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EXECUTIVE SUMMARY  

Transitioning away from increasingly scarce, carbon-intensive and polluting fossil fuels is one of 

the key challenges facing modern society. Prominent among the energy supply options with 

inherently low life-cycle CO2 emissions is a suite of renewable technologies. They also represent 

an opportunity to diversify energy resources while increasing reliance on domestic fuels. 

Government policies can provide a strong impetus for constructing renewable generation 

facilities. Federal and state tax incentives, government procurement policies, statewide 

renewable electricity standards (RESs), and regional carbon cap and trade programs all 

encourage investments in renewable electricity. These policies, however, are not uniformly 

adopted throughout the country. While 29 states have an RES, only four of these states are 

located in the South (Delaware, Maryland, North Carolina, and Texas) plus the District of 

Columbia (Figure ES.1).  

 

Figure ES.1 States with Renewable Electricity Standards 
Source: Database of State Incentives for Renewable Energy (2010) http://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 renewable resources to produce a certain amount or percentage of 

http://www.dsireusa.org/
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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 blends the benefits of a ñcommand and controlò regulatory paradigm with a free 

market approach to environmental protection.  

Policy makers in some Southern states oppose renewable electricity standards because they 

believe their renewable resources are insufficient. 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 hydropower and 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 policies ï including accelerated R&D and extensions of 

tax credits ï 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 national RES and a carbon-constrained 

future.  

Customer-owned renewables are included in this assessment in addition to utility-scale 

renewables. While they are often not the focus of renewable policy debate, customer-owned 

renewables can achieve most of the same environmental and sustainability objectives that are the 

major drivers for increasing utility-scale renewables.   

 

The Current Status of Renewable Power in the South 

The South (Figure ES.2), 

with its strong energy-

intensive industrial base, 

accounts for 44% of the 

nationôs total energy 

consumption, while it is 

home to only 36% 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 average of 

9.5% renewable electric 

power.   
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Figure ES.2 The Census South Region and Its Three Divisions
1
 

 

Hydropower represents nearly two-thirds of U.S. renewables, and it is also the largest renewable 

resource in the South accounting for 53% of the regionôs renewable electricity. Many Southern 

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 Southern states, 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 largest renewable 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 South produces more 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) 

 
Total 

Electricity  

Renewable 

Share (%) 

Renewable 

Power Hydro Wind 

Biomass 

(Wood 

& 

Waste) 

Geo- 

thermal 

Solar & 

Photo-

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 

 

In sum, the Southôs wind power is concentrated mostly in the West South Central states, while its 

                                                 

1 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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biopower comes mostly from the South Atlantic region. Its hydropower is widely dispersed, but 

is particularly dominant in the East South Central states (Figure ES.3).  

 

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

Division in 2008 (as a Percent of Electric Power Consumption) 

Source: Energy Information Administration. 2010b. State Energy Data System. Retrieved on July 2, 2010 from: 

http://www.eia.doe.gov/emeu/states/_seds.html 

 

Notable Renewable Energy Projects in the South 

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 investments in renewable 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 Reinvestment 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 being spent on hydropower projects. When these projects are completed, 

the South will have an additional 120 MW of solar power, more than doubling its current solar 

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 includes both: 

1) utility-scale renewable generation and 2) customer-owned renewable resources.  Utility-scale 

generators use wind, biomass, hydro, or solar energy to produce electricity. Customer-owned 

renewable resources include rooftop solar panels, industrial facilities that produce electricity 

from waste heat (called ñcombined heat and powerò or CHP), and demand-side technologies 

http://www.eia.doe.gov/emeu/states/_seds.html
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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 South uses a version of NEMS, the U.S. 

Department of Energyôs premier energy forecasting tool.
2
 NEMS models U.S. energy markets 

and is the principal modeling tool used by the Energy Information Administration (EIA) to 

produce ñreference forecastsò that are published each year in its Annual Energy Outlook. In this 

analysis, three scenarios of expanded renewables in the South are compared with the Reference 

forecast reflecting EIAôs analysis of the Stimulus Bill and the 2008 economic downturn (EIA, 

2009a): 

 

 Expanded Renewables: Uses updated estimates of renewable resources in the South 

detailed in Volume II and other sources. In addition, it assumes a number of renewable 

policies such as an extension of R&D and tax subsidies, but no new state or Federal 

carbon pricing or renewable energy portfolio policies are enacted. 

  Expanded Renewables + Renewable Electricity Standard (RES): Uses all of 

renewable policies and updated estimates of renewable resources from the Expanded 

Renewables Scenario along with a Federal requirement 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 compare results. 

 Expanded Renewables + Carbon-Constrained Future (CCF): Uses all of the 

renewable policies and updated estimates of renewable resources from the Expanded 

Renewables Scenario along with a carbon price of $15 (in $2005) per metric ton of 

carbon dioxide in 2012 growing annually at 7%.  Allowances are redistributed to load 

serving entities as described above, and there are no carbon offsets. A CCF only scenario 

was also created in order to compare results. 

 

The first scenario seeks to provide an improved forecast 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 Resources 

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 resources in each of the 16 Southern 

states and the District of Columbia.  These resource potentials are the basis for modeling the 

hydro and the wind power in the Expanded Renewables scenario described above, since they 

identify a greater physical resource than previous estimates. For the biomass, landfill gas, and 

solar, we use other data sources that provide more detailed supply curve estimates that are 

consistent with the averages shown in Table ES.2, as described in the full report. 

 

                                                 

2 SNUG-NEMS:  Southeastern NEMS User Group version of NEMS.   
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Table ES.2 Renewable Resource Potential, by State  

 

Low-Power 

and Small 

Hydro 

(MW of 

Feasible 

Projects) 

Wind 

(km
2
 of 

Developable 

Land) 

Biomass 

Wood & 

Waste 

(Thousand 

tons/year)
3
 

Methane 

from Waste 

(Thousand 

tons/year)
4
 

Solar  

Radiative 

Forcing 

(kWh/m
2
/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 

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. Source: Hall, et al. (2006) Feasibility Assessment of the Water 

Energy Resources of the United States for New Low Power and Small Hydro Classes of Hydroelectric Plants, INL, 

Table B-1; NREL (2010) Wind Powering America. Wind Resource Potential. Retrieved on July 18, 2010 from: 

http://www.windpoweringamerica.gov/wind_maps.asp; Energy Information Administration. (2010b). State Energy 

Data System. Retrieved on July 2, 2010 from: http://www.eia.doe.gov/emeu/states/_seds.htm; Milbrandt, A. (2005)A 

Geographic Perspective on the Current Biomass Resource Availability in the United States,NREL,TP-560-

39181,pg.49  (Table 10), December 2005. 

                                                 

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

urban wood waste. 
4Methane from Waste includes methane from landfills, manure waste, and domestic wastewater 

management. 

http://www.eia.doe.gov/emeu/states/_seds.htm
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The hydro resource data suggest the availability of significant small conventional and low-power 

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

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 80-meter heights show 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 magnitudes modeled 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 Customer-Owned Renewables 

This section compares a Reference forecast with the three modeled 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 Scenario, renewable 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 implemented, we estimate that 15% to 30% of the Southôs electricity could be 

generated from renewable sources.  

 

 
 

Figure ES.4 Utility -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 hours ïTWh), that 

would be generated under the three renewable-enhancing scenarios compared to the same 

scenarios without Expanded Renewables, including displaced electricity from customer-owned 

renewables.  Most of the growth comes from wind, CHP and distributed solar as well as biomass. 

The modeled scenarios reflect an environment in which renewable sources are increasingly 

economically competitive or mandated, as in the case of an RES.  Of the utility-scale renewable 

sources, wind and biomass not only provide the most generation potential, but are also the least 

expensive. It appears that wind out-competes biomass as the integration of renewable sources 

expands through the modeled time horizon.  

