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ABSTRACT 

The primary objective of this study was to estimate how adopting a Renewable 

Portfolio (RPS) and Renewable Fuel Standards (RFS) would impact the economy of the 

State of Tennessee. This was accomplished by 1) developing representative state level 

RPS and RFS scenarios, 2) projecting Tennessee's renewable energy capacity 

requirements under these scenarios, 3) identifying representative technologies and 

associated costs for renewable energy generation, and 4) evaluating decreases in 

economic activity in non-renewable technologies, such as coal or petroleum, in the state. 

The economic ( output, employment, value-added) impacts were obtained using the 

IMPLAN, input-output model. Results showed that under the assumptions made, the 

largest total output and value-added impacts on the Tennessee's economy among five 

scenarios was the scenario which included electricity generation from such renewable 

resources as biomass, wind, solar, landfill gas, wastewater gas, biodiesel, and animal 

waste. The purchase of renewable energy credits was also accounted for in this scenario. 

For this scenario, total output annual operating impacts were equal to $1.6 billion; total 

output investment impacts accounted for $1.4 billion. For total value added, total annual 

operating impacts were equal to 931 million dollars; total value added investment impacts 

were equal to 651 million dollars. For the RFS scenario, the sum of total output annual 

operating impacts was equal to 351 million dollars, and total output investment impacts 

were 170 million dollars. For total value added, total annual operating impacts were equal 

to 13 7 million dollars, and total value added investment impacts were equal to 81 million 

dollars. The largest impacts on the economy under RFS scenario included those from an 

ethanol facility. 
lll 
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Chapter 1 

INTRODUCTION 

Renewable resources have become popular over the last few decades due to the 

number of potential benefits they provide. Their use has lower negative impacts on the 

environment than the use of fossil fuels through reduced greenhouse emissions, and 

thermal, waste and noise pollution. As a result, energy generation from renewable 

sources helps avoid the environmental costs that occur while using fossil sources. 

Additionally, the use of renewables leads to improved energy security and fuel diversity. 

Renewables can also be an important source of economic benefits through additional 

employment and investment in innovative technologies. As an example, Madsen et al. 

(2002) state that "wind power could provide 70% more one-year jobs and more than three 

times as many permanent jobs as natural gas over a 20-year time framework". Jobs 

created d�rectly by renewable technologies are in design,_ production, installation and 

operation systems (Center for Electric Power, Tennessee Technological University, 

1999). Moreover, renewables can increase revenues for local landowners as well as 

contribute heavily to local tax collections .. 

Though there are many potential benefits from using renewable energy, there are 

some problems that may slow down its adoption, mainly cost concerns. Although the 

price of renewable sources has been decreasing, in most cases it is still cheaper to 

produce electricity from fossil fuels. Undeveloped infrastructure, which increases the up­

front costs of using renewables, and lack of new technologies that are needed to achieve 

economies of scale are also impediments to adoption. Voluntary adoption programs may 
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also suffer from the "free-rider" problem. Finally, a lack of information may result in a 

- lack of incentives for producers to use renewables. One possible solution to these 

problems is the creation of reliable and understandable legislation that will reduce 

uncertainty and risks, and encourage producers to use renewable energy sources. 

1.1 Renewable Portfolio Standard 

One of the examples of such legislation is a Renewable Portfolio Standard (RPS) - a 

market-oriented policy instrument that requires retail electricity suppliers ( or electricity 

generators) to supply a minimum percentage of the amount of their load with eligible 

sources of renewable energy (EIA, 2003; Wiser et al., 2001). 

The term "renewable energy'' implies "energy generated .from solar, wind, biomass, 

landfill gas, ocean (including tidal, wave, current, and thermal), geothermal, municipal 

solid waste, or new hydroelectric generation capacity achieved from increased efficiency 

or additions of new capacity at an existing hydroelectric project" (U.S. Department of 

Energy, February 200�). Qualifying renewable facilities are those that are placed in 

service on or after January, 1, 2002 (EIA, 2002). The amount of energy that is expected 

to be produced from renewables under RPS is calculated by "multiplying the generation 

base (which is equal to total electricity retail sales minus renewable generation and small 

utility sales) by the required share" (EIA, 2003). 

In order to meet its RPS requirements a utility may either produce the required 

amount of renewable electricity on its own, or buy tradable renewable energy credits 

(RECs), which are a sum of non-energy attributes (environment, economic and social) 

that are associated with renewable electricity generation. RECs are presented in the form 

of a document that claims that a given amount of electricity was generated from 
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renewable sources and are measured in the same units as electricity, usually in megawatt­

hours (MWh). Renewable certificates may be either created any time when electricity is 

generated from renewable sources (for example, this approach is used in Texas and 

Arizona) or, like in Wisconsin, RECs are created only when a utility generates more 

renewable electricity than it is required under RPS (Berry, 2004). 

RPS have both advantages and disadvantages. An advantage is that it can insure a 

known quantity of renewable electricity to be produced and consumed. It can also 

encourage competition among producers that use renewables and consequently lower the 

price of renewable energy. Finally, it requires a minimum of ongoing administrative 

involvement (Wiser et al., 2003). 

A disadvantage of RPS 1s that they are necessarily complex, causing difficulties in 

developing and implementing the RPS. Other disadvantages include lack of perfect 

knowledge about its cost; lack of experience in its use, and the fact that RPS does not 

necessarily support diversity among renewable technologies. 

These advantages and disadvantages make the decision about implementing RPS . a 

risky venture, especially when experiences in several states have shown that a poorly 

developed RPS does little to improve generation of renewable energy and can doom an 

RPS to almost certain failure (Rader, 2001; Wiser et al., 2001). 

Currently� 23 states and District of Columbia have an RPS with Texas and 

California being the largest markets for renewable energy growth; two states - Illinois 

and Vermont have set voluntary goals in adoption of renewable energy production (U.S. 

Department of Energy, 2007). The summary of the states' RPS is given in the Table B.1 

of the Appendix B 
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1.2 Renewable Fuel Standard 

Another example of legislation is the Renewable Fuel Standard (RFS) - a 

requirement that a minimum percentage of the volume of gasoline sold or dispensed to 

consumers would come from renewable fuel. For the first time, a national RFS program 

was announced in 2005 requiring that in 2006 2. 78 percent of the gasoline sold to U.S. 

consumers would come from renewable sources. Compliance with the RFS in 2006 was 

determined on a collective basis. The liable parties included refiners, importers, and 

blenders. Starting from 2007, the United States Environmental Protection Agency (EPA) 

has proposed a long-term RFS program. It will determine the applicable RFS 

requirements and liable parties for each. following year. However, the minimal 

requirement for renewable fuels would not be less than 7.5 billion gallons by 2012. If the 

requirement is not met in the previous year it will be applied to the following year (EPA, 

2006). 

The term "renewable fuel" implies fuel that is produced from animal or plant 

products, or wastes. It includes cellulosic biomass ethanol, waste-derived ethanol, 

biodiesel, and any blending components derived from renewable fuel (EPA, 2006). Under 

Section 211 ( o )( 4) of the Clean Air Act one gallon of cellulosic biomass ethanol or waste­

derived ethanol will be counted as 2.5 gallons of renewable fuel. One gallon of biodiesel 

will be counted as one gallon of renewable fuel. 

Like RPS, an RFS may also allow a credit trading system to comply with the 

program requirements. However, it is still under construction by EPA. More generally, 

since RFS is a new policy, it will require more work on a variety of implementation 
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issues, which may change the parties included, amount of renewable fuels production, 

credit trading system, and so force. 

Currently eight states have adopted an RFS - Hawaii, Montana, Minnesota, 

Washington, California, Iowa, Idaho, and Louisiana; 5 states are still waiting on the 

adoption - Illinois, Colorado, Kansas, Missouri, New Mexico. A more detailed summary 

of states' RFS is presented in the Table B.2 of the Appendix B. 

1.3 Situation in Tennessee 

Tennessee, according to the U.S. Department of Energy, has high biomass potential 

and may also have sufficient resources for the use of large-scale wind turbines. 

Additionally, Tennessee has good hydropower resources as well as good conditions in the 

western part of the state for establishing solar flat-plate collectors. However, currently of 

the total state electricity generation of 97,117,165 megawatt-hours only 0.58% comes 

from non-hydro renewable sources (EIA, 2005), which is less by 0.32% than renewable 

electricity generation in 2003. Coal remains the main source for electricity production in 

Tennessee as seen in Table 1. 

Renewables that are currently used for electricity production in Tennessee include . 

conventional hydroelectric, landfill gas, wastewater, solar, wind, wood/wood waste, and 

biomass. In 2004, gasoline consumption in Tennessee was 1,073,800 gallons per day and 

distillate fuel consumption was 504,600 million gallons per day (EIA, 2005). There is one 

ethanol producer in Tennessee - Tate & Lyle Company (Loudon), and two companies 

that produce biodiesel - Agri-Energy, Inc (Louisburg) with an annual maximal 

production capacity of 5 million gallons, and NuOil (Counce) with annual maximal 

production ·capacity of 1.5 million gallons. 
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Table 1. Electric Power Industry Generation in Tennessee by Energy Source. 
Energy Source 

Coal 
Petroleum 

Natural Gas 
Other Gases 

Nuclear 
Hydroelectric 

Other renewables 
Pumped storage 

Other 

MWh 

59,277,469 
230,527 
535,570 

0 
27,803,108 
9,309,541 
558,000 
-567,935 

0 

Total electric industry 97,117,165 
Source: Energy Information Administration, 2005 

Percentage share 
61.04 
0.24 
0.55 
0.00 
28.63 
9.59 
0.58 
-0.62 
0.00 

100.00 

At this stage when both RPS and RFS are relatively new policies, it is important to 

make projections of the future results of their implementation; to evaluate their potential 

impacts on the economy and environment for a particular state and the whole country; to 

identify the factors that have the most influence on policies' results; and to use this 

experience and knowledge to increase the effectiveness of both RPS and RFS in the states 

that already have them and design the most beneficial scenarios for those states that still 

have not accepted RPS and/or RFS. 

Currently, Tennessee has no state RPS in place. Also, there is no state level RFS. 

Therefore, the information on how implementation of an RPS and/or RFS might impact 

the state's economy would be helpful as the state considers its future energy policy 

options. 

1.4 Objectives 

Therefore, the objectives of this study are to identify typical or representative state 

level RPS and RFS, and obtain estimates of how adopting an RPS and RFS would impact 

the economy of the State of Tennessee. 
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Chapter 2 

RELATED LITERATURE 

Each state's RPS is shaped by a variety of regional factors, such as renewable 

resource potential, electricity market characteristics, costs, political climate, etc. That is 

why there is a high level of variability of RPS' details among the states. At the same 

time, there are some common features that are present in every RPS: targets, timing, 

definition of eligible resources, scope of geographic eligibility, compliance and flexibility 

mechanisms, administrative duties, and ways of enforcement. 

Targets and timing. Most states set percentage goals to be achieved while some 

states, such as Iowa, Minnesota and Texas, established their goals in energy units, i.e. in 

MWh. The target level is usually based on a cost/benefit analysis, however, political 

viability is also an important determinant of state RPS target level. Usually when RPS 

includes existing renewable generation, the target level begins at the level that is close to 

the current level of renewable electricity generation; while in those instances in which the 

RPS includes only new renewable electricity generation, the percentage target begins at a 

very low level (Grace et al., 2003). This distinction is one of the reasons why RPS 

percentage targets may differ significantly among the states. 

The percentage targets and time frames are usually not stable, but rather increase 

over time to give producers intermediate goals to meet. For example, Rhode Island's RPS 

projects an achievement of 16% of electricity from renewable sources by 2019, but is a 

graduated requirement until that date; 3% by the end of 2007; 5% between 2008 and 
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2014; and increasing by 1.5% per year from 2015 to 2019 (Apollo Alliance for Good 

Jobs and Clean Energy, 2003). 

Resource eligibility. The choice of renewables depends on which of the following 

policy goals the state is trying to achieve: improving resource diversity, economic 

development, environmental benefits, advancing technologies and/or satisfying public 

preferences (Rader et al., 2001). Some resources are universally accepted as renewable, 

such as solar and wind energy; while other sources need to meet certain criteria in order 

to be considered eligible. One of the latter is hydro electricity. Most of the states. consider 

it ineligible for meeting RPS requirement because of its technological maturity, extensive 

development and potential environmental problems. However, in some states, e.g, Texas, 

New Mexico, and Maine it is accepted. 

As Hamrin et al. (2006) state, some state RPS are "technology neutral", while 

some require a share of the renewable energy to come from specific technologies, e.g., 

Arizona's and Nevada's RPS favor solar energy, while Minnesota emphasizes the use of 

wind energy and biomass. One of the ways to require retail sellers to meet a certain 

fraction of the RPS requirements with particular resources is to establish resource tiers. 

The first tier ( or class) includes the requirements for the most preferred resources, while 

the second tier (class) includes an obligation with a larger group of eligible r�sources. For 

example, the RPS in District of Columbia has two tiers. The first tier includes solar, 

wind, qualifying biomass, landfill gas, geothermal, ocean and fuel cells, while the second 

.tier includes hydro electricity and municipal solid waste (U.S. Department of Energy, 

2007). 
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Scope of geographic eligibility. Geographic eligibility means that the RPS defines 

the geographic area in which renewable �lectricity production may occur. For example, 

some states allow only in-state renewable electricity generation and RECs trading while 

other RPS allow the purchase of RECs from outside the state. 

The advantage of in-state electricity generation is that it leads to more renewable 

development and improved environment quality for the state. On the other hand, out-of­

state TRECs decrease electricity costs as well as reduce RPS compliance costs (Boyce et 

al., 2004). 

As a result, states that already have RPS differ in their opinions about out-of-state 

RECs trade;. Hawaii, Minnesota and Arizona allow only in-state trading, while 

Connecticut, DC and Maryland accept out-of-state TRECs. Other options include "in­

state interconnection" when a state requires that TRECs will be delivered to the state with 

electricity, or that the "first point of interconnection for the facility will be within the 

state" (Pollak, 2005). Regionally based TRECs trade is also considered in some states. 

One of the examples of such regional system is NEPOOL - The New England Power 

Pool that provides the region's generation and transmission system for six states -

Massachusetts, Connecticut, Maine, Rhode Island, New Hampshire, and Vermont 

(Pollak, 2005). Such regional cooperation allows more flexibility to fulfill RPS policies 

in different states. 

Compliance and flexibility mechanisms. The obligation to comply with an RPS 

can be placed on retail sellers, default suppliers, or self-generators. Usually RPS are 

focused on the investor-owned utility companies and are implemented by public utility 

commissions (Grace et al., 2003). 
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There are two options by which electricity suppliers may comply with RPS 

requirements: to own a renewable electricity generator that is eligible under RPS 

requirement or buy TRECs, which are the most often used flexible mechanism. Other 

flexibility mechanisms include true-up period and credit banking (Rader et al., 2001 ). 

Means of enforcement. Hamrin (2006) states that enforcement policy should be 

clearly stated and assigned to a particular agency (usually to the public utilities 

commission). If electricity producers do not expect strong enforcement, most likely they 

will ignore RPS requirements. 

There are several types of penalties that may be used: monetary ·penalties and 

make-up penalties (Rader et al., 2001). One of the requirements for the non-compliance 

monetary penalties is that they should be higher than the cost of compliance and create 

the environment in which compliance is the least cost option. This will force producers to 

meet RPS requirements. 

Administrative duties. The tasks of the administrative agency are the following: 

certify generators that are eligible under RPS, verify electricity generation by certified 

facilities, impose penalties on the generators that did not meet RPS requirements, develop 

and organize credit system, modify RPS if necessary, and disseminate infonnation on the 

program to the public (Rader et al., 2001). 

Most of the RPS have been implemented in the past few years and their time� frame 

ranges from 10 to 20 years. Therefore, is it hard to definitely evaluate whether they have 

been successful or not. However, some assessment has already been done. 

Wiser et al. (2003) offer 16 RPS evaluation criteria that fall within three main 

categories: outcome criteria (amount of renewable energy development, full compliance 
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with RPS policies, reasonable and stable cost impacts), policy design criteria (broad 

applicability, carefully balanced supply-demand condition, sufficient duration and 

stability of targets, well-defined and stable resource eligibility rules, well-defined and 

stable treatment of out-of-state resources, credible _and effective enforcement, :flexible 

verification mechanisms, adequate compliance · :flexibility, contracting standards and cost 

recovery mechanisms for regulated utilities and providers of last resource), and market 

context criteria (presence of creditworthy long-term power purchases, stable political and 

regulatory support, and adequate and accessible developable resource potential). 

These criteria were used to evaluate the 13 states' RPS policies that were in place 

in 2003. Under outcome criteria, Texas, Minnesota, and Iowa RPS were rated most 

highly due to meeting all four of the outcome-based criteria. Connecticut, Maine, and 

Pennsylvania were rated the lowest, since their RPS have had little or no impact on the 

renewable energy markets. 

Texas. In the environment when RPS policies are still considered to be risky 

ventures, Texas' RPS proved that "a well-crafted and implemented RPS can deliver on its 

promise of strong and cost-effective support for renewable energy" (Wiser et al., 2001). 

Ranking second in the US for wind potential, Texas took a full advantage of it with the 

help of the RPS. In 1999, the first version of Texas' RPS was accepted with the 

requirement of 2,000 MW of renewable energy to be generated from the renewable 

sources. �owever, in 2005 Texas' annual renewable generation schedule was already 

ahead of its goal by 1,200 MW. A new RPS was implemented requiring the generation at 

5,000 MW per year by 2015, with the goal of 10,000 MW of renewable electricity by 

2025. The analysis of costs and benefits of the Texas' RPS conducted by the Union of 
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Concerned Scientists (2005) usmg the Energy Information Administration's (EIA) 

National Energy Modeling System projects that by 2020, the 20 percent standard would 

provide $9 . 1  billion in total energy bill savings, $ 1.0 billion in new capital investment, 

and $1.3 billion in income to farmers, ranchers, and rural landowners from wind power 

leases. Additionally, the 20% RPS is expected to create 48,8 10 new jobs. 

Ryan Wiser et al. (2001) state some reasons for the success of the Texas RPS, 

which may be a useful example for other states' policies. Among others it includes clear 

and predictable long-term targets, strong and automatic enforcement, a well designed 

RECs system, and the applicability of purchase requirements to almost all suppliers. 

Iowa and Minnesota have also been successful in meeting RPS requirements. A 

study of the projected impacts of the RPS on Minnesota's electricity prices showed that a 

9% RPS would result in the generation of 2,000 MW of wind electricity per year by 

201 O; savings in the amount of 3 8 cents per month for a typical residential customer over 

the long term; as well as in net savings to Minnesota state in amount of up to $760 

million. In this study all of the required renewable electricity came from the wind 

turbines (Wind, 2001 ) . 

Wisconsin increased RPS requirements from 2.2% of renewable electricity by 

2011 to 10% by 2015 . The Union of Concerned Scientist (2005) examined the costs and 

benefits of increasing Wisconsin's RPS using the Energy Information Administration's 

(EIA) National Energy Modeling System and projected that it would result in 2, 160 

additional jobs in manufacturing, construction, operations, maintenance, and other 

industries, which is 960 more jobs than would be generated in producing an equivalent 

amount of energy from fossil fuels. Analyses also projected $ 1.3 billion in new capital 
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investment, $35 million in form of payments to rural areas that would result from 

biomass energy production, as well as an additional $80 million in income, and $100 

million in gross state product. 

Colorado RPS is another example of RPS is focused mainly on wind electricity 

generation. An analysis of Colorado's RPS (20% by 2020) by the Union of Concerned 

Scientists (2005) projects creation of 5,870 new jobs in manufacturing, construction, 

operation and maintenance; $1.3 billion in lower electricity and natural gas bills; $1. 7 

billion in new capital investment; and $79 million in income to rural landowners and 

ranchers. Binz (2004) projects that the reduction in residential electricity bill would range 

from $0.20 to $0.51 per month. 

Dismukes (2005) conducted an analysis using the IMPLAN model to examine the 

economic impacts associated with the proposal to increase New Jersey's RPS from 6.5% 

to 20% by 2020. In this study, three types of economic impacts were analyzed: economic 

impacts from proposed changes in rates, net economic impacts from the investment in 

renewable energy technologies, and net economic impacts from the operating and 

maintenance (O&M) expenditures associated with renewable energy technologies. The 

economic impacts from changes in rates were projected to be negative. Under different 

scenarios total annual output would be reduced from $1.1 billion to $13 .5 billion by 

2021, estimated annual wages losses are expected to be between $455.8 million and $5.5 

billion, while job losses would be in-between 11,720 and 361,183. However, economic 

impacts from new PRS investment projected positive economic benefits coming from 

construction, installation and development activities. Under different scenarios up to 

137,159 new jobs could be created. Economic impacts of the RPS that are related to 
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O&M expenditures are also projected to be positive. However, total net economic 

impacts of the proposed RPS turned out to be negative with a net $879 .5 million 

reduction in output in 2021, and job losses of 12,355. 

There are a number of studies that explore the relationship between RPS 

implementation and employment. Kammen et al. (2004) from the University of 

California, Berkeley reviewed 13 studies that calculated employment impacts of the 

renewable industry. Five of the studies used input/output model for the analyses. The 

results showed that renewable energy production under a 20% RPS by 2020 would 

generate more jobs than fossil fuel-based energy production. Analysis of the potential 

20% RPS by 2020 on US employment by the Union of Concerned Scientists (2005) 

supports these results: it projects the creation of 350,000 new jobs in manufacturing, 

construction and O&M, and other industries, which is almost twice more than the number 

of jobs created in the fossil-fuel based sector. The study by Barkenbus et al. (2006) also 

showed positive employment impacts of the potential Federal 10% RPS by 2020 on the 

Tennessee Valley Authority region, i.e. 45,000 of new jobs are expected to be created 

across the region if the Federal RPS is implemented. 

