Energy 2007 2020 2030 2007 2020 2030
2007¢/ kWh 8.27 9.24 10.04 7.77 8.71 9.61
2007 $/ MBtu 243 27.1 294 228 25.5 282

Source: EIA, 2009c¢

The South consues nearly 43% of U.S. electricity, but it consumes only 16.6% of the
renewable power generated in the U.S. While 9.5% of U.S. electricity consumed in the country
as a whole comes from renewable resources, only 3.7% of the utility electricity consuneed in th
Census South is renewable (Fig. 1.4). (The percentage of renewables is slightly smaller in the
NERC South at 3.5%.)

m Fossil Fuels/
Neclear

Renewables: 9.5% Renewables: 3.7%

® Hydroelectric

B Wind

® Biomass

® Geothermal

u Solar/PV

Figure 1.4 Source of Electric Power in the U.S. and the Census South, in 2008
SourceEnergy Information Administration. (20&p

Hydropower represents nearly ttlards of U.S. renewables, arglalso the largest renewable
resource in the South accounti ng firotmeCénsdudo
South at 2% of generation, hydropower is considerably smaller tha 8% national average.
The District of Columbia, Delaware and Mississippi do not produce any hydropower, while
Alabama, Tennessee, and Arkanasesthe largest hydropower produc@rable 1.3).
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Table 1.3Consumption of Electric Power from RenewableResources,
by State in 2008 (Trillion Btu
Biomass
(Wood Solar &
Total Renewable| Renewable & Geo Photo-
Electricity | Share (%) Power Hydro | Wind | Waste) | thermal | voltaic

Alabama 1404 4.56 64 61 0 4 0 0
Arkansas 532 9.02 48 46 0 2 0 0
Delaware 73 2.74 2 0 0 2 0 0
DC 1 0.00 0 0 0 0 0 0
Florida 2002 2.60 52 2 0 50 0 0
Georgia 1302 1.61 21 21 0 0 0 0
Kentucky 1030 1.94 20 19 0 1 0 0
Louisiana 701 1.71 12 11 0 1 0 0
Maryland 486 5.56 27 20 0 8 0 0
Mississippi 445 0.00 0 0 0 0 0 0
North Carolina 1253 3.03 38 30 0 8 0 0
Oklahoma 730 8.36 61 38 23 0 0 0
South Carolina 1024 1.76 18 11 0 7 0 0
Tennessee 911 6.15 56 56 1 0 0 0
Texas 3652 4.79 175 10| 160 5 0 0
Virginia 742 3.50 26 10 0 16 0 0
West Virginia 907 1.32 12 8 4 0 0 0
Census South 17,200 3.7% 630 340 | 188 104 0 0
(% of the South) 37% | 2.0%| 11% 0.6% 0% 0%
United States 40,200 9.5% 3,800 | 25500| 550 440 310 9
(South as % of U.S. 43% 17% | 14% | 34% 24% 0% 0%

SourceEnergy Information Administration. (200

Wind power is the second largestearable source of electricity in the U.S. and in the South.
Among theSouthernstates, Texas generates the largest quantity of wind power and Oklahoma
also has a significant share. West Virginia and Tennessee are the only othemsStdtes
producing ateast onel'Btu of wind power.

Biomass from wood and waste is the third largest renewable source of electricity both in the U.S.
and the South. While Florida produces the largest quantity of biopower (50 TBtu in 2008), other
Southernstates including Virghnia, Maryland, and the Carolinas, also prodsigaificant

guantities. However, eight southern States produces otwecfBiopower or less (Table. 1.3

Completing the inventory of renewable resources for electricity productistateoin the South
produces more than 0.5 TBtu of geothermal or solar/PV electricity. In coritradtinited States
generated 314 TBtu gfeothermal electricity compriséa 2008 (0r8% of U.S. renewable

generation)and solar powegenerated 9 TBtu (constitutiig2%of U.S. enewable generation)

Il n s um, thydrepovEoisviidelypdsspersed and variable across the region (Fig. 1.5). Its

7



RENEWABLE ENERGY IN THE SOUTH December 2010

wind power is concentrated mostly in the West South Central division, while its biopower comes
mostly from the South Atlantic regiomhe most populous Census Division in the South (South
Atlantic) consumes the lowest percentage of power from renewable s@Labés 1.4) Its wind
production is concentrated in West Virginia, and its hydro and biomass resources are small and
dispersed. Iwontrast, the West South Central division derives more than 5% of its electricity
from renewable resources, particularly from wind projects in Texas and Oklahoma.

6%

5%

4%

® Hydr
30, Hydro

Biomass

B Wind

126 -

0%

South Atlantic Fast Sonth Central  West South Central

Figure 1.5 Consumption ofElectric Power from RenewableResources, by Census Division

in 2008(as a Percent of Electric Power Consumption)
Source Energy Information Administration. (2010h)

Table 1.4Consumption of Electric Power from RenewableResources, by Census

Division in 2008 (Trillion Btu)

Hydro- Biomass

Total Renewable| electric (Wood &

Electricity Power Power Wind Waste)

South Atlantic Division 7,790 196 102 4 91

East South Central 3,790 140 136 1 5

West South Central 5,615 296 105 183 8

CensusSouth 17,195 632 341 188 104

United States 40,163 3,798 2,494 546 435

SourceEnergylnformation Administration. (2014).

Recent assessments of renewable resources provide updated and more precise estimates of the
cost and availability of renewable resources across the country. Table 1.5 provides updated
estimates of potentials for fivemewable resources in each of the 16 Southern states and the
District of Columbia.
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Table 1.5 Renewable Resource Potential, by State
Low-Power

and Small

Hydro wind Biomass Wood | Methane from

(MW of (km? of & Waste Waste Solar Radiative

Feasible Developable (Thousand (Thousand Forcing

Projects) Land) tonsyear)’ tongyear)® (kWh/m?/day)
Alabama 460 24 12,000 340 4.9
Arkansas 590 1,840 12,590 190 5.1
Delaware 6 1.9 420 60 4.6
DC N/A N/A 56 1 4.6
Florida 79 0.1 9,210 500 5.2
Georgia 230 26 14,450 350 5.1
Kentucky 520 12 7,540 290 4.5
Louisiana 310 82 12,880 180 5.0
Maryland 91 300 1,910 220 4.6
Mississippi 300 0.0 15,790 170 5.0
North Carolina 350 160 9,920 810 5.0
Oklahoma 350 103,400 3,740 210 5.0
South Carolina 210 37 6,100 220 5.0
Tennesee 660 62 6,440 300 4.7
Texas 330 380,300 13,260 940 5.4
Virginia 420 360 6,230 310 4.8
West Virginia 480 380 2,390 50 4.3
South Total 5,370 486,900 134,900 5,140 -
U.S. Total 29,400 2,091,800 408,000 15,030 -
EJS_g‘_J)th as % of 18% 23% 33% 34% .

Note: Numbers may not add up due to rounding.
SourceHall, A.et al.(2006); NREL (2018); EIA (201(); Milbrandt, A.(2005) NREL (201)

1.2RENEWABLE ENERGY PROGRAMS AND POLICIES IN THE SOUTH

Statewide renewablelectricity standards (RS) areone ofthe strongest policy instruments

supporting renewable power in the United States to(&RE&l21, 2010, p. 32; EIA, 2010i, p. 2;

EIA, 2010j, p. 130)An RES is a legislative mandate requiring electricity suppliers (often
referred to aesMlloadh ser are@ ¢ ot ietmpl oy renewa
certain amount or percentage of power by a fixed date. Typically, electric suppliers can either
generate their own renewable energypoy renewable energy creditis policy therefore

blendsthdoenef i ts of a Acommand and control o regul

" Biomass Wood & Waste in Table 2 includes crop residues, switch grass, foressesiidlresidues, urban wood waste.
8 Methane from Waste includes methane from landfills, manure waste, and domestic wastewater management.

9
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to environmental protection. As 8lugust2010, 29 states along with the District of Columbia
have arRESand an additional six states have renewable energy Yoals.

Thereis no universal definition of a renewable resource. Eligible sources typically include wind,
solar, ocean, tidal, geothermal, biomass, landfill gas, and small hydro. However, waste coal
generation qualifieas a renewable resouricethe state of Pennsylue, and subsets of solar
technologies are disallowed in other states. Several states have expanded the scope of their
qualifying energy resources to include energy efficiency, and some of theseathiined heat

and power CHP) and other technologiesatraise waste heat.

ME: 30% by 2000
MI: 10%+1,100 MW
2015* VT: 20% RE&CHP
by 2017
NY: 29%
by 2015 ! NH: 23.8% by 2025
PERIA: 22.1% by 2020

RI: 16% by 2020
CT: 23% by 2020
NJ: 22.5% by 2021
DE: 20% by 2020*
MD: 20% by 2022
DC: 20% by 2020
WV: 25% by 2025*
VA: 15% by 2025*
NC: 12.5% by 2021

© 11 40% by 2030

[T Has State Renewable Portfolio Standard ] No Renewable Portfolio Standard or Goal
[ Has State Renewable Portfolio Goal * : Extra credit for solar or customer-sited renewables

Figure 1.6 States with Renewabldlectricity Standards
SourceDatabase of State Incentives for Renewable Energy (2@0ywww.dsireusa.org/
Accessed August 17, 2010

Fourstates in theSouth along with the District of Columbia haveRIBS Delaware, Maryland,
North Carolina, and Texas. Oklahoma, Virginia, and West Virginia have also set voluntary
renewable energy goals, as shown in FiguBeTlhe remaining nin€ensus Buthstates

represent the largest contiguous blockstidtes without goals or standards for renewable power.