 

Table ES.3 Renewable Generation and Customer-Owned Renewables 

in the South in 2030 (billion kWh) 
 Utility -Scale Renewables  

 
Wind Biopower 

Municipal 

Waste 
Hydro Solar PV Total 

% above 

Reference 

Reference 

Forecast 
39 19 4.3 42 0.2 104 - 

Expanded 

Renewables 
151 24 3.8 60 0.3 239 129% 

Renewable 

Electricity Standard 
54 238 4.3 42 0.2 339 224% 

+ Renewable 

Electricity Standard 
224 82 3.8 60 0.3 370 254% 

Carbon 

Constrained Future 
59 83 4.3 43 0.2 190 81% 

+ Carbon 

Constrained Future 
362 83 4.3 61 0.3 511 389% 

 Customer-Owned Renewables  

 

CHP 
Distributed 

Biopower 

Heat Pump 

Water 

Heaters* 

Solar 

Water 

Heaters*  

Distributed 

Solar PV 
Total 

% above 

Reference 

Reference 

Forecast 
102 37 - - 10 149 - 

Expanded 

Renewables 
151 34 34 21 68 308 107% 

Renewable 

Electricity Standard 
85 32 -1.8 0 13 128 -14% 

+ Renewable 

Electricity Standard 
145 32 33 21 69 300 101% 

Carbon 

Constrained Future 
210 39 12 0.3 9 270 81% 

+ Carbon 

Constrained Future 
288 42 42 23 69 464 211% 

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

scenarios. 

*The heat pump and solar water heater numbers are the incremental difference between the reference forecast and 

each scenario. These numbers, though presented in billion kWh, differ from the other values presented in the table. 

Since the water heater technologies do not generate electricity, these numbers are the energy savings these 

technologies avoid. They can be interpreted as the avoided fossil-fuel generation attributed to heat pump and solar 

water heaters. 
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By definition, an RES must meet an increased renewable target by 2030.  Placing a price on 

carbon, represented 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 there 

is large, economically viable utility-scale renewable potential that is close in costs with the other 

major GHG emission free technology, nuclear.  Table ES.3 also points out that customer-owned 

renewable sources are significant.  This is particularly true 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 Reliability Council regions that broadly cover the South:  

 Electric Reliability Council of Texas (ERCOT),  

 Florida Coordinating Council (FRCC),  

 Southeast Electricity Reliability Council (SERC), and  

 Southwest Power Pool (SPP). 

 

We see that the western part of the region 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. 

 

 
Figure ES.5  Southern Renewable Distribution by NERC region in 2030 

(Expanded Renewables Scenario) 

 

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

considering both utility-scale and customer-owned renewables. Combined heat and power 

systems as well as solar and heat pump water heaters are classified as customer-owned resources 

that avoid fossil fuel generation. (The category ñDemand-Side Solarò in Figure ES.6 includes 
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distributed solar PV and solar water heating.) Adding customer-owned renewables to utility -

scale renewables nearly doubles the potential of renewable generation in the South. 

 

 
Figure ES.6  Economic Potential for Utility -Scale and Customer-Owned Renewable 

Generation in 2030 

 

Greenhouse Gas Emission Reductions 

Figure ES.7 below shows the projected 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 CO2e) 

 
Expanded 

Renewables 

Renewable 

Electricity 

Standard 

Exp. 

Renew. + 

RES 

Carbon 

Constrained 

Future 

Exp. Renew.  

+ CCF 

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 Renewables scenario) and 55% (in the Expanded 

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 renewable resource estimates 

that comprise the ñExpanded Renewablesò scenario would have favorable impacts on electricity 

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 EIA Reference case (from 7.9¢/kWh in 2010 to 9.7¢/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, to 9.0¢/kWh. The escalation of rates associated 

with the RES and CCF policies is similarly dampened with the addition of the Expanded 

Renewables assumptions. 
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Figure ES.8 Average Electricity Rates in the South under Alternative Scenarios  

 

The Expanded Renewable scenario has a similarly favorable impact on energy bills. In the 

Reference Case, the Southôs energy bill (across all fuels) would total $306 billion in 2020, and 

would rise to $341 billion in 2030 (in $2007). In the Expanded Renewables scenario, electricity 

bills would increase lessðreaching an estimated $292 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 customer-owned renewables ï 

especially CHP and solar and heat pump water heaters ï that displace energy consumption in the 

industrial and residential sectors, in particular.  

 

CONCLUSIONS 

By including a full-suite of renewable electricity sources, this report identifies a broad and 

diversified portfolio 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 utility-scale and customer-owned 

renewable energy sources.  The growth of customer-owned 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 becomes more cost-competitive, 

intermittent transmission barriers are overcome, and emerging technologies mature.   

 

Utility -Scale Renewables 

With the inclusion of up-to-date data on wind resource availability (using 80-meter data), windôs 

lower levelized cost favors 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 South is a low-cost 

resource that will make resolving transmission issues associated with wind highly desirable. 
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Previous EIA analysis using NEMS and lower altitude wind potential measurements found 

biopower to be the preferred renewable resource over wind (EIA, 2009). The real-world 

adjustments to these assumptions in our modeling resulted in the shift of emphasis between the 

two sources. In end-use applications, however, biopower continues to be cost-effective and has 

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

the potential for significant expansion.  

 

While utility-scale solar resources are not forecast to meet even one percent of the Southôs 

electricity requirements over the next 20 years, solar projects have received 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 chain infrastructure to the region. Future growth should be 

spawned from these investments, exceeding the SNUG-NEMS modeling estimates. 
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Customer-Owned Renewables 

On the customer side, CHP, for example, is a highly cost-effective source of electricity defined 

as renewable 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 pump water heaters. Under the Exp. 

Renew. + CCF Scenario, ñdistributed solarò provides 6.3% of total renewable electricity 

generation. These ódemand-sideô renewables are not usually evaluated for meeting RES targets; 

nevertheless, the modeling shows that they would be significant low-cost contributors to the 

Southôs 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 resources 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 next generation 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 public policies can accelerate this 

transition. The South has an abundance of renewable energy resource potential to help transition 

the nation away from increasingly scarce, carbon-intensive and polluting fossil fuels. With the 

commitment of policymakers, utilities, regulators, entrepreneurs, capital markets, and other 

stakeholders, this potential could be translated into a reality. 
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1. INTRODUCTION  

 

Transitioning away from increasingly scarce, carbon-intensive and polluting fossil fuels is one of 

the key challenges facing modern society.  Prominent among the energy supply options with 

inherently low life-cycle CO2 emissions is a suite of renewable technologies. To the extent these 

technologies emit GHGs, the emissions generally occur during manufacturing and deployment 

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 multipliers relative to imported energy supplies. 

The inherently low-carbon and local nature of these technologies comes from the fact that most 

renewable technologies are powered by the sun: 

 Plants and algae require sunlight for photosynthesis before they can be converted to 

biofuels or biopower.  

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

 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.  

 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 direct product of solar 

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 the planet and 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 carbon-emitting energy sources 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 already been commercialized or are suitable for 

near-term 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 expanding at double-digit 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 and biomass (especially in OECD countries). Of the 3.3 trillion kWh of new U.S. 

renewable generation to be added to global energy production between 2006 and 2030, 54% is 

forecast to be hydropower and 33 percent wind power (REN21, 2009, Figure 17).  
 

Many renewable 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 renewable generation facilities (REN21, 2010, pp. 35-41). Industrialized 
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countries across the globe have created government policies to encourage the construction of 

renewable electricity facilities, including feed-in tariffs, tax incentives, and renewable electricity 

standards (called market-share quotas in Europe). The extension of production tax credits in the 

2005 U.S. Energy Policy Act along with the implementation of state renewable electricity 

standards and an array of other incentives are expected to accelerate growth in the use of U.S. 

renewable 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 analysis, we find it 

beneficial to define the South to two different ways. We 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, state-based data from the Energy Information Administration (EIA), and 

energy end-use statistics from the EIAôs National Energy Modeling System (NEMS). This 

definition of the South includes the District of Columbia and 16 States (Fig. 1.1), and it divides 

the region into three Census Divisions. The South 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. The East South Central division includes Alabama and three 

states with western borders that touch the Mississippi River. The West South Central division 

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 Southern Governorsô 

Association (SGA); it is slightly larger than the 11-state region served by the Southeast Energy 

Efficiency Alliance. 

 

The South is also defined as a subset of four of the 13 regions defined by the North American 

Electric Reliability Corporation (NERC) 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). 

 

NERCôs regions are the basis for managing the nationôs electricity generation and are used in the 

electricity market module of NEMS.  
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Figure 1.1 The Census South Region and Its Three Divisions

5
 

 

 

 

Figure 1.2 Overlapping Census and NERC Regions 

 

 

                                                 

5 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 Census South and 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 

ñCensus Southò and the ñNERC Southò regions.  

With 36% of the countryôs population in 2009, the Census South is the most populous of the four 

census regions of the United States (U.S. Bureau of the Census, 2009). It includes two of the 

most populous states in the country ï Texas and Florida ï and it leads the nation not only in 

population but also in in-migration and population growth.
6
As the nationôs largest and fastest 

growing region, the South has experienced a 20% population growth over the past decade, and 

this rapid expansion is expected to continue.  