Studies of the cost-effectiveness of RPS for a number of states (Connecticut, 

Maine, Nevada, Massachusetts, New Jersey and California) showed that the price of 

electricity increases with imposition of the portfolio standard, and tends to increase more 

with higher levels of RPS (Palmer and Burtraw, 2005; Chen et al., 2003; Wind, 2001). 

However, recent studies by EIA found that these price increases would be largely offset 

by a decrease in gas prices that would result from reduced gas use - "the overall cost and 

price impacts of an RPS program are driven by the combination of the higher cost spent 
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on renewables minus any change in costs for other technologies that occurs because of 

the RPS" (Energy Information Administration, 2002). Palmer and Burtraw (2005) state 

that with the imposition of RPS, energy generation from both coal and natural gas 

declines and that gas generation is affected much more than coal generation, i.e. gas 

generation is 43% lower in 2020 with 20% RPS while coal generation is only 10% lower. 

Moreover, the same study shows that at the 20% level of the RPS nuclear energy 

generation drops by 15%. The states that rely heavily on wind as the main source of 

renewable energy generation expect lower electric bills (Wind, 2001; Binz, 2004 ). 

Renewable Fuel Standard. Since RFS is a new policy and not yet fully designed, 

the literature on its implementation, impacts, etc. is relatively scarce. The analysis of the 

RFS implementation on the national level showed that use of ElO (10% ethanol blend) 

would reduce the retail prices of conventional regular gasoline by 5% and as a result will 

generate $3 .3 billion in savings for consumers (Urbanchuk, 2003 ). The savings come 

from two major areas: tax exemptions ( currently ethanol receives 51  cents per gallon 

exemption) and refining, as adding 10% ethanol reduces the amount of gasoline to be 

refined. EPA projects that RFS implementation will result in the reduction of petroleum 

consumption of2.3 to 3.9 billion gallons (2006). Moreover, adoption ofRFS will create 

an additional 234,840 new jobs and add about $200 billion (2005 dollars) to GDP 

between 2005 and 2012 (Urbanchuk, 2003). 

The same analysis showed that increased demand for com (for ethanol production) 

and soybeans and soybean oil (for biodiesel production) will have little or no effect on 

livestock producers, but will have positive impacts for crop farmers. Adoption of RFS as 

expected will increase com and soybean prices by 6.6% and 5.4%, respectively. It will 
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also result in steady growth of grains and oilseeds demand. During the time of RFS 

implementation net cash farm incomes are projected to increase on average by 6% more 

than would be the case without RFS. 

The studies done by Urbanchuk et al. (2002) on the impacts a new 40 million 

gallon/year ethanol plant would have on the community in which it is located showed that 

on an annual basis the plant would generate an additional $19.6 million of household 

income, create up to 694 new jobs, and increase tax revenues by $ 1.2 million. 
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Chapter 3 

METHODOLOGY 

In order to project the potential impacts of state level RPS and RFS on the state's 

economy, several steps were required. First, Tennessee's current renewable electricity 

generation and fuel consumption were estimated. Second, general RPS and RFS 

scenarios for Tennessee were developed. Third, Tennessee's renewable energy capacity 

requirements to meet these scenarios with in-state capacity were projected. Fourth, 

representative technology and associated costs for renewable energy generation, 

including construction and operating costs, were identified. Fifth, decreases in economic 

activity in non-renewable technologies, such as coal or petroleum, were examined. Sixth, 

the economic impacts of meeting the RPS and RFS scenarios using these costs and 

IMPLAN were projected. The following sections describe the methods used to conduct 

each step. 

3.1 Tennessee's Current Energy Capacity and Use 

Data on the total net generation of electricity in Tennessee, as well as net 

generation from power sector providers, for the year 2005 was taken from the Energy 

Information Administration website for the year 2005. Net electricity generation in 

Tennessee in 2005 was equal to 97,117,165 MWh. Net generation by power sector 

providers was 93,952,000 MWh. Electric power industry generation in Tennessee by 

energy source showed that currently 61.04% of electricity generation comes from coal, 

while electricity from renewable sources other than hydroelectric constitutes only 0.58% 

of total electricity generation and is equal to 558,000 MWh (EIA, 2005). See Table 1. 
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According to EIA in 2005 refiner sales volume of motor gasoline to end users in 

Tennessee was equal to 1 ,073 ,800 gallons/day or 391 ,937,000 (1 ,073 ,800*365) gallons 

per year. The refiner sales volume of diesel in Tennessee in 2005 was equal to 504,600 

gallons/day or 1 84, 179,000 (504,600*365) gallons per year. 

3.2 RPS Scenario Development 

There were several steps in the RPS scenario development. First, the duration of the 

scenarios was estimated based on the version of federal RPS proposed by the U.S. 

Senate. The year when renewable electricity generation under different scenarios is due 

would be 2020. 

Second, the amount of electricity that would be generated in 2020 as well as its 

retail price were projected. As mentioned above, in 2005, according to the Energy 

Information Administration (2005), the net generation of electricity in Tennessee was 

97,1 17, 1 65 MWh, while net generation by power sector providers was 93,952,000 MWh. 

If this value for net generation in 2005 is used along with growth rates in electricity net 

generation as projected by EIA (2007), the values in Table 2 for net generation in 2020 

_are obtained. The average annual growth rate projected by EIA for the Southeastern 

Electricity Reliability Council for net generation through 2030 is 1.9 percent per year 

(EIA, 2007). The real price of electricity is projected to decline by .1 percent per year. If 

the 2005 price is used as the beginning year, then the projections in the right hand column 

of Table 2 can be obtained. In the current study we add a TV A green power premium that 

is equal to $0.0267, to the 2005 price of electricity, which results in the price of $0.090 1 

per kWh. Even though EIA projects real electricity prices to fall, with increased reliance 

on renewables, the rate of $0.0901/kWh is assumed through 2020. 
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Table 2. Electric Power Projections for Tennessee. 
Year Total Net Generation Electric Power Net 

Generation 
MWh 

2005 97,117,165 93,952,000 
2006 98,962,391 95,737,088 
2007 100,842,677 97,556,093 
2008 102,758,687 99,409,658 
2009 104, 711, 102 101,298,442 
2010 106,700,613 103,223,112 
2011 108,727,925 105,184,351 
2012 110,793,756 107,182,854 
2013 112,898,837 109,219,328 
2014 115,043,915 111,294,496 
2015 117,229,749 113,409,091 
2016 119,457,115 115,563,864 
2017 121, 726,800 117,759,577 
2018 124,039,609 119,997,009 
2019 126,396,361 122,276,952 
2020 128,797,892 124,600,214 

Source: Energy Information Administration, December 2004. 

Price 
$/kWh ($2005) 

0.0634 
0.0633 . 
0.0633 
0.0632 
0.0631 
0.0631 
0.0630 
0.0630 
0.0629 
0.0628 
0.0628 
0.0627 
0.0626 
0.0626 
0.0625 
0.0625 

Third, three RPS percentage targets were estimated. The first target would equal 

5 .16 percent of the projected 124,600,214 MWh by 2020 or 6,426,210 MWh of 

renewable electricity. Of this amount, 558,000 MWh of renewables already exist. If 

these existing renewables are allowed to be included in the RPS (if current renewable 

electricity is not accounted for in the scenarios, it should be subtracted from total electric 

power net generation before scenarios targets are estimated), this would imply an 

additional 5.9 million MWh of renewable electricity would be required (See Table 3). For 

the first target, this balance is met by co-firing biomass in the state's coal fired plants. It 

is projected that if the state's current coal fired capacity were used to co-fire at a rate of 

15 percent, a total of 5.9 million MWh could be generated. 
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The second percentage target is calculated at 8 percent ( average 15 percent rate 

that existing state RPS have been set at minus one standard deviation). At 8 percent, the 

total MWh ofrenewable electricity would be equal to 9,968,017 (124,600,214*0.8%). If 

the 558,000 MWh from existing renewables is subtracted, along with the 5,874,210 MWh 

that might be derived from co-firing in existing coal facilities, the additional renewable 

electricity that would be needed would be 3,535,807 MWh. In the first scenario for the 

8% target, called 8% Scenario (a), the 3,535,807 MWh is met with renewable energy 

credits. In the second scenario for the 8% target, called 8% Scenario (b ), the 3,535,807 

MWh is met with other renewable energy and renewable energy credits. The mix of 

renewables added includes additional wind, solar, landfill gas, wastewater gas, biodiesel, 

and animal waste, and was based on the Barkenbus et al. study (2006). This mix provides 

1,388,798 MWh of the 3,535,807 MWh, with the balance of 2,147,009 MWh being made 

up by REC's. 

The third percentage target is 10 percent. This target is 12,460,021 MWh. As 

with the 8 percent target, 6,426,210 MWh would be met with existing renewables or 

through co-firing in existing facilities. In the first 10 percent scenario (10% Scenario(a)), 

the additional 6,027,811 MWh is met by purchasing REC's. In the second 10 percent 

scenario (10% Scenario(b)), 1,607,798 MWh of new renewable MWh are added 

(additional wind, solar, landfill gas, wastewater gas, biodiesel, and animal wastes), and 

the balance of 4,420,013 MWh is met by purchasing renewable energy credits. 

Another piece of information used in scenario development was the types of 

renewables that would be used to meet RPS requirements. A study by Barkenbus et al. 

(2006) considered several types of renewables for an analysis of an RPS in the Tennessee 
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Valley Authority regton. These were solar (0.05% of total renewable electricity 

generation requirement that equals to 19.7 billion kWh in 2020), wind (11.89%), landfill 

gas (1.33%), wastewater gas (0.62%), biodiesel (3.55%), animal waste (2.85%), co-firing 

of biomass (agricultural residues, energy crops, forest residues, mill residues) (49.17%), 

and incremental hydro (8%). This projected mix of resources is employed in the current 

study, but with several exceptions. Unlike Barkenbus et al. study (2006) incremental 

hydropower would not be allowed in the current study, since several RPS scenarios at the 

federal level have not allowed hydro as a renewable resource. The second assumption is 

that electricity from co-firing would be equal to 5,874,210 MWh across all scenarios. 

This number was obtained through 15% displacement of coal (by weight) by biomass in 

all existing Tennessee coal-fired boilers. There are seven of them: Allen plant in Shelby 

county, Bull Run plant in Anderson county, Cumberland plant in Stewart county, Gallatin 

plant in Wilson county, John Sevier plant in Hawkins county, Johnsonville plant in 

Humphreys county, and Kingston plant in Roane county. 15% displacement of coal (by 

weight) at all these plants would come to 4,114,464 tons of biomass, and, as a result, will 

result in generation of 5,874,210 MWh of electricity. 

The third assumption is that for 8% (b) scenario only one direct fired 25MW 

plant with poultry litter as a feedstock would be built in Tennessee, while for meeting 

10% (b) scenario two such facilities would be built. For other scenarios the direct fire 

plants would not be built. 

The fourth assumption is that for 8% (b) and 10% (b) scenarios only two 13-

million gallons biodiesel facilitie� would be built. Electricity generation from biodiesel 

would not occur in other scenarios. 
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Using all the information provided above, five scenarios were created: 5 .16% 

scenario, two 8% scenarios and two 10% scenarios. A summary of the RPS scenarios are 

given in Table 3. The total net generation and the generation by type of renewable is 

shown under each scenario. 

The share of electricity generated by each renewable source, including wind, 

solar, landfill gas, wastewater gas, in 8% (b) and 10% (b) scenarios is taken from 

Barkenbus et al. study. According to that study, these numbers are a reasonable estimate 

of how much renewable electricity can be generated from these sources in Tennessee by 

2020. 

Table 3. Renewable Energy Requirements under Various RPS Scenarios for Tennessee 
RPS Scenario 

5 . 1 6 % 8% 8% · 10% 10% 
scenario Scenario Scenario Scenario Scenario 

(a) (b) (a) (b) 
MWh Required by 2020 

Total Net 6,432,2 10 9,968,0 17 9,968,0 17 12,460,02 1 12,460,02 1 
Generation from 

Renewables 
Required 

Existing Renewable 558,000 558,000 558,000 558,000 558,000 
MWh 

Additional 
Renewable MWh 

Needed 
Total 5,874,2 10 9,4 10,017  9,4 10,0 17 1 1 ,902,02 1 1 1 ,902,02 1 
Wind 678,400 678,400 
Solar 7,674 7,674 

Landfill Gas 178,926 178,926 
Wastewater Gas 96,798 96,798 

Biodiesel 208,000 208,000 
Animal Waste 2 19,000 438,000 

Co-fire 5,874,2 10  5 ,874,2 10 5,874,2 10 5,874,2 10 5 ,874,2 10  

Renewable Energy 0 3,535,807 2, 147,009 6,027,8 1 1  4,420,013  
Credits 
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3.3 RFS Scenario Development 

The information from RFS that are currently projected and/or enacted in other states 

was used for the development of RFS for Tennessee. Eight states out of thirteen that 

already have or considering RFS require that until the due date all gasoline sold in the 

state contain at least 10% denaturate� ethanol by volume (ElO). Five states that include 

biodiesel in their RFS require that until the due date all diesel sold in the state contain at 

least 2% of biodiesel (B2). More information on the states' RFS may be found in table 

B.2 of the Appendix B. As a result, these shares of ethanol or biodiesel were chosen for 

Tennessee. The year when RFS is due in Tennessee is 2012; it is the same as the latest 

projected year of accomplishing the national RFS as put in place under the Energy Policy 

Act 2005. 

As was mentioned before, EIA states that in 2005 prime supplier sales volumes of 

motor gasoline to end users in Tennessee were equal to 8,754,200 gallons/day or 

3,195,283,000 (8,754,200 *365) gallons per year. The prime supplier sales volumes of 

diesel in Tennessee in 2005 were equal to 3,308,700 gallons/day or 1,207,675,500 

(3,308,700 *365) gallons per year. 

The average annual price of motor gasoline for Tennessee in 2005 was equal to 

$1. 79 excluding taxes. The price of number 2 diesel fuel for Midwest region is equal to 

$1.88 excluding taxes (EIA, 2007). 

The average growth rates of motor gasoline and diesel prices to end users projected 

by EIA for East South Central region (which includes Tennessee) are equal to 0.4% and 

0. 7% respectively (2007). The growth rates of the consumption of motor gasoline and 

diesel prices are 0.9% and 1.6% respectively. If these values of motor gasoline and diesel 
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consumption as well as its prices are used along with the growth rates projected by EIA, 

the values in Table 4 are obtained. 

To obtain the amount of ethanol and biodiesel required under the RFS, the percent 

of required ethanol and biodiesel consumption was multiplied by the projected total sales 

of motor gasoline and diesel to end users in 2012. The amount of ethanol that is required 

under RFS would be equal to 328 million gallons (3,285,831, 725*0.10). The required 

amount ofbiodiesel to be consumed would be equal to 25 million gallons 

(1,268, 108,898*0.02). 

In order to meet RFS requirements in Tennessee, one 48-million gallon ethanol 

facility is projected to be built in the western part of the state. For biodiesel production 

one 13-million gallon facility in the western part of the state that uses soybeans as 

feedstock would be built as well as two 5,000 gallon facilities with yellow grease 

feedstock would be built in Eastern Tennessee. These assumptions are based on the 

reasonable estimates of how many renewable fuel facilities my be built in Tennessee by 

2012. 

Table 4. Motor Gasoline and Diesel Sales to End Users Projections for Tennessee. 
Price of 
Motor Price of 

Year Motor Gasoline Sales Diesel Sales Gasoline Diesel 

2005 3 , 195 ,283 ,000 1 ,207,675,500 1 79.0 1 88.6 
2006 3,208,064, 132 1 ,2 16, 129,229 1 80.6 1 9 1 .6 
2007 3,220,896,389 1 ,224,642, 1 33 1 82.2 194.7 
2008 3,233 ,779,974 1 ,233,2 14,628 1 83 .9 197.8 
2009 3,246,7 15 ,094 1 ,24 1 ,847, 1 30 1 85 .5 20 1.0 
20 10 3,259,70 1 ,954 1 ,250,540,060 1 87.2 204.2 
20 1 1  3,272,740,762 1 ,259,293 ,841 1 88.9 207.4 
20 12 3,285

!
83 1 ,725 1 ,268,108,898 1 90.6 2 10.8 

Source: Energy Information Administration, 2006. 
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The amount of ethanol and biodiesel that is not produced within the state but is 

required under RFS would be imported from other states. For ethanol this would mean 

that 280,583,172.5 gallons (328,583,172.5 - 48,000,000) of ethanol would be imported. 

For biodiesel, this would mean that 12,352,177.96 gallons (25,362,177.96 - 13,000,000 -

5,000*2) ofbiodiesel would need to be imported into the state. 

However, since one gallon of ethanol only equals about 75% of the energy of a 

gallon of gasoline, actual gasoline replaced in Tennessee would be equal to 

approximately 246 million gallons (328,583,172.5 gallons*0.75). A gallon ofbiodiesel 

contains approximately 121,000 BTUs per gallon, which is 87% of energy that is 

contained in one gallon of diesel. Therefore, actual diesel replaced in Tennessee would 

equal to 22 million gallons (25,362,177.96 gallons*0.87). 

It is also expected that after 2012-2015, there will be ethanol facilities that use 

cellulosic residues as feedstock in Tennessee. However, since the duration of RFS 

examined in this _study is only .7 years, these technologies would not be considered here. 

3.4 IMPLAN 

IMPLAN (Impact Analysis for Planning) is an economic input-output model that 

estimates the impacts of economic changes made in states, counties, or communities. 

Originally it was developed by the U.S. Forest Service for land and resource management 

planning (Minnesota IMPLAN Group, Inc., 1997). Nowadays, the IMPLAN software is 

distributed by Minnesota Implan Group, Inc. and is used in a variety of industries to 

estimate the impacts of different economic activities. 

The IMPLAN model can be either predictive or descriptive. Descriptive models 

describe the money transfer among industries and institutions. These models include data 
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(i.e. total industry output, employment and value-added) at both national and county 

levels for over 500 production industry sectors in the U.S. economy and are based on the 

North America Industry Classification Systems (NAICS). 

Predictive models are used to predict changes in the economy due to exogenous 

changes (i.e. changes in consumption or demand) using a set of input-output multipliers. 

Multipliers estimate three types of impacts: direct impacts are the impacts that result from 

a direct change in final demand; indirect impacts represent the backward linked effects 

among suppliers that occur as a result of the direct impacts; and induced impacts are the 

changes in household income due to the direct and indirect impacts. Together direct, 

indirect, and induced impacts constitute total impacts. 

As a result, there are three types of multipliers in the IMPLAN model: Type I 

multiplier measures direct and indirect impacts, Type II multiplier measures the direct, 

indirect and induced effects that are based on the income, and Type SAM multiplier that 

includes direct, indirect, and induced impacts that based on information in the Social 

Accounting Matrix. Multipliers may be estimated for both a single county and the whole 

state. 

In order to project the economic impacts of meeting RPS and RFS in Tennessee, 

new renewable energy sectors were added to the IMPLAN model. This was done in 

several steps based on the Barkenbus et al. (2006) study. First, representative conversion 

technologies were estimated for all types of renewable feedstocks that are used in the 

current study. These feedstocks include wind energy, solar energy, methane from landfill 

and wastewater facilities, soybeans, yellow grease, biomass (including energy crops, 

agricultural, forest, and mill residues), com and animal waste in the form of poultry litter. 
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Each conversion technology's transaction costs were categorized as investment, 

operating, depreciating, or byproduct. Investment expenditures included one-time capital 

spending on a facility, such as land, plant construction, and equipment installation costs. 

Operating expenses included costs that are associated with continuous operation and 

maintenance of the facility, i.e. expenditures on feedstocks, machinery repair, electricity, 

consulting services, etc. Once transaction costs were categorized, they were assigned to 

IMPLAN Sectors based on the NAICS. Dollars per kWh and dollars per gallon, as well 

as total industry output, employment, and value-added ( employment compensation, 

proprietary income, and indirect business taxes) \\rere projected for each conversion 

technology. The discussion of each conversion technology is provided below. In order to 

develop new production function, gross absorption coefficients, representing "the value 

of the commodity purchased as inputs by regional industries expressed as a proportion of 

total dollar outlays for the particular industry'' (Holland et al., 2006), were calculated for 

each representative technology. Together with conversion technology data they were 

added into the model as a representation of new renewable energy sectors. Based on these 

new sectors, the economic impacts of meeting RPS and RFS requirements were 

estimated. 

3.5 Representative Technology and Associated Costs for Renewable Energy 

Generation. 

Tennessee 's Wind Resource. Wind power is the conversion of the energy of wind 

for practical purposes, such as the generation of electricity. Most wind electricity is 

generated by wind turbines. There are two types of wind turbines: horizontal axis turbines 

and vertical axis turbines. 
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U.S. Department of Energy (December 2005) states that Tennessee has sufficient 

resources for the use of large-scale wind turbines. As can be seen by the shaded areas in 

Figure 1, most of the state's wind energy potential, showing a darker shade on the map, is 

in the eastern third of the state. Significant wind energy potential, located in the 

Cumberland and the Appalachian Mountains, ranges from 750 to 2,000 MW of 

generating capacity with the wind speed of Class 3 and higher (Barkenbus et al., 2006). 

Currently 3,933 MWh of electricity is generated from wind sources in Tennessee. 

Tennessee Valley Authority (TVA) owns 18 wind towers in Anderson County, TN 

(TV A, 2005). 

Representative Wind Technology. For the purposes of this study, the 

representative technology used is a horizontal axis turbine with 1.5 MW of capacity per 

turbine. The representative facility size is a 10 turbine facility or 15 MW of total 

capacity per facility. Adjusting for net capacity factor at class 3 winds (30%), the net 

energy output would be about 1.5 MW per turbine* 10 turbines*365 days*24 hours a 

day*.3 capacity factor adjustment* l OOO kW/MW=39,420,000 kWh per year (EPRI, 

2004). 

The total industry output (TIO) for a representative facility would be $3,551,742 

(39,420,000 kWh* $.0901/k:Wh), where $0.0901 is the sum of an average electricity price 

in 2005 plus TV A green power premium, that is equal to $0.0267. 