A Federalrenewable electricity standacduld reduce the regulatory confusion and
administrative burdens that have resufitedn the patchwork of state regulatiodsFederaRES
would produce a standardized regulatory environment that would provide manufacturers and

° www.desireusa.org
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industry with consistent and predictable business rules that are important when attempting to
create national markets for green technologies.

Several ecent U.S. House and Senate bills have proposed establishing a Réd®rEhe

American Clean Energy and Security Act of 2009 (ACESA) would require electricity providers

to meet a combined renewable energy and energy efficiency standard, graduallynig¢oeas

20% by 2020. Up to 5% can be achieved through
up to 8% for utilities in that state. The American Clean Energy Leadership Act of 2009

(ACELA) would require electricity providers to meet a combined 1&fg&wable energy and
energyefficiency standard by 2021; up to 4% can be met through energy efficiency in a given

state if a governor petitions for it.

Some cities in the South have also implemented incentives for renewable power. For example,
GainesvilleRe gi on all Utilities has dienmetapefifa 6GRHT
SHINE (Sustainable Home Initiative in the New Economy) is a residential weatherization rebate
program offering City of Atlanta homeowners (sinrfdenily) the ability to reeive up to a

$2,000 rebate towards qualifying improvements. LEAP (Local Energy Alliance Program) is a
communityb ased nonprofit based in North Carolina
Energy Star o progr am f o Custonme®wnpdaenéwialles goeat i ng c o
promoted through these efforts.

1.3 NOTABLE RENEWABLE ENERGY PROJECTS AND PROGRAMS IN THE
SOUTH

There is substantial development activity for renewables in the 8esfitethe relative scarcity

of renewable electricity standadn fact, the potential for expansion of renewable energy in the
South is being demonstrated by the growth of investments in renewable power projects
throughout the region. SACE (2009) listed approximately a dozen activities in its report on
renewable resoues in the Southeast.

Additional projects have been initiated recently with funding from the American Recovery and
Reinvestment Act (ARRA)AN estimated $154 million of funding is dedicated to solar energy
development in the South. About $5 million ahtling supports wind energy development,

while $14.7 million of funding is to support bioenergy developments in the South. Geothermal
heat pumps have over $3 million of dedicated funding. Programs supporting multiple renewable
energy technologies haveen$79 million of funding. Most of the funding for these programs is
due to ARRA funds. Appendix A provides a list of recent renewable energy funding programs
in the South and their funding levels.

When these projects areropleted, the South will hae least amdditional 120 MW of solar

power, more than doublints currentsolarcapaciy. Investments in wind farms in the West

South Central states have been significant, and Florida Power and Light is planning a 14 MW

wind farm on Hutchinson IslandAppendix A also provides a list of existing renewable energy
projects in the South, s (RoshoeWisndFarmenTexass | dés | a
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1.4BARRIERS TO RENEWABLE ENERGY IN THE SOUTH

Despite advances in technologies, renewable power argddukgi make up about 9.586 the
nationbés energy supply and only 3.2% when hyd
renewable power technologies are available, the following barriers illustrate significant

challenges that currently impede their fidiployment. While generalizations are being made to

the technology sector as a whole, the relative importance of barriers is highly variable across this
diverse suite of technologies, as explained in subsequent sections of this report.

Renewable technologs provideexternal benefitssuch as low carbon emissions and

pollution that are not currently recognized i
programs to consumers, allowing them to pay a premium to help the utility buy renewable
generatonOne example i s TVAGs Green Power Switch [

Most renewable energy technologies hhigh (up-front capital) costsand lower (or
zero) fuel costs compared to fossil fuel technologies. Capital costs for renewable energy
technologies have declined ciderably over the past decades, but remain a constraint to
widespread market penetration. While the -@fctiveness of renewable energy technologies
does not depend integrally on fuel costs (except for biomass technologies), thesluskon
beneft is often missing from economic comparisons (Painuly 2001).

Thedynamic environmenaf rapidly changing technology and energy resource costs
leads tamarket risksassociated with uncerta@conomicof anyparticularrenewable
techndogy relative to cometitors. This market risk is compounded by uncertainties associated
with the possible implementation of a carbon tax or national GHG cap and trade program.

Renewable power technologies fac®astructure limitationsin the form of supply
chain gaps andomplementary technology shortages. For example, with PV systems there is a
lack of purchasing channels and trained installers. PV products are difficult to find and are often
not available as complete, certified, and guaranteed systems; PV systembevaiidin the
market if they could &purchased, installed, and serviced by nationwide retailers. Expansion of
renewable sources for electricity production, such as wind power, will require parallel expansion
in transmission capability and a generalimpre ment i n t he operation of
infrastructure.

On-again/oftagain tax credits contribute fiscal uncertainty, which could negatively
reduce the incentives to boost production. In certain scenarios, developers are more likely to
focus on an accelerated timetable instead of optimizing production over the long run by, for
instance, investing in longéerm facility scaleup needs, systems, and personnel training.
Specifically, the renewable production tax credit (PTC), which proddasg credit for each
kWh of electricity generated by qualified wind, solar, geothermal, clsezibiomass, or
poultry waste resources, has been available for the first 10 years of operation for all qualifying
plants that entered service from 1992 thtougd1999. It was later extended to 2001 and 2003.
With the EPAct, it was once again extended to 2007, subsequently to 2009 and now 2016.

Interconnection requirementsave been reformed in some states, but many states and utilities
still have high backo or standby rates for small electric generating units and expensive

12
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equipment and inspection requirements that undermine these efforts. Time of use rates and other
mechanisms to compensate PV and other technologies for generating electricity or reducing
demand during peak periods when their generation is most valuable are not widely used.

Renewable technologies also fag#alance tariffs The existing electric grid and utility
infrastructure assume large generation sources and wide load balanc#igraaéang inclusion
of smaller, norcontinuous generation sources problematic. Imbalance penalties (&®ffs)
charged by existing utilitiet® offset costs associated with the variability of wind and solar
resources. These tariffs pose challengesnewable power profitability.

Renewable electricity standarthat create markets for renewable energy exist in some
statesputvary widely in the amount of renewable energy requined the qualifying renewable
technologie$ for example some recognizelar water heating and combined heat and power,
while others do nofThisuneven regulationcan inhibit the creation of national markets for
renewable technologies.

Only ninestateqincluding Delaware and Maryland in the Southye institutedate
structuresthat decouple utility compensation from the vokiof their electricity sales. Mout
decoupling, utilities haviemited financialincentives to encourageustometownedrenewable
power installationsi including rooftop solar photovoltaiesd conbined heat and powddnder
traditional rateof-return regulationa utility's rates are based on an estimation of costs of
providing service over some period of time (including an allowed rate of return) divided by an
assumed amount of electricity andf@atural gas sales over that period. If actual sales are less
than projected, the utility will earn a smaller return on investment and in fact could fail to
recover all of its fixed costs. Thus, financial incentives favor expanding energy sales and
traditional utility-scale supplyside infrastructure.

Decision makers and the general public fimcemplete and imperfect informatioand
remain largely unfamiliar with renewable power technologies as well as their uses and benefits.
Without more trustworthynformation, it may be difficult to move these technologies out of
niche markets.

The U.S. strategy for accelerating the deployment of renewable power and fuels reflects a mix of
broadbased policies and programs as well as technaagyapplicatiorspecifc activities.

These activities include voluntary as well as regulatory approaches, and they focus on
commercialization and deployment in both the government and the private sector.

Nearly 1® Federal government programs and policies encourage the deplkoyimenewable

power and fuels in the marketpla@&CCSTI, 2009, Figure-3, p. 60) These activitiegvolve

tax policies and other financial incentives, reflecting the importance of external costs and upfront
capital expenses in this sectBecause theapid and largescale penetration of renewable

resources will require the close cooperation andibwf numerous publicand privatesector
stakeholders, the strategy also includes a great deal of information outreach and partnership
dewelopment: speditally, in 2008the Federal government operated 39 labeling and information
dissemination activities, 30 education, training and workforce development activities, and 27
policies and programs that involve coalition building and partnership. Market oomuii
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programs are also strongly represented, especially government procurement requirements. There
are also 21 Federal programs that support technology demonstrations.

Based orthe modeststatus of renewables in the South, and acknowledging all b&thersand
drivers for expanding renewables in this regigmantifiyingthe potential folSouthern
renewableslectricity to growis indeed aomplicatedask. Qirrently stimulus (ARRA)fundsfor
renewable energy projectstility renewable procuremen@nd enduserenewable projects are
all growing. The ability to sustain and accelerate phagyress igoing to depend osocietal
pressures and goals associated with greater clean enemipadahich makes exploration of
the potential for expanded renales in the South compelling and important endeavor.
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2. METHODOLOGY

2.1MODELING RENEWABLE ENERGY RESOURCES IN THE SOUTH

Unlike most previous assessments of renewable electricity alternatives, this report includes both
utility -scale and custom@wned renewablaesourcesUtility -scaleresourcesre generally

Adi spat cincutelgenératasrthdit use wind, biomass, hydro, or solar energy to produce
electricityX® These resources are typically integrated into the utility dispatch systems and are
turned on or off depending on the systeide demands and the economics of each resource.
Customerownedresources, in contrast, are power options that argemarallycontrolled by

utility schedulers and dispatchers. They include power production teghe®that are

distributed and managed by individual power producers such as homeowners with building
integrated photovoltaic arrays and industrial facilities thghrooluce electricity along with

thermal energy. Also included in our definitionaafstome-ownedresources are demasidle
technologies such as heat pumps that use renewable resources (such as heat in the air or ground)
to produce energy services that reduce the requirement to consume electricity.

The inclusion ofutility -scale and custom@&wnedresources distinguishes our assessment of
renewable electricity potential in the South from the previous literature, which has taken a more
traditional and narrower view of renewable electricity resources. To complete our assessment,
we summarize thstatus of an array of emerging technologies that would appear to have
particularly strong applicability to States in the South. These three types of renewable resources
are listed in Table 2.1.