 

The South accounted for 44% of the nationôs total energy consumption in 2008, considerably 

more than its share of the countryôs population of 36%. Its higher-than-average per capita energy 

consumption is true for each of the major end-use 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, accounting for 53-54% in 

2008, which is slightly 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. These regional 

averages mask a great deal of state-by-state 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, no state in the South exceeded the national 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  
Natural 

Gas 
Nuclear Imports  

U.S. 51.1% 9.5% 1.2% 17.1% 21.0% 0.3% 

Census South 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 

 

                                                 

6
 The South has the highest in-migration and population growth in persons, but the 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 annual population 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 electricity.  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, state electricity 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 Iowa, 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 solar facility 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 eight wind farms (a total of 703 MW) located in Colorado, Pennsylvania, 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 Table 

1.1. 

 

EIA (2009c) 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 power generation by 2030 (Fig. 1.3). 

Petroleum use remains constant and small, but coal, natural gas, and nuclear are forecasted to 

increase in nearly equal proportions. 

 

 

 
Figure 1.3 Energy Consumption for Electric Power Generation in the Census South,  

2007-2030 (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 Southern average electricity prices.   

  

 

Table 1.2 Average Electricity Prices to All Users in the Census South and  

the United States 

Cost per Unit 

Energy 

United States The Census South 

2007 2020 2030 2007 2020 2030 

2007 ¢/ kWh 8.27 9.24 10.04 7.77 8.71 9.61 

2007 $/ MBtu 24.3 27.1 29.4 22.8 25.5 28.2 

  Source: EIA, 2009c 

 

The South consumes 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 consumed in the 

Census South is renewable (Fig. 1.4). (The percentage of renewables is slightly smaller in the 

NERC South at 3.5%.) 

  

Figure 1.4 Source of Electric Power in the U.S. and the Census South, in 2008 
Source: Energy Information Administration. (2010h). 

 

Hydropower represents nearly two-thirds of U.S. renewables, and is also the largest renewable 

resource in the South accounting for 53% of the regionôs renewable electricity. Yet in the Census 

South, at 2% of generation, hydropower is considerably smaller than the 8% national average. 

The District of Columbia, Delaware and Mississippi do not produce any hydropower, while 

Alabama, Tennessee, and Arkansas are the largest hydropower producers (Table 1.3). 
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Table 1.3 Consumption of Electric Power from Renewable Resources,  

by State in 2008 (Trillion Btu) 

 
Total 

Electricity  

Renewable 

Share (%) 

Renewable 

Power Hydro Wind 

Biomass 

(Wood 

& 

Waste) 

Geo- 

thermal 

Solar & 

Photo-

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)   3.7% 2.0% 1.1% 0.6% 0% 0% 

United States 40,200 9.5% 3,800 2,500 550 440 310 9 

(South as % of U.S.) 43%  17% 14% 34% 24% 0% 0% 

Source: Energy Information Administration. (2010h). 

 

Wind power is the second largest renewable source of electricity in the U.S. and in the South. 

Among the Southern states, Texas generates the largest quantity of wind power and Oklahoma 

also has a significant share. West Virginia and Tennessee are the only other southern States 

producing at least one TBtu 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 

Southern states, including Virginia, Maryland, and the Carolinas, also produce significant 

quantities. However, eight southern States produces one TBtu of biopower or less (Table. 1.3). 

Completing the inventory of renewable resources for electricity production, no state in the South 

produces more than 0.5 TBtu of geothermal or solar/PV electricity. In contrast, the United States 

generated 314 TBtu of geothermal electricity comprised in 2008 (or 8% of U.S. renewable 

generation), and solar power generated 9 TBtu (constituting 0.2% of U.S. renewable generation). 

In sum, the Southôs hydropower is widely dispersed and variable across the region (Fig. 1.5).  Its 
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wind power is concentrated mostly in the West South Central division, while its biopower comes 

mostly from the South Atlantic region. The most populous Census Division in the South (South 

Atlantic) consumes the lowest percentage of power from renewable sources (Table 1.4). Its wind 

production is concentrated in West Virginia, and its hydro and biomass resources are small and 

dispersed. In contrast, the West South Central division derives more than 5% of its electricity 

from renewable resources, particularly from wind projects in Texas and Oklahoma. 

 

 

Figure 1.5 Consumption of Electric Power from Renewable Resources, by Census Division 

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

 

Table 1.4 Consumption of Electric Power from Renewable Resources, by Census 

Division in 2008 (Trillion Btu)  

 

Total 

Electricity 

Renewable 

Power 

Hydro- 

electric 

Power Wind 

Biomass 

(Wood & 

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 

Census South 17,195 632 341 188 104 

United States 40,163 3,798 2,494 546 435 
Source: Energy Information Administration. (2010h). 

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 five renewable 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 

(MW of 

Feasible 

Projects) 

Wind 

(km
2
 of 

Developable 

Land) 

Biomass Wood 

& Waste 

(Thousand 

tons/year)
7
 

Methane from 

Waste 

(Thousand 

tons/year)
8
 

Solar Radiative 

Forcing 

(kWh/m
2
/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 

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 - 

(South as % of 

U.S.) 
18% 23% 33% 34% - 

Note: Numbers may not add up due to rounding. 

Source: Hall, A.et al. (2006); NREL (2010d); EIA (2010h); Milbrandt, A. (2005); NREL (2010b)  

 

1.2 RENEWABLE ENERGY PROGRAMS AND POLICIES IN THE SOUTH  

Statewide renewable electricity standards (RES) are one of the strongest policy instruments 

supporting renewable power in the United States to date (REN21, 2010, p. 32; EIA, 2010i, p. 2; 

EIA, 2010j, p. 130). An RES is a legislative mandate requiring electricity suppliers (often 

referred to as ñload serving entitiesò) in an area to employ renewable resources to produce a 

certain amount or percentage of power by a fixed date. Typically, electric suppliers can either 

generate their own renewable energy or buy renewable energy credits. This policy therefore 

blends the benefits of a ñcommand and controlò regulatory paradigm with a free market approach 

                                                 

7 Biomass Wood & Waste in Table 2 includes crop residues, switch grass, forest residues, mill residues, urban wood waste. 
8 Methane from Waste includes methane from landfills, manure waste, and domestic wastewater management. 
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to environmental protection. As of August 2010, 29 states along with the District of Columbia 

have an RES and an additional six states have renewable energy goals.
9
 

There is 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 qualifies as a renewable resource in the state of Pennsylvania, 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 these allow combined heat 

and power (CHP) and other technologies that reuse waste heat.  

 

Figure 1.6  States with Renewable Electricity  Standards 

Source: Database of State Incentives for Renewable Energy (2010) http://www.dsireusa.org/.  

Accessed August 17, 2010 

 

Four states in the South along with the District of Columbia have an RES: Delaware, Maryland, 

North Carolina, and Texas. Oklahoma, Virginia, and West Virginia have also set voluntary 

renewable energy goals, as shown in Figure 1.6. The remaining nine Census South states 

represent the largest contiguous block of states without goals or standards for renewable power. 

A Federal renewable electricity standard could reduce the regulatory confusion and 

administrative burdens that have resulted from the patchwork of state regulations. A Federal RES 

would produce a standardized regulatory environment that would provide manufacturers and 

                                                 

9 www.desireusa.org  

http://www.dsireusa.org/
http://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 recent U.S. House and Senate bills have proposed establishing a Federal RES. The 

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

to meet a combined renewable energy and energy efficiency standard, gradually increasing to 

20% by 2020. Up to 5% can be achieved through energy efficiency, or with a governorôs petition 

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 15% renewable energy and 

energy-efficiency 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, 

Gainesville Regional Utilities has developed a solar photovoltaic ñfeed-in tariffò (GRU, 2008). 

SHINE (Sustainable Home Initiative in the New Economy) is a residential weatherization rebate 

program offering City of Atlanta homeowners (single-family) the ability to receive up to a 

$2,000 rebate towards qualifying improvements. LEAP (Local Energy Alliance Program) is a 

community-based nonprofit based in North Carolina that operates a ñHome Performance with 

Energy Starò program for the participating communities. Customer-owned renewables are 

promoted through these efforts. 