A summary of expenditures is provided in Table 5. From Table 5, it can be seen 

that the investment in the facility totals $22.8 million. Annual operating expenses are 

$569,000 and depreciation is nearly $1.5 million. Operating expenses average to about 

$.0144 per kWh. 
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United States - Wind Resource Map 
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Figure 1. Wind Resource Map of the United States 
Source: National Renewable Energy Laboratory, 2006. 

A more detailed breakdown of expenditures on investment in facilities and on 

operating and depreciation is provided in Table A.1 of the Appendix A. The 

expenditures in the Appendix are based upon cost estimates from EPRI (2004 ). These 

cost estimates were then put into 2005 dollars and assigned to the appropriate IMPLAN 

sectors. The labor estimates are six persons for a 15 MW project. These estimates are 

based upon IMPLAN power sector estimates and an on Irish Wind Energy Association 

report of three persons for a 10 MW project (IWEA, 2001). 

Wind Energy in the Scenarios. According to the Barkenbus et al. study (2006) 

wind capacity installed in Tennessee until would be equal to 678,400 MWh (see Table 3) 

and would be spread among Carter, Johnson, Rhea, Roane, Morgan, and Scott counties. 

This would require 17 new facilities to be built. Total industry output would be equal to 

$61�123,840 (17*$3,551,742). The number of employees required statewide would be 

103. 
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Table 5. Expenditure Summary for Representative Horizontal Axis Wind Turbine Power Plant. 

Expenditures Expenditure per kWh 
Expenditure TYJ>C ($, 2005) ($/kWh) 
Investment 22,868,269 0.5801 
Operating 569, 187 0.0144 
Depreciation 1 ,487,622 0.0377 
Source: Electric Power Research Institute & BBF Consult. 2004. "Renewable Energy 
Technical Assessment Guide - TAG-RE: 2004". Technical Report - 1008366� 

Solar Resources in Tennessee. Solar power can be defined as energy that is 

derived from sunlight for a variety of uses, one of which is generating electricity. There 

are several technologies that are used to convert solar energy into electricity, such as 

photovoltaics and three types of concentrating solar power (CSP) technologies (trough 

systems, dish/engine systems, and power towers). Solar electricity can be also obtained 

from solar thermal systems; however, they are not applicable for meeting RPS goals 

because they are "displacing natural gas rather then conventionally generated electricity" 

(Barkenbus at al., 2006). 

The electricity generating solar technology used in this study will be decentralized 

solar photovoltaics. Such rooftop systems can both provide the owner with electricity and 

add some electricity into the electricity grid. As can be seen from the darker shades in 

the Figure 2, Tennessee has very good solar potential in the western part of the state and 

good potential throughout the rest of the State. 

Representative Solar Technology. Using the study conducted by Texas' State 

Energy Conservation Office, the cost of a PV system for an average household was 

estimated. For these calculations it was assumed that average electricity consumption by 

household is equal to 23,239.5 Watt/hour per day or 8.48 MWh per year 
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(0.023240MWh/day*365). For this amount of electricity and the available sunlight in 

Tennessee, the needed size of PV array would be equal to 4,733.1 Watt (or 0.00473 MW) 

and would cost $23,665. The size of the battery bank would be equal to 9683.1 

Ampere/hour and would cost $9,683. The cost estimate for an inverter is $4,733. The cost 

to cover balance of system costs (i.e. fuses, switches, etc.) is estimated to be $7,616. 

Total estimated PV system cost is $45,698. The cost of installation is about $1.80 per 

watt (Findsolar.com, 2007). For the given PV system, total installation cost equals 

$8,519.6 (4733.1 Watt * $1.80). 

According to Singh et al. (2001) labor requirements (including installation and 

O&M services) per MW of PV would be equal to 15,500 hours. Assuming 49 weeks of 

labor, 40 hours per week, and three weeks of vacation this would result in 8 person-years 

(15,500 hours/(49*40)). In the current study 905 solar PV panels with total generating 

capacity of approximately 4 MW (905*0.00473 MW) would be installed. This would 

result in labor requirements of 32 employees ( 4MW*8); 20 employees - for installation 

and 12 - for servicing. 

The average annual operation and maintenance cost for a PV system is assumed 

to be equal to 5-6% of the initial capital cost, or $2,513A ($45,698*5.5%). It includes 

generator service, battery and inverter inspection, as well as overall inspection of the 

system (Canada et al., 2005). A more detailed breakdown of expenditures is provided in 

Table A.2 of Appendix A. 
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Solar Resource 

Figure 2. Solar Resource Map of the United States 

Source: National Renewable Energy Laboratory, 2007. 

Solar Energy in Scenarios. Using the scenarios adopted in this study, the required 

amount of electricity to be generated from solar energy would be equal to 7,674 MWh for 

both 8% and 10% scenarios, assuming 15% capacity factor. This would require 905 PV 

panels (7,674 MWh / 8.48 MWh) to be installed in Tennessee by 2020. Total O&M costs 

statewide would be equal to $2,273,853 (905*$2,513.4). Total investments across the 

state would be $49,050,398 (($23,665+$9,683+$4, 733+$8,519 .57+$7,616)*905). Since 

this electricity would be generated by households, TIO of the Power Generation and 

Supply sector would be decreased by $691,427.4 (7,674,000 kWh * $0.0901). 

The Energy Policy Act 2005 offers energy tax credit for solar photovoltaics 

systems in the amount of 30% of the qualified PV system expenditures, but no more than 
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$2,000. Currently, incentives apply only to PV systems installed during 2006 - 2008. In 

the current study we account for this tax credit, assuming that it will be extended beyond 

2008. Since the total number of PV systems expected to be installed in Tennessee by 

2020 is equal to 905, the maximum amount of the tax credit would be $1,810,000 

(905*$2,000). In IMPLAN the entire amount of the tax credit was, first, allocated among 

households with nine income levels, and then its impacts were estimated in the model. 

Landfill Gas in Tennessee. Landfill gas is produced by the anaerobic 

decomposition of organic solid waste. It is collected using a series of wells that 

concentrate methane in one place. After that it may be used along with natural gas to fuel 

conventional combustion turbines or small combined cycle turbines. It may be also used 

in fuel cell technologies to produce electricity. Use of landfill gas for electricity 

generation reduces the harmful environmental impacts cased by methane release into the 

atmosphere. Currently Tennessee has seven operational landfill gas projects and twelve 

candidate landfills for landfill gas projects with the approximate capacity of 34 MW. 

Representative Landfill Gas Technology. A representative facility was developed 

using information from the Landfill Methane Outreach Program, Energy Project Landfill 

Gas Utilization Software (E-PLUS). The facility capacity is 4,594 kW or 34,457,555 

kWh/year. Total industry output for the given facility is $3,104,626 (34,457,555 

kWh/year*$.0901 ). The number of employees is five. A summary of expenditures is 

provided in Table 6. As shown in Table 6, the investment in the facility totals 

$7,203,132. Operating expenses are $939,368 and depreciation is nearly $719,313. 

Operating expenses average to about $0.02'73 per kWh. 
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A more detailed breakdown of expenditures on investment in facilities and on 

operating and depreciation are provided in Table A.3 of Appendix A. The expenditures 

in the Appendix are based upon cost estimates from the E-PLUS software of the Landfill 

Methane Outreach Program (EPA, 2005). From Table A.3 of Appendix A, the largest 

shares of the investments and depreciation to construct landfill to methane conversion 

facility are attributed to Motor Vehicle Parts Manufacturing (IC Low Engine and 

Engineer Wiring Costs) - 28.76%, Other New Construction, such as Electricity 

Generation Installation, Gas Treatment Installation, Inter Connect Installation and Other 

Costs - 26.89% and Iron, Steel Pipe and Tube Purchased Steel - 19.96%. While the 

lowest shares of the investments and depreciation are attributed to Industrial Process 

Variable Instruments - 0.01 %, and Computer System Design Services - 0.4%. 

Landfill Gas Energy in the Scenarios. According to the Barkenbus et al. study 

(2006) landfill gas capacity installed in Tennessee through 2020 would be equal to 

178,926 MWh. This would require five new facilities to be built. Total industry output 

would equal to $16,121,232.60 ($3,104,626*5). The number of employees required 

statewide would be 25; 

Table 6. Expenditure Summary for a Representative Landfill Gas Power Plant. 
Expenditures Expenditure per kWh 

Expenditure TYJ>e ($) ($/kWh) 
Investment 7,203,132 0.2090 
Operating 939,368 0.0273 
Depreciation 7 1 9,3 1 3  0.0209 
Source: Environmental Protection Agency, Landfill Methane Outreach Program. 2005. 
Documents, Tools, and Resources. Energy Project Landfill Gas Utilization Software (E­
Plus). 
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Wastewater Gas in Tennessee. Wastewater gas is produced under anaerobic 

conditions. When wastewater is passed through an anaerobic digester, the bacteria digest 

the residual solids and create methane as the by-product of this process. This gas is than 

forwarded to a micro turbine ( or engine) for electricity generation. 

As can be seen by the shaded areas in Figure 3, most Tennessee counties have less 

than 100 tons of methane emissions from domestic wastewater treatment per year, though 

Shelby County has above a thousand tons of methane emissions annually and Davidson 

County's methane emissions vary between 750 and 1000 tons per year. 

Representative Wastewater Gas Technology. A representative facility was 

developed using information from Utah SLC Public Utilities Department. The facility 

electricity sales are equal to 12,264,000 kWh/year or 12,264 MWh/year. Total industry 

output for the given facility is $1,104,986 (12,264,000 kWhtyear*$0.0901). The number 

of employees is 2.6. A summary of expenditures is provided in Table 7. It can be seen 

that the investments are equal to $2,531,698.59; operating expenses totals $598,167.49 

and average to about $0.0488 per kWh. 

A more detailed breakdown of expenditures on investment in facilities and on 

operating and depreciation are provided in Table A.4 of Appendix A. The expenditures in 

the appendix are based upon cost estimates from Utah SLC Public Utilities Department. 

Table 7. Expenditure Summary for Wastewater to Methane Conversion Technology 
Expenditure Type Expenditures . 

($) 
Investment $2,531,698.59 
Operating $598, 167.49 
Source: Utah SLC Public Utilities Department. 
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Figure 3. Methane Emissions from Domestic Wastewater Treatment 
Source: National Renewable Energy Laboratory, 2005. 

Wastewater Gas Energy in the Scenarios. According to the Barkenbus et al. study 

wastewater gas capacity installed in Tennessee through 2020 would be equal to 96,798 

MWh. This would require eight new facilities to be built. Total industry output would be 

equal to $8,721,499.8 ($1,104,986*8). The number of employees required statewide 

would be 21 .  

Biodiesel in Tennessee. Biodiesel i s  a renewable fuel derived from biological 

sources, such as vegetable oils, animal fats, and recycled restaurant greases. It is safe, 

non-toxic, biodegradable, and reduces air pollution. Most of the biodiesel produced is 

used in the transportation sector, however, it may be also used for electricity generation. 

Soybean-based biodiesel can be directly used in the new diesel-powered electricity 

generators (an example of such generator is McMinnville Biodiesel Project in Tennessee) 

or it can be used in the existing electricity-generating facilities. 
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Representative Biodiesel Technology. A representative facility was developed 

using information from a study by English et al. in cooperation with Frazier, Barnes and 

Associates (2002). The facility size is 13 million gallons/year. Total industry output for 

the given facility is $48,490,000 (13,000,000 gallons/year*$3.73, where $3.73 is sum of 

wholesale price of BlOO in amount of $2.99 per gallon that was taken from Oil Price 

Information Service for Minneapolis, MN for 2006 and blender's credit in amount of 

$1.00 after 2006 price was adjusted back to 2005 price using price index). The number of 

employees is eighteen. The feedstock required for electricity generation may come both 

from inside and outside the state. A summary of expenditures is provided in Table 8. 

As shown in Table 8, investment in the facility totals $42,430,657. Operating 

expenses are $73,262,931 and depreciation is nearly $3,562,877. Operating expenses 

average to about $5.64 per kWh. 

A more detailed summary of expenditures on investment in facilities and on 

operating and depreciation are provided in Table A.5 of Appendix A. The expenditures in 

this table are based upon cost estimates from English et al. study. From the Table A.5 of 

Appendix A, the largest share of the investments and depreciation to construct biodiesel 

from soybeans conversion facility are attributed to Conveyor & Conveying Equipment 

Manufacturing (Feedstock & Product Storage and Handling) - 31 %. The lowest share of 

investments and depreciation are attributed to Management of Companies & Enterprises, 

such as Set-up Consulting - 0.015% and to Real Estate (Land) - 0.57%. 
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Table 8. Expenditure Summary for a Representative Biodiesel from Soybeans Facility 
Expenditures per 

Expenditures gallon, 
Expenditure TyPe ($) ($/gallon) 
Investment $42,430,657 $3.26 
Operating $73,262,931 $5.64 
Depreciation $3,562,877 $0.27 
Source: English, B., K. Jensen, and J. Menard in cooperation with Frazier, Barnes & 
Associates, Lie. 2002. "Economic Feasibility of Producing Biodiesel in Tennessee". 

Biodiesel Energy in the Scenarios. In the current study we assume that in 2020 in 

Tennessee two 13-million gallons biodiesel facilities will be built. Together they would 

supply 208,000 MWh (13,000,000 gallons/0.125 gallons per kWh*2) of electricity. Total 

industry output would be equal to $98,280,000 ($49, 140,000*2). The number of 

employees required statewide would be 36. 

Animal Waste in Tennessee. Animal waste refers to manure and bedding materials 

that are mixed with manure. Renewable electricity is produced from animal waste in the 

following way: first, manure is collected in a large container. Then it is put through 

anaerobic digesters that are designed to maximize the methane production from the 

decomposition of manure. The next step is to pipe methane gas to a co-generation system. 

Representative Animal Waste Technology. Since direct combustion of animal 

waste is not often used due to the air pollution concerns it may cause, a direct wood-fire� 

power plant as a representative technology that uses poultry litter as a feedstock will be 

used in the current study. This facility was developed using information from the 

technical report provided by Electric Power Research Institute ap.d BBF Consult. 

38 



Table 9. Expenditure Summary for Wood Fired Power Plant 
Expenditures 

Expenditure TYPe ($) 
Expenditures per kWh 

($/kWh) 
Investment $72,149,375.12 $0.329 
Operating $5,978,658.03 $0.027 
Depreciation $3,401,345.72 $0.016 
Source: Electric Power Research Institute & BBF Consult . 2004. "Renewable Energy 
Technical Assessment Guide - TAG-RE: 2004". Technical Report - 1008366. 

The facility size is 2 19,000,000 kWh/year or 219,000 MWh'year. Total industry 

output for the given facility is $19,7) 1,900 (2 19,000,000 kWh'year*$0.0901). The 

required number of employees is 26. A summary of expenditures is provided in Table 9. 

The investments are equal to $72,149,375. 12; operating expenses total $5,978,658.03 and 

average to about $0.027 per kWh. Depreciation costs equal $3,401,345.72. A more 

detailed breakdown of expenditures on _investment in facilities and on operating and 

depreciation are provided in Table A.6 of Appendix A. 

From Table A.6 of Appendix A, the largest share of the investments and 

depreciation to construct animal waste to methane conversion facility are attributed to 

Turbine & Turbine Generator Set Units Manufacturing (Stoker Steam Generator, Steam 

Turbine/Generator Set) - 25.42%. Large share of investments is also attributed to 

Management Expenses, such as Home Office, Field Expenses and Contractor Fees -

25.13%. While the lowest share of investments and depreciation are attributed to 

Construction Machinery Manufacturing (Hammer Mill/Hopper, Dozer 1, & Dozer 2) -

0.03% and 0.06%. 

Animal Waste Energy in the Scenarios. As mentioned above, one wood-fire plant 

would be built for 8% (b) scenario and two such facilities would be built for 10% (b) 

scenario. In scenario 8% (b) the total TIO statewide would be equal to $19,73 1,900 
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($ 19,731,900* 1). For scenario 10% (b) the total TIO would be equal to $39,463,800 

($ 19, 731,900*2). 

Biomass co-fire. Biomass in the form of energy crops, agricultural, forest, and mill 

residues would be co-fired with coal in existing coal-fired facilities. As mentioned before 

there are seven steam plants currently operating in Tennessee. At a 15% rate of coal 

replacement (by weight) it is expected that, in total, these facilities would generate 

5 ,87 4,210 MWh of renewable electricity from biomass. 4,411,464 tons of coal would be 

displaced by these biomass materials. 

Agricultural residues consist of the biomass materials that remain above the 

ground after harvesting agricultural crops. They include straw from barley, beans, oats, 

rice, rye, and wheat, stovers :fyom com, cotton, sorghum, beans, oats, orchard trimmings 

and rice straw and husks, as well as sugar cane residue. The moisture content of 

agricultural residues varies from 8 to 80 percent. The most frequently used crops to 

collect agricultural residues from are com and soybeans. 

The advantages of using agricultural residues include more value placed on 

farmers, as well as decreased CO2 emissions. However, agricultural residues have the 

lowest energy value among all of the residues, therefore, their use will be limited. 

Moreover, 60-70% of agricultural residues need to be left on the soil to maintain its 

quality. 

Forest (logging) residues consist mainly of tree branches, tops of trunks, stumps, 

and leaves that remain on the forest floor after logging operations. Other wood sources 

may include dead trees, undersized trees, noncommercial tree species that were removed 
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from woodlots. Forest residues may be used in different forms, i.e. natural form, 

mechanically, chemically, and biochemically modified forms. They have 10% greater 

energy value per unit compared to agricultural residues. 

Mill residues may be divided into two categories: primary mill residues and 

secondary mill residues. Primary mill residues consist of wood materials, such as slabs, 

edgings, trimmings, sawdust, etc., and bark that is generated at manufacturing plants. 

Secondary mill residues consist of wood scraps and sawdust from furniture factories, 

pallet mills, as well as wholesale lumberyards. According to National Renewable Energy 

Laboratory pallet and lumber companies generate about 300 tons/year, while small 

woodworking companies generate from 5 to 20 tons/year. According to National 

Renewable Energy Laboratory the estimated amount of secondary mill residues in 

Tennessee is 75,000 dry tons. Together primary and secondary mill residues constitute 

1,632,000 dry tons. In general, mill residues also have relatively high energy value. For 

example, mill residues have 10% greater BTU value per unit comparing to agricultural 

residues. 

Electricity produced from energy crops, in particular switchgrass, will constitute the 

highest percentage in meeting RPS requirements for Tennessee. Switchgrass is native to 

North America. It is easy to grow as it is tolerant to poor soils, flooding or droughts, and 

is capable of producing high yields with low applications of fertilizers. Its energy value is 

5% higher than agricultural residues, but 5% less than forest/mill residues. As Barkenbus 

et al. study (2006) states, the benefits from using switchgrass for electricity generation 

include decreased air pollution, reduced farm land erosion, better habitat for animals, as 

well as increased employment and income inflows in rural areas. Another potential way 
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to use energy crops is to plant them on environmentally damaged lands, i.e. on closed 

mining sites. 

Representative Biomass Co-Fire Facility. A representative facility was developed 

using information from the study by English et al., prepared for the Northeast Regional 

Biomass Program and the United States Department of Energy. The facility size is 

137,313,000 kWh/year or 137,313 MWh/year. Total industry output for the given facility 

is $12,371,901.3 (137,313,000 kWh/year*$0.0901). The number of employees required is 

seven. A summary of expenditures is provided in Table 10. 

As shown in Table 10, investment in the facility totals $4, 138,011. Depreciation 

expenses are $284,849. Operating expenses would vary depending on the feedstock used. 

For agricultural residues they would be equal to $11,788,405, for forest residues -

$21,823,677, for mill residues - $23,223,422, and for energy crops - $132;398,011. 

A more detailed breakdown of expenditures on investment, operating and 

depreciation expenditures is provided in Table A. 7 of Appendix A. The expenditures in 

the Appendix are taken from the English et al. study (2004). From Table A.7, the largest 

share of the investments and depreciation to construct co-fire facility (with agricultural 

residues used as feedstock) are attributed to Other New Construction, such as Biomass 

Handling System Installation, Civil Structural and Electrical - 49.28% and 71.58% 

respectively. While the lowest share of investments is .attributed to Industrial Process 

Furnace & Oven Manufacturing (Modification at Burners) - 0.82%; the lowest share of 

depreciation is attributed to Prefabricated Metal Buildings and Components - 0.86%. 
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Table 10. Expenditure Summary for Co-Fire Plant. 
Expenditures Expenditures per kWh 

Expenditure TyPe ($) ($/kWh) 
Investment $4,138,011 $0.030 
Depreciation $284,849 $0.002 
Source: English, B., J. Menard, M. Walsh, and K. Jensen. 2004. "Economic Impacts of 
Using Alternative Feedstocks in Coal-Fired Plants in the Southeastern United States". 

Biomass co-fire in Scenarios. Renewable electricity from biomass co-fire would 

be accounted for in all scenarios and would equal to 5,874,210 MWh. The total TIO 

statewide would equal to $529,266,411 (5,874,211,000 kWh*$0.0901). 

According to Barkenbus et al. study (2006) co-fire of biomass at 15% rate at all 

existing coal-fired boilers would replace 4,411,464 tons (or 4,862,807 short tons) of coal. 

As a result, the TIO reduction to the Coal Mining sector in the state, if 15% co-fire is 

applied at all coal-fired facilities, would be equal to $26,413,576.24 (4,862,807 short tons 

*$42.50*0.127806), where $42.50 is the price of one short ton of coal in 2005 in 

Tennessee (BIA, 2007); and 0.127806 is regional purchase coefficient for the Coal 

Mining sector. However, if the overall energy demand grows over time, new coal-fired 

facilities that apply cleaner technologies might be added, which in tum may increase the 

overall use of coal. We assume that .the amount of coal-fired facilities will remain the 

same, therefore, while accessing impacts in IMPLAN, TIO of Coal Mining sector would 

be decreased by $26,413,576.24. 