Table 2.1 Portfolio of Renewable Energy Resources
Utility -Scale Resources Customer-Owned Resources
wind Power Combined Heat and Power
Biopower Distributed Biopower
Landfill Gas Heat Pump/Nater Heates
Hydropower Solar Water Heaters
Utility -Scale Solar Power Distributed Solar PV

2.2NATIONAL ENERGY MODELING S YSTEM (NEMS)

Our assessment of renewable electricity resources in the South uses a version of the National
Energy Modeling System (NEMS). NEMS models U.S. energy markets and is the principal
modeling tool used by EIA and DOE. It consists of four suygulig modules, four demargide
modules, two conversion modules, two exogenous modules, and one integrating module (Figure

Ywind, runof-r i ver hydr o, andatsloddarb watr et meoyt airde siprattecthkeat ed i
resources.
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2.2). NEMS is one of the most credible national modeling systems used to forecast the impacts
of energy, economic, and environmental gies on the supply and demand of energy sources

and eneu s e

sectors.

I ts

fireference caseo

forecast

regulations in affect at the time of the prediction. The baseline projections developed by NEMS
are publishd annually inthe Annual Energy Outlogkvhich is regarded as a reliable reference in
the field of energy and climate policy. It is also widely utilized to conduct the sensitivity

analyses of alternative energy policies and to validate research findimdyscted by other

government agencies including the Environmental Protection Agency, Lawrence Berkeley
National Laboratory, Oak Ridge National Laboratory, and the Pacific Northwest National

Laboratory.

. Macroeconomic International : -
reraces, [ [ ham e | ol
Module Module
L ,
Natural Gas 7 ' N ]
Transmission | | ! B Commercial
and Distribution ] . J Demand
Module Integrating Module
Coal Market _ Module ] Transportation
Module = [« |'| Demand Module
e . : /|
Renewable o Fladriolty Ectmeun Industrial
Fuels Module Market il 1| Demand Module
Module Module
Supply Conversion Demand

Figure 2.2 National Energy Modeling System (NEMS)
(EIA, 2003)

The version of NEMS used for this modeling is SNNEMS, which is short for Southeast
NEMS Users Group. Duke and Georgia Tech have calibrated SNENES to the stimulus

rel ease of

attributes of

NEMS, i n

El Ads

March 20009.

cadeggnerce f er enc
m eN&EMS is that while & usesialbtheisame t i

on 0]

initial data as NEMS, SNUGIEMS incorporates changes specified for this study and does not

run on EI A6s

2.2.1 The Reference Scenario

system.

The stating point of our analysis is the baseline forecast (henceforth called Reference Scenario)
of energy consumption for the South. This Reference Scenario for this study is derived from the
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updatedAnnual Energy Outlook 20Q&IA, 200%)* reference projectits. This Reference
Scenario forecast takes into account the 20P8ulus bill and the economic downturn in 2008
(EIA, 200%).

This Reference Scenario portrays the South in 2030, much as it is today. It assumes that over the
next 20 years, the nation rams uncommitted to climate policy, and coal continues to be an
economically competitive energy resource. As such, renewable energy is expected to carry the
external benefits of reduced greenhouse gas emissions and improved energy security.

Because th&EO 2009 includes several strong renewable energy policies promulgated in the
Energy Independence and Security Act of 2007 (EISA, 2007), the American Recovery and
Reinvestment Act of 2009 (ARRA, 2009nd the Troubled Asset Relief Program (TARP), it
includes more naturally occurring renewable energy resources than was forecagtlthe
2007. In addition, th&EO 2009 uses higher energy prices and a slower GDP growth rate.

2.3 DEFINITION OF RENEWABLE RESOURCE POTENTIAL

When evaluating the potential foryaanergy alternative to be deployed in future years, several
types of estimates are generally used (Rufo and Coito, 2002; NYSERDA, 2003; Eldridge, Elliott,
Neubauer, 2008 echnical potentiatefers to the complete penetration of all renewable
resourceshat are technologically feasible, regardless of economieatfesttivenessEconomic
potentialis defined as that portion of the technical potential that is judgeeetfestive. While

this is a useful way to frame the current potential, it includestments that will not occur

because decisiemakers cannot be assumed to make optimal decisions every time a technology
or practice is selecte®rogram achievable potentiagd defined as the amount of castective
(economic) potential that would occuriesponse to specific policies such as subsidies and
information dissemination. It recognizes that the full economic potential is difficult to achieve,
but that effective policies and programs can cause much of theftexsive potential to be
realized.As such, program achievable potential is the focus of our analysis.

The nature of the policies assumed for each renewable resource is described in each of the
following chaptersand is summarized in Table 2Ih general, theustomerowned renewable
reources were incentivized by providing the equivalent of a 30% investment tax credit (ITC),
providing them with a subsidy analogous to the production tax credit that incentivizes many of
the utility -scalerenevable electricity technologies.

2.3.1 Levelizel Costs and other CostEffectiveness Tests

A number of economic approaches have been used to measure tbienbisieness of

renewable electricity options. One common test is levelized cost, which allows demédnd
supply side options to be comparedamnequivalent economic basis. It also allows the results of
this study to be compared with the findings of the levelized cost of conventional sources of
electricity, as estimated by Borin, Levin, and Thomas (2010).

“The AEO 2009 was released three ti mes. The final ver

discussed as the basis for the Baseline Scenario throughout this document
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2.4 SCENARIOS

The four scenarios used fitre integrated analysis include the following:

e Reference ScenarioThe baseline forecast consi stent \

¢ Expanded RenewablesThis scenario ses updated estimatesvahd and hydropower
renewable resources, more realistict¢cgectories for solar PV systems, accelerated
R&D, and extensions of renewable tax credits.

e Renewable Electricty Standard (RES): This scenario models a Federal requirement of
25% renewable electricity production by 2025. The scenario exempts sraiddirserom
the RES mandate and excludes hydroelectric power and municipal solid waste from the
sales baseline.

e Carbon-Constrained Future (CCF): This scenario adjusthe Reference Scenario by
adding a carbon price of $15 (in $2005) per metric ton oforedioxide in 2012 growing
annually at 7%. Allowances are redistributed to load serving entities as deseibwd
and there are no carbon offsets.

Each of these scenarios is discussed in more detail below. In addition to analyzing the four
scenariosndividually, we combine the RES and CCF scenarios in combination with the

Expanded Renewables scenario in order to examine how they might operate together. These are
called the +RES and +CCF scenarios.

2.5 SCENARIO: EXPANDED RENEWABLES

This scenario sesupdated estimates wfind and hydropowerenewable resources in the South
drawn from McConnell, Hadley, and Yu (®0) and other sourceH.also adjusts the cost
forecast for solar resources to better reflect published estirfraseddition, it considerseveral
policiesi including accelerated R&D and extensions of tax crédithere increased renewable

utilization is a policygoalAd di t i on al i nformation on the RAEXpE
be found in the individual chapters. Specifically, Chapte3 on #AWi nd Power 0 des
Expanded Wind scenario, Chapter 4 on fABiopowe

etc. When each of these individual enhanced renewable scenarios are put together, they comprise
the AExpanded ReTadeR2 bummasizes tieassumgptionsahat are specific to
each renewable resource.
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Table 22 Expanded Renewable Scenario Assumptior& Resource Updates*

Wind
¢ Increased wind resource availability by updating wind resources torttemssured at 80
meter leightsinstead of those at 5@eter heights used in NEMS.

Biopower
e State sales tax exemption for biomass
e A Production Tax Credit (PTC) @.9¢kWh for biopoweris extendedrom 2011 to
2030

¢ Heat rateof the biomass integrated gasification combined cyBIKsCC) decreases by
1.76% year over year until 2030, rather than only until 2022

Municipal Waste
e Starting at 50% in 2010, thecycling rateof the municipal wastes assumed to increasg
an additionall% annually between 201dnd203Q

Hydro power
e Thelevelized cost is assumed to be #0&h for every feasible hydro project in each
state.
o Enhanced resource availability based on INEL report.

Residential and Commercial Solar Photovoltaic Systems

e Reducecapital costor PV modules and investmefiarr rooftop PVsystems relative to
NEMS assumptiom From 2011 to 2030, the residential system costs decrease by 5
while the commercial system costs decrease by 57% in SNEKS.

o A 30% tax creditexpiring in2016, is extended to 2030 for rooftop PV.

Utility -Scale Solar

e The efficiency (sunlight to electricity conversion rate) increaseanbgdditional%
every five years from 2011 to 2030.

Solar Water Heaters
e A 30%tax credit, expiring in 2016, is extended2030

Heat Pump Water Heaters
o A 30%tax credit, epiring in 2010, is extended 030

Combined Heat and Power
e A 30% Investment Tax Credit (ITChigher than the current 10% ITC expiring in 201¢
extended to 2030.
e The overall efficiency of CHP systems improvedanyadditionaD.7% annually (withou
anyadditional increase in installation costspr instance, a new 25 MW gas turbine
running a combined cycle mogeassumed to improve to 77% efficiency in 2020 and
82% in 2030Additional R&D funding annually for 10 years beginning in 2011.