 

1.3 NOTABLE RENEWABLE ENERGY PROJECTS AND PROGRAMS IN THE 

SOUTH 

There is substantial development activity for renewables in the South despite the relative scarcity 

of renewable electricity standards. In 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 resources 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 of funding 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 have over $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 are completed, the South will have at least an additional 120 MW of solar 

power, more than doubling its current solar 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.  Appendix A also provides a list of existing renewable energy 

projects in the South, such as the worldôs largest wind farm, Roscoe Wind Farm, in Texas. 
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1.4 BARRIERS TO RENEWABLE ENERGY IN THE SOUTH  

Despite advances in technologies, renewable power and fuels only make up about 9.5% of the 

nationôs energy supply and only 3.2% when hydropower is excluded (EIA 2010b). While many 

renewable power technologies are available, the following barriers illustrate significant 

challenges that currently impede their full deployment. 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. 

Â Renewable technologies provide external benefits such as low carbon emissions and 

pollution that are not currently recognized in the market.  Some utilities offer ñgreen powerò 

programs to consumers, allowing them to pay a premium to help the utility buy renewable 

generation. One example is TVAôs Green Power Switch Program. 

 

Â Most renewable energy technologies have high (up-front capital) costs and lower (or 

zero) fuel costs compared to fossil fuel technologies.  Capital costs for renewable energy 

technologies have declined considerably over the past decades, but remain a constraint to 

widespread market penetration.  While the cost-effectiveness of renewable energy technologies 

does not depend integrally on fuel costs (except for biomass technologies), this risk-reduction 

benefit is often missing from economic comparisons (Painuly 2001).  

 

Â The dynamic environment of rapidly changing technology and energy resource costs 

leads to market risks associated with uncertain economics of any particular renewable 

technology relative to competitors. This market risk is compounded by uncertainties associated 

with the possible implementation of a carbon tax or national GHG cap and trade program. 

 

Â Renewable power technologies face infrastructure limitations in the form of supply 

chain gaps and complementary 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 systems would benefit in the 

market if they could be 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 general improvement in the operation of the countryôs electrical 

infrastructure. 

 

Â On-again/off-again tax credits contribute to 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 longer-term facility scale-up needs, systems, and personnel training. 

Specifically, the renewable production tax credit (PTC), which provides a tax credit for each 

kWh of electricity generated by qualified wind, solar, geothermal, closed-loop biomass, or 

poultry waste resources, has been available for the first 10 years of operation for all qualifying 

plants that entered service from 1992 through mid-1999.  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 requirements have been reformed in some states, but many states and utilities 

still have high backup or standby rates for small electric generating units and expensive 
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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.  

 

Â Renewable technologies also face imbalance tariffs.  The existing electric grid and utility 

infrastructure assume large generation sources and wide load balancing areas ï making inclusion 

of smaller, non-continuous generation sources problematic.  Imbalance penalties (tariffs) are 

charged by existing utilities to offset costs associated with the variability of wind and solar 

resources. These tariffs pose challenges to renewable power profitability. 

 

Â Renewable electricity standards that create markets for renewable energy exist in some 

states, but vary widely in the amount of renewable energy required and the qualifying renewable 

technologies ï for example some recognize solar water heating and combined heat and power, 

while others do not. This uneven regulation can inhibit the creation of national markets for 

renewable technologies. 

 

Â Only nine states (including Delaware and Maryland in the South) have instituted rate 

structures that decouple utility compensation from the volume of their electricity sales. Without 

decoupling, utilities have limited financial incentives to encourage customer-owned renewable 

power installations  ï including rooftop solar photovoltaics and combined heat and power. Under 

traditional rate-of-return regulation, a 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 and/or natural 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 supply-side infrastructure. 

 

Â Decision makers and the general public face incomplete and imperfect information and 

remain largely unfamiliar with renewable power technologies as well as their uses and benefits. 

Without more trustworthy information, 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 

broad-based policies and programs as well as technology and application-specific 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 100 Federal government programs and policies encourage the deployment of renewable 

power and fuels in the marketplace (CCCSTI, 2009, Figure 3-7, p. 60). These activities involve 

tax policies and other financial incentives, reflecting the importance of external costs and upfront 

capital expenses in this sector. Because the rapid and large-scale penetration of renewable 

resources will require the close cooperation and buy-in of numerous public- and private-sector 

stakeholders, the strategy also includes a great deal of information outreach and partnership 

development: specifically, in 2008 the 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 conditioning 
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programs are also strongly represented, especially government procurement requirements.  There 

are also 21 Federal programs that support technology demonstrations. 

Based on the modest status of renewables in the South, and acknowledging all of the barriers and 

drivers for expanding renewables in this region, quantifiying the potential for Southern 

renewable electricity to grow is indeed a complicated task. Currently stimulus (ARRA) funds for 

renewable energy projects, utility renewable procurements, and end-use renewable projects are 

all growing. The ability to sustain and accelerate this progress is going to depend on societal 

pressures and goals associated with greater clean energy adoption, which makes exploration of 

the potential for expanded renewables in the South a compelling and important endeavor. 
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2. METHODOLOGY  

 

2.1 MODELING RENEWABLE ENERGY RESOURCES IN THE SOUTH  

Unlike most previous assessments of renewable electricity alternatives, this report includes both 

utility -scale and customer-owned  renewable resources. Utility -scale resources are generally 

ñdispatchableò and include generators that use wind, biomass, hydro, or solar energy to produce 

electricity.
10

 These resources are typically integrated into the utility dispatch systems and are 

turned on or off depending on the system-wide demands and the economics of each resource. 

Customer-owned resources, in contrast, are power options that are not generally controlled by 

utility schedulers and dispatchers. They include power production technologies that are 

distributed and managed by individual power producers such as homeowners with building 

integrated photovoltaic arrays and industrial facilities that co-produce electricity along with 

thermal energy. Also included in our definition of customer-owned resources are demand-side 

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 of utility -scale and customer-owned resources 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 the status 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 Water Heaters 

Hydropower Solar Water Heaters 

Utility -Scale Solar Power Distributed Solar PV 

 

2.2 NATIONAL 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 supply-side modules, four demand-side 

modules, two conversion modules, two exogenous modules, and one integrating module (Figure 

                                                 

10 Wind, run-of-river hydro, and solar are not ñdispatchableò but they are integrated into grid operations as must-take 

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 policies on the supply and demand of energy sources 

and end-use sectors. Its ñreference caseò forecasts are based on federal, state, and local laws and 

regulations in affect at the time of the prediction. The baseline projections developed by NEMS 

are published annually in the Annual Energy Outlook, which 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 findings conducted by other 

government agencies including the Environmental Protection Agency, Lawrence Berkeley 

National Laboratory, Oak Ridge National Laboratory, and the Pacific Northwest National 

Laboratory. 

 

 

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

The version of NEMS used for this modeling is SNUG-NEMS, which is short for Southeast 

NEMS Users Group. Duke and Georgia Tech have calibrated SNUG-NEMS to the stimulus 

release of NEMS, in March 2009.  Any references to ñNEMSò in this report indicate generic 

attributes of EIAôs model.  The distinction of SNUG-NEMS is that while it uses all the same 

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

run on EIAôs system.   

 

2.2.1 The Reference Scenario 

The starting 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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updated Annual Energy Outlook 2009 (EIA, 2009c)
11

 reference projections. This Reference 

Scenario forecast takes into account the 2009 stimulus bill and the economic downturn in 2008 

(EIA, 2009c).  

This Reference Scenario portrays the South in 2030, much as it is today.  It assumes that over the 

next 20 years, the nation remains 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 the AEO 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, 2009), and the Troubled Asset Relief Program (TARP), it 

includes more naturally occurring renewable energy resources than was forecast in the AEO 

2007. In addition, the AEO 2009 uses higher energy prices and a slower GDP growth rate.  

 

2.3 DEFINITION OF RENEWABLE RESOURCE POTENTIAL  

When evaluating the potential for any energy alternative to be deployed in future years, several 

types of estimates are generally used (Rufo and Coito, 2002; NYSERDA, 2003; Eldridge, Elliott, 

Neubauer, 2008). Technical potential refers to the complete penetration of all renewable 

resources that are technologically feasible, regardless of economic cost-effectiveness. Economic 

potential is defined as that portion of the technical potential that is judged cost-effective. While 

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

because decision-makers cannot be assumed to make optimal decisions every time a technology 

or practice is selected. Program achievable potential is defined as the amount of cost-effective 

(economic) potential that would occur in response 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 the cost-effective 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 chapters and is summarized in Table 2.1. In general, the customer-owned renewable 

resources 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 -scale renewable electricity technologies.  