Ethanol in Tennessee. Ethanol (or ethyl alcohol) is an alcohol that is obtained 

through fermentation and distilling simple sugars. Ethanol may be used in pure form 

(E 100) or may be mixed with gasoline in different proportions, i.e. E 10, or E85. 
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Conventional vehicles can use E 10. However, the Big Three automakers have begun 

selling E85 compatible (flex fuel) vehicles on a large scale. 

There are different feedstocks that can be used for ethanol production, such as com, 

wheat, barley; new technologies also allow ethanol to be made from "cellu\osic" 

feedstocks. In this study the feedstock for the ethanol production plant is com, because 

cellulosic technologies introduction may not be commercially profitably within the next 

7-8 years. Figure 5 shows that there is one ethanol producer in Tennessee - Tate & Lyle 

Company, which is located in Loudon (Renewable Fuels Association). 

Representative Ethanol Technology. A representative facility was developed using 

information from the study by McAloon et al. (2000). The facility size is 48 million 

gallons per year. Total industry output for the given facility is $110,880,000 (48,000,000 

gallon/year*$2.31 ), where $2.31 is a sum of a wholesale price of ethanol taken from EIA 

Annual Energy Outlook for 2005 and blender's credit which is equal to $0.51 per gallon. 

The number of employees at the facility is thirty six. 

A summary of expenditures is provided in Table 11. As shown in this table, the 

investment in the facility totals $46,681,481.64. Operating expenses are $83,669,851.47 

and depreciation . is �early $4,492,827.44. Operating expenses average to about $1.743 

per gallon. A more detailed summary of expenditures on investment in facilities and on 

operating and depreciation are provided in Table A.8 of Appendix A. 

Ethanol in Scenarios. As mentioned above, in order to meet RFS requirements in 

Tennessee, one 48-million gallon ethanol facility is projected to be built in the western 

part of the state. Total industry output statewide would be equal to $110,880,000 

($110,880,000 * 1 ). 

44 



U.S. ETHANOL MANUFACTURING LOCATIONS 

* Existing * Exlatlng/Expandlng 
* Propoam 

0 

Source· REA as of April 2(](]5 

Figure 4 .  U.S. Ethanol Manufacturing Locations 
Source: Renewa�le Fuels Association, 2005. 

Table 11. Expenditure Summary for a Representative Ethanol from Cellulosic Residues 
Facilicy. 

Expenditures Expenditures per gallon Expenditure TyPe ($) ($/gallon) 
Investment $46,681,481.64 $0.973 
Operating $83,669,851.47 $1.743 
Depreciation $4,492,827.44 $0.094 
Source: McAloon, A., F. Taylor, W. Yee, K. Ibsen, and R. Wooley. 2000. 
"Determining the Cost of Producing Ethanol from Com Starch and Lignocellulosic 
Feedstocks". National Renewable Energy Laboratory (NREL/TP-580-28893). 
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Biodiesel. Biodiesel is a fuel derived from renewable sources, such as vegetable 

oils, animal fats, or recycled restaurant greases that meet the requirements of the 

American Society for Testing and Materials (ASTM) D-6751. Biodiesel may be used in 

· the pure form (B 100) or may be mixed with diesel in different proportions, i.e. B2, B5. 

There are some advantages ofbiodiesel use. For example, biodiesel has higher lubricity 

index compared to diesel; moreover, biodiesel is a better solvent than petrodiesel. As for 

the environmental benefits, biodiesel significantly reduces emissions of CO, NOx, 

hydrocarbons, and particulate matter. Sulfur emissions are also much lower compared to 

those from petroleum diesel use. As a result biodiesel reduces health risks that are 

associated with the use of petrodiesel (Biodiesel.org, 2007). 

The most used feedstock for biodiesel production is soybean oil. According to the 

U.S. Department of Agriculture, each bushel of soybeans can create 1.4 gallons of 

biodiesel fuel. Even though yellow grease is considered to be much less expensive than 

soybean oil, its supply is limited, and it has uses other than fuel, such as animal feed 

additive, soap production, etc. 

Currently, according to the National Biodiesel Board, there are two companies that 

produce biodiesel in Tennessee - Agri-Energy, Inc (Louisburg) with an annual maximal 

production capacity of 5 million gallons, and NuOil (Counce) with an annual maximal 

production capacity of 1.5 million gallons. The primary feedstock both companies use is 

soybean oil. Two more biodiesel plants are projected to be constructed in Tennessee, one 

in Manchester and one in Pulaski. 

Representative Biodiesel from Soybeans Technology. A representative facility was 

developed using information from the study by English et al. in cooperation with Frazier, 
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Barnes and Associates (2002). The facility size is 13 million gallons/year. TIO for the 

given facility is $48,490,000 (13,000,000 gallons/year*$3.73, where $3.73 is the sum of 

the wholesale price of B 100 in amount of $2.99 per gallon that was taken from Oil Price 

Information Service for Minneapolis, MN for 2006 and a blender's credit in the amount 

of $1.00 after 2006 price was adjusted back to 2005 price using price index). The number 

of employees is 18. The feedstock required for electricity generation may come from both 

inside and outside the state. A summary of expenditures is provided in Table 12. 

As shown in this table, investment in the facility totals $42,430,657. Operating 

expenses are $73,262,931 and depreciation is nearly $3,562,877. Operating expenses 

average to about $5.64 per gallon. A more detailed summary of expenditures on 

investment in facilities and on operating and depreciation are provided in Table A.5 of 

Appendix A. It is assumed that for the current study one 13-million gallon facility would 

be built. Therefore, total TIO statewide would be equal to $48,490,000. 

Table 12. Expenditure Summary for a Representative Biodiesel from Soybeans Facility. 

Expenditures 
Expenditure TyPe ($) 

Expenditures per 
gallon, 

($/gallon) 

Investment $42,430,657 $3.26 
Operating $73,262,931 $5.64 
Depreciation $3,562,877 $0.27 
Source: English, B., K. Jensen, and J. Menard in cooperation with Frazier, Barnes & 
Associates, Lie. 2002. "Economic Feasibility of Producing Biodiesel in Tennessee" 

47 



Representative Biodieselfrom Yellow Grease Technology. A representative facility 

was developed based on two studies by Charles Peterson, University of Idaho (2006), and 

Frazier, Barnes and Associates (2004). The original sizes of the facilities were 0.5 and 0.8 

million gallons ofbiodiesel per year. In order to scale it down to 5,000 gallons per year 

we calculated investment and operating costs per gallon and multiplied them by 5,000. 

The percentage distributions of the operating and depreciation expenses for the IMPLAN 

were taken from the study by Fortenberry, University of Wisconsin-Madison (2005). 

According to this study the depreciation rate of manufacturing and industrial buildings 

was 5 percent, while for storage tanks and transesterification machinery was equal to 10 

percent. Total industry output for the given facility is $16,150 (5,000 gallons/year* $3.23, 

where $3.23 is the sum of the wholesale price ofBlOO in the amount of $2.99 per gallon 

that was taken from Oil Price Information Service for Minneapolis, MN for 2006 and 

blender's credit in the amount of $0.50 after 2006 price was adjusted back to 2005 price 

using price index). 

Labor estimates were obtained by scaling down the labor requirements for large 

biodiesel facilities with the size of 10 million gallons/year, and 30 million gallons a year 

for a facility of 5,000 gallons a year (Fortenberry, 2005). First, the amount of labor for 

one gallon was calculated and then was multiplied by 5,000. In both cases the number of 

employees for a 5,000-gallon facility would be equal to 0.1 employees. 

Revenues from by-product (glycerin) were calculated based on the Charles 

Peterson study (2006). According to this study the value ·of glycerol of USP value is 

$0.40 per pound. The amount of glycerin produced at the biodiesel plant with the 
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capacity of 0.5 million gallons is 0.37 million lbs. After scaling down this amount, a 

5,000 gallon biodiesel facility will produce 3700 lbs of glycerin. 

A summary of expenditures is provided in Table 1 3. As it can be seen from this 

table, investment in the 5 ,000 gallon facility totals $7,587.50, depreciation costs are equal 

to $632.8 1. And operating expenses are equal to $6,232.28 and average to about $ 1 .25 

per gallon. For the current study two biodiesel from yellow grease facilities are assumed 

to be built. Total TIO statewide would be equal to $32,300 ($ 16, 1 50 *2). 

A more detailed summary of expenditures on investment and operating costs are 

provided in Table A.9 of Appendix A. The largest share of the investment and 

depreciation to construct biodiesel from yellow grease conversion facility are attributed 

to Transesterification Machinery - 65.97% of investment costs and 79.04% of 

depreciation costs. The lowest share of investment is attributed to Permits and 

miscellaneous - 2.06%; the lowest share of depreciation costs is attributed to 

Manufacturing and Industrial Buildings - 6.1 3  %. 

Table 1 3. Expenditure Summary for a Representative Biodiesel from Yellow Grease 
Facility. 

Expenditure TYJ>e 
Expenditures 

($) 

. Expenditures per 
gallon, 

($/gallon) 

Investment $7,587.50 $ 1 .52 
Operating $6,232.28 $ 1 .25 
Depreciation $632.81 $0.072 
Source: Peterson, C. "Feasibility study for commercial production ofbiodiesel in the 
Treasure Valley of Idaho", University of Idaho; Frazier Barnes and Associates, 
"Arkansas Biodiesel Pre-Feasibility Study". 
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3.6 Accounting for Purchase of Renewable Energy Certificates from Outside 

Tennessee 

Four out of five scenarios (8% a and b, 10% a and b) allow the purchase ofRECs 

to meet RPS requirements. For the 8% (a) scenario 3,541,807 MWh are expected to be 

obtained from the purchase ofRECs, for the 8% (b) scenario 2,153,009 MWh would 

come from RECs, for the 10% (a) scenario RECs are expected to supply 6,033,811 MWh, 

and for the 10% (b) scenario RECs would supply 4,426,013 MWh of electricity. 

According to Holt et al. (2005) there is no single market for RECs. However, 

there are a variety of separate markets where the prices may vary considerably. Some 

specific factors that influence the marketing of RECs include RPS policies, the quality 

and quantity of renewable resources in the region, consumer demand for renewable 

energy as well as easiness to develop new renewable energy projects and availability of 

tracking systems. 

Other factors that may influence the price of RECs is the renewable source for 

electricity generation, i.e. in Arizona the price of solar REC is equal to $150/MWh, while 

the price ofRECs from other renewable sources is equal to $15/MWh. Table 14 provides 

a sample range of RECs trading prices in compliance markets in 2004. 

In the current study we assume that for the purposes of meeting RPS requirements 

Tennessee might buy RECs from Texas due to the relative geographical proximity. 

Moreover, according to Pollak (2005) and Holt (2005), Texas' RPS as well as its RECs 

system are considered to be the most successful in the nation. Therefore, the price of the 

RECs used is equal to $13/MWh ( ($11 +$15)/2). Given this price, the outlays for the 

RECs would be $45,965,491 for 8% (a) scenario, $27,911,117 for 8% (b) scenario, 
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$78,361,543 for 10%( a) scenario, and $57,460,169 for 10% (b) scenario. In order to 

account for the purchase of the RECs in IMP LAN, the production function of the Power 

Generation and Supply Sector was changed by adding gross absorption coefficient 

(GAC) under sector 507 (Rest of the world adjustment to final uses). For different 

scenarios GA Cs were calculated by dividing RECs expenditures over TIO of the Power 

Generation and Supply Sector. 

T bl 14 REC P . a e s nces an d N  r oncomp 1ance P 1 · · o·rn t st ena ties m 1 eren ates. 
State 2004 REC Trading Prices Noncompliance penalty 

($/MWh) ($/MWh) 
Connecticut ( Class I) 35-48 55 
Maine (Class II) 0.65-0.75 55 
New Jersey (Class I) 6.50-7.50 50 
New Jersey (Class II) 4.25-5 50 
Massachusetts 40-49 51 
Texas 11-15 50 
Source: Holt et al. 2005. "Emerging Markets for Renewable Energy Certificates: 
Opportunities and Challenges". National Renewable Energy Laboratory. 
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4.1 Results for 5.16% Scenario 

Chapter 4 

RESULTS 

Estimated total output and total value added impacts results for the 5 .16% 

scenario are presented in Table 15. For the annual operating impacts, biomass conversion 

total and direct output and value added impacts were the largest, followed by biomass 

production and biomass transportation impacts. The sum of total output impacts was 

estimated at $ 1. 17 billiob. The total value added impacts were equal $712.9 million. For 

biomass conversion investment total value added impacts were equal to $4. 7 million, and 

total output impacts were equal to $8.6 million. 

The industries that were impacted the most are displayed in Tables C. 1 through 

C.3 of Appendix C. The three sectors with the largest TIO direct impacts were co-fire 

conversion, co-fire production, and truck transportation. The three sectors with the largest 

indirect -impacts were all other crop farming, nondepository credit intermediation, and 

logging. The three sectors with the largest induced impacts were state and local 

education, new residential I -unit structures, and owner-occupied dwellings. The three 

sectors the largest with employment direct impacts were co-fire production, truck 

transportation, and co-fire conversion. The thr�e sectors with the largest indirect 

employment impacts were all other crop farming, gasoline stations, and agriculture and 

fwestry support activities. The three sectors with the largest induced employment impacts 

were state and local education, state and local non-education, and food service and 

drinking places. 
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Total value added and total output multipliers are displayed in Table 15 to the 

right. For total output impacts the largest multiplier is for biomass transportation - 2.28. 

For biomass conversion investment impacts, total output multiplier was equal to 2.08. 

The largest multiplier for total value added impacts had biomass production. It was equal 

to 4 .9 1. For both total value added and total output impacts the lowest multipliers had 

biomass conversion annual operating impacts - they were equal to 1.65 and 1.84, 

respectively. 

The estimated amount of total value added and total output per unit of energy 

provided from biomass co-fire are also displayed in Table 15. For both total value added 

and total output impacts the largest share per 1,000 MWh had biomass conversion annual 

operating impacts - $0. 10 and $0. 15, respectively. 

4.2 Results for 8%(a) Scenario 

For the annual operating impacts under 8%(a) scenario, biomass conversion had 

the largest total and direct output and total value added impacts, followed by biomass 

production and biomass transportation impacts (Table 16). The sum of total output 

impacts was estimated at $1.17 billion. The sum of total value added impacts was equal 

to $712 million. For investment impacts, biomass conversion total value added impacts 

were equal to $4.6 million, which is $39 less than total value added impacts for biomass 

conversion investment in 5. 16% scenario. Total output impacts were $8.6 million, which 

is $ 13 less than in 5. 16% scenario. 
•• 

The industries that were impacted the most are displayed in Tables C.4 through 

C.6 of the Appendix C. The three sectors with the largest TIO direct impacts were co-fire 

conversion, co-fire production, and truck transportation. The three sectors with the largest 
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indirect impacts were management of companies and enterprises, wholesale trade, and all 

other cop farming. The three sectors with the largest induced impacts were state and local 

education, owner-occupied dwellings, and state and local non-education. The three 

sectors with the largest employment direct impacts were co-fire production, truck 

transportation, and co-fire conversion. The three sectors with the largest indirect 

employment impacts were all other crop farming, gasoline stations, and agriculture and 

forestry support activities. The three sectors with the largest induced employment impacts 

were state and local education, state and local non-education, and food service and 

drinking places. 

Total value added and total output multipliers are presented in Table 16. For total 

output impacts the largest multiplier is for biomass transportation - 2.28. For biomass 

conversion investment impacts, total output multiplier was equal to 2.08 . For total value 

added impacts the largest multiplier had biomass production annual impacts. It was equal 

to 4.91. For both total value added and total output impacts the lowest multipliers had 

biomass conversion annual operating impacts - they were equal to 1.65 and 1.84, 

respectively. 

The estimated amount of total value added and total output per unit of energy 

provided from biomass co-fire are also displayed in Table 16. For both total value added 

and total output impacts the largest share per 1,000 MWh had biomass conversion annual 

operating impacts - $0. 10 and $0. 15, respectively. 
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Table 1 5. Estimated Total Output and Total Value Added for 5. 16% Scenario. 
Total 

Total Value 
Output Added 
/1 000 /1 000 

Total Output MultiElier MWh Total Value Added MultiElier MWh 

Direct Total Direct Total 
Co-fire (Production of 
Biomass) 108,444, 1 52 207,744,298 1 .92 0.04 14,890,498 73,093,606 4.91 0 .01 
Co-fire (Transportation of 
Biomass) 25,009,854 56,935,839 2.28 0.0 1 12,55 1 ,865 30,640,709 2.44 0.01 

Ul Co-fire (Biomass Conversion 
Ul - Operating) 494,862,976 909,379,856 1 .84 0. 1 5  368,830,208 609,200,385 L65 . · 0. 1 0  

Co-fire (Biomass conversion 
investment}. 4, 138,0 10 8,626, 16L 2.08 0.00 2,073,689 4,654,530 2.24 0.00 



: Table 16. Estimated Total Output and Total Value Added for 8%(a) Scenario: 
Total 

Total Value 
.Output / . Added 

1 000 / 1 000 
Total Output Multiplier MWh Total Value Added Multiplier MWh 

Direct Total Direct Total 
Co-fire (Production of 
Biomass) 1 08,444, 1 52 207,743 ,605 1 .92 0.04 1 4,890,498 73,092,409 4.9 1 0.0 1 
Co-fire (Transportation 
of Biomass) 25,009,854 56,935,652 2.28 0.0 1 1 2,5 5 1 ,865 30,640,427 2.44 0.0 1 

Ul Co-fire (Biomass 
0\ 

Conversion -
Operating) 494,862,976 909,379,020 1 .84 0. 15  368,830,208 609, 1 97, 1 54 1 .65 0. 10  
Co-fire (Biomass 
conversion 

· investment) . .  4,138,010  8,626, 148 2.08 0
'.
00 · 2,073,689 4,654,49 1 2.24 0.00 



4.3 Results for 10% {a) Scenario 

As can be seen from Table. 17, for t�e annual .operating impacts, biomass 

conversion total and direct output and value added impacts were the largest, followed by 

biomass production and biomas�· transportation impacts. The sum of total output impacts 

was estimated at $1,174,057,001. The sum of total value �dded impacts was equal to 

$712,926,628. For biomass -conversion investm�nt impacts, total value added impacts 

were equal to $4,654,462, which is $68 less than total value added impacts for biomass 

conversion investment in 5.16% scenario and $29 less than total value added impacts for 

biomass conversion investment in 8% {a) scenario. Total output impacts for biomass 

conversion investment impacts were $8,626,138, which is $23 less than in 5.16% 

scenario and $10 less than in 8%(a) scenario. 

The industries that were impacted the most are displayed in Tables C. 7 through 

C.9 of the Appendix C. The three sectors with the largest TIO direct impacts were co-fire 

conversion, co-fire production, and truck transportation. The three sectors with the largest 

indirect impacts were management of companies and enterprises, wholesale trade, and all 

other cop farming. The three sectors with the largest induced impacts were state and local 

education, owner-occupied dwellings, and state and local non-education. The three 

sectors with the largest indirect employment impacts were all other crop farming, 

gasoline stations, and agriculture and forestry support activities. The three sectors with 

the largest induced employment impacts were state and local education, state and local 

non-education, and food service and drinking places. 

Total value added and total output multipliers are displayed in Table 17 to the 

right. For total output impacts the largest multiplier is for biomass transportation - 2.28. 
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Table 1 7. Estimated Total Output and.Total Value Added for 1 0%(a) Scenario. 
Total 

Total Value 
Output I Added 

1000 / 1000 
Total Output · Multiplier MWh Total Value Added : Multipli� 

Direct Total Direct Total 
Co-fire (Production of 
Biomass) 108,444,1 52 207,743 , 1 26 1 .. 92 0.04 14,890,498 73 ,09 1 ,568 4.9 1  0.0 1 

Vl 
Co-fire (Transportation of 

00 . Biomass) . 25 ,009,854 56,935 ,5 1 7  2 .28 . 0.0 1  . 12,55 1 ,865 30)640,226 · ·. . 2.44 0.0 1 
Co-fire (Biomass Conversion -
Operating} . �. 494,862,976 . 909,378,358 l.84 0.15 368,830,.208 609, 1 94,834 . . 1 .65 . · 0 . 10 
Co-fire (Biomass conversion 
investment} . · ;4, 1 38,010 8,626, 1 38 .· 0 _ _ _ ·._.i.<>_� o.oo ... i 2,073,(,89 . 4,654,46i 2.24 0.00 . 



For biomass conversion investment impacts, total output multiplier was equal to 

2.08. For total value _added impacts the largest multiplier had biomass production annual 

impacts. It was equal to 4.9 1 .  For both total value added and total output impacts the 

lowest multipliers had biomass conversion annual operating impacts - they were equal to 

1.65 and 1 .84 respectively. For both total value added and total output impacts the largest 

share per 1 ,000 MWh had biomass conversion annual operating impacts - $0. 1 0  and 

$0.1 5 respectively {Table 1 7). As it can be seen from Tables 1 5  through 1 7, multipliers 

and the amount of total output and total value added per 1 ,000 MWh are the same across 

the 6. 1 5%, 8%(a) and 1 0%(a) scenarios. 

4.4 Results for 8% (b) Scenario 

The results of the analysis for 8% (b) scenario are presented in Tables 1 8  and 19. 

For the annual operating impacts, the total output impacts, including direct, indirect, and 

induced impacts_, were the largest for biomass conversion ($902,252,401 ), followed by 

biodiesel operating impacts ($272,986,014) and biomass production ($207,834,48 1). The 

lowest total output impacts had solar operating ($4,955,292). The total value added 

impacts were also the largest for biomass conversion and accounted for $609, 1 1 9,498. 