*The basis othese assumptions is described in subsequent, techrepegific chapters.
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2.6 SCENARIO: RENEWABLE ELECTRICITY STANDARD

In the U.S., renewablelectricity standirds are mandated on a sthyestate basis. As of June

2010, 29 states along with the Distrof Columbia have aRESand an additional seven states

have voluntary renewable energy goals as opposed to strict requiréh@mtstary to enabling

a welkfunctioningnational renewable energy market, however, inconsistencies between states
over whatcounts as renewable energy, when it has to come online, how large it has to be, where
it must be delivered, and how it may be traded complicate the renewable energy &tadies.

have shown that whilsomestateRESpolicies have shortcomings, they hareaverage had a
significant positive impact on total-state renewable electricity investment and generation

(Carley 2009; Yin and Powers 2010)

To reduce statby-state inconsistencies and further accelerate the growth of renewable power
production, the U.S. Congress is considering implementation of a national standard. Recent
Congressionalpropasl s tend to be consistent with Presic
2008, which included a commitment to 25% renewable electricity production by 2025.

Responding to requests from Chairman Edward Markey, for an analysis of a 25% Federal RES,

the EIA releaed a reporih 2009 entitledi | mp a c t -Bercent Reaewable Electricity

Standard as Proposed in the American Cl ean En
The EI A6s scenario for the analysis exempted
excluded hydroelectric power and municipal solid waste from the sales baseline. We use the

same code for modeling a natioREESas was used in this EIA (2009) report.

2.7 SCENARIO: CARBON CONSTRAINED FUTURE

We approximate the impact of a carbon constriay adjusting several parameters in SNUG
NEMS. First, after examining the allowance price projections estimated by the Energy
Information Administration (EIA), Congressional Budget Office (CBO), Environmental
Protection Agency (EPA), and Natural Resouetense Council (NRDC), we set a carbon

price starting at $15 per ton of carbon dioxide (2005 dollars) in 2012, growing at 7% annually,
and reaching $51 per ton in 2030.

Since completing our analysising these value&PA (201@) haspublisheda reportonthe
Asoci al ¢ dSCC)I thdt is,anastimaterabe monetized damages caused by each
incremental ton of C@emitted. The SC®@aluesdescribed in this EPA repaate central value
estimates of the U.S. Government Interagency Working Grouipeo8aial Cost of

Carbon Thesecentral valueestimates rangieom $23/metric ton of C@in 2011 to $34/metric
ton and $47/metric ton in 2030 and 2050, respectively (all values are in 2008 dollars).
Interestingly, these SCC values are similar to trenalhce price projectiorthat we used, based
onthe Energy Informiagon Administration (EIA, 2009) estimates of allowance prices.

avww.dsireusa.org
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We implemented an allowance redistribution system that gives 34% of allowariceasl
distribution companies (LDCs) starting2013, this share decreadiegarlyto 26% until 2026.
From 2027 on, this share drops by 5% annually. In 2030, which is the last year of our study
horizon, the Bowances allocated to LDCs ab86 . The allowances given to the LDC are
assumed to be paskthrough to consumers aretuce the escalation wtail electricity prices.
Table B.1 in Appendix Bpecifieshe annual share of allowances that are given to LDC.

We do not model the impact dbmestic and internationehrbon offsets, but if they wete be
included, the cost of the CCEenario would be lower. Therefore, we must note that this CCF
scenarianeasures the modeling effect of combinaxpanded renewabl@sth a carbon
constraint, but does not capture increased investment or public intenesewableesources
that would likely accompany a mandated constraint on carbon emissions.

13 This allowance allocation was suggested by EIA and is similar to their approach for current legislative
analyses.
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3. WIND POWER

This chaptetakesan isolated view of wind potentiad the South Wind will be discussed in the
context of all of the renewable fuels hetintegrated chapter, chapter 10.

3.1 INTRODUCTION

Wind is a renewable resource that can be converted into useful forms of energy, as in the case of
using a turbine to generate electrickyind energy has demonstrated robust market growth in
recent yees: from 2004 to 2008, global wind capacity grew by 250 percent. 18, B89 United

States led the world iadded and total wind power capacity, surpassing-tong wind power

leader, GermanyNet installed capacity of wind power in the U.S. increase8%percent in

2009, equal to nearly 10 gigawattdn 2009, he USA and China together represented 38% of

the global wind capacity the world, andte top five countries (USA, China, Germany, Spain

and India) represented 73% (WWEA, 2010)

In consideing the potential for expanding these wind resources, it is important to notdaridat w

is only economically extractable at a site where the wind exceeds certain threshold speeds. The
U.S. Department of Energy states that for an area to be suitablentbengrgy development, it

must have an average annual wind speet #as6.5 m/s at a height of 80 meters above the
ground (U.S. Department of Energy 2d}1.0

Box 3.1 Roscoe Wind Farm- Texas

3.2 WIND POWER IN THE SOUTH

Capacity: 781.5 MW
In 2007, wind generated 12 billion kWh in the I(J)ocaf‘:f“: . Egg;"e’ ieaas
NERC South, whichvas 28% of the total perating Stnce:
electricity generated from renewable resources i Since October 2009. the largest wind farm in

the region that year (EIA, 2009). This makes win the world ha§ been operating ianoscoe, Texas,
the second largest renewable resource, after 223:;21?38?11;‘1’f)(‘)vgztooaffr::t Xﬁg&gg&faﬂn
conventional hydropower, in this area. The Enerflyines. and produces enough power for about
Information Administration (EIA) projets wind 250.000 homes.

power in the South to expand to 39 billion kwh in
2020 and to remain constant through the followin
decade. The total electricity generated from win
in the U.S. is projected to increase rapidly from
112 billion kwWh in 2010 to 200 billion kWh in
2020, followed by a modest increase to 205 billio

kWh in 2030.

Picture from Roscoe Wind Council. 2007

Sources: Renewable Energy World, 2009; Reuters. 2009

“65838 7ETA %l AOCRerisAOOOOU " OAAEOS 111
Installs Nearly 10,000 MW ing tmwh 6 ! I AOEAAT 7ET A %l AOCU ! 001 AEAOGEIT 1
site www.awea.org/newsroom/releases/01-26-10 AWEA_ Q4 and_YeBnd_Report_Release.html.
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The EIA projection also suggests that wind energy generation in the South does not grow as fast
as it does in the rest of the country. In 2007, 37% of the national total electricity ge ferate
wind (32 billion kWh) is from the South. How

Existing and developing wind energy projects in the South are located mostly in Texas,
Oklahoma, and Missouri. However, there are plans for wind develapgmthe Southeast. For
example, Florida Power and Light is planning a 14 MW wind farm on Hutchinson Island (SACE
2009). Section 1.4 of Appendix A descrilseveralother current wind projects in the South.

U.S. Secretary of the Interior Ken Salazad #ime governors of ten East Coast states recently

signed a Memorandum of Understanding, establishing an Atlantic Offshore Wind Energy

Consortium in order to promote the development of wind resources on the Outer Continental

Shelf. The ten states are Maihew Hampshire, Massachusetts, Rhode Island, New York, New
Jersey, Delaware, Maryland, Virginia, and North Carolina (U.S. Department of Interior, 2010).

In addition, the University of Delaware and the National Renewable Energy Laboratory are
developing aesearch site for offshore wind, where companies can build and test emerging

offshore wind technologies. The test site will likely be developed within three miles of the

Delaware coast, in stagministered wate'Sn ear t o NRG Bl uewater Wi nd
offshore wind park?

3.3 BARRIERS, DRIVERS, AND POLICIES

The potential for growth in electricity generation from wind power depends on a variety of
factors, including capital costs, pricing rules, technology improvements, access to transmission
grids, pultic concerns about environmental and other impacts, and the future of the federal PTC
for wind. The PTC provides an income tax credit of 2.1 cents/kWh for t&iiye wind

production, through the end of 2012. State policies also have a tremendougretfex

economic viability of wind generation. One of the biggest drivers to date of wind development
has been the state level RES. In the last ten years, 61% of the wind power capacity built has
been in states with an RES policy. Mandating that aqrodf electricity generation come from
renewable sources clearly provides a boost for wind energy development (Bolinger, Wiser 2010).
However, as noted in Chapter 1, of the 29 states with an RES, only four of them are in the South.

This section focusesiahe mumerous barrierthatimpede the development of wind energy.

the same time, it is important to note that many factors are causing wind power to succeed in the
market. Even utilities not subject to mandates are buying wind power, as in Oklalsbma an
Tennessee, because it offers stable pricing, a hedge against fuel price risk, can be added quickly
in small increments, can be sold into voluntary green power markets, creates carbon reduction
credits, and is good for marketing. In addition, as wese#, the cost premium for wind is not

large relative to the cost of conventional electricity resources that bring their own development
risks.

15 http://www.offshorewind.biz/2010/06/14/university-delawareandnationatrenewableenergylaboratoryto-
developresearctsite-for-offshorewind-energyusa/

16 bluewaterwind.com/delawakgm
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Box 3.2 Proposed Off-shore Wind Project: Bluewater Wind - Delaware

In 2008, Bluewater Wind signed a
power purchase agreement with
Location: 13 miles off Delaware’s shore Delmarva Power for 200 MW of capacity
Estimated Operation: May 2016 and stable priced electricity for 25 years.
It is the only off-shore wind project that

Nameplate Capacity: 450 MW

has sought permission to build in federal waters.

The wind park is planned to be located 13 miles offshore, east of the Delaware Seashore State Park
(See figure below to the left). The development would provide enough electricity to supply up to
100,000 Delaware households.

The 28 U S. coastal states consume 78% of the nation’s electricity. Off-shore wind projects allow
electricity generation to be close to the area of greatest use, reducing the need for long transmission
lines. This project in Delaware would have similar benefits in overcoming transmission barriers.

The proposed Atlantic Wind Connection, a five billion dollar project to create a transmission
“spine” for off-shore wind farms along the Atlantic coast, could further address fransmission issues for
off-shore wind farms. Current plans propose a backbone cable with a transmission capacity of 6,000
MW that runs from northern New Jersey to Norfolk, Virginia (See figure below to the right). It would
connect to off-shore projects along the way, likely including the Bluewater Wind park in Delaware. The
red highlighted section between northern New Jersey and Rehoboth Beach, Delaware, is the proposed
first phase of the project to be completed as early as 2016.