 

2.3.1 Levelized Costs and other Cost-Effectiveness Tests 

A number of economic approaches have been used to measure the cost-effectiveness of 

renewable electricity options. One common test is levelized cost, which allows demand- and 

supply side options to be compared on an equivalent 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). 

                                                 

11 The AEO 2009 was released three times.  The final version, the ñupdated AEO 2009ò is the one that will be 
discussed as the basis for the Baseline Scenario throughout this document.  
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2.4 SCENARIOS 

The four scenarios used for the integrated analysis include the following: 

 Reference Scenario: The baseline forecast consistent with EIAôs stimulus data setup.   

 

 Expanded Renewables: This scenario uses updated estimates of wind and hydropower 

renewable resources, more realistic cost trajectories for solar PV systems, accelerated 

R&D, and extensions of renewable tax credits. 

 

 Renewable Electricity Standard (RES): This scenario models a Federal requirement 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. 

 

 Carbon-Constrained Future (CCF): This scenario adjusts the Reference Scenario by 

adding a carbon price of $15 (in $2005) per metric ton of carbon dioxide in 2012 growing 

annually at 7%.  Allowances are redistributed to load serving entities as described below, 

and there are no carbon offsets.  

 

Each of these scenarios is discussed in more detail below. In addition to analyzing the four 

scenarios individually, 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 uses updated estimates of wind and hydropower renewable resources in the South 

drawn from McConnell, Hadley, and Yu (2010) and other sources. It also adjusts the cost 

forecast for solar resources to better reflect published estimates. In addition, it considers several 

policies ï including accelerated R&D and extensions of tax credits ï where increased renewable 

utilization is a policy goal. Additional information on the ñExpanded Renewablesò scenario can 

be found in the individual chapters. Specifically, Chapter 3 on ñWind Powerò describes the 

Expanded Wind scenario, Chapter 4 on ñBiopowerò describes the Expanded Biopower scenario, 

etc. When each of these individual enhanced renewable scenarios are put together, they comprise 

the ñExpanded Renewablesò scenario. Table 2.2 summarizes the assumptions that are specific to 

each renewable resource. 
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Table 2.2 Expanded Renewable Scenario Assumptions & Resource Updates* 

Wind 

 Increased wind resource availability by updating wind resources to those measured at 80-

meter heights instead of those at 50-meter heights used in NEMS. 

Biopower 

 State sales tax exemption for biomass. 

 A Production Tax Credit (PTC) of 0.9¢/kWh for biopower is extended from 2011 to 

2030. 

 Heat rate of the biomass integrated gasification combined cycle (BIGCC) decreases by 

1.76% year over year until 2030, rather than only until 2022. 

Municipal Waste 

 Starting at 50% in 2010, the recycling rate of the municipal waste is assumed to increase 

an additional 1% annually between 2011 and 2030. 

Hydropower 

 The levelized cost is assumed to be 10¢/kWh for every feasible hydro project in each 

state. 

 Enhanced resource availability based on INEL report. 

Residential and Commercial Solar Photovoltaic Systems 

 Reduced capital cost for PV modules and investment for rooftop PV systems relative to 

NEMS assumptions.  From 2011 to 2030, the residential system costs decrease by 53% 

while the commercial system costs decrease by 57% in SNUG-NEMS. 

 A 30% tax credit, expiring in 2016, is extended to 2030 for rooftop PV. 

Utility -Scale Solar 

 The efficiency (sunlight to electricity conversion rate) increases by an additional 2% 

every five years from 2011 to 2030. 

Solar Water Heaters 

 A 30% tax credit, expiring in 2016, is extended to 2030. 

Heat Pump Water Heaters 

 A 30% tax credit, expiring in 2010, is extended to 2030. 

Combined Heat and Power 

 A 30% Investment Tax Credit (ITC), higher than the current 10% ITC expiring in 2016, 

extended to 2030. 

 The overall efficiency of CHP systems improved by an additional 0.7% annually (without 

any additional increase in installation costs). For instance, a new 25 MW gas turbine 

running a combined cycle mode is assumed to improve to 77% efficiency in 2020 and 

82% in 2030. Additional R&D funding annually for 10 years beginning in 2011. 

*The basis of these assumptions is described in subsequent, technology-specific chapters. 
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2.6 SCENARIO: RENEWABLE ELECTRICITY STANDARD  

In the U.S., renewable electricity standards are mandated on a state-by-state basis. As of June 

2010, 29 states along with the District of Columbia have an RES and an additional seven states 

have voluntary renewable energy goals as opposed to strict requirements.
12

 Contrary to enabling 

a well-functioning national renewable energy market, however, inconsistencies between states 

over what counts 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 market. Studies 

have shown that while some state RES policies have shortcomings, they have on average had a 

significant positive impact on total in-state renewable electricity investment and generation 

(Carley 2009; Yin and Powers 2010).   

To reduce state-by-state inconsistencies and further accelerate the growth of renewable power 

production, the U.S. Congress is considering implementation of a national standard. Recent 

Congressional proposals tend to be consistent with President Obamaôs campaign platform in 

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 released a report in 2009 entitled ñImpacts of a 25-Percent Renewable Electricity 

Standard as Proposed in the American Clean Energy and Security Act Discussion Draftò in 2009. 

The EIAôs scenario for the analysis exempted small retailers from the RES mandate and 

excluded hydroelectric power and municipal solid waste from the sales baseline. We use the 

same code for modeling a national RES as was used in this EIA (2009) report. 

 

2.7 SCENARIO: CARBON CONSTRAINED FUTURE 

We approximate the impact of a carbon constraint by 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 Resource Defense 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 analysis using these values, EPA (2010a) has published a report on the 

ñsocial cost of carbonò (SCC) ï that is, an estimate of the monetized damages caused by each 

incremental ton of CO2 emitted. The SCC values described in this EPA report are central value 

estimates of the U.S. Government Interagency Working Group on the Social Cost of 

Carbon.  These central value estimates range from $23/metric ton of CO2 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 the allowance price projections that we used, based 

on the Energy Information Administration (EIA, 2009) estimates of allowance prices. 

                                                 

12
www.dsireusa.org 

http://www.desireusa.org/
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We implemented an allowance redistribution system that gives 34% of allowances to local 

distribution companies (LDCs) starting in 2013, this share decreases linearly to 26% until 2026. 

From 2027 on, this share drops by 5% annually. In 2030, which is the last year of our study 

horizon, the allowances allocated to LDCs are 5%.
13

 The allowances given to the LDC are 

assumed to be passed through to consumers and reduce the escalation of retail electricity prices. 

Table B.1 in Appendix B specifies the annual share of allowances that are given to LDC. 

We do not model the impact of domestic and international carbon offsets, but if they were to be 

included, the cost of the CCF scenario would be lower. Therefore, we must note that this CCF 

scenario measures the modeling effect of combining expanded renewables with a carbon 

constraint, but does not capture increased investment or public interest in renewable resources 

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 chapter takes an isolated view of wind potential in the South.  Wind will be discussed in the 

context of all of the renewable fuels in the integrated 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 electricity. Wind energy has demonstrated robust market growth in 

recent years: from 2004 to 2008, global wind capacity grew by 250 percent. In 2009, the United 

States led the world in added and total wind power capacity, surpassing long-time wind power 

leader, Germany. Net installed capacity of wind power in the U.S. increased by 39 percent in 

2009, equal to nearly 10 gigawatts.
14

 In 2009, the USA and China together represented 38% of 

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

and India) represented 73% (WWEA, 2010).  

 

In considering the potential for expanding these wind resources, it is important to note that wind 

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 suitable for wind energy development, it 

must have an average annual wind speed of at least 6.5 m/s at a height of 80 meters above the 

ground (U.S. Department of Energy 2010d). 

  

3.2 WIND POWER IN THE SOUTH 

In 2007, wind generated 12 billion kWh in the 

NERC South, which was 28% of the total 

electricity generated from renewable resources in 

the region that year (EIA, 2009).  This makes wind 

the second largest renewable resource, after 

conventional hydropower, in this area.  The Energy 

Information Administration (EIA) projects wind 

power in the South to expand to 39 billion kWh in 

2020 and to remain constant through the following 

decade.  The total electricity generated from wind 

in the U.S. is projected to increase rapidly from 

112 billion kWh in 2010 to 200 billion kWh in 

2020, followed by a modest increase to 205 billion 

kWh in 2030.  