The second and third largest total value added impacts had biodiesel (94,092,748) and 

biomass production ($73,1 62,549), respectively. Multipliers for total output impacts were 

the largest for biomass transportation (2.28), solar (2. 1 4  ), and biomass covenversion 

(1 .96). Multipliers for total value added impacts were the largest for biomass production 

(4.9 1}, biodiesel operating (3.44), and wind (3 .33).Amount of output per 1 ,000 MWh was 

the largest for biodiesel ($ 1 .3 1  ), while the amount of total value added per 1 ,000 MWh 

was the largest for biodiesel ($0.45) and solar ($0.39). 

59 



Table 1 8. Estimated Total Output and Total Value Added for Annual Operating Im:eacts {8%{b) Scenario}. 
Total 

Total Value 
Output Added / 
/1000 1000 

Total Output Multi:elier MWh Total Value Added MultiJ!lier MWh 

Direct Total Direct Total 
Co-fire (Production of 
Biomass) 1 08,444, 1 52 207,834,481 l.92 0 . 15  14,890,498 73, 162,549 4.9 1 0 . 10  
Co-fire (Transportation 

0\ of Biomass) 25,009,854 56,928,662 2.28 0.04 12,55 1 ,865 30,636,0 1 3  2.44 0.0 1 
Co-fire (Biomass 
Conversion -
Operating) 494,862,976 909,252,401 1 .84 0.0 1 368,830,208 609, 1 19,498 1 .65 0.0 1 
Wind 58,253,616  1 14,450,055 .1 .96 0. 1 7  1 7,283,729 57,533,276 3.33 0.08 
Solar 2,3 10,732 4,955,292 2 . 14  0.65 1 ,498,559 3 ,023, 108 2.02 0.39 
Landfill Gas 1 6,676,440 29,078,440 1 .74 0. 16  7,828, 1 76 14,279,887 1 .82 0.07 
Wastewater Gas 1 0,944,591 1 8,442,8 1 3. 1 .69 0. 19  7,322,085 1 1 ,352,075 1 .55 0 . 12  
Biodiesel 143,675,760 272,986,0 14 1 .90 1 .3 1  27,322,8 14 94,092,748 3 .44 0.45 
Animal Waste 19,380,738 35, 149,58 1 1 .8 1  0. 1 6  1 0,662,755 20,043,379 1 .88 0.09 
Total 879,558,859 1 ,649,077,73? 1 .92 - 468, 190,689 9 13,242,533 2.56 



Table 19. Estimated Total Output and Total Value Added for Investment lmEacts {8%(b} Scenario}. 
Total 

Total Value 
Output Added 
/1000 /1000 

Total Output MultiElier MWh Total Value Added MultiElier MWh 

Direct Total Direct Total 
Co-fire (Biomass 
conversion - investment) 4, 138,010 8,625,276 2.08 0.00 2,073,689 4,653,922 2.24 0.00 
Wind 393,552,3 1 7  773,902,990 1 .97 1 . 14 1 33,435,6 18  348,270,236 2.61 0.5 1 
Solar 41 ,636, 1 77 84,856,864 2.04 1 1 .06 10,575,498 35,229,787 3 .28 4.59 """"" 
Landfill Gas 38,038,864 74,469,938 1 .96 0.42 1 1 ,664,414 32,004,953 2 .74 0. 1 8  
Wastewater Gas 2 1 ,342,065 45,327, 132 2. 12  0.47 9, 109,39 1  22,766,820 2.5 0.24 
Biodiesel 79,755,650 157,947,616 1 .98 0.76 33,400,582 77,86 1 ,3 86 2.33 0.37 
Animal Waste 67,324,464 1 3 1 , 1 61 ,534 1 .95 0.60 29, 190, 142 65,566,502 2.25 0.30 
Total 645,787,547 1 ,276,29 1 ,350 2.01 - 229,449--1334_ 586,353,606 2.57 



Shown in Table 19, the total output impacts from investment were the largest for 

wind ($773,902,990), biodiesel ($157,947,616), and animal waste ($131,161,534). The 

lowest total output impact had biomass conversion ($8,625,276). The total value added 

impacts from investment were also the largest for wind ($348,270,236), biodiesel 

($77,861,386), and animal waste ($65,566,502), while the lowest were for biomass 

conversion (4,653,922). Multipliers for total output impacts were the largest for 

wastewater gas (2.12), biomass con�ersion (2.08), and solar investment (2.04). 

Multipliers for total value added impacts were the largest for solar investment (3 .28). 

Amount of output as well as amount of total value added per 1,000 MWh were the largest 

for solar investment - $11.06 and $4.59 respectively. 

Total value added impacts from solar tax credit were equal to $1,614,538; total 

employment impacts accounted for 26. 7, while total output impacts from solar credit 

implementation were $2,786,960. Overall, the total output annual operating impacts for 

8%(b) Scenario were equal to $1,649,077,739, total output investment impacts were 
. . 

$1,276,291,350. For total annual operating impacts, total value added impacts were equal 

to $913,242,533; total value added investment impacts were equal to $651,908,568. 

The industries that were impacted the most are displayed in Tables C. l O through 

C.12 of the Appendix C. The three sectors with the largest TIO direct impacts were co­

fire conversion, co�fire production, and biodiesel. The three sectors with the largest 

indirect impacts were management of companies and enterprises, wholesale trade and all 

other crop farming. The three sectors with the largest induced impacts were state and 

local education, state and local non-education, and owner-occupied dwellings. The three 

sectors with the largest employment direct impacts were co-fire production,· �ck 
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transportation, and manufacturing and industrial buildings. The three sectors with the 

largest indirect employment impacts were all other crop farming, oilseed farming, and 

gasoline stations. The three sectors with the largest induced employment impacts were 

state and local education, state and local non-education, and food service and drinking 

places. 

4.5 Results for 10% (b) Scenario 

From Table 20, the total output annual operating impacts were the largest for 

biomass conversion ($909,251,840), followed by biodiesel operating impacts 

($272,983,352) and biomass production ($207,834,044). The lowest total outpurimpacts 

had solar operating - $4,955,288. The total value added annual operating impacts were 

the largest for biomass conversion - $609,117,411. The second and third largest total 

value added impacts had biodiesel ($94,088,626) and biomass production ($73,161,785), 

respectively. Multipliers for total output impacts were the largest for biomass 

transportation (2.28), solar .(2.14), and wind (1.96). Multipliers for total value added 

impacts were the largest for bio�iesel production (4.91), biodiesel (3.44) and wind 

(3.33).Amount of output per 1,000 MWh was the largest for biodiesel ($1.31), while the 

amount of total value added per 1,000 MWh was the largest for biodiesel (0.45) and solar 

(0.45). 

As shown in Table 21, the total output impacts from investment were the largest for 

wind ($773�901,149), animal waste ($262,322,556), and biodiesel ($157,943,128). The 

lowest total output impact had biomass conversion ($8,625,266). The total value added 

impacts from investment were also the largest for wind ($348,266,811), animal waste 

($131,131,908), and biodiesel ($77,851,588), while the lowest were for biomass conversion 
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Table 20. Estimated Total Output and Total Value Added for Annual Operating Impacts (10%(b) Scenario). 

Total Output Total Value Added 
Total 

Total Value 
Output Added / 
/1000 1 000 

Direct Total MultiElier MWh Direct Total MultiElier MWh 
Co-fire (Biomass 
Conversion 

. Operating) 494,862,976 909,25 1 ,840 1 .84 0. 1 5  368,830,208 609, 1 1 7,41 1  1 .65 0. 1 0  
O"I 

Co-fire (Production 
� of Biomass) 1 08,444, 1 52 207,834,044 1 .92 0.04 14,890,498 73, 16 1 ,785 4.91 0.0 1 

Co-fire 
(Transportation of 
Biomass) 25,009,854 56,928,541 2.28 0.01 1 2,55 1 ,865 30,635,832 2.44 0.0 1 
Wmd 58,253,6 16  ll4,449,780 1 .96 0. 1 7  1 7,283,729 57,532,760 3 .33 . 0.08 
Solar 2,3 10,732 4,955,288 2 . 14 0.65 1 ,498,559 3 ,023,094 2.02 0.39 
Landfill Gas 1 6,676,440 29,078, 149 1 .74 0. 1 6  7,828, 1 76 1 2,877,355 1 .65 0.07 
Wastewater Gas 1 0,944,591 . 1 8,442;766 l.69 0. 1 9  7,322,085 1 1 ,35 1 ,973 1 .55  0. 1 2  
Biodiesel 143,675,760 272,983,352 . 1 .90 · l .3 J  27,322,814 94,088,626 · .  3 .44 0.45 
Animal Waste 38,761 ,476 70,299,050 1 .8 1  0. 1 6  2 1 ,325,5 1 0  40,086,504 1 .88 0.09 
Total 898,939,597 ��� J,684,222,8 10 1 .92 - 478,853,444 93 1 ,875,340 2.54 



Table 21. Estimated Total Output and Total Value Ad�ed for Investment Impacts (10%(b) Scenario). 
', . Total 

Total Value 
Output / Added 

1000 / 1000 
Total Output Multi2lier MWh Total Value Added Multi2lier MWh 

Direct Total Direct Total 
Co-fire (Biomass 
co�version - investment) 4, 138,0 10  8,625,266 2.08 0.00 2,073,689 .. .4,653,896 2.24 0.00 
Wind 393,552,3 1 7  773,90 1 , 149 1 .97 1 . 14 133,435,6 18  348,266,81 1 , 2.6 1 · 0.5 1 

°' Solar 41 ,636, 1 77 84,856,608 2.04 1 1 .06 10757498 35,233,0 16 3 .28 4.59 
Landfill Gas 38,038,864 74,469,787 1 .96 0.42 1 1 ,664,4 14 32,004,663 : 2.74 0. 1 8  
Wastewater Gas 2 1 ,342,065 45,327,076 . . 2. 12  0.47 9, 109,391  22,766,686 2.50 0.24 
Biodiesel 79,755,650 1 57,943 , 128 1 .98 0.76 33,400,582 77,85 1 ,588 2.3"3 0.37 
Animal Waste 134,648,928 262,322,556 1 .95 0.60 58,380,284 13 1 , 1 3 1 ,908 2.25 0.30 
Total 713 , 1 ti,0 1 1  1 ,407,445,570 2.0 1 - 258,82 1 ,476 65 1 !908,568 2.56 



($4,653,869). _Multipliers for total output impacts were the largest for waste�ater 

gas (2. 12), biomass conversion (2.08), and solar investment (2.04). Multipliers for total 

value added impacts _were the largest for solar investment (3 .28).· Amount of output as well 

as �mount of total value added per 1 ,000 MWh were the largest for solar investment -

$ 1 1 .06 and $4.59, respectively. 

Total value added impacts from solar.tax credit were equal to $ 1 ,6 14,5 1 5; total 
. . 

employment impacts accounted for 26.7, while total output impacts from solar credit 

were $2,786,950. 

. . 

, Overall, the total output �ual ope_rating impacts for 10%(b) Scenario .were equal 

t$ 1 ,684,222,8 10, which is for $35, 145,07 1 higher than for 8%(b) scenario; while total 

output investment impacts were $ 1 ,407,445,570 ($ 1 3 1 , 1 54,220 higher than for 8%(b) 

scenario). For total value added, total annual operating impacts were equal $93 1 ,875,340 

($632,807 higher than for 8% (b) scenario); total value ad.ded investment impacts were 

equal $65 1 ,908,568, which is for $65,554,962 higher than for 8%(b) scenario. 

The industries that were impacted the most are displayed in Tables C. 10 through 

C. 12  of the Appendix C. The three sectors with the largest TIO direct impacts were co­

fire conversion, co-fire production, and biodiesel. The three sectors with the largest 

indirect impacts were management of companies -and .enterprises, wholesale trade and ·all 

other crop farming. The three sectors with the largest ind�ced impacts were state and 

local education, state and local non-education, and owner-occupied dwellings. The three 

sectors with the largest employment direct impacts :were co-fire··production, truck 

transportation, and manufacturing and industrial buildings. 
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4.6 Employment Results 

The analysis showed that employment _impacts for different renewables under 

different RPS scenarios were the same. The summary of the employment impacts is 

displayed in Tables 22 apd 23. · 1 , · . • . 

· As .shown in Table 22, for investment the direct employment impacts for wind 

were the largest (2,007)� followed by animal ·waste production (2 plants) and biodiesel 

production. Biomass conversion and solar had the lowest employment impacts- 32 and 

126 respectively. The total impacts for investment were also the largest for wind (5,440), 

animal waste in 10%(b) scenari� (1,873), and biodiesel production (1,143). Employment 

multipliers for investment impacts were the largest for solar (3.97), while the smallest 

for biomass conversion (2.34). Overall, for each job added from investment in renewable 

energy facilities, an additional 2.80 jobs are projected to be created in Tennessee. 

· For the annual operating impacts biomass production had the largest direct impact 

(762), followed by biomass transportation (227). Wind and wastewater gas had the lowest 

direct impacts - 17 and 21 respectively. The total employment impacts were the largest 

for biomass conversion (4,142), biomass ·production (1,808), and biodiesel production 

(1,062). Employment multipliers for investment impacts were the largest for biomass 

conversion (84.53), while the smallest - for solar (1.74). Overall, for each job added from 

annual operating activities associated with renewable electricity generation, additional 18 

jobs are projected to be created in Tennessee. 
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Table 22. Estimated Number of Jobs and Employment Multipliers f�r lilvest�ent . .  · :  
Imp�m. 

Co-fire (Biomass conversion -
investment) 
Wind 
Solar 
Landfill Gas 
, Biodiesel 
Animal Waste (1 plant) 
Animal Waste· (2 plants) 

, Empioyment (Jobs)-
Direct . Total 

32 
2,007 
126 

· 205 
444 
354 
708, 

75 
5,440 
500 
526 

. . 1,143. 
936 

1 ,873 

.Multiplier 

2�34 
2.71 
3.97 
. 2.57 
. 2.57 
2.64 

. ��6S · 

Table 23. Estimated Number of Jobs and Employment Multipliers for Annual Operating 
Impacts. . 

' . 
d .  -· • • � • 

Renewable Energy Technology 
Co-fire (Biomass Conversion - Operating) 
- scenarios 8%b, 10%b . 
Co-fire (Production of Biomass) -
scenarios 8%b, 10%b 
Co-fire (Transportation of Biomass) 
Wind 
Solar 
Landfill Gas 
Wastewater Gas 
Biodiesel 
-Animal Waste (1 plant) 
Animal Waste (2 plants) 
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Bmploym.ent (Jobs) 
Direct Total 

762.0 
227.0 

17 
34.0 . 
26 
21 

· 36.4 
. 26 

52 

4,144.4 

1,808 
520.0 .. 
473 
59.0 
126 · 
87 

1 ,062.8 
197 

394.2 

Multiplier 

'84.58 

2.37· 
2.29 

' · · 27.82 . . 
1.74 
4.85 · :  

. 4.14 
· 29.20 

7.58-' 
7�58 



4. 7 Results for RFS Scenario 

The results of the potential impacts from RFS implementation are presented in 

Tables 24 through 26. Direct and total output impacts for investment were the largest for 

ethanol, and were equal to $46,681,478 and $_91,686,362, respectively. The smallest 

direct and total output impacts were for biodiesel from yellow grease facilities ($15,506 

and $30,190 respectively). The largest output multiplier was for biodiesel from soybeans 

(1.98). The estimated amount of total output per gallon was also the highest for biodiesel 

from soybeans, and was equal to $6.07. Total value added impacts for investment impacts 

were the highest for ethanol ($42,392,228), as was the total value added multiplier (�.50). 

Total value added per gallon was the highest for biodiesel from soybeans and was equal 

to $2.99. 

As shown in the Table 25, the largest total output and value added impacts for 

annual operating impacts were for ethanol ($236,773,851 and $99,572,973, respectively). 

The smallest total output and value added impacts were for biodiesel from yellow grease 

($62,410 and $35,526, respectively), which is explained by the small size of the projected 

facilities. 

Industries that were impacted the most are displayed in Tables C.16 through C.18 

of Appendix C. The three sectors with the largest TIO direct impacts were ethanol, 

biodiesel, and all other industrial machinery manufacturing. The three sectors with the 

largest indirect impacts were oilseed farming, wholesale trade, and grain farming. The 

three sectors with the largest induced impacts were owner-occupied dwellings, wholesale 

trade and real estate. The three sectors with the largest employment direct impacts were 

all other industrial machinery manufacturing, manufacturing and industrial buildings, and 

69 



conveyor and conveymg equipment manufacturing. The three sectors with the largest 

indirect employment impacts were oilseed farming, grain farming1 and whole.sale trade. 
. . . 

T:P.e three sectors with the largest induced employment impacts were stat .e anJ local 

education, state and local non-education, and fo9d service _and drinking places. 

Estimated employment impacts are presented i_n Table 26 and show that the 

largest total output and val�e added_ impacts - including direct, indirect, and value added 
� 

• I • j' •> :_. 

- were for ethanol (652.3 and 1,413, respectively). The largest multiplier for inv.estment 
. . . 

. .  
was for ethanol (2.64). For annual operating_ impacts, t�e largest multiplier was for 

biodiesel from soybeans (52.97}. Moreover, for each jo� .added from �ual operating 

activities as�oci8;ted with producing renewable _fuel 2:61 .additioilal job� a�e projected to 

be created in Tennessee. For investment, for . each _n�w job associated with_ producing 

renewable fuel an -additional 31 .40 jobs are projectedJp be created in the state. Overall, 

the sum of total output annual operating impacts was �qual to ·$351,799,575; and total 

output investment impacts were $170,614,9 l4. For tot�l value added, total annual 

operating impacts were equal to $137,338,460, and total value added investment impacts 

were equal to $81,285,487. 
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Table 24. Estimated Total Output and Total Value Added for Investment Impacts (RFS) 

Total Output 

Direct Total MultiElier 

Ethanol 46,68 1 ,478 . 9 1 ,686,362 1 .96 
Biodiesel 39,877,825 78,898,362 1 .98 
B iodiesel from yellow 
grease 1 5,506 30, 1 90 1 .95 
Total 86,�74,809 1 70,6 14,9 14 1 .96 

Total 
Output 

per 
gallon 

1'.9 1 
6.07 

1 .5 1  
3 . 1 6  

· Total Value Added 

Direct Total 

16,97 1 ,083 42,392,228 
16,699,588 38,878,273 

6,536 1 4,986 
33,677,207 _ 81 ,285,487 

MultiElier 

2.50 
2 .33 

· 2.29 
2.37 

Total 
Value 
Added 

per 
gallon 

0.88 
2.99 

0.75 
1 .54 
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Tab!�)�_-. Estimated Total Output and Total Value Added for Annual Operating Impacts (RFS) 

Ethanol 

Biodiesel 
Biodiesel from yellow 
grease 
Total . 

Total Output 

Direct Total Multif!lier 

128,749,272 236,771,85 1 1 .84 
7 1 , 1 78,648 . 1 14,963,3 14 1 .62 

35,678 62,4 10  1 .75 
199,963

J
598 35 1 ,799,575�� �  . 1 .74 

Total Value Added 

Total 
Output 

per 
gallon Direct Total Multif!lier 

4.93 37,289, 1 16 99,572,973 2 .67 
8.84 1 3,536,04 1 37,729,96 1 2.79 

. 3 . 1 2  20�988 35,526 1 .69 
5 .63 

C C _SQ,846, 1 4� _ q7�338,460 2.38 

Total 
Value 
Added 

per 
gallo:n 

2.07 
2.90 

1 .78 . 
2.25 



Table 26. Estimated Employment for Investment �d Annual Operating Impacts 

Investment Operating 

Direct Total Multiplier Direct Total Muhiplier 

Ethanol 246.7 652.3 2.64 . 36 . . 1 ,4 13  39.25 
Biodiesel 22 1 .9 57 1 .5 2.58 18 953 .4 52.97 
Biodiesel from yellow 
grease 0 0.2 n/a 0.2 0.4 2 
Total 468.6 1224.0 2.6 1 54.2 2366.8 3 1 .40 



Chapter 5 

SUMMARY AND LIMITATIONS 

5.1 Summary 

This study was undertak�n to obtain estimates of how adopting an RPS and RFS 
. . 

would impact the economy of Tennessee. Using the IMPLAN input_-outp�t model, :'e 

have showed that meeting RPS in Tennessee can create thousands of.new jol?s as w�ll a� 

add millions of dollars in output and value added to the state's  economy. 

For the purposes of this research five scenarios that could .be implemented .in 

Te!1flessee were developed. The first scenari� (5 .. 1 6%) in�l�ded current rene�able 

generation and biomass co-firing at the existing state' s  coal fired plants at a co-fire ·rate of 

15 percent. The second (8%(a)) and the third ( l O�(a)) scenanos were expected to be met 

with current renewable electricity generation, �iomass co-firing in the existing coal 
. . 

facilities and purchase of the renewable energy· certificated from outside the· state. The 

mix of renewable resources for the fourth (8%(b)) and fifth (10%(b)) scenarios, except 

biomass co-fire and ·o�t-of-state RECs, include� wind, splar, landfill gas, .wastewater .gas, 

animal waste, and two biodiesel facilities. For the analysis of the potential impacts of the 

RF'S on the economy of Tennessee one scenario that included such renewable fuels as 
. . 

ethanol, biodiesel from soybeans and biodiesel from yellow grease was developed. 

. The results fro� the analysis s�owed that the largest total output impacts on the 

Tennessee's economy o�curred under the 10%(b) scenario. The total output annual 

operating impacts f�r this scenario .were equal 1. 7 billion dollars, which is for $35 million 

higher than for 8%(b) scenario (the scenario with t�e. second largest results); while total 
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output investment impacts were 1.4 billion dollars ($131 million higher than for 8%(b) 

scenari�). For total value added, total annual operating impacts were equal 931 million 

dollars ($632,807 higher than for 8% (b) scenario); total value added investment impacts 

wer�. equal 651 million dollars, which is for $65 million higher than for 8%(b) scenario. 