New York City 4

N.J.
]

MD.
L] DEL. Atlantic
| s— Wind

Washington. Connection
Phase 1

VA, Electrical grid
connections

100 MILES

Pictures from NRG Bluewater Wind, 2010; NYTimes, 2010
Sources: Hanes, 2010: NRG Bluewater Wind, 2010; NYTimes, 2010: Delaware Offshore, 2008

Initial Capital Cost. Like many forms of renewable energy, most of the costs are capital rather
than fuel basedEven though avoided fuel costs and low operating costs may make wind energy
costcompetitive on a lifecycle basis, the higher initial capital costs may prevent more

investment from flowing to the wind sector (Beck, Martinot 2004). However, as pladitida

social support for renewable energy sources gains momentum, investments in wind power should
continue to increase. As demand grows for wind, economies of scale and technological
breakthroughs are expected to bring down the capital costs.

Unfavorable Pricing Rules. Wind energy may be charged higher transmission costs than
conventional technologies or may be subject to other discriminatory grid policies. A system that
requires generators to reserve a block of capacity in advance may force int¢égeitiEnators,

like wind, to pay for the maximum output they can generate at any moment. However, a wind
farm produces, on average, only about a third of the time. Wind generators could have to pay

25



RENEWABLE ENERGY IN THE SOUTH December 2010

three times more per kilowatt hour transmitted than aeatimonal plant designed to generate at
full capacity all the time (Nogee et al., 1999).

Al so, because of windbés intermittency, utilit
therefore offer a lower capacity payment for wi@he of two paymergtrategies is usually

foll owed by wutilities. They either only pay
not the ficapacity valuedo of the gwhioher ati on, 0

understates the value of the power (Beck, Matt2004). Although wind can bid into the real
time market and potentially receive peak prices, they usually are relegated to these payment

types.

Transmission Barriers. Unlike conventional sources of energy that can be transported from
location to locabn, such as coal, petroleum or natural gas, wind must be harnessed where it can
be found. This is often in remote areas. This makes wind power heavily dependent on
transmission lines. However, historically the transmission systems have been built and
transmission policies have been written to deliver power from conventional resources (American
Wind Energy Association, 2000). Building new transmission capacity to connect often remote
wind generation facilities is very capital intensive. In additroost of the existing transmission
policies assume that the generators are able to predict and control their generation. This is
extremely hard for wind power generators due to the intermittent nature of wind. For these
reasons, the existing transmissigstem is not structured to provide favorable transmission
access for wind energy providers.

Legal and Regulatory Barriers. Wind turbines may be subject to building restrictions due to
concerns related to height, aesthetics, and/or the environmentalroredated to siting along
migratory birds path and coastal areas (Beck and Martinot, 2004). Land use issues are often
brought up when construction of a wind farm competes with agricultural, recreational and scenic
interests. In conjunction with thessugs, urban planners may not be familiar with wind farm
development. As such, well designed siting and permitting procedures have yet to be established
in many areas.

3.4 EXPANDED WIND

3.4.1 The Case for Expanded Wind

In this study we are callingourwid f ocused model ing the AExpande
scenario assumes that the wind resource available for development is larger than has been
previously recognized by EIA. We assume {nalights of 80 meters. However, there are no

changes to policy aegulation assumed in our scenario. It is simply an expansion of the windy

land area available for development due to advancements in wind generation technology.

The Expanded Wind scenario reflects the vision that all new wind installations are bnidupo

industry standard that takes advantage of the most advanced and efficient wind generation
technology available, including turbines with hub heights of 80 meters or higher. Turbines of
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this size are now standard in the industry. According to the Degat of Defense 200&/ind
Technologies Market Repoit,é aver age hub heights and rotor d
time, to 78.8 and 81.6 meters, respectively, in 2009. Since99%Be average turbine hub

height has increased by 40%, whiletheagega r ot or di ameter has incre
and Wiser 2010). The hub height is the distance from the ground to thelcentdrthe turbine

rotor. These large turbines incur higher construction costs than do smaller scale wind generation
technolmies, but they also generate more electricity. This is because wind speed is higher and
blows more consistently at higher hub heights. This relationship results in similar per kW costs

for larger turbines at higher elevation as for smaller, lower wirigres.

It is important to note that our Expanded Wind scenario does not address the economic viability
of offshore wind Globaloffshore wind capacity reached only 2 GW in 200Btually all of it in

Europe and none in the United States. Neverthedfsiore wind is exp#encing strong

growth, with 360megavatts (MW) added globally in 2008 and 641 MW in 2009 (REN21,

2010. Experts and advocates have argued that offshore wind possesses important advantages:
wind turbines can be placed out of sight,haitinimal noise obstruction, where winds blow

faster, and near to urban markets. At the same time, offshore development faces the challenge of
inadequate and costly degter substructures and service environments that are challenged by
severe ocean cortins, as well as expensive, higbltage underwater transmission cables.

Offshore wind also faces numerous regulatory issues dealing with siting and imbalance penalties
in the United States (Snyder and Keiser, 2009). While-glepr costs may remain

nonmmpetitive over the next decade or two, shallow water wind farms have been forecast to
reach grid parity in 2020 (Musial and Butterfield, 2004; Musial, Butterfield, and Ram, 2006).

The reference SNUGIEMS forecast suggests that offshore wind is too expens be

developed in any capacity over the next twenty years. Therefore, we do not attempt to model any
policies or incentives in our Expanded Wind scenario that might bring down the costs of offshore
wind. Nonetheless, other studies have stated thatléctricity generation potential of offshore

wind along the Southeast coastline is very large, and that costs are comind d®mptimism

is reflected ina Memorandum of Understanding recently signed by U.S. Secretary of the Interior
Ken Salazar andhe governors of ten East Coast states recognize this potential and. The MOU
establishes an Atlantic Offshore Wind Energy Consortium in order to promaletblpment

of wind resources on the Outer Continental Shelf (U.S. Department of Interior, 2010). |

addition, the University of Delaware and the National Renewable Energy Laboratory are
developing a research site for offshore wind, where companies can build and test emerging
offshore wind technologies. The test site will likely be developed withir timiges of the

Delaware coast, in stagministered wate'Snear t o NRG Bl uewater Wi nd
offshore wind park®

o http://www.offshorewind.biz/2010/06/14/university-delawareandnationatrenewableenergylaboratoryto-
developresearctsite-for-offshorewind-energyusa/
18 bluewaterwind.com/delaware.htm
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3.4.2 Modeling Scenario Assumptions

The EIA uses NEMS to forecast renewable energy resource levels, as well as electricity
generatiorand generating capacity. The Wind Energy Submodule (WES) within the Renewable
Fuels Module in NEMS uses an input file calleesarea.This file contains, for each NERC

region, the amount of windy land area (in%mvailable for wind development in winthsses

4,5 and 67 The windy area included in these three wind classes is considered economical for
development because the wind is consistent enough and the speed is fast enough to turn a turbine
to generate el ectri ci twidturbing lub height & B0snetdrat a i s b
However, as mentioned previously, the current utility scale wind turbine sits 80 meters or more
above the ground. It is well established that as elevation above the ground increases, so does the
velocity of the windlon average), and the power produced by wind is a function of this velocity

cubed. Therefore, land area that is unsuitable for wind development using 50 meter turbines may
in fact be viable using 80 meter tdataidveryes . A
likely underestimating the availability of wind resources, not only in the South but across the

country.

The National Renewable Energy Laboratory (NREL) and AWS Truewind Co. have developed a
new dataset that examines the wind resource ate8rs. Significantly more windy land

becomes available in the new dataset due to the increased elevation. For the Expanded Wind
scenari o, we update EI A6s current asNEMSmpti on
input file using this new dataseAppendix C describes the methodology of updating the windy

area inputs. Table 3dompares the available windy area data at 50 and 80 meters. With the
exception of Florida, all Southern NERC regions see orders of magnitude increases of available
windy lard area suitable for economical development, across each wind class. The sole

exception is class 4 wind in the Southern Power Pool (SPP). Here, most of the windy land EIA
labels class 4 is upgraded to higher classes, resulting in a decrease in thardassv/dilable.

Table 3.1 Windy Area in the South with 56meter and 88meter data (kn)

NERC Region Class 4 Class 5 Class 6

50m 80m 50m 80m 50m 80m
ERCOT 200 101,000 680 91,000 260 108,000
FL 0 0 0 0 0 0
SERC 380 18,000 100 6,600 74 1,300
SPP 118000 44,000 110 80,000 7 218,000
Total® (km?) 119,000 | 163,000 900 117,000 340 328,000

Ysee Appendix C for a description of wind classes 4, 5, and 6.
20 Columns may not sum to total due to rounding.
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3.5 EXPANDED WIND SCENARIO RESULTS

Increasing the available windy land area has a dramatic affect on the amount of wind generation
forecast by SNUGNEMS. Figure 3.1 Hew shows that our Expanded Wind scenario predicts a
marked increase in wind generation for all the Southern NERC regions but SERC in 2030. One
thing to note is that Florida is expected to get over 20% of its electricity from wind generation,
even thouglthere is no windy land area suitable for development in Florida (see Table 3.1).

This is due to the fact that it is less expensive for Florida to import electricity generated from
wind than it is to generate its own electricity from natural gas or &vald in SERC cannot

compete with cheap coal, except in the case where it is exported to Florida. Figure 3.1 shows
that the Expanded Wind scenario leads to as much as 12% of electricity generated in the South
coming from wind in 2030, as opposed to thefd¥ecast in the reference case.