                                                 

14
 Ȱ5Ȣ3Ȣ 7ÉÎÄ %ÎÅÒÇÙ )ÎÄÕÓÔÒÙ "ÒÅÁËÓ !ÌÌ Records, 

Installs Nearly 10,000 MW in ςππωȟȱ !ÍÅÒÉÃÁÎ 7ÉÎÄ %ÎÅÒÇÙ !ÓÓÏÃÉÁÔÉÏÎ ɉ*ÁÎÕÁÒÙ ςφȟ ςπρπɊȟ ×ÅÂ 
site www.awea.org/newsroom/releases/01-26-10_AWEA_Q4_and_Year-End_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 generated from 

wind (32 billion kWh) is from the South.  However, the Southôs share decreases to 20% in 2020. 

Existing and developing wind energy projects in the South are located mostly in Texas, 

Oklahoma, and Missouri.  However, there are plans for wind development in the 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 describes several other current wind projects in the South. 

U.S. Secretary of the Interior Ken Salazar and the 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 Maine, New 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 a research 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 state-administered waters,
15

 near to NRG Bluewater Windôs proposed 

offshore wind park.
16

 

 

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, public 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 utility-scale wind 

production, through the end of 2012.  State policies also have a tremendous effect on the 

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 a portion of 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 focuses on the numerous barriers that impede the development of wind energy. At 

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 Oklahoma and 

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 we will see, 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-of-delaware-and-national-renewable-energy-laboratory-to-

develop-research-site-for-offshore-wind-energy-usa/ 
16

 bluewaterwind.com/delaware.htm 

http://www.offshorewind.biz/2010/06/14/university-of-delaware-and-national-renewable-energy-laboratory-to-develop-research-site-for-offshore-wind-energy-usa/
http://www.offshorewind.biz/2010/06/14/university-of-delaware-and-national-renewable-energy-laboratory-to-develop-research-site-for-offshore-wind-energy-usa/
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Initial Capital Cost.  Like many forms of renewable energy, most of the costs are capital rather 

than fuel based.  Even though avoided fuel costs and low operating costs may make wind energy 

cost-competitive on a life-cycle basis, the higher initial capital costs may prevent more 

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

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 intermittent generators, 

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 
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three times more per kilowatt hour transmitted than a conventional plant designed to generate at 

full capacity all the time (Nogee et al., 1999). 

Also, because of windôs intermittency, utilities cannot count on the power at any given time and 

therefore offer a lower capacity payment for wind. One of two payment strategies is usually 

followed by utilities.  They either only pay the wind energy generator for the ñenergy valueò, but 

not the ñcapacity valueò of the generation, or pay an average price at peak times, which 

understates the value of the power (Beck, Martinot 2004). 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 location, 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 addition, most 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 transmission system 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 environmental concerns related 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 these issues, 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 calling our wind focused modeling the ñExpanded Windò scenario.  This 

scenario assumes that the wind resource available for development is larger than has been 

previously recognized by EIA.  We assume hub-heights of 80 meters.  However, there are no 

changes to policy or regulation 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 built upon an 

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 Department of Defense 2009 Wind 

Technologies Market Report, ñéaverage hub heights and rotor diameters have also scaled with 

time, to 78.8 and 81.6 meters, respectively, in 2009. Since 1998-99, the average turbine hub 

height has increased by 40%, while the average rotor diameter has increased by 69%ò (Bolinger 

and Wiser 2010).  The hub height is the distance from the ground to the center-line of the turbine 

rotor.  These large turbines incur higher construction costs than do smaller scale wind generation 

technologies, 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 wind turbines.   

It is important to note that our Expanded Wind scenario does not address the economic viability 

of offshore wind. Global offshore wind capacity reached only 2 GW in 2009, virtually all of it in 

Europe and none in the United States. Nevertheless, offshore wind is experiencing strong 

growth, with 360 megawatts (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, with minimal noise obstruction, where winds blow 

faster, and near to urban markets. At the same time, offshore development faces the challenge of 

inadequate and costly deep-water substructures and service environments that are challenged by 

severe ocean conditions, as well as expensive, high-voltage 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 deep-water costs may remain 

noncompetitive 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 SNUG-NEMS forecast suggests that offshore wind is too expensive to 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 that the electricity generation potential of offshore 

wind along the Southeast coastline is very large, and that costs are coming down. This optimism 

is reflected in a Memorandum of Understanding recently signed by U.S. Secretary of the Interior 

Ken Salazar and the governors of ten East Coast states recognize this potential and.  The MOU 

establishes an Atlantic Offshore Wind Energy Consortium in order to promote the development 

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

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 within three miles of the 

Delaware coast, in state-administered waters,
17

 near to NRG Bluewater Windôs proposed 

offshore wind park.
18

 

 

                                                 

17
 http://www.offshorewind.biz/2010/06/14/university-of-delaware-and-national-renewable-energy-laboratory-to-

develop-research-site-for-offshore-wind-energy-usa/ 
18

 bluewaterwind.com/delaware.htm 

http://www.offshorewind.biz/2010/06/14/university-of-delaware-and-national-renewable-energy-laboratory-to-develop-research-site-for-offshore-wind-energy-usa/
http://www.offshorewind.biz/2010/06/14/university-of-delaware-and-national-renewable-energy-laboratory-to-develop-research-site-for-offshore-wind-energy-usa/
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3.4.2 Modeling Scenario Assumptions  

The EIA uses NEMS to forecast renewable energy resource levels, as well as electricity 

generation and generating capacity.  The Wind Energy Submodule (WES) within the Renewable 

Fuels Module in NEMS uses an input file called wesarea.  This file contains, for each NERC 

region, the amount of windy land area (in km
2
) available for wind development in wind classes 

4, 5 and 6.
19

  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 electricity.  The EIAôs data is based on a wind turbine hub height of 50 meters.  

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 wind (on 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 turbines.  As such, the EIAôs available windy land data is very 

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 at 80 meters.  Significantly more windy land 

becomes available in the new dataset due to the increased elevation.  For the Expanded Wind 

scenario, we update EIAôs current assumption about available windy area in the SNUG-NEMS 

input file using this new dataset.  Appendix C describes the methodology of updating the windy 

area inputs. Table 3.1 compares 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 land 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 the class 4 area available.  

 

                                                 

19
 See Appendix C for a description of wind classes 4, 5, and 6. 

20 Columns may not sum to total due to rounding. 

Table 3.1 Windy Area in the South with 50-meter and 80-meter data (km
2
) 

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 118,000 44,000 110 80,000 7 218,000 

Total
20

 (km
2
) 119,000 163,000 900 117,000 340 328,000 
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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 SNUG-NEMS.  Figure 3.1 below 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 though there 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 coal.  Wind 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 the 2% forecast in the reference case. 

 

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 scenario.  Most of the 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 other regions 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  

SNUG-NEMS considers alternative generation sources when choosing which and how much of 

each renewable source will be developed.  Whether renewable or fossil based, each generation 

type must be cost-competitive 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 Expanded 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 also vary, 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 LCOE of 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 generation by the model. 

 

 

3.7 CONCLUSIONS 

This chapter has examined 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% of its total 

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 beyond the levels 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 effectively addressed.  In particular, transmission limitations are likely to 

be the largest hurdle to be overcome. 

 

While our analysis doesnôt address offshore wind, we recognize that this is an emerging resource 

that may become very important in the near future.  The 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 briefly 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 interactive 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 

4.1 INTRODUCTION  

Biomass as a renewable energy resource has received increased attention in the search for clean, 

renewable energy alternatives. Worldwide, biomass combustion (including cogeneration) 

accounts for approximately 54 GW of electric power capacity, and both large and small-scale 

systems have been expanding, with 4 GW of power capacity added in 2009 (REN21, 2010, Table 

R1).   
 

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

used in biochemical conversions. Because of the wide range of feedstocks, 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, 2010; EIA, 2009b). However, other analysis shows very little 

biopower growth, relative to wind (NREL, 2010f). The possible dominance 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 delivery. Regionally, the South has a potential to supply 

over 35% of the nationôs biomass energy resource.
21

 However, while biopower provided 1.1% of 

the total national electricity generation in 2008, the South produced only 0.6% of its total 

electricity from biomass.  

 

4.2 BIOPOWER IN THE SOUTH  

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

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 industries such as the 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. 

                                                 

21 Approximated by the authors with data from Milbrant, A. (2005) 
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Figure 4.1 Biomass Availabilities 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 biopower is approximated with data from Milbrant 

(2005) by Ben McConnell at Oak Ridge National Laboratory. Figure 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 Technical Advisory Committee, about 5% of electricity generation in the South is 

approximated to be met using biomass as a primary fuel.  