This implies greater economic benefits for the state to create its own renewable industries 

rather than just buying RECs from outside the state. The employment impacts showed 

that overall for the state, for each job added from annual operating activities associated . 

with providing renewable energy, an additional 18 jobs are projected to be created in 

Tennessee. For investment impacts the overall employment multiplier was equal to 2.80. 

However, in the future research it is necessary to compare the impacts of electricity 

generated from renewables under RPS and the same amount of electricity generated from 

conventional sources. 

From the assumptions and results of this study, it would also appear that RFS 

implementation would be beneficial for Tennessee. Under the RFS scenario, the sum of 

total output annual operating impacts was equal $351 million, and total output investment 

impacts were $170 million. For total val�e added, total annual operating impacts were 

equal $137 million, and total value added investment impacts were equal $81 million. 

The estimated number of new jobs created in the state under the RFS scenario was equal 

1,224 (for investment impacts), and 2,367 (for annual operating impacts). Therefore, the 

study shows that except expected environmental benefits from using renewable fuels, 

meeting RFS requirements in Tennessee would also have beneficial economic impacts 

through additional output and new jobs created in the state. In the future research it would 
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be interesting �o compare the impacts between ethanol production from com and 

cellulosic residues. 

5.2 Limitations of IMPLAN Model 

There are several limitations of the IMPL�� model that are needed to be 

accounted for when interpreting the results of the study. First, IMP LAN is a linear model, 

which means that it assumes constant production function and returns to scale for each 

firm in the industry. Second, it is assumed in the model that supply of any commodity is 

unlimited. Third, IMPLAN model does not account for environmental and social costs ( or 

benefits). Finally, IMPLAN does not take in the consideration changes that take place in 

the·economy over the time. For example, if electricity generators would like to substitute 

some electricity imports with in-state electricity generation, the model would not account 

for these changes, since regional purchase coefficients are fixed in the model. 
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Table A. I .  Expenditures Distribution for Horizontal Axis Wind Turbine Power Plant. 
Facility Size: 1 0  turbines at l .5MW per turbine capacity= 1 5  MW or 39,420,000 kWh per year �a� 30% capacity factor). 
Total Industry Output: 39,420,000 kWh per year * $.0901 per kWh=$3,55 1 ,742 
Employees: 6 

IMPLAN Expenditures Share, 
TyPC Sector IMPLAN Sector Description (200S$) % 

Investment 4 1  Other New Construction (Foundations, $3,500,856 1 5 .3 
Civil engineering, Installation & 
Commissioning, etc.) 

Investment 285 Turbine & Turbine Generator Set Units $6,522,391 28.5 
Manufacturing (Tower, Wind 
Turbine/Generator, Power Collection 
System) 

Investment 3 1 6  Industrial Process Variable Instruments $2,961 ,054 12.9 
(ElectricaVControls/lnstrumentation) 

Investment 334 Motor & Generator Manufacturing $3,78 1 ,764 1 6.5 
(Rotor Assembly) 

Investment 394 Truck Transportation (Transportation & $926,828 4. 1 
Freight) 

Investment 437 Legal Services (Due Diligence, $ 1 ,593,305 7.0 
Permitting, Legal) 

Investment 439 Architectural & Engineering Services $ 1 25,746 0.5 
(Engineering) 

Investment 442 Computer Systems Design Services $ 1 09,453 0.5 
(SCADA & Communications) 

Investment 499 Other State & Local Govt. Enterprises $3,346,872 14.6 
(Tax and Fees) 

Operating 485 Commercial Machinery Repair & $569, 1 87 
Maintenance (includes Turbines, BOP, 
insurance, admin.) 

Depreciation 4 1  Other New Construction (Foundations, $ 1 6 1 , 1 0 1  10.8 
Civil engineering, Substation, Metering, 
Interconnection, Sensors, etc.) 

Depreciation 285 Turbine & Turbine Generator Set Units $652,239 43 .8 
Manufacturing (Tower, Wind 
Turbine/Generator, Power Collection 
System) 

Depreciation 3 1 6  Industrial Process Variable Instruments $296, 1 05 19.9 
(Electrical/Controls/Instrumentation) 

Depreciation 334 Motor & Generator Manufacturing $378, 1 76 25.4 
(Rotor Assembly) 
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Table A. 1. continued. 
Type IMPLAN Sector IMPLAN Sector Description Expenditures 

2005$ 
Value-Added 5001 Employee Compensation $355 ,822.97 

. Value-Added 6001 Proprietary Income $95,233 .25 
Value-Added 7001 Other Property Income $619,371 .70 
Value-Added . 8001 Indirect Business Tax $339,924.38 
Employees 2000 l Employees• 6 

Source: Electric Power Research Institute & BBF Consult. 2004. "Renewable Energy 
Technical Assessment Guide - TAG-RE: 2004". Technical Report - 1008366. 
a Employment based upon Irish Wind Energy Association Estimates of 3 persons per 
1 OMW wind farm. 
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Table A.2. Expenditures Distribution For PV Panels Installation 
Facility Size: Substation Capacity: 7,674,000 kWh (8.48 MWh* 905) 
E..,IIW': 32 

IMPLAN 
TyPC Sector IMPLAN Sector Description 

Semiconductors and Related Device Manufacturing (PV 
Investment 3 1 1  arrays) 
Investment 337 Storage Battery Manufacturing (Battery Bank) 
Investment 343 Miscellaneous Electrical Equipment Manufacturing (Inverter) 

Switchgear and Switchboard Apparatus Manufacturing (Fuses, 
Investment 335 Switches, etc.) 

Rest of the World Adjustment to Final Uses (Installation 
Investment 507 Costs) 
Operating 45 Other Maintenance and Repair Construction (O&M Costs) 

Expenditures ($2005) 

$25,525,4 13 
$7,782,068 
$3,803,862 

$6,092, 129 

$6,998,28 1 
$2, 1 66,708 

Source: Canada, S. , Moore, L., Post, H., Strachan, J. 2005 . "Operation and Maintenance Field 
Experience for Off-grid Residential Photovoltaic Syustem." Prog. Photovolt: Res. Appl. ( 1 3) :  
67-74; Texas' State Energy Conservation Office. 2006. "Estimating PV System Size and 
Cost." SECO Fact Sheet No. 24. 
b Employment based upon study by Singh, V., Fehrs, J. 2001 . "The Work That Goes into 
Renewable Energy". Research Project. 
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Share, 
% 

48.74 
14.86 
7.26 

1 1 .63 

1 3 .36 
4. 1 4  



Table A.3. Ex�enditures Distribution for Landfill Gas Conversion. 
Facility Size: Substation Capacity: 4,594 kW 
Total Industry Output: 34,457,555 kWh*$.0901/kWh=.$3, 1 04,625.7 
Employees: S 

Tn,e 

Investment 
Investment 

Investment 

Investment 
Investment 

Investment 

Investment 
Investment 
Investment 
Investment 

Investment 

Investment 
Investment 

Investment 

Investment 

Operating 

Depreciation 
Depreciation 

Depreciation 

Depreciation 
Depreciation 

Depreciation 

Depreciation 
Depreciation 
Depreciation 
Depreciation 

Depreciation 

Depreciation 
Depreciation 

Depreciation 

IMPLAN 
Sector 

41  
205 

239 

26 1 
275 

276 

277 
289 
298 
3 1 6  

333 

336 
341 

350 

442 

485 

41 
205 

239 

26 1 
275 

276 

277 
289 
298 
3 1 6  

333 

336 
341 

350 

IMPLAN Sector Description 
Other New Construction (Electricity Generation Installation & 
Other Costs, Gas Treatment Installation & Other Costs, Inter 
Connect Installation & Other Costs) 
Iron, Steel Pipe & Tube from Purchased Steel (Pipe) 
Metal Tank, Heavy Gauge, Manufactunng (Condensate 
Knockout) 
Otl & Gas Field Machinery & Equipment (Well & Well 
Heads) 
Air Purification Equipment Manufacturing (Filters) 
Industrial & Commercial Fan and Blower Manufacturing 
(Blowers) 
Heating Equipment, except Warm Air Furnaces (Radiator 
Costs) 
Air & Gas Compressor Manufacturing (Compressor) 
Industrial Process Furnace & Oven Manufacturing (Flares) 
Industrial Process Variable Instruments (Monitor) 
Electric Power & Specialty Transformer Manufacturing 
(Substation Costs & Intertie Wiring Costs) 
Relay & Industrial Control Manufacturing (Protective Relays 
Costs) ·· · 

Wiring Device Manufacturing (System Disconnect Costs) 
Motor Vehicle Parts Manufacturing (IC Low Engine & 
Engineer Wiring Costs) 
Computer Systems Design Services (Substation Telemetry 
Costs) 
Commercial Machinery Repair & Maintenance (Collection 
System Variable O&M, Compression System Variable O&M,) 
Other New Construction (Electricity Generation Installation & 
Other Costs, Gas Treatment Installation & Other Costs, Inter 
Connect Installation & Other Costs) 
Iron, Steel Pipe & Tube from Purchased Steel (Pipe) 
Metal Tank, Heavy �auge, Manufacturing (Condensate 
Knockout) 
Oil & Gas Field Machinery & Equipment (Well & Well 
Heads) 
Air Purification Equipment Manufacturing (Filters) 
Industrial & Commercial Fan and Blo.wer Manufacturing 
(Blowers) 
Heatmg Equipment, except Warm Air Furnaces (Radiator 
Costs) 
Air & Gas Compressor Manufacturing (Compressor) 
Industrial Process Furnace & Oven Manufacturing (Flares) 
Industrial Process Variable Instruments (Monitor) 
Electric Power & Specialty Transformer Manufacturing 
(Substation Costs & Intertie Wiring Costs) · 
Relay & Industrial Control Manufacturing (Protective Relays 
Costs) 
Wiring Device Manufacturing (System Disconnect Costs) 
Motor Vehicle Parts Manufacturing (IC _Low Engine & 
Engineer Wiring Costs) 
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Expenditures (SiobS) Share, 
% .  

$ 1 ,937,01 7  26.89 
$ 1 ,438,066 19.96 

$ 1 04,000 1 .44 

$738,750 1 0.26 
$ 16,000 0.22 

$49,547 ·o:69 

$229,�84 3 . 1 9  
. $88,973 " ) .24 
$75,000 1 .04 
$ 1 ,000 0.01 

$305,622 4.24 

$45,937 0.64 
$9 1 ,874 1 .28 

$2,07 1 ,662 28.76 

$ 10,000 0. 14 

$939,368 

$ 1 93 ,702 26 93 
$ 143,807 19.99 

$ 10,400 1 .45 

$73,875 1 0.27 
$ 1 ,600 0.22 

$4,955 O.(i9 

$22,968 3 . 19  
$8,897 1 .24 
$7,500 l.04 

$ 100 O .Dl  

$30,562 4.25 

$4,594 0.64 
$9, 1 87 1 .28 

$207,166 28.80 

. .  



Table A.3. continued. 
Type IMPLAN IMPLAN Sector Description 

Sector 
Value-Added 5001 Employee Compensation 

Expenditures 
($2005) 

$21 7,825.24 
Value-Added 6001 Proprietary Income $85,439.2 1 
Value-Added 7001 Other Property Income $937,47 1 .08 
Value-Added 8001 Indirect Business Tax $ 1 1 3 ,732.29 

· Employees 20001 Employees 5 

Source: Environmental Protection Agency, Landfill Methane Outreach Program. 2005. 
Documents, Tools, and Resources. Energy Project Landfill Gas Utilization Software (E­
Plus) 
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Table A.4. Expenditures Distribution for Wastewater Gas. 
Facility size: 12,264,000 kWh/year 
Total Industry Output: 12,264,000 kWh/year*$0.0901 = $ 1 , 1 04,986.4 
Employees: 2.6 

Type IMPLAN IMPLAN Sector Description 
Sector 

Investment 4 1  Other New Construction (Cement Work, Piping Installation, 
Excavating/Grading, Building, Component Installation) 

Operating 485 Commercial Machinery Repair & Maintenance (Engine 
Maintenance) 

Byproduct 30 Power Generation and Supply (Projected Annual Electric Revenue) 
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Expenditures 
($2005) 

$2,53 1 ,698.59 

$598, 1 67-49 
$7 648.9 1 



Table A.4. continued. 
Type IMPLAN IMPLAN Sector Description 

Sector 
Value-Added 5001 Employee Compensation 

Value-Added 6001 Proprietary Income 

Value-Added 7001 Other Property Income 

Value-Added 8001 Indirect Business Tax 

Employees 2000 l Employees 

Source: Utah SLC Public Utilities Department 
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Expenditures 
($2005) 

$ 1 1 3,269. 1 3  

$56, 184. 1 4  

$61 6,473 .5 1  

$49, 1 05 .39 

2.6 



Table A.5. Expenditures Distribution for Biodiesel from Soybeans Conversion. 
Facility Size: 1 3 .0 MM Gal/year 
Total Industry Output: 1 3,000,000 gallons/year*$3 .73 = $48,490,000 
Employees: 1 8  

IMPLAN Expenditures Share, 
Type Sector IMPLAN Sector Descri:etion {$2005} % 

Investment 30 Power Generation & Supply (Utilities) $ 1 ,5 1 2,96 1 3 ·57 
Manufacturing & Industrial Bldgs. (Buildings) 

Investment 37 Civil/Mechanical/Electrical, Land/Prep/Trans Access) $8,898,334 20.97 
Other Basic Inorganic Chemical Manufacturing (Solvent 

Investment 1 50 Extraction) $7,321 ,385 1 7.25 
Metal Tank, Heavy Gauge, Manufacturing (Preparation and Mill 

Investment 239 Feed/Meal Sizing) $5,49 1 ,458 1 2.94 
Investment 269 All Other Industrial Machinery Manufacturing (Peripherals) $3,320,284 7.8, 

Conveyor & Conveying Equipment Manufacturing (Feedstock & 
Investment 292 Product Storage and Handling) $ 1 3, 149,467 30.99 
Investment 425 Banking (Contingency (10%)) $2,068,7 19  • 4.88 
Investment 43 1 Real Estate (Land) $24Q, 1 32 0.57 
Investment 439 Architectural & Engineering Services (Engineering/Permitting) $42 1 ,266 0.99 
Investment 45 1 Management of Companies & Enterprises (Set�up Consulting) $6,65 1 0.02 
Operating Oilseed Farming (Feedstock) $62,306,400 85.04 
Operating 30 Power Generation & Supply $4 12,486 0.56 
Operating 32 Water, Sewage & Other Systems $ 1 , 1 57,8 19  l .S8 
Operating 54 Fats & Oils Refining & Blending (Depreciation) $3, 1 27,648 4.27 
Operating 148 Industrial Gas Manufacturing $40,71 5  0.06 
Operating 1 50 Other Basic Inorganic Chemical Manufacturing $278,75 1 0.38 
Operating 1 5 1  Other Basic Organic Chemical Manufacturing $ 1 , 1 47,089 1 .57 
Operating 425 Banking $ 1 ,876, 8 16  2.56 
Operating 427 Insurance Carriers $356, 1 94 0.49 
Opera!ing 438 Accounting $2,0 12, 1 66 2.75 
Operating 485 Commercial Machinery Repair & Maintenance $546,846 0. 75 
Depreciation 30 Power Generation & Supply (Utilities) $ 144,762 4.06 

Manufacturing & Industrial Bldgs. (Buildings, 
Depreciation 37 Civil/Mechanical/Electrical, Land/Prep/Trans Access) $434,068 1 2� 1 8  

Other Basic Inorganic Chemical Manufacturing (Solvent 
Depreciation 1 50 Extraction) $735,999 20.66 

Metal Tank, Heavy Gauge, Manufacturing (Preparation and MiU 
Depreciation 239 Feed/Meal Sizing) $538,886 1 5 . 1 3  
Depreciation 269 All Other Industrial Machinery Manufacturing (Peripherals) $330,680 9.28 

Conveyor & Conveying Equipment Manufacturing (Feedstock & 
Depreciation 292 Product Storage and Handling) $ 1 ,365 ,907 38.34 
Depreciation 43 1 Real Estate (Land) $ 1 2,575 0.35 
Byproduct 1 5 1  Glycerine Credit $8,678, 1 8 1  
Byproduct 163 Soapstock Credit $ 14 1 ,632 
Byproduct 506 Federal Non-military $15,274

2
837 
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Table A.5. continued. 
Type IMPLAN IMPLAN Sector Description 

Sector 
Value-Added 5001 Employee Compensation 

Expenditures 
($2005) 

$ 1 ,432,648.20 
Value-Added 6001 ' Proprietary Income $ 1 ,5 12, 1 67.67 
Value-Added 700 1 Other Property Income $9,656,075.43 
Value-Added 8001 Indirect Business Tax $623,823.66 

Employees · 20001 Employees . 1 8 
Source: English, B., K. Jensen, and J. Menard in cooperation with Frazier, Barnes & 
Associates, Lie. 2002. "Economic Feasibility of Producing Biodiesel in Tennessee". 
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Table A.6. Ex:eenditure Distribution for Wood Fired Power Plant. 
Facility Size; 2 19,000,000 kWh/year = 2 19,000 MWh/year 
Total Industry Output: 2 19,000,000 kWh/year*$0.0901= $ 19,73 1 ,900 
Employees: 26 

IMPLAN Expenditures Share, 
Type Sector IMPLAN Sector Description ($2005) % 

Manufacturing & Industrial Buildings (Concrete Substructures, Piping, 
Investment 37 Electrical, Insulation, Process Structural, Stack) $ 1 1 ,832,678.83 1 6.40 
Investment 1 6 1  Paint & Coating Manufacturing (Paint) $ 144,254.30 0.20 
Inv�stment 203 Iron & Steel Mills (Structural Stee.l) $2,464, 137..04 3.42 

Metal can, box, & Other Container Manufacturing (Receiving 
Investment 240 Hopper/Magnet, Reclaim Hopper, Feed Bin) $ 19,955 .57 0.03 

Construction Machinery Manufacturing (Hammer Mill/Hopper, Dozer 1 ,  
Investment 259 & Dozer 2) $ 1 , 1 27,448.63 1 .56 

Other Commercial & Service Industry Machinery Manufactunng 
Investment 273 (Demineralizer Plant) $ 1 64,084.83 0.23 
Investment 277 Heating Equipment, except Warm. Air Furnaces (No. 2 Oil Burners (4X)) $590,367.69 0.82 
Investment 278 AC, Refrigeration, & Forced Air Heating (Cooling Tower) $2,485 , 1 79.74 3 .44 

Turbine & Turbine Generator Set Unit� Manufacturing (Stoker Steam 
Investment 285 Generator, Steam Turbine/Generator Set) $ 1 8,341 ,928.32 25 .42 

Conveyor & Conveying Equipment Manufacturing (Rotary Disc 
Screen/Hopper, RDS Conveyor, HM Conveyor, Reclaim Conveyor, 

Investment 292 Feed Conveyor) $23 1 ,226.5� Q.32 
Automatic Environmental Control Manufacturing (NOx Control _SNCR, 

Investment 3 1 5  CEMS) $ 1 ,452,976,.14 2.01 
Investment 3 1 6  Industrial Process Variable Instruments (Instrumentation) $2,200,265.94 3 .05 
Investment 346 Motor Vehicle Body Manufacturing (Truck Scale/Unloader) $ 1 07,347.49 0. 1 5  
Investment 425 Banking (Contingency Fee) $ 1 2,853 ,726.41 1 7.82 

Management of Companies & Enterprises (Home Office Expense 
Investment 45 1 (w/Overhead), Field Expenses (w/Overhead), Contractor Fees) $ 1 8, 1 33,�97.62 25 . 1 3  
Operating 14  Logging (Feedstock) $3, 145,843.49 

Commercial Machinery Repair & Maintenance (Maintenance) 
Operating 485 $2,832,8 1455 

Manufacturing & Industrial Buildings (Concrete Substructures, Piping, 
Depreciation 37 Electrical, Insulation, Proces'S Structural, Stack) $59 1 ,634.50 1 7.39 
Depreciation 1 6 1  Paint & Coating Manufacturing (Paint) $ 14,425 .78 0.42 
Depreciation 203 Iron & Steel Mills (Structural Steel) $ 123,207.00 3 .62 

Metal can, box, & Other Container Manufacturing (Receiving 
Depreciation 240 Hopper/Magnet, Reclaim Hopper, Feed Bm) $ 1 ,995.45 0.06 

Construction Machinery Manufacturing (Hammer Mill/Hopper, Dozer 1 ,  
Depreciation 259 & Dozer 2) $ 1 12)745 .09 3 .3 1  

Other Commercial & Service Industry Machinery Manufacturing 
Depreciation 273 (Demineralizer Plant) $ 1 6,408.94 0.48 
Depreciation 277 Heating Equipment, except Warm Air Furnaces (No. 2 Oil Burners (4X)) $59,036.32 1 .74 
Depreciation 278 AC, Refrigeration, & Forced Air Heating (Cooling Tower) $248,5 1 8.08 7.3 1 

Turbine & Turbine Generator Set Units Manufacturing (Stoker Steam 
Depreciation 285 Generator, Steam Turbine/Generator Set) $ 1 ,834, 1 92. ?4 53 .93 

Conveyor & Conveying Equipment Manufacturing (Rotary Disc 
Screen/Hopper, RDS Conveyor, HM Conveyor, Reclaim Conveyor, 

Depreciation 292 Feed Conveyor) . .  $23, 122.99 0.68 
Automatic Environmental Control Manufacturing (NOx Control _SNCR, 

Depreciation 3 1 5  CEMS) $ 145,297.72 4.27 
Depreciation 3 1 6  Industrial Process Variable Instruments (Instrumentation) $220,026.37 6.47 
Depreciation 346 Motor Vehicle Body Manufactunng (Truck Scale/Unloader) $ 10,734.53 0.32 
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Table A.6. continued. 
Type IMPLAN IMPLAN Sector Description Expenditures 

Sector ($2005) 
Value-Added 5001 Employee Compensation $ 1 ,541 ,899.53 
Value-Added 600 1 Proprietary Income $882,684.58 
Value-Added 7001 Other Property Income $5,740,745 .48 
Value-Added 8001 Indirect Business Tax $ 1 ,888,468.77 