359
30%
25%
20%
15% ® Reference
® Expanded Wind
10%
5%
0%
ERCOT FRCC SERC SP Whole
South

Figure 3.1 Wind as Percent of Total Electricity Generation in 2030

Figure 3.2 below depicts the regional distribution of wind resources in the South and the
resulting generation forecast in our Expanded Wind scenariot dfltise wind resource is in the
western South, particularly in Texas. The figure shows that in 2030 Texas could provide over
110 billion kwh of wind generation. This is roughly five times the generation forecast in the
reference scenario.
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Figure 3.2 Expanded Wind Generation in 2030

The absolute changes for each region can be seen in Table 3.2 below. It shows that wind could
comprise nearly 30% of electricity generation in Texas, up from 6% forecast in the reference
scenario. Two of the three othegiens could also experience large increases in the relative
amount of wind generation.

Table 3.2 Wind as Percentage of Generation in 2030

Reference (billion kWh)| Expanded Wind (billion kwh
NERC
Region Total [ Wind | Percent Total Wind | Percent
ERCOT 373 23 6% 391 113 29%
FRCC 292 11 4% 293 62 21%
SERC 1018 0 0% 997 14 1%
SPP 230 5 2% 269 54 20%

3.6 COST EFFECTIVENESS

SNUGNEMS considers alternative generation sources when choosing which and how much of
each renewable source will be developed. \Wéretenewable or fossil based, each generation

type must be costompetitive to be selected by the model, given the supply and demand
constraints of the system. We have calculated the levelized cost of electricity (LCOE) for new
wind turbines in our Expated Wind scenario. Our study finds that the LCOE for wind

generation in the South ranges from 6.1 to 8.5 cents/kWh. This range represents the differences
in capacity factors realized, and capital costs required, for wind projects in the different regions
of the South. For wind power generation, capacity factor is the ratio of actual power generated
over a time interval to the power that would be produced if the turbine operated at maximum
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output 100% of that time interval (AWEA 2010). Capital costs @dsy, but the difference in
levelized cost is attributable mainly to capacity factor. These cost estimates include the current
federal production tax credit, which is set to expire on December 31, 2012. When comparing the
cost range for wind to the LCOd other renewable sources (see Chapter 10), we see that wind
generation is relatively inexpensive. The relatively low cost of wind generation makes it a

logical choice for expansion of renewable generatiypthe model.

3.7 CONCLUSIONS

This chapter hasxamined expanded wind power in the South in an isolated scenario. This
expansion results in large increases in forecasted wind generation in the South, particularly in the
western portion of the region. For example, Texas could supply nearly 30%otélits

electricity generation by wind in 2030. This is up from 6% in the reference forecast. Similar
gains are possible in the SPP NERC region and in Florida. These updated estimates reflect the
reality that wind generation technology has advanced lgey@nlevels upon which previous
assessments were based. We have illustrated here that there is a large, inexpensive wind
resource in the South. But the potential of this resource can only be realized if the barriers laid
out in this chapter are effectéily addressed. In particular, transmission limitations are likely to

be the largest hurdle to be overcome.

Whil e our analysis doesnd6t address offshore
that may become very important in the near futdiee reference forecast shows no offshore

wind generation before 2030, suggesting that it is simply too expensive to compete with other
fuels. However, EIA assumptions about the costs associated with development of offshore wind
may be outdated. We bfiig explore the topic of offshore wind in Appendix B, and it is also
discussed in McConnell, Hadley, and Xu (2010) and SACE (2009).

It is important to note that the results presented here are based upon an expansion of wind that
does not consider the imgetive effects related to growing markets for other renewable
resources. For further analysis of how wind fares when part of an integrated portfolio of
expanded renewable fuels, please see Chapter 10.
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4. BIOPOWER
41 INTRODUCTION

Biomass as a renewlalenergy resource has received increased attention in the search for clean,
renewable energy alternatives. Worldwide, biomass combustion (including cogereratio
accounts for approximately %3W of electric power capacity, and both large and setalle

systems have been expanding, witls¥V of power capacity added in 2009 (REN21, 201&ble

R1).

Biomass can be (1) used as fuel for direct combustiaofoedwith coal,(2) gasified, or (3)

used in biochemical conversions. Because of the wide rarfgedstocks, biomass has a broad
geographic distribution. If a national RES target were to be set, some estimate that a majority of
the growth in renewable electricity would come from electricity generated from wood and other
biomass (Brown and Baek, 2QEIA, 200%). However, other analysis shows very little

biopower growth, relative to wind (NREL, 2010fhe possibledominance of biomass is due to

its dispatchability and the relatively low capital and operating costs it requires to generate
electricity.In addition, compared to other renewable resources, the feedstock is readily provided
in terms of gross supply and ease of delivBggionally, the South has a potential to supply
over 35% of the nati dméwevehvhile bicpevemprevided L.44yof r e s o u
the total national electricity generation in 2008, the South produced only 0.6% of its total
electricity from biomass.

4.2BIOPOWER IN THE SOUTH

The current availability of biomass resources in the South is shown in Figure 4.1. Glelatly,

waste from mill, forest, and agricultural sources is dominant. The mill and forest residues
account for 50% of biomass resources, and supply biomass stably with less seasonal variations
than energy crops and agricultural residues. Some industdessuhe pulp and paper industry
operate their own electricity generators to recycle their waste and produce electricity on site. The
electricity generation from the landfill gas is analyzed separately in Chapter 5.

2L Approximated by the authovsith data from Milbrant, A. (2005)
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Methane from
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Urban Wood,
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Switchgrass,
17%

Figure 4.1BiomassAvailabilities in the South(Source: Milbrandt , 2005)

Using heat content values from best engineering estimates for heat rates and a 70% capacity
factor,the maximum achievable potential of biopovgeapproximatedvith data fromMilbrant
(2005)by Ben McConnell at Oak Rig National LaboratoryFigure 4.2 shows that the

maximum achievable potential of biopower in the South is 165 TWh. Clearly, not all available
biomass would be used for power generation, but in keeping with the national goals set by the
Biomass R&D Technal Advisory Committee, about 5% of electricity generation in the South is
approximated to be met using biomass as a primary fuel.

Methane from Municipal
Waste

Urban Wood

Secondary Mill

Primary Mill
ETWh

ForestResidues

Switchgrass

Crop Residues

0 20 40 60

Figure 4.2 Approximation of Biopower Potential bySource in the South
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Box 4.1 ADAGE Biopower Facility

Nameplate Capacity: S0MW In 2009, ADAGE LLC, a joint
Location: Hamilton County, Florida  Venture between AREVA SA and Duke

Estimated Operation: Mid 2012

Energy Company, announced their plans
to construct the first of a series of 50 MW
biopower plants in Hamilton County,
Florida. The site will use wood waste to
generate electricity.

ADAGE has secured a 215-acre site
in Hamilton County and received its air
resource permit from the Florida
Department of Environmental Protection.

Construction on the project is
expected to begin in 2010 and require 24-
30 months for completlon Due to the
planned technologles the site would use 90% less water and produce fewer emissions than
other biopower plants in the nation once complete.

The facility 1s expected to create approximately 400 jobs during construction and 120
facility and fuel-related jobs during operation. The plant would provide renewable electricity to
around 40,000 households in Florida once generation begins.

Picture from ADAGE. 2009  Sources: ADAGE. 2009: AREVA. 2009

4.3BARRIERS, DRIVERS, AND POLICIES

A major limitation of agricultural residues is the limited collection season. They are usually
collected over the course of a few months after grain harvest. For that reason, storage of up to ten
months is generally required for yeaund utilization. In addition tthe storage issue, loading

and transportation casaffect market priceof feedstockCompared to the amount of all

available resources, the amount of resources available for power generation is limited by the
economical transportation range surroundimgpgower plant.

It is well known that one of the advantages of the use of biomass is the relatively low capital and
operational costs for biomassfiring and direct combustion. Howevénere are still technical

issues associated with cofiring such astk to the percentage of biomass that can be cofired.

The current biomass integrated gasification combined cycle (BIGCC) technology requires high
costs for installation and maintenance, while its performance is bettahé@mnventional
options.Therebre, he BIGCC option still has potential to be improtedhnologically and
economically by active R&D and demonstratibmaddition, relative to wind, the level of PTC

for biopower is low (as discussed later in this chapter).

Unlike other renewable resces, biomass is regulated by Bhevironmental Protection Agency
(EPA) tailoring ruleThe rule tailorsthe applicability criteria that determine which stationary
sources and modification projects become subject to permitting requirements for gregalsouse
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(GHG) emissions under the Prevention of Significant Deterioration (PSD) and Title V programs

of the Clean Air Act (CAA) (EPA, 20X). The EPA's final Tailoring Rule, which does not

exempt biomass power producers from GHG permitting requirementsedpapitEPA

affirmations that biomass carbon neutralnstead, biomass power producars required to

maintain the same GHG reporting obligations as fossil fuel consumers (Nelson,|2010).
addition,therear&c ont r over si es ar o uhladestbiebiomasand apnflifts u st ai n
over feedstock use with other applications such as cellulosic ethanol, wood products, paper, and
chemicalsas well as wood pellets for export to Europastly, therelatively small scale of

viable biopower plants preventhem from enjoying the economies of scale that large solid fuel