 

Figure 4.2 Approximation of Biopower Potential by Source in the South 
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4.3 BARRIERS, 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 year-round utilization. In addition to the storage issue, loading 

and transportation costs affect market prices of feedstock. Compared to the amount of all 

available resources, the amount of resources available for power generation is limited by the 

economical transportation range surrounding the power plant.  

It is well known that one of the advantages of the use of biomass is the relatively low capital and 

operational costs for biomass-cofiring and direct combustion. However, there are still technical 

issues associated with cofiring such as limits 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 better than the conventional 

options. Therefore, the BIGCC option still has potential to be improved technologically and 

economically by active R&D and demonstration. In addition, relative to wind, the level of PTC 

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

Unlike other renewable resources, biomass is regulated by the Environmental Protection Agency 

(EPA) tailoring rule. The rule tailors  the applicability criteria that determine which stationary 

sources and modification projects become subject to permitting requirements for greenhouse gas 
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(GHG) emissions under the Prevention of Significant Deterioration (PSD) and Title V programs 

of the Clean Air Act (CAA) (EPA, 2010b). The EPA's final Tailoring Rule, which does not 

exempt biomass power producers from GHG permitting requirements despite past EPA 

affirmations that biomass is carbon neutral. Instead, biomass power producers are required to 

maintain the same GHG reporting obligations as fossil fuel consumers (Nelson, 2010). In 

addition, there are controversies around defining ñsustainableò harvest of biomass, and conflicts 

over feedstock use with other applications such as cellulosic ethanol, wood products, paper, and 

chemicals as well as wood pellets for export to Europe. Lastly, the relatively small scale of 

viable biopower plants prevents them 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 states. Georgia enacted legislation (HB 1018) creating an 

exemption for biomass materials from the stateôs sales and use taxes. To qualify for the 

exemption, biomass material must be utilized in the production of energy, including electricity, 

steam, and cogeneration. In 2007, Kentucky established the Incentives 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 renovate facilities that utilize renewable energy. The maximum recovery for a single 

project may not exceed 50% of the capital investment. In Alabama, the Biomass Energy Program 

assists businesses in installing biomass energy systems. Program participants receive up to 

$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. 

Bioenergy-supportive policies in southern states are summarized in Table 4.1.  
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Table 4.1 Summary of Bioenergy-Supportive State Policies in the South 

 

Type of Policy 

 

State 

 

Applicability and Amount 

Requirements and 

Limits 
Renewable Energy Production 

Tax Credit/ Production 

Incentive 

FL, SC -Amount: $0.01/kWh for electricity 

produced from 2007 through 2010 (FL)/ 

$0.01/kWh (SC) 

 

Clean/ Renewable  Energy Tax 

Credit 

GA, NC, KY 35% of Corporate Tax Credit (GA, NC)  

Green Jobs Tax Credit VA - Amount: $500 per each job created 

- Maximum incentive: $175,000 

Must create a new job in the 

alternative energy/renewable 

energy field 

TVA-Generation Partners 

Program 

GA, AL, MS, 

TN, NC, VA, 

KY 

- Amount: $1,000 plus $0.03/kWh above 

the retail rate 

- Performance-Based Incentive (PBI) 

payments continue for 10 yrs 

 

Biomass Sales Tax Incentive GA, KY 

 

100% exemption (GA, and KY) 

 

Must be utilized in 

production of energy 

(electricity, steam, and 

cogeneration) 

Biomass Energy Tax Credit 

(Corporate) 

SC - Amount:25% of eligible costs 

- Maximum incentive: $650,000 per 

year; credit may not exceed 50% of tax 

liability  

- Carryover Provisions: Excess credit 

may be carried forward for 15yrs 

 

Green Power Production 

Incentive 

NC - Amount: Varies 

- Terms: Payments contingent on 

program success  

 

 

Sales and Use Tax Credit for 

Qualified Facility 

Manufacturing Clean Energy 

Technology 

TN - Amount: 99.5% Credit 

- Terms: Taxpayer must make $100 

million investment (minimum) and 

create 50 full time jobs at 150% rate of 

TNôs average occupational wage 

 

Renewable Energy Systems 

Property Tax Exemption 

TX, KS - Amount: 100% (TX) 

- Applicable sectors: commercial, 

industrial, and residential 

Eligible system size: None 

specified, but system must be 

used primarily for on-site 

energy needs (TX) 

Sales Tax Exemption for Large-

Scale Renewable Energy 

Projects 

KY 100% exemption from sales and use tax 

 

- Maximum incentive: 50% 

of capital investment 

- Equipment 

requirements:>1MW for 

biomass 

Loan Program KY, MS, NC, 

MO 

- Amount: $15,000 ~ $300,000 (MS)/ 

$500,000 (NC)/ Maximum Incentives: 

$1 million (MO) 

-Terms: 3% below prime rate; 7-yr 

repayment term (MS)/ 1% interest rate 

for renewable (NC) 

 

State Grant Program AL  Maximum Incentive: $75,000 

(AL)  

*Data Source: Database of  State Incentives for Renewables & Efficiency (DSIRE)  

Retrieved on July 15, 2010 from:  http://www.dsireusa.org/ 

 

http://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 Biopower independent from changes to other 

renewables that might occur. Biopower will be discussed in 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 technologies; 2) extended 

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 explanations of the three policies are 

presented in Section 4.5 with results. 

4.4.2 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) described in Chapter 2.  

The fuel costs are provided in sets of regional supply schedules and are passed to the EMM 

where biomass competes with other sources. Among the seven submodules of the EMM, the 

biomass electric power submodule (BEPS) treats biopower. 

Description of Biomass Supply Curves. EIAôs biomass feedstock prices for electricity 

generation are estimated from regional supply curves which are inputs to the BEPS. The raw data 

for the supply schedules are collected at the state or county level. These resource availabilities 

are aggregated to form the regional supply schedule by North American Electric Reliability 

Council (NERC) region. Biomass resources are generally classified into five categories such as 

urban wood waste, mill residues, forestry residues, agricultural 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 agricultural residues, 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 determine the yield rates of energy crops and agricultural residues (USDA, 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 feedstock market. For that reason, the 

growth of biopower production highly depends on the feedstock price and supply. Figure 4.3, 4.4 

and 4.5 show the variation in the resource availability as a function of price in 2020 and 2030. 

The supply curves of urban wood waste and mill residues are anticipated to remain the same 

until 2030. Figure 4.3 shows that ERCOT (TX) has the greatest potential supply of urban wood 

waste and mill residues among 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 residues and energy crops than other regions in the South. At the 

same price point, the supply from the agricultural sector is expected to increase by about 15 

percent from 2020 to 2030.  The supply in the SERC region at $20/MMBtu in 2030,is expected 

to reach 2,795 trillion Btu. 

 

Figure 4.4 Feedstock Supply from the Agricultural Sector in 2020 and 2030 by NERC 

region (Agricultural Residues and Energy Crops) 
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EIAôs 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 SERC and ERCOT regions. 

 

Figure 4.5 Supply Curve of Forestry Residues by NERC region  

 

Technological characteristics. In addition to biomass supply, technology-specific inputs are 

used to predict the magnitude of biopower. SNUG-NEMS represents both dedicated biomass and 

biomass co-firing 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 plants. The BEPS considers both dedicated biomass and biomass co-firing plants 

to forecast the capacity of biomass in electricity generation. The co-firing levels are assumed to 

vary by region as determined by the availability of biomass and coal-fired capacity of each 

region. Most states in the region have biomass opportunities because of the widespread 

distribution of coal plants. 

NEMS models dedicated biomass plants in the same way as other generation options with a 

single kind of fuel such as coal, petroleum, and nuclear generation. The main inputs for the 

dedicated biomass generators are capital, operating, and maintenance costs, project life, 

production tax credit, and heat rate. Biomass co-firing plants are modeled in NEMS by assuming 

that plant owners can retrofit their coal-fired plants and transform them into biomass co-firing 

plants. In addition, NEMS assumes that no additional operating and maintenance costs would be 

required after the retrofitting in that the biomass would be co-mingled with coal, and the mixture 

would be fed into the boiler through the existing coal feed system. However, the co-firing 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 Potential from Financial Incentive Policy 

The federal renewable production tax credit (PTC) is a per-kWh tax credit for electricity 

generated by qualified renewable resources and sold by the taxpayer to an unrelated consumer 

during the taxable year. The PTC was originally enacted in 1992 and has been renewed multiple 

times. While the tax credits for an open-loop biomass
22

 project are half of those for a wind 

project with the same production, closed-loop biomass
23

 projects are eligible to receive the same 

level of PTC as wind. The higher tax credits motivate building closed-loop biopower generations 

which are relatively less adopted because of the poor cost-competitiveness.   