Employees 20001 Employees 26 
Source: Electric Power Research Institute & BBF Consult. 2004. "Renewable Energy 
Technical Assessment Guide - TAG-RE: 2004". Technical Report - 1008366 
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Table A.7. Expenditures Distribution for 1 5-% Co�fire of Cellulosic Residues with Coal. 
Facility Size: 137,3 13 ,000 kWh/year = 137,3 13  MWh/year 
Total Industry Output: 1 37,3 13,000 kWh/year*$0.0901 = $ 1 1 ,790,949 
Employees: 7 

IMPLAN 
TyPC Sector 

Investment 41  

Investment 232 

Investment 292 

Investment 298 
Investment 3 16 

Investment 346 
Investment 425 
Investment 439 
Operating 485 

2, 1 0, 1 4, 
Operating 1 1 2 

Depreciation · 41  

Depreciation 232 

Depreciation 292 

Depreciation 298 
Depreciation 3 16 

Depreciation 346 

IMPLAN Sector Description 
Other New Construction (Biomass Handling System Installation, 
Civil Structural, Electrical) 

I 

Prefabricated Metal Buildings and Components (Wood Silo with 
Live Bottom) 
Conveyor & Conveying Eqmpment Manufactunng (Conveyor # 1 ,  
Radial Stacker, Radial Screw, Conveyor #2, etc.) 
l_ndustrial Process Furnace /${, Oven Manufacturing (Modification 
at Bume�s) 
Industrial Process Variable Instruments (Controls) 
Motor Vehicle Body Manufacturing (Truck Tippet with Hopper 
and Feeder) 
Banking (Contingency (30%)) 
Architectural & Engineering S�rv1ces (Engineering @ 10%) 
Commercial Machinery Repair & Maintenance (Repair) 

Feedstock 
Other New Construction (Biomass Handling System Installation, 
Civil Structural, Electrical) 
Prefabricated Metal Buildings and Components (Wood Silo with 
Live Bottom) 
Conveyor & Conveying Equipment Manufacturing (Conveyor # 1 ,  
Radial Stacker, Radial Screw, Conveyor #2, etc.) 
Industrial Process Furnace _& Oven Manufacturing (Modification 
at Burners) 
Industrial Process Variable Instruments (Controls) 
Motor Vehicle Body Manufacturing {Truck Tipper with Hopper 
and Feeder) 
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Expenditures 
($2005) 

$2,039,079 

$48,747 

$477,623 

$33,758 
$ 1 63 ,0 13  

. $ 1 10,642 
$873 ,404 
$391 ,746 
$264,964 

$203,908 

$2,437 

$47,762 

$3,376 
$ 1 6,301 

$1 1,064 

Share, 
% 

49.28 

1 . 1 8  

1 1 .54 

0.82 
3 .94 

2..67 
2 1 . 1 1 
9.47 
2.25 

71 58 

0.86 

1 6.77 

1 . 1 9 
5.7i 

3.88 



Table A.7. continued 
Type IMPLAN IMPLAN Sector Description 

Sector 
Value-Added 5001  Employee Compensation 
Value-Added 6001 Proprietary Income 
Value-Added 7001 Other Property Income 
Value-Added 8001 Indirect Business Tax 

Employees 20001 Employees• 

Expenditures 
($2005) 

Source: English, B., J. Menard, M. Walsh, and K. Jensen. 2004. "Economic Impacts of 
Using Alternative Feedstocks in Coal-Fired Plants in the Southeastern United States". 
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Table A.8. Expenditure Distribution for Ethanol from Shelled Com (Dry Mill). 
Facility Size: 48,000,000 gallons per year 
Total Industry Output: 48,000,000 gallons/year•$2.3 1 = $ 1 10,880,000 
Employees: 36 

IMPLAN Expenditures Share, 
TyPC Sector IMPLAN Sector Description ($2005) % 

Metal Tank, Heavy Gauge, Manufacturing (Saccharification, 
Investment 239 Storga/Load Out)) $5,976,200 1 2.80 

All Other Industrial Machinery Manufacturing (Fermentation, 
Investment 269 Distillation, Solid/SyrupSeparation/Drying) $34,374, 147 73 .64 
Investment 289 Air and Gas Compressor Manufacturing (Air Compressor) $ 174,263 0.37 
Investment 292 Feedstock Handling $4,403,674 9.43 

Waste Management and Remediation Services (Wastewater 
Investment 460 treatment) $ 1 ,753, 1 98 3.76 
Operating 2 Grain Farming (Feedstock) $42,555, 1 82 50.86 
Operating 30 Power Generation and Supply (Electricity) $2, 1 19,6 1 1 2.53 
Operating 3 1  Natural Gas Distribution (Natural Gas) $26,771 ,588 32.00 

Water, Sewage and Other Systems (Makeup Water, Steam, 
Operating 32 CT Water, Cool Water) $348,8 1 3  0.42 
Operating 84 All Other Food Manufacturing (Yeast) $ 1 , 1 85,940 1 .42 
Operating 1 50 Other Basic Inorganic Chemical Manufacturing (Caustic) $ 1 ,2 1 3 ,854 1 .45 

Other Basic Organic Chemical Manufacturing (Gluco-
Operating . 1 5 1  Anylase) $2,721 ,072 3 .25 
Operating 390 Wholesale Trade Department (Denaturant (Gasoline)) $ 1 ,262,352 1.5 1  
Operating 4 1 1 Miscellaneous Store Retailers (Operating Supplies) $682,204 0.82 
Operating 425 Banking (Interest Expense) $2,8 17,4 15  3 .37 
Operating 427 Insurance Carriers (Insurance and Local Taxes) $342,788 0.41 

Management of Companies and Enterprises (Consulting 
Operating 45 1 Services) $796,205 0.95 

Commercial Machinery Repair and Maintenance 
Operating 485 (Maintenance Supplies) $852,828 1 .02 

Metal Tank, Heavy Gauge, Manufacturing (Saccharification, 
Depreciation 239 Storga/Load Out)) $597,620 1 3 .30 

All Other Industrial Machinery Manufacturing (Fermentation, 
Distillation, Solid/SyrupSeparation/Drying) 

Depreciation 269 $3,437,41 5  76.5 1 
Depreciation 289 Air and Gas Compressor Manufacturing (Air Compressor) · $ 1 7,426 0.39 
Depreciation 292 Feedstock Handling $440,367 9 .80 
ByProduct 47 Other Animal Food Manufacturing (DOGS) $ 13,142,915  

1 00 



Table A.8. continued. 
Type IMPLAN 

Sector 
Value-Added 5001 
Value-Added 6001 
Value-Added 7001 

IMPLAN Sector Description 

Employee Compensation 
Proprietary Income 
Other Property Income 

Expenditures 
($2005) 

2,272, 1 76.66 
8,022,871 .73 

48,347,938.26 
Value-Added 8001 Indirect Business Tax 710,027.93 

Employees 20001 Employee( 36 
Source: McAloon, A., Taylor, F., Yee, W., Ibsen, K., and Wooley, R. 2000. "Determining 
the Cost of Producing Ethanol from Com Starch and Lignocellulosic Feedstocks". National 
Renewable Energy Laboratory. Joint study sponsored by USDA and DOE. 
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Table A.9. Expenditure Distribution for Biodiesel from Yellow Grease Batch Technology. 
Facility Size: 5 ,000 kWh/year = 5 MWh/year 
Total Industry Output: 5,000 kWh/year*$3 .23 = $ 16, 1 50 
Employees: 0. 1 

IMPLAN 
Sector IMPLAN Sector Descri:etion 

Conveyor & Conveying Equipment Manufacturing (Transesterfication 
Investment 292 Machinery) 
Investment 239 Metal Tank, Heavy Gauge, Manufacturing (Storage Tanks) 
Investment 37 Manufacturing and Industrial Buildings (Building) 
Investment 439 Architectural and Engineering Services (Permits/misc.) 
Investment 425 Banking (Working Capital) 
Operating 54 Fats and Oils Refining and Blending (Yell ow Grease) 
Operating 1 5 1  Other Basic Organic Chemtcal Manufacturing (Methanol) 
Operating 150 Other Basic Inorganic Chemical Manufacturing (Catalyst) 
Operating 394 Truck Transportation (Freight) 
Operating 28 Support Activities for oil and gas operations (FF A treatment) 
Operating 3 1  ·Heat energy 
Operating 30 Electricity 
Operating 485 Maintenance 
Depreciation 37 Manufacturing and Industrial Buildings (Building) 
Depreciation 239 Metal Tank, Heavy Gauge, Manufacturing (Storage Tanks) 

Conveyor & Conveying Equipment Manufactunng (Transesterfication 
Depreciation 292 Machinery) 
BYJ)l'Oduct 1 5 1  Glycerin 
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Expenditures 
{$2005} 

5 , 1 14.8  
959.7 
793.9 
1 59.9 
725.0 

4, 148.8 
578.4 
37 1 . 8  
260.3 
302.2 
665.8 

2.2 
1 1 4. 1 
39.7 
96.0 

5 1 1 .5 
1 ,432.9 

Share, 
% 

65.97% 
1 2.38% 
10.24% 
2.06% 
9.35% 

64.39% 
8 .98% 
5.77% 
4.04% 
4.69% 
10.33% 
0.03% 
1 .77% 
6 . 13% 
14.83% 

79.04% 



Table A.9. continued. 
Type IMPLAN IMPLAN Sector Description 

Sector 
Value-Added 5001 Employee Compensation 
Value-Added 
Value-Added 
Value-Added 

6001 Proprietary Income 
7001 Other Property Income 
8001 Indirect Business Tax 

Employees 20001 En,J>loyed , 

Expenditures 
($2005) 
6,924.32 
149.70 

3,069.40 
142. 17  

0. 1 
Source: Peterson, C. "Feasibility study for commercial production ofbiodiesel, 
University of Idaho"; Fraz1er Barnes and Associates, "Arkansas Biodiesel Pre-Feasibility 
Study" 
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Table B. 1 Summary of State Renewable Portfolio Standards . 
State Initial year Final Target Year due Resource eligibility 

enacted 
Arizona 200 1 1 5% 2025 Solar PV (at least 5% in 200 1-2003 and 

60% in 2004-20 12), solar thermal, in-
state landfill gas, wind, biomass 

California 2002 20% 20 17 Solar PV, solar thermal, wind, biomass, 
landfill gas, geothermal, fuel cells, 
tidal/ocean, wave/thermal 

Colorado 2004 10% 20 1 5  Solar PV, wind, geothermal, biomass 
(includes landfill gas, wastewater by-
products, and animal wastes), hydro ( <= 
lOMW), fuel cells using eligible 
renewable resources 

Connecticut 2003 10% 20 10  Wind, solar PV, solar thermal, biomass, 
fuel cells, landfill gas, tidal/ocean, 
wave/thermal 

Delaware 2005 10% 20 19  Wind, solar PV, solar thermal, biomass, 
fuel cells, land fill gas, tidal/ocean, 
wave/thermal, geothermal 

District of 2004 1 1% 2022 Wind, solar PV, solar thermal, biomass, 
Columbia fuel cells, tidal/ocean, wave/thermal, 

geothermal 

Obligation to comply Credit 
trading 

Utility Yes 

Investor owned No 
utility; 

Municipal utility 
Investor owned Yes 

utility; 
Utility; 

Rural electric 
cooperative 

Utility Yes 

Retail Electricity Yes 
Supplier 

Utility Yes 



0 
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Table B. l .  continued. State 
Hawaii 
Iowa 

Initial year I Final Target enacted 
2004 I 20% 

. 1 99 1  105 MW 

Year due 
2020 

Resource eligibility 
Wind, solar PV, solar thermal, biomass, fuel cells, landfill gas, tidal/ocean, wave/thermal, geothermal. Wind, solar PV, solar thermal, biomass, fuel cells, tidal/ocean 

Obligation to comply Utility 
Utility 

Credit trading 
No 
No 

1-------------t----------t---------+-----------t-------------------------t-----------+--·----Illinois 2005 25% 
Maine 1997 10% 
.Maryland 2004 7.5% 

20 1 7  
20 1 7  
20 19  

Wind, solar PV, biomass, fuel cells 
Wind, solar PV, solar thermal, biomass, fuel cells, land fill gas, tidal/ocean, wave/thermal Wind, ·solar PV, soiar thermal, biomass, fuel cells, land fill gas, tidal/ocean, 

Utility 
Utility 

Electricity supplier 

No 
Yes 
Yes I wave/thermal, geothermal ·. . _ .,_Massachusetts · I· ·. 1 997 I 4% I · · 2009 · Wind, solar PV, solar thermal, biomass, · I Utility I Yes -+---------------+_l_an_d fill gas, tidal/ocean, wave/thermal 

I Minnesota I . 200 1 I 25% . I 2025 I Wind and biomass with preference for in- --·--·-r--,- ·-Xcel only I No state projects 
I Montana I 2005 . .  1 1 5%· ·I 20 1 5  I Wind, .solar PV, solar thermal, biomass, 1�tility----r- Yes '1 fuel cells, land fill gas, tidal/ocean, l · . geothermal · I Wind, solar PV, solar _thermal, biomass, I Investor owned I Yes I Nevada 200 1 20% 201 5  fuel cells, tidalf ocean

) 
geothermal. At utility · . I come from solar. least 5% of each year's standard must 

� New Jersey 1999 6.5% 2008 Wind, solar PV, biomass, fuel cells, land Utility Yes , fill gas, tidal/ocean, wave/thermal, . I . I I I I geothermal _________ __.__ ----�- __. 



Table B. l .  continued. 
State Initial year Final Target Year due Resource eligibility Obligation to Credit 

enacted comply trading 

New Mexico 2002 20% 2020 Wind, solar PV, solar thermal, biomass, Investor owned Yes 
fuel cells, land fill gas, tidal/ocean, utility 
geothermal 

New York 2004 24% 201 3  Wind, solar PV, biomass, fuel cells, land Investor owned Yes 
fill gas, tidal/ocean, wave/thermal utility 

,_Pennsylvania 2004 1 8% 2020 Wind, solar PV, solar thermal, biomass, Utility Yes 
fuel cells, land fill gas, tidal/ocean, 

>----------· 
geothermal 

Rhode Island 2004 1 5% 2020 · Wind, solar PV, biomass, land fill gas, Electric retailers Yes 
tidal/ocean, wave/thermal, geothermal, 
small hydroelectric -

Texas 1999 5,880 MW 20 1 5  Wind, solar PV, solar thermal, biomass, Retail supplier Yes 
fuel cells, tidal/ocean, wave/thermal, 
geothermal 

Vermont* 2005 10% 201 3  Wind, solar PV, solar thermal, biomass, Retail electricity Yes 
fuel cells, land fill gas, tidal/ocean supplier 

· Wisconsin 1999 2.2% 20 1 1  Wind, solar PV, solar thermal, biomass, Utility Yes 
fuel cells, land fill gas, tidal/ocean, 
wave/thermal, geothermal 

Washington 2006 1 5% 2020 Solar thermal, PV, wind, biomass, Utility Yes 
alternative fuels, fuel cells, landfill gas, 
geothermal 

Source: U.S. Department of Energy, Energy Efficiency and Renewable Energy. 2007. States with Renewable 
Portfolio Standards. Washington DC; Rabe, B. 2006. "Race to the Top: The Expanding Role of U.S. State RPS". 



Table B.2 State Renewable Fuels Standards. 
State Level Year due Source 1 Enacted 
Hawaii E lO  2006 Ethanol Yes 
Montana El O When state Ethanol Yes 

achieves minimal 
production level 

Minnesota E20 2013 Ethanol Yes 
Washington E2 (in future E 10) December, 1, Ethanol Yes 

2008 
B2 (in future BS) November, 30, Biodiesel 

2008 
Illinois 10% of total sales 1 2008 Ethanol Yes 

(passed 
15% of total sales 2012 Senate, not 

House for 
action) 

California B2 1 2008 Biodiesel Yes 
BS 2010 

Iowa 10% of sales (E85) 2009 Ethanol Yes 
25% of sales (E85) 2020 

Idaho ElO  Ethanol Yes 
Louisiana E2 When state Ethanol Yes 

B2 achieves min. Biodiesel 
production level 

Colorado E lO  2009 Ethanol No 
E20 2013 

Kansas E lO  2010 Ethanol No 
B2 Biodiesel 

Missouri E lO  2010 Ethanol No 
New Mexico ElO  2009 Ethanol No 

B2 Biodiesel 

Source: Green Car Congress, 2006; Legislature of the State of Idaho, 2006. 
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Table C. l .  Top Ten Sectors Impacted Under the 5.16% Scenario, Total Value Added. 
IMPLAN 

Sector Sector Description Impacts, $ 
Direct 

90 Co-fire conversion 368,830,208 
78 Co-fire production 14,890,498 

394 Truck transportation 12,551,865 
41 Other new construction 841,061 

425 Nondepository credit intermediation 709,091 
439 Architectural and engineering services 238,057 
292 Conveyor and conveying equipment manufacturing 168,255 
316 Industrial process variable instruments 54,872 
346 Motor vehicle body manufacturing 30,528 
298 Industrial process furnace and oven manufacturing 16,883 

Indirect 
1.0 All other crop farming 34,269,932 

425 Nondepository credit intermediation 13,444,762 
407 Gasoline stations 8,647,599 
485 Commercial machinery repair and maintenance 8,066,567 
14 Logging 5,192,021 
41 Other new construction 3,598,040 

390 Wholesale trade 3,283,196 
18 Agriculture and forestry support activities 2,729,049 

112 Sawmills 2,142,378 
431 Real Estate 1,899,912 

Induced 
503 State & Local Education · 20,397,483 
504 State & Local Non-Education 16,991,663 
509 Owner-occupied dwellings 17,037,490 
390 Wholesale trade 12,831,141 
431 Real estate 10,645,596 
465 Offices of physicians- dentists- and other health 8,988,672 
38 Commercial and institutional buildings 6,622,045 
33 New residential 1-unit structures- nonfarm 6,542,945 

467 Hospitals 5,918,541 
481 Food services and drinking places 5,753,177 
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Table C.2. Top Ten Sectors Impacted Under the 5.16% Scenario, Total Industry Output. 
IMPLAN 

Sector Sector Description Impacts, $ 
Direct 

90 Co-fire conversion 494,862,976 
78 Co-fire production 108,444,152 

394 Truck transportation 25,009,854 
41 Other new construction 2,039,078 

425 Nondepository credit intermediation 873,404 
292 Conveyor and conveying equipment manufacturing 477,623 
439 Architectural and engineering services 391,746 
316 Industrial process variable instruments 163,013 
346 Motor vehicle body manufacturing 110,642 
232 Prefabricated metal buildings and components 48,747 

Indirect 
10 All other crop farming 52,055,362 

425 Nondepository credit intermediation 16,560,212 
485 Commercial machinery repair and maintenance 16,277,054 
14 Logging 11,788,138 

407 Gasoline stations 11,443,100 
112 Sawmills 9,374,094 
41 Other new construction 8,723,126 

390 Wholesale trade 4,316,655 
394 Truck transportation 4,034,406 
431 Real Estate 3,825,096 

Induced 
503 State & Local Education 18,081,546 
33 New residential 1-unit structures- nonfarm 15,566,348 

509 Owner-occupied dwellings 15,274,131 
504 State & Local Non-Education 15,062,426 
390 Wholesale trade 13,070,991 
431 Real estate 12,038,685 
38 Commercial and institutional buildings 11,968,464 

. 344 Automobile and light truck manufacturing 9,345,096 
481 Food services and drinking places 8,872,029 
465 Offices of physicians- dentists- and other health 8,413,345 
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Table C.3. Top Ten Sectors Impacted Under the 5.16% Scenario, Employment. 
IMPLAN 

Sector Sector Description Number of Jobs 
Direct 

78 Co-fire production 762.00 
394 Truck transportation 227.00 
90 Co-fire conversion 49.00 
41 Other new construction 18. 94 

425 Nondepository credit intermediation 5.70 
439 Architectural and engineering services 3.88 
292 Conveyor and conveying equipment manufacturing . 2.05 
316 Industrial process variable instruments 0.80 
346 Motor vehicle body manufacturing 0.44 
232 Prefabricated metal buildings and components 0.27 

Indirect 
10 All other crop farming 1,134.93 

407 Gasoline stations 234.44 
18 Agriculture and forestry support activities 165.05 

485 Commercial machinery repair and maintenance 135.16 
425 Nondepository credit intermediation 108.14 
41 Other new construction 81.03 
14 Logging 50.34 

112 Sawmills 41.26 
394 Truck transportation 36.62 
390 Wholesale trade 32.24 

Induced 
503 State & Local Education 420.24 
504 State & Local Non-Education 300.37 
481 Food services and drinking places 184.91 
38 Commercial and institutional buildings 148.38 
33 New residential I -unit structures- nonfarm 99.34 

390 Wholesale trade 97.64 
431 Real estate 76.29 
467 Hospitals 75.87 
465 Offices of physicians- dentists- and other health 66.78 
410 General merchandise stores 61.15 
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Table C.4. Top Ten Sectors Impacted Under the 8%(a) Scenario, Total Value Added. 
IMPLAN 

Sector Sector Description Impacts, $ 
Direct 

90 Co-fire Conversion 368,830,208 
78 Co-fire production 14,890,498 

394 Truck transportation 12,551,865 
4 1  Other new construction 84 1,061 

425 Nondepository credit intermediation and related a 709,091 
439 Architectural and engineering services 238,057 
292 Conveyor and conveying equipment manufacturing 168,255 
3 16 Industrial process variable instruments 54,872 
346 Motor vehicle body manufacturing 30,528 
298 Industrial process furnace and oven manufacturing 16,883 

Indirect 
451 Management of companies and enterprises 10,081,506 
390 Wholesale trade 8,452, 169 

1 0  All other crop fanning 7,056,285 
390 Wholesale trade 6,905,877 
441 Custom computer programming services 5,076,365 
436 Lessors of nonfinancial intangible assets 2,499,945 
91  Other tobacco product manufacturing 2,429,756 