(coal) plants enjoy

To develop realistic and feasible scenarios for biopower in the South, this study reviewed
policies promulgated in southern stat@sorgia enacted legislation (HB 1018gating an
exemption for biomass materials from the stat
exemption, biomass material must be utilized in the production of energy, including electricity,
steam, and cogeneration. In 2007, Kentucky establisteckhtientives for Energy Independence
Act to promote the development of renewable energy and alternative fuel facilities, as well as
energy efficiency. Especially for renewable energy facilities, the bill provides incentives to firms
that build or renovattacilities that utilize renewable energy. The maximum recovery for a single
project may not exceed 50% of the capital investmarmlabama, the Biomass Energy Program
assists businesses in installing biomass energy systems. Program participants peoceive u
$75,000 in interest subsidy payments to help discharge the interest expense on loans to install
approved biomass projects. Technical assistance is also available through the program.
Bioenergysupportive policies in southern states are summarizedbte®.1.
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Table 4.1 Summary of BioenergySupportive State Policies in the South

Requirements and

Type of Policy State Applicability and Amount Limits
Renewable Energy Production FL, SC -Amount: $0.01/kWh for electity
Tax Credit/ Production produced from 2007 through 2010 (FL
Incentive $0.01/kWh (SC)
Clean/ Renewable Energy Ta] GA, NC, KY 35% of Corporate Tax Credit (GA, NC)
Credit
Green Jobs Tax Credit VA - Amount: $500 per each job created | Must create a nevop in the
- Maximum incentive: $175,000 alternative energy/renewablg
energy field
TVA-Generation Partners GA, AL, MS, - Amount: $1,000 plus $0.03/kWh aboy
Program TN, NC, VA, the retail rate
KY - PerformanceBased Incentive (PBI)
payments continue for 10 yrs
Biomass Sales Tax Inctve GA, KY 100% exemption (GAandKY) Must be utilized in
production of energy
(electricity, steam, and
cogeneration)
Biomass Energy Tax Credit SC - Amount:25% of eligible costs
(Corporate) - Maximum incentive: $650,000 per
year; credit may not exce&®% of tax
liability
- Carryover Provisions: Excess credit
may be carried forward for 15yrs
Green Power Production NC - Amount: Varies
Incentive - Terms: Payments contingent on
program success
Sales and Use Tax Credit for | TN - Amount: 99.5% Credit
Qualified Facility - Terms: Taxpayer must make $100
Manufactrring Clean Energy million investment (minimum) and
Technology create 50 full time jobs at 150% rate of
TNO6s average occu
Renewable Energy Systems | TX, KS - Amount: 100% (TX) Eligible system size: None
Property Tax Exemption - Applicable sectors: commercial, specified, but system must b
industrial, and residential used primarily for orsite
energy needs (TX)
Sales Tax Exemption for Largg KY 100% exempon from sales and use tax| - Maximum incentive: 50%
Scale Renewable Energy of capital investment
Projects - Equipment
requirements:>1MW for
biomass
Loan Program KY, MS, NC, - Amount: $15,000 ~ $300,000 (MS)/
MO $500,000 (NC)/ Maximum Incentives:
$1 million (MO)
-Terms: 3% below primeate; 7yr
repayment term (MS)/ 1% interest rate
for renewable (NC)
State Grant Program AL Maximum Incentive$75,000

(AL)

*DataSourceDatabase of State Incentives for Renewables & EfficiecDSIRE)
Retrieved on July 15, 2010 fronmttp://www.dsireusa.org/
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4.4 EXPANDED BIOPOWER

4.4.1 The Case for Expanded Biopower

This chapter examines the potential to Expanded Biopowerendept fronthanges to other
renewables that might occur. Biopower will be disedsis the context of the full suite of
renewable fuels in the integrated Chapter 10.

We characterize the biopower generation that would occur in our Expanded Renewables scenario
as the result of: 1) increased R&D and demonstration on biopower technoRb)ggended
production tax credits; and 3) improved feedstock supply.

These three assumptions underlying our Expanded Biopower scenario address the key barriers
described above with supporting policies. The detailed explasatidhe three policies are
presented in Section 4.5 with results.

4.42 Modeling Scenario Assumptions

Based on capital and operating costs and capacity factors, as well as fuel costs, generation by the
electricity sector is modeled in the Electricity Market Module (EMM) describ&thapter 2.

The fuel costs are provided in sets of regional supply schedules and are passed to the EMM
where biomass competes with other sourdesong the seven submodules of the EMM, the

biomass electric power submodule (BEPS) treats biopower.

Description of BiomassSupply Curves.E| A0 s lbeedstotkprsces for electricity
generatiorareestimatedrom regional supply curveshich are inputto the BEPSThe raw data
for the supply schedules azellectedat the state or county levdlheseresourceavailabilities

are aggregated to form the regional supply schedule by North American Electric Reliability
Council (NERC) regionBiomass resources are generally classifiedfintocategories such as
urban wood waste, mill residues, forestry residuescatural residues, and energy crops.
Merging urban wood waste and mill residues in one category and agricultural residues and
energy crops in another, the BEPS uses three different biomass resource supply curves. The
annual supply curves of agriculturakidues, energy crops, and forestry residues have recently
been updated based on the biomass supply data from the POLYSIS model developed by the
University of Tennessee. For estimating the supply curves, the USDA annual projection forecasts
are used to dermine the yield rates of energy crops and agricultural res{ti&BA, 2005)

The supply plans of urban wood wastes are provided by Oak Ridge National Laboratory
(Perlack, et al., 2005).

Unlike other renewable resources, biomass is traded in the fdedsaoket. For that reason, the
growth of biopower production highly depends on the feedstock price and Stigpire 4.34.4
and 45 show the variation in the resouieailability as a function of pricen 2020 and 2030
The supply curves of urban wowadste and mill residues are anticipated to remain the same
until 2030. Figure 4.3 shows that ERCOT (TX) has the greatest potential sdippban wood
waste and mill residuesmong the four southern NERC regions.
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Figure 4.3 Supply Curve of Urban Wood Waste and Mill Residues by NERC region

The SERC region (MO, AR, MS, TN, AL, GA, FL, VA, NC, SC, and some parts of LA) has a
far higher supply of agricultural resids@nd energy crops than other regions in the South. At the
same price pointhe supply fron the agricultural sector is expected to increase by about 15
percent from 2020 to 2030Che supply in the SERC region at $20/MMBtu in 2030,is expected
to reach 2,795 trillion Btu.
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Figure 4.4 Feedstock Supply from the Agricultural Sector in 2020 and 203y NERC
region (Agricultural Residues and Energy Crops)
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EIAG supply curves for forestry residues are the same from 2010 until2030. The SPP region
(KS, OK, and a part of LA) and the FRCC (FL) region have larger potential for forestry residues
than the ERC and ERCOT regions.
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Figure 4.5 Supply Curve of Forestry Residues by NERC region

Technological characteristics In addition to biomass supply, technolegpecific inputs are

used to predict the magnitude of biopow&KUG-NEMS represents both dediedtbiomass and
biomass cdiring plants to estimate the capacity of biomass in electricity generation. NEMS
assumes that biomass cofiring can account for up to a maximum of 15% of fuel used in coal
fired generating plant3he BEPS considers both dedicabeoimass and biomass-fiang plants

to forecast the capacity of biomass in electricity generation. Tieirng levels are assumed to
vary by region as determined by the availability of biomass aneficedlcapacity of each
region.Most states in theegion have biomass opportunities because of the widespread
distribution of coal plants.

NEMS modelsiedicated biomass plants in the same way as other generation options with a
single kind of fuel such as coal, petroleum, and nuclear generation. Thenputifor the

dedicated biomass generators are capital, operating, and maintenance costs, project life,
production tax credit, and heat rate. Biomasé$iroag plants arenodeledn NEMS by assuming

that plant owners can retrofit their cdakd plants ad transform them into biomass-tidng

plants. In addition, NEMS assumes that no additional operating and maintenance costs would be
required after the retrofitting in that the biomass would becwled with coal, and the mixture
would be fed into thediler through the existing coal feed system. However, thérogg system
operated at higher levels would incur an additional capital cost to enhance the capacity and
performance (EIA, 2003; Haq, 2002).
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4.5 EXPANDED BIOPOWER SCENARIO RESULTS

4.5.1 Potenial from Financial Incentive Policy

The federal renewablgroductiontax credit (PTC) is a pdtWh tax credit for electricity

generated by qualified renewable resources and sold by the taxpayer to an unrelated consumer
during the taxable year. The PT¥&soriginally enacted in 1992 and has been renewed multiple
times.While the tax credit$or an openloop biomas¥ project are half of those forveind

project with the same productiociosedloop biomas$’ projects are eligible to receive the same
level of PTC as wind.The higher tax creditotivate building closetbop biopower generations
which are relatively less adopted because of the pooicoagpetitiveness.

This study modeled a scenario that the current PTC continues until 2030 and the rateds®ays a
cents per kWHR* The extended PTC is forecast to lead to a dramatic increase in electricity
generation in 2030 in the South. It would result in an 8% increase in biopower in 2020 and
arounda threefold increase in 2030 in the South (Figure Z1%3.3°P region is anticipated to
respond to the policy moattively.
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Figure 4.6 Increase of Utility-Scale Biopowerngeneration byExpanding the PTC in the
South

4.5.2 Supportive R&D

Among the three technological options, cofiring, direct combustionB&8GEC, the latter is the

most advanced technology and has room for improvement in its performance. The heat rate of a
reference scenario tiie NEMS reference scenario is assumed to be 9,46B\®h in 2010,

decrease by 1.76% annually, reach 7,768KBVh in 2021, and then stays at the same level

through 2030.

22 Openloop biomass includearban wood wastes, landscaping wastes, agricultural residues, and forestry residues
% Closedloop biomass means crops grown specifically for energy production, as opposed to byproducts of
agriculture, forestry, urban landscaping, and other activities.

2 The PTC is specified in 2004$.

% The scenario of the Financial Incentive Poliggsrun with three modules of the electricity market module, the

renewable fuels module, and the emission moduENUGNEMS.
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Instead of a constant heat rate from 2022 to 2030, for this @NtYyGNEMS models that the
heat rate would continue to improve beyond 2021 through 2030 at the same rate (1.76%) and

finally reaches @20 Btu/kWh.