This study modeled a scenario that the current PTC continues until 2030 and the rate stays at 0.9 

cents per kWh.
24

 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 

around a threefold increase in 2030 in the South (Figure 4.6). The SPP region is anticipated to 

respond to the policy most actively.  

 

Figure 4.6 Increase of Utility-Scale Biopower Generation by Expanding the PTC in the 

South
 25

 

 

4.5.2 Supportive R&D 

Among the three technological options, cofiring, direct combustion, and BIGCC, the latter is the 

most advanced technology and has room for improvement in its performance. The heat rate of a 

reference scenario of the NEMS reference scenario is assumed to be 9,450 Btu/kWh in 2010, 

decrease by 1.76% annually, reach 7,766 Btu/kWh in 2021, and then stays at the same level 

through 2030. 

                                                 

22 Open-loop biomass includes urban wood wastes, landscaping wastes, agricultural residues, and forestry residues. 
23 Closed-loop biomass means crops grown specifically for energy production, as opposed to byproducts of 

agriculture, forestry, urban landscaping, and other activities. 
24 The PTC is specified in 2004$. 
25 The scenario of the Financial Incentive Policy was run with three modules of the electricity market module, the 

renewable fuels module, and the emission module of SNUG-NEMS. 
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Instead of a constant heat rate from 2022 to 2030, for this policy SNUG-NEMS models that the 

heat rate would continue to improve beyond 2021 through 2030 at the same rate (1.76%) and 

finally reaches 6,620 Btu/kWh.  

This policy, active R&D of the BIGCC 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 produce three-times more electricity than a 

reference case due to the technological advancement. The improved BIGCC performance is 

anticipated to lead to a 9% rise in biopower generation in 2020 and a 22% increase in 2030.  

 

Figure 4.7 Increase of Utility-Scale Biopower Generation in the South through Supportive 

R&D
26

 

 

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 established tax incentives by 

allowing an exemption from the state sales tax. The range of sales tax of the states in the South is 

between 0% and 7%. Whereas Georgia and Kentucky enacted legislation creating an exemption 

for biomass materials from the statesô sales and use taxes, many states in the South do not have 

such sales tax incentives for biomass purchased for electricity generation.  

Thus, the third Expanded Biopower policy is a sales tax exemption program involving all states 

in the South with an improvement of loading and transportation systems. This study assumed 

that these measures would 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% increase in 2030 projected (see Figure 4.8). ERCOT is the NERC region with the greatest 

potential for increasing biopower generation as a result of a sales tax exemption.  

                                                 

26 The scenario of the supportive R&D environment was run with three modules of the electricity market module, 

the renewable fuels module, and the emission module of SNUG-NEMS. 
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Figure 4.8 Increase of Utility-Scale Biopower Generation in the South, through Improved 

Feedstock Supply 
27

 

 

4.5.4 Expanded Biopower Scenario 

The Expanded Biopower Scenario is defined as the combination of the three preceding policies. 

To reflect the second-order effect from the electricity demand side and other fuel markets, all of 

the modules in SNUG-NEMS 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 than the reference scenario.  

In addition, the end-use sectors (especially the industrial sector) would 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 the mill residues.  Especially the ERCOT region would 

be the greatest contributor to this trend since Texas has a large potential in urban wood waste and 

mill residues which are relatively low-cost feedstock among the three categories of biomass. 

Unlike other regions, the amount of biopower generated from the end-use sectors 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 utility-scale generation would outstrip the 

customer-owned generation in the future.  

                                                 

27 The scenario of the Improved Feedstock Supply was run with three modules of the electricity market module, the 

renewable fuels module, and the emission module of; SNUG-NEMS. 
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Figure 4.9 Total Biopower Potential in the South in 2030 

 

Table 4.2 shows what percentage of total power generation in the South could be met by 

biopower in 2030. With biomass, the electric power sector and the end-use sector could meet 

respectively 4% and 2% of the total power supply of the South in 2030. Utilities in the FRCC 

(FL) region could produce about 13% of electricity with biomass. While the ERCOT region is 

anticipated to grow the absolute amount of biopower generation motived by the three policies, 

the share of biopower to the total electricity generation would not increase significantly due to 

the dominance of fossil-fuel-based electricity in the region.  

The majority of the increase in customer-owned biopower, on the other hand, occurs in the 

SERC region. Overall, this resource would only increase the share of customer-owned biopower 

generation from 1.8% to 1.9% by the Expanded Biopower scenario. The extended PTC 

underpinning the Expanded Biopower scenario does not motivate more customer-owned 

biopower, and the sales tax and R&D policies have only a minor stimulating effect. 

Table 4.2 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 Biopower 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 environments. The levelized cost of electricity (LCOE) 

calculated for biomass generation in the South ranges from 4.0 to 7.8 cents per kWh in 2020 and 

from 3.9 to 6.3 cents per kWh in 2030 (Table 4.3). Cofiring biomass with coal has the lowest 

estimated LCOE, with costs that are considerably lower than the other two biopower options.  

Table 4.3 LCOE by generating option in 2020 and 2030  

(2007 cents 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 

generation in 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 an economic potential which is estimated with a consideration of the competition 

among renewable resources in the electric power market. The combined scenario of the 

production tax credit, the supportive R&D environment, and the improved feedstock supply is 

expected to have a great impact on utility scale biopower and increase the market share of 

biopower to 4%. On the other hand, only the third scenario with a sale tax exemption would be 

influential to the customer-owned electricity generation.  

The production tax credit is expected to be the most effective driver to enhance the potential. The 

ERCOT region is 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 cost-competitive in the region. The FRCC (FL) region is expected to 

generate 40 billion kWh of biopower which covers about 14% of the electricity generated in the 

region in 2030. The SERC region would continue to be the greatest producer of the customer-

owned biopwer in the future. 

However, there are still several issues have to be solved for realizing the maximum economic 

biopower potential that we presented. Unless biopower incentives and mandates are carefully 

managed, they could negatively influence other manufacturing industries in terms of jobs and 

economic activities. There are some arguments that mill residues already have a beneficial use in 

other industries, and the economic impact of the use of the residues for producing secondary 

woody products is greater than power generation. In addition, the lack of incentives for closed 

loop crop production and use is pointed out as a problem. While energy crops (including short 

rotation woody crops) are often thought to be a part of the solution, there are few incentives for 

utilities or farmers (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 standards (RESs), biomass could be regarded as a low-cost and low-risk 
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option. The interaction between the renewable electricity market and a national RES is discussed 

in Chapter 10. 
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5. MUNICIPAL WASTE  

 

5.1 INTRODUCTION  

Municipal solid waste (MSW) is defined as total waste excluding industrial waste, agricultural 

waste, and sewage sludge. According to the U.S. Environmental Protection Agency, it includes 

durable goods, non-durable goods, containers and packaging, food wastes, yard wastes, and 

miscellaneous inorganic wastes.  In general, appliances, newspapers, clothing, food scrapes, 

boxes, disposable tableware, office and classroom paper, wood pallets, rubber tires, and cafeteria 

wastes are included in the MSW. Waste-to-energy combustion and landfill gas are two major 

byproducts of municipal waste (EIA, 2008b).  

When the raw wastes decompose in landfills, approximately 22% of the human-related methane 

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

50% carbon dioxide, and a small portion of non-methane 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 blower-flare (or vacuum) system. The collected gas can be flared or used to 

generate electricity, and to replace fossil fuels in industrial and manufacturing operations. In 

addition, LFG can be used for combined cycle gas turbines, which have a relatively higher 

efficiency because LFG is a higher quality fuel both in its higher heat content and lower 

emissions than other biomass resources.  

The electricity generated from the MSW can be used on site or be sold to the grid. Especially, 

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 population. When the 

recycling rate of raw wastes increases, the quantity of wastes dumped in landfills decreases and 

the amount of methane produced from the landfills would decrease accordingly. 

 

5.2 LANDFILL 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 nation. In 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 (LMOP), which is 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 

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

development. Due to LFGôs high energy content and resource availability in the South, the 

region is expected to produce a fair amount of electricity from LFG. The next section 

summarizes barriers and policies surrounding LFG power.  

 
















































































































































































































