This policy, active R&D of th&IGCC technology, when modeled by itself, increases the
biopower generation in the South.The ERCOT region especially would respond to this scenario
most sensitively ofthe four NERC regions and could produesthmes more electricity than a
referencecase due to the technological advancement. The imp@BN&dC performance is
anticipated to lead to a 9% rise in biopower generation in 2020 and a 22% increase in 2030.
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Figure 4.7 Increase of UtilityScale Biopwer ngneration in the South through Supportive
R&D

4.5.3 Improved Feedstock Supply

Sales tax incentives typically provide an exemption from the state sales tax (or use tax) for the
purchase of a renewable energy system. Several states have estédtisheshtives by

allowing an exemption from the state sales Tde range of sales tax of the states in the South is
between 0% and 7%. Whergasorgiaand Kentucky enacted legislation creating an exemption

for biomass mat er i adluse takes,onany states in the Southeds ot hava | e s
such sales tax incentives for biomass purchased for electricity generation.

Thus, he third Expanded Biopower policyasales tax exemption progranvolving all states

in the Southwith an improvementfdoading and transportation systerfifis study assumed

that these measure®uld increase the biomass supply by10%. The South region would generate
more biopower under a Improved Feedstock Supply only scenario; with a 32% rise in 2020 and a
45% increas@n 2030 projected (see Figure 4.8).&BT is the NERC region witthe greatest
potentialfor increasing biopower generation as a result of a sales tax exemption

% The scenario of theupportive R&D environmentasrun with three modules of the electricity market module,
the renewable fuels module, and the emission module of SNEK3S.
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Figure 4.8 Increase of Utility-Scale Biopower Gaeration in the South, throughimproved
Fealstock Supply?’

4.5.4 Expanded Biopower Scenario

The Expanded Biopower Scenario is defined as the combination of the three preceding policies.
To reflect the secondrder effect from the electricity demand side and other fuel markets, all of
the modulesn SNUGNEMS including the macroeconomic activity module are involved to run

this combined scenario. The utilities in the South could generate about four times more biopower
under the supportive policy, market, and technological environment thegféherce scenario.

In addition, the endise sectors (especially the industrial seata)ild generate a fair amount of
biopower on site. For instance, the pulp and paper industry has its own electricity generation
system using black liquor extracted from thdél neisidues. Especially the ERCOT region would
be the greatest contributor to this tresiceTexas has a large potential in urban wood waste and
mill residues which are relatively leaost feedstock among the three categories of biomass.
Unlike other rgions, the amount of biopower generated from theusadsectors had been

greater than that from the utilities in the SERC region in the past. However, if the combined
policy suggested in this study is implemented, the widgle generatiowould outstip the
customerowned generation in the future.

%" The scenario of the Improved Feedstock Supg@grun with threemodules of the electricity market module, the
renewable fuels module, and the emission modyl8NUGNEMS.
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Figure 4.9 Total Biopower Potential in the Southn 2030

Table 42 showswhat percentage of total power generatiothe Soutlcould be met by

biopower in 2030. With biomasdé electric power sector @the eneuse sector could meet
respectively 4% an@% of the total power supplyf the Southin 203Q Utilities in theFRCC

(FL) region could produce about 13% of electricity with biomass. While the ERCOT region is
anticipated to grow the absolute amoohbiopower generation motived by the three policies,
the share of biopower to the total electricity generation would not increase significantly due to
the dominance of fossiliel-based electricity in the region.

The majority of the increase in custormvned biopower, on the other hand, occurs in the
SERC region. Overall, this resource would only increhseshare of custom@wned biopower
generatiorfrom 1.8% to 1.9% by the Expanded Biopower scenario. The extended PTC
underpinning the Expanded Biopavseenariadoes not motivate more custormyned
biopower, and the sales tax and R&D policies have only a minor stimulating effect.

Table 42 Share of Biopower to the Total Electricity Generation by NERC region in 2030
Utility -Scale Biopower

Region ERCOT SPP SERC FRCC South Total
Reference 0.1% 0.5% 0.7% 3.3% 0.9%
Expanded Biopower| 0.0% 2.6% 3.3% 12.8% 4.0%

Customer-Owned Biopower

Region ERCOT SPP SERC FRCC South Total
Reference 0.0% 1.8% 2.8% 0.7% 1.8%
Expanded Biopowel 0.0% 1.9% 3.0% 0.7% 1.9%
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4.6 COST EFFECTIVENESS

The levelized cost of biopower reflects the cost to generate a particular amount of electricity with
biomass through supportive policies and environmdititslevelized cost of electricitl COE)
calculatedor biomassggeneration inlte South ranges frot0to 7.8 centsperkWh in 2020 and

from 3.9 to 6.3 cents per kWh in 20@0able 4.3) Cofiring biomass with codhas the lowest
estimated_COE, with coss that are considerablgwer than the other twbiopoweroptions

Table 4.3LC OE by generating option in 2020 and 2030
(2007cents per kWh

Direct Combustion BIGCC Cofiring
2020 7.8 7.3 4.0
2030 6.3 5.7 3.9

4.7 CONCLUSIONS

The Expanded Biopower scenario modeled in this study suggests that the potential of biopower
generationn 2030 could reach 120 billion kWh (excluding electricity from Municipal Solid
Waste), which accounts for about 6% of the total electricity generation in the South. The
potential is a economic potentiathich is estimated with a consideration of the cetitipn

among renewable resources in the electric power marketdrhkined scenario of the

production tax credithe sipportive R&D environmentndthe improvedfeedstocksupplyis
expected to have a great impact on utility scale biopower and intheasmarket share of

biopower to 4%0n the other hand, only the third scenario with a sale tax exemption would be
influential to the customeswned electricity generation.

The production tax credit is expected to be the most effective driver to enharpmeehtial. The
ERCOT regioris anticipated to increase the absolute amount of biopower generation
significantly, but the portion of biopower to the total electricity generation would remain small,
because fossil fuels are castmpetitive in the regiorhe FRCQ(FL) regionis expected to
generate 40 billion kWh of biopower which covers about 14% of the electricity generated in the
regionin 2030 The SERC region would continue to be the greatest producer of the customer
owned biopwer in the future.

Howe\er, there are still several issues have to be solved for realizing the maximum economic
biopower potential that we presentéthless biopower incentives and mandates are carefully
managed, thegould negativelyinfluenceothermanufacturingndustries in érms ofjobs and
economicactivities There are some arguments thailt residuesalready hae a beneficial use in
other industriesand the economic impact of the use of the residues for producing secondary
woody products is greater than power generatioaddition,the lack of incentives for closed

loop crop production and ugepointed out as a probleWhile energy crops (including short
rotation woody crops) are often thought to be a part of the solution, there are few incentives for
utilities or famers (foresters) to start producing these crops.

On balance, the biopower potential is anticipated to depend on the supply of feedstock materials,
policy environments, and technological advancements. For supporting compliance with
renewable electricity ahdards (RESSs), biomass could be regarded as-edstnand lowrisk
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option. The interaction between the renewable electricity market and a national dR&cbssed
in Chapter 10.
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5. MUNICIPAL WASTE

5.1 INTRODUCTION

Municipal solid wastéMSW) is defined agotal waste excluding industrial waste, agricultural

waste, and sewage sluddgecording tothe U.S. Environmental Protection Agency, it includes
durable goods, nedurable goods, containers and packaging, food wastes, yard wastes, and
miscellaneougorganic wasteslin generalappliances, newspapers, clothing, food scrapes,

boxes, disposable tableware, office and classroom paper, wood pallets, rubber tires, and cafeteria
wastesare included in th&#1SW. Wasteto-energy combustion and landfill gag&avo major

byproducts omunicipalwaste(EIA, 2008b)

Whenthe raw wastedecompose in landfills, approximately 22% of the huiredated methane

of the United States is emitted. Landfill gas (LFG) generally consists of about 50% methane,

50% carbon dioxle, and a small portion of nanethane organic compounds. This air pollutant

can be recycled and used as an energy source. LFG can be captured from landfills using a series
of wells and a bloweflare (or vacuum) system. The collected gas can be flareskeakto

generate electricity, and to replace fossil fuels in industrial and manufacturing opetations.
addition,LFG can be used for combined cycle gas turbines, which have a relatively higher
efficiency because LFG is a higher quality fuel both imi¢gher heat content and lower

emissions than other biomass resources.

The electricity generated frothe MSWcan be used on site or be sold to the dggpecially,

utilizing LFG as an energy source removes odors and other hazards, and at the same time,
prevents methane from escaping to the air. The amount of methane from landfills is proportional
to the amount of municipal wastes, which is highly correlated with the popultizen the

recycling rate of raw wastes increases, the quantity of wastes dumipedfills decreases and

the amount of methane produced frtma landfills woulddecreas@accordingly.

5.2LANDFILL GAS IN THE SOUTH

The landfills located in the South create 5,200 tons of methane annually which accounts for 35%
of LFGs of the nationn particular, Texas, North Carolina, and Florida are the greatest LFG
producers, as shown in Figure 5.1.
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Figure 5.1 LFG Availability in the South
(Data Source:Milbrandt , 2005)

The U.S. EPA initiated the Landfill Methane Outreach Program (LMORghak a voluntary
assistance program that helps to reduce methane emissions from landfills by encouraging the
recovery and beneficial use of LFG. The LMOP provides a vast network of industrial experts and

Virginia

West Virginia

practitioners, as well as technical and marketespurces that assist with LFG energy project

developmentDue t o

LFGOs

high

energy

content

region is expected to produce a fair amount of electricity from OF@.next section
summarizes barrisand policies srrounding LFG power.
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