437 Legal services 2,349,442 
430 Monetary authorities and depository credit 2,037,600 
394 Truck transportation 1,649,867 

Induced 
503 State & Local Education 18,322,838 
504 State & Local Non-Education 15,263,429 
509 Owner-occupied dwellings 13,365,588 
390 Wholesale trade 10,465,753 
43 1 Real estate 8,696, 146 
465 Offices of physicians- dentists- and other health 7,085,738 
38 Commercial and institutional buildings 5,779, 164 
33 New residential I -unit structures 5,672, 17 1 

467 Hospitals 4,686,893 
481 Food services and drinking places 4,559,686 
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Table C.5. To� Ten Sectors Im�acted Under the 8%{a} Scenario, Total Industry Output. 
IMPLAN 

Sector Sector Descri�tic;m lm�acts, $ 
Direct 

90 Co-fire conversion 494,862,976 
78 Co-fire production 108,444,152 

394 Truck transportation 25,009,854 
41 Other new construction 2,039,078 

425 Nondepository credit intermediation and related a 873,404 
292 Conveyor and conveying equipment manufacturing 477,623 
439 Architectural and engineering services 391,746 
316 Industrial process variable instruments 163,013  
346 Motor vehicle body manufacturing 110,642 
232 Prefabricated metal buildings and components 48,747 

Indirect 
451 Management of companies and enterprises 18,182,966 
390 Wholesale trade 11,112,677 
10 All other crop farming 10,718,360 

390 Wholesale trade 9,079,65� 
441 Custom computer programming services 6,445,757 
91 Other tobacco product manufacturing 5,076,734 

436 Lessors of nonfinancial intangible assets 4,787,414 
437 Legal services 3,464,073 
394 Truck transportation 3,287,394 
89 Tobacco stemming and redrying 2,970,039 

Induced 
503 State & Local Education 18,322,842 
509 Owner-occupied dwellings 16,719,149 
504 State & Local Non-Education 15,263,433 
33 New residential 1-unit structures 15,181,486 

390 Wholesale trade 13,760,083 
431 Real estate 12,644,590 
38 Commercial and institutional buildings 11,756,623 

481 Food services and drinking places 9,632,631 
344 Automobile and light truck manufacturing 9,299,830 
465 Offices of :eh�sicians- dentists- and other health 9, 1 56,732 
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Table C.6. Top Ten Sectors Impacted Under the 8%(a) Scenario, Employment. 
IMPLAN 

Sector Sector Description 
Direct 

78 Co-fire production 
394 Truck transportation 
90 Co-fire conversion 
41 Other new construction 

425 Nondepository credit intermediation 
439 Architectural and engineering services 
292 Conveyor and conveying equipment manufacturing 
316 Industrial process variable instruments 
346 Motor vehicle body manufacturing 
232 Prefabricated metal buildings and components 

Indirect 
10 All other crop farming 

407 Gasoline stations 
10 All other crop farming 
18 Agriculture and forestry support activities 

425 Nondepository credit intermediation 
41 Other new construction 

485 Commercial machinery repair and maintenance 
485 Commercial machinery repair and maintenance 
14 Logging 
18 Agriculture and forestry support activities 

Induced 
503 State & Local Education 
504 State & Local Non-Education 
481 Food services and drinking places 
38 Commercial and institutional buildings 
33 ·New residential 1-unit structures 

390 Wholesale trade 
431 Real estate 
467 · Hospitals 
465 Offices of physicians- dentists- and other health 
410 General merchandise stores 
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Number of Jobs 

762.00 
227.00 
49.00 
18.94 
5.70 
3.88 
2.05 
0.80 
0.44 
0.27 

991.41 
233.73 
143.49 
118.87 
104.17 
81.03 
71.54 
63.29 
50.30 
46.16 

420.23 
300.36 
184.89 
148.37 
99.34 
97.63 
76.29 
75.87 
66.78 
61.15 



Table C.7. Top Ten Sectors Impacted Under the 10%(a) Scenario, Total Value Added. 
IMPLAN 

Sector Sector Description Impacts, $ 
Direct 

90 Co-fire conversion 368,830,208 
78 Co-fire production 14,890,498 

394 Truck transportation 12,551,865 
41 Other new construction 841,061 

425 Nondepository credit intermediation and related a 709,091 
439 Architectural and engineering ·services 238,057 
292 Conveyor and conveying equipment manufacturing 168,255 
316 Industrial process variable instruments 54,872 
346 Motor vehicle body manufacturing 30,528 
298 Industrial process furnace and oven manufacturing 16,883 

Indirect 
451 Management of companies and enterprises 10,081,500 
390 Wholesale trade 8,452,149 
10 All other crop farming 7,056,285 

390 Wholesale trade 6,905,863 
441 Custom computer programming services 5,076,365 
436 Lessors of nonfinancial intangible assets 2,4�9,946 
91 Other tobacco product manufacturing 2,429,756 

437 Legal services 2,349,393 
430 Monetary authorities and depository credit 2,037,603 
394 Truck transportation 1,649,868 

Induced 
503 State & Local Education 18,322,806 
504 State & Local Non-Education 15,263,401 
509 Owner-occupied dwellings 13,365,622 
390 Wholesale trade 10,465,733 
431 Real estate 8,696,150 
465 Offices of physicians- dentists- and other health 7,085,752 
38 Commercial and institutional buildings 5,779,108 
33 New residential 1-unit structures 5,672,106 

467 Hospitals 4,686,899 
481 Food services and drinking places 4,559,708 
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Table C.8. Top Ten Sectors Impacted Under the 10%(a) Scenario, Total Industry Output. 
IMPLAN 

Sector Sector Description Impacts, $ 
Direct 

90 Co-fire conversion 494,862,976 
78 Co-fire production 108,444,1 52 

394 Truck transportation 25,009,854 
41 Other new construction 2,039,078 

425 Nondepository credit intermediation and related a 873,404 
292 Conveyor and conveying equipment manufacturing 477,623 
439 Architectural and engineering services 391 ,746 
316 Industrial process variable instruments 1 63,01 3 
346 Motor vehicle body manufacturing 1 10,642 
232 Prefabricated metal buildings and components 48,747 

Indirect 
451 Management of companies and enterprises 1 8,1 82,956 
390 Wholesale trade 1 1 ,1 12,652 
10  All other crop farming 10,71 8,360 

390 Wholesale trade 9,079,637 
441 Custom computer programming services 6,445,757 
91 Other tobacco product manufacturing 5,076,734 

436 Lessors of nonfinancial intangible assets 4,787,414 
437 Legal services 3,464,000 
394 Ttuck transportation 3,287,397 
89 Tobacco stemming and redrying 2,970,039 

Induced 
503 State & Local Education 1 8,322,810 
509 Owner-occupied dwellings 1 6,719,191 
504 State & Local Non-Education 1 5,263,405 
33 New residential 1 -unit structures 1 5,1 81,312 

390 Wholesale trade 1 3,760,057 
431 Real estate 12,644,595 
38 Commercial and institutional buildings 1 1 ,756,509 

481 Food services and drinking places 9,632,678 
344 Automobile and light truck manufacturing 9,299,747 
465 Offices of physicians- dentists- and other health 9,1 56,750 
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Table C.9. Top Ten Sectors Impacted Under the 10%(a) Scenario, Employment. 
IMPLAN 

Sector Sector Description 
Direct 

78 Co-fire production 
394 Truck transportation 
90 Co-fire conversion 
41 Other new construction 

425 Nondepository credit intermediation 
439 Architectural and engineering services 
292 Conveyor and conveying equipment manufacturing 
316 Industrial process variable instruments 
346 Motor vehicle body manufacturing 
232 Prefabricated I?letal buildings and components 

Indirect 
10 All other crop farming 

407 Gasoline stations 
10 All other crop farming 
18 Agriculture and forestry support activities 

425 Nondepository credit intermediation 
41 Other new construction 

485 Commercial machinery repair and maintenance 
485 Commercial machinery repair and maintenance 
14 Logging 
18 Agriculture and forestry support activities 

Induced 
503 State & Local Education 
504 State & Local Non-Education 
481 Food services and drinking places 
38 Commercial and institutional buildings 
33 New residential 1-unit structures 

390 Wholesale trade 
431 Real estate 
467 Hospitals 
465 Offices of physicians- dentists- and other health 
410 General merchandise stores 
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Number of Jobs 

762.00 
227;00 
49.00 
18.94 
5.70 
3.88 
2.05 
0.80 
0.44 
0.27 

991.41 
233.73 
143.49 
118.87 
104.17 
81.03 
71.54 
63.29 
50.30 
46.16 

420.23 
300.36 
184.88 
148.37 
99.34 
97.63 
76.28 
75.87 
66.78 
61.15 



Table C.10. Top Ten Sectors Impacted Under the 8%(b) Scenario, Total Value Added. 
IMPLAN 

Sector Sector Description Impacts, $ 
Direct 

90 Co-fire conversion 368,830,208 
78 Co-fire production 14,890,498 
26 Biodiesel 13,661,407 

394 Truck transportation 12,551,865 
71 Seafood product preparation and packaging 10,662,755 

425 Nondepository credit intermediation and related a 9,664,213 
451 Management of companies and enterprises 8,941,147 
37 Manufacturing and industrial buildings 4,688,086 

292 Conveyor and conveying equipment manufacturing 4,362,188 
335 Switchgear and switchboard apparatus manufacturing 3,746,193 

Indirect 
451 Management of companies and enterprises 10,068,114 
390 Wholesale trade 8,444,308 
10 All other crop farming 7,056,277 

390 Wholesale trade 6,898,281 
441 Custom computer programming services 5,076,326 
394 Truck transportation 2,761,560 
390 Wholesale trade 2,678,224 
436 Lessors of nonfinancial intangible assets 2,499,912 
91 Other tobacco product manufacturing 2,429,756 

437 Legal services 2,348,724 
Induced 

503 State & Local Education 18,317,412 
504 State & Local Non-Education 15,258,906 
509 Owner-occupied dwellings 13,359,680 
390 Wholesale trade 10,450,677 
431 Real estate 8,691,706 
465 Offices of physicians- dentists- and other health 7,082,591 
38 Commercial and institutional buildings 5,776,387 
33 New residential I -unit structures 5,669,198 

467 Hospitals 4,684,782 
481 Food services and drinking places 4,557,671 
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Table C.11. Top Ten Sectors Impacted Under the 8%(b) Scenario, Total Industry Output. 
IMPLAN 

Sector Sector Description 
Direct 

90 Co-fire conversion 
78 Co-fire production 
26 Biodiesel 

394 Truck transportation 
311 Semiconductors and related device manufacturing 
71 Seafood product preparation and packaging 

Turbine and turbine generator set units 
285 manufacturing 
451 Management of companies and enterprises 
292 Conveyor and conveying equipment manufacturing 
425 Nondepository credit intermediation and related a 

Indirect 
451 Management of companies and enterprises 
390 Wholesale trade 
10 All other crop farming 

390 Wholesale trade 
441 Custom computer programming services 
394 Truck transportation 

91 Other tobacco product manufacturing 
436 Lessors of non.financial intangible assets 
390 Wholesale trade 
43 7 Legal services 

Induced 
503 State & Local Education 
509 Owner-occupied dwellings 
504 State & Local Non-Education 
33 New residential 1-unit structures 

390 Wholesale trade 
431 Real estate 
3 8 Commercial and institutional buildings 

481 Food services and drinking places 
344 Automobile and light truck manufacturing 
465 Offices of physicians- dentists- and other health 

120 

Impacts, $ .  

494,862,976 
108,444,152 
71,837,880 
25,009,854 
22,176,272 
19,380,738 

17,985,512 
16, 126,21 R 
12,382,887 
11,903,625 

18,158,812 
11,102,343 
10,718,347 
9,069,669 
6,445,707 
5,502,465 
5,076,734 
4,787,349 
3,521,255 
3,463,014 

18,317,418 
16,711,758 
1 5,258,91 0  
15,173,531 
13,740,262 
12,638,134 
11,750,972 
9,628,375 
9,294,546 
9,152,664 



Table C. 12. Top Ten Sectors Impacted Under the 8%(b) Scenario, Employment. 
IMPLAN 

Sector Sector Description 
Direct 

78 Co-fire production 
394 Truck transportation 
3 7 Manufacturing and industrial buildings 

451 Management of companies and enterprises 
3 7 Manufacturing and industrial buildings 

425 Nondepository credit intermediation 
292 Conveyor and conveying equipment manufacturing 
311 Semiconductors and related device manufacturing 

90 Cigarette manufacturing 
45 Other maintenance and repair construction 

Indirect 
10 All other crop farming 
1 Oilseed farming 

407 Gasoline stations 
18 Agriculture and forestry support activities 

425 Nondepository credit intermediation and related a 
10 All other crop farming 
41 Other new construction 

485 Commercial machinery repair and maintenance 
485 Commercial machinery repair and maintenance 

14  Logging 
Induced 

503 State & Local Education 
504 State & Local Non-Education 
481 Food services and drinking places 
38 Commercial and institutional buildings 
33 New residential I -unit structures 

390 Wholesale trade 
4 31 Real estate 
467 Hospitals 
465 Offices of physicians- dentists- and other health 
410 General merchandise stores 
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Number of Jobs 

762.00 
227.00 
108.32 
108.21 
81.64 
77.73 
53.19 
51. 99 
49.00 
33.53 

960.01 
685.59 
233.73 
115.77 
104.15 
99.59 
81.03 
71.54 
63.27 
50.04 

419.51 
299.85 
184.40 
147.93 
99.02 
97.35 
76.07 
75.66 
66.59 
60. 98 



Table C.13. Top Ten Sectors Impacted Under the 10%(b) Scenario, Total Value Added. 
IMPLAN 

Sector Sector Description Impacts, $ 
Direct 

90 Co-fire conversion 368,830,208 
78 Co-fire production 14,890,498 
26 Biodiesel 13,661,407 

394 Truck transportation 12,551,865 
71 Seafood product preparation and packaging 10,662,755 

425 Nondepository credit intermediation and related a 9,664,213 
451 Management of companies and enterprises 8,941,147 
37 Manufacturing and industrial buildings 4,688,086 

292 Conveyor and conveying equipment manufacturing 4,362,188 
335 Switchgear and switchboard apparatus manufacturing 3,746,193 

Indirect 
451 Management of companies and enterprises 10,068,126 
390 Wholesale trade 8,446,419 
10 All other crop farming 7,056,285 

390 Wholesale trade 6,900,047 
441 Custom computer programming services 5,076,330 
394 Truck transportation 2,761,572 
390 Wholesale trade 2,678,912 
436 Lessors of nonfinancial intangible assets 2,499,914 
91 Other tobacco product manufacturing 2,429,756 

437 Legal services 2,348,762 
Induced 

503 State & Local Education 18,319,480 
504 State & Local Non-Education 15,260,628 
509 Owner-occupied dwellings 13,362,421 
390 Wholesale trade 10,455,887 
431 Real estate 8,693,812 
465 Offices of physicians- dentists- and other health 7,084,084 
38 Commercial and institutional buildings 5,778,189 
33 New residential I -unit structures 5,671,233 

467 Hospitals 4,685,815 
481 Food services and drinking places 4,558,628 
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Table C. 14. Top Ten Sectors Impacted Under the 1 0%(b) Scenario, Total Industry 
Output. 
IMPLAN 

Sector Sector Description Impacts, $ 
Direct 

90 Co-fire conversion 494,862,976 
78 Co-fire production 108,444,1 52 
26 Biodiesel 7 1 ,837,880 

394 Truck transportation 25,009,854 
31 1 Semiconductors and related device manufacturing 22,1 76,272 

7 1  Seafood product preparation and packaging 19,380,738 
285 Turbine and turbine generator set units 1 7,985,5 12  
45 1 Management of companies and enterprises 16,126,2 1 8  
292 Conveyor and conveying equipment manufacturing 1 2,382,887 
425 Nondepository credit intermediation 1 1 ,903,625 

Indirect 
45 1 Management of companies and enterprises 1 8, 1 58,832 
390 Wholesale trade 1 1 , 105,1 19 

1 0  All other crop farming 1 0,71 8,359 
390 Wholesale trade 9,071 ,99 1 
441 Custom computer programming services 6,445,713  
394 Truck transportation 5,502,490 
9 1  Other tobacco product manufacturing 5,076,734 

436 Lessors of nonfinancial intangible assets 4,787,353 
390 Wholesale trade 3,522,1 59 
437 Legal services 3,463,070 

Induced 
503 State & Local Education 1 8,319,484 
509 Owner-occupied dwellings 16,7 1 5, 1 87 
504 State & Local Non-Education 1 5,260,632 
33 New residential 1 -unit structures 1 5, 1 78,977 

390 Wholesale trade 13,747, 1 1 2  
431 Real estate 12,641 ,195 
38 Commercial and institutional buildings 1 1 ,754,639 

48 1 Food services and drinking places 9,630,397 
344 Automobile and light truck manufacturing 9,297,624 
465 Offices of physicians- dentists- and other health 9,1 54,595 
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Table C.15. Top Ten Sectors Impacted Under the 10%(b) Scenario, Employment. 
IMPLAN 

Sector Sector Description Number of Jobs 
Direct 

78 Co-fire production 762.00 
394 Truck transportation 227.00 
37 Manufacturing and industrial buildings 108.32 

451 Management of companies and enterprises 108.21 
37 Manufacturing and industrial buildings· 81.64 

425 Nondepository credit intermediation 77.73 
292 Conveyor and conveying equipment manufacturing 53.19 
311 Semiconductors and related device manufacturing 51.99 
90 Cigarette manufacturing 49.00 
45 Other maintenance and repair construction 33.53 

Indirect 
1 0  All other crop farming 960.01 
1 Oilseed farming 685.59 

407 Gasoline stations 233.73 
18 Agriculture and forestry support activities 115.77 

425 Nondepository credit intermediation 104.15 
1 0  All other crop farming 99.59 
41 Other new construction 81.03 

485 Commercial machinery repair and maintenance 71.54 
485 Commercial machinery repair and maintenance 63.27 
14 Logging 50.04 

Induced 
503 State & Local Education 419.49 
504 State & Local Non-Education 299.83 
481 Food services and drinking places 184.37 
38 Commercial and institutional buildings 1 47.91 
33 New residential I -unit structures 99.00 

390 Wholesale trade 97.34 
431 Real estate 76.06 
467 Hospitals 75.65 
465 Offices of physicians- dentists- and other health 66.59 
410 General merchandise stores 60.97 
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Table C.16. Top Ten Sectors Impacted Under the RPS Scenario, Total Value Added. 
IMPLAN 
Sector Sector Description Number of Jobs 

Direct 
50 Ethanol 37,289,116 
26 Biodiesel 13,536,04 1 

269 All other industrial machinery manufacturing 11,891,589 
292 Conveyor and conveying equipment manufacturing 4,362,188 
37 Manufacturing and industrial buildings 3,533,619 

239 Metal tank- heavy gauge- manufacturing 2,603,218 
150 Other basic inorganic chemical manufacturing 2,536,016 
239 Metal tank- heavy gauge- manufacturing 2,350,432 
292 Conveyor and conveying equipment manufacturing 1,551,306 
425 Nondepository credit intermediation 1,484,575 

Indirect 
390 Wholesale trade 9,295,881 

1 Oilseed farming 7,850,776 
2 Grain farming 3,646,038 

394 Truck transportation 3,398,085 
390 \Vholesale trade 2,856,340 
392 Rail transportation 2,824,143 
400 Warehousing and storage 1,956,997 
390 Wholesale trade 1,842,774 
428 Insurance agencies- brokerages- and related 1,164,754 
425 Nondepository credit intermediation 900,842 

Induced 
509 Owner-occupied dwellings 2,765,211 
390 Wholesale trade 1,875,863 
509 Owner-occupied dwellings 1,806,074 
503 State & Local Education 1,770,077 
509 Owner-occupied dwellings 1,566,402 
431 Real estate 1 ,552,683 
504 State & Local Non-Education 1,474,523 
465 Offices of physicians- dentists- and other health 1,442,900 
390 Wholesale trade 1,057,241 
467 Hospitals 941,719 
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Table C.17. Top Ten Sectors Impacted Under the RFS Scenario, Total Industry Output. 
IMPLAN 
Sector Sector Description Number of Jobs 

Direct 
50 Ethanol 128,749,272 
26 Biodiesel 71,178,648 

269 All other industrial machinery manufacturing 34,374,144 
292 Conveyor and conveying equipment manufacturing 12,382,887 
37 Manufacturing and industrial buildings 7,747,145 

150 Other basic inorganic chemical manufacturing 7,427,980 
239 Metal tank- heavy gauge- manufacturing 5,976,201 
239 Metal tank- heavy gauge- manufacturing 5,395,880 
292 Conveyor and conveying equipment manufacturing 4,403,672 
269 All other industrial machinery manufacturing 3,166,962 

Indirect 
1 Oilseed farming 14,825,075 

390 Wholesale trade 12,221,968 
2 Grain farming 7,046,692 

394 Truck transportation 6,770,755 
392 Rail transportation 4,571,228 
390 Wholesale trade 3,755,437 
400 Warehousing and storage 2,613,076 
390 Wholesale trade 2,422,829 
495 Federal electric utilities 1,462,574 
451 Management of companies and enterprises 1,3.26,997 

Induced 
509 Owner-occupied dwellings 3,459,030 
390 Wholesale trade 2,466,333 
509 Owner-occupied dwellings 2,259,237 
431 Real estate 2,257,671 
33 New residential 1-unit structures 2,221,214 

509 Owner-occupied dwellings 1,959,427 
481 Food services and drinking places 1,914,954 
465 Offices of physicians- dentists- and other health 1,864,625 
467 Hospitals 1,811,055 
503 State & Local Education 1 ,770,077 
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Table C.18. Top Ten Sectors Impacted Under the RFS Scenario, Employment. 
IMPLAN 
Sector Sector Description 

Direct 
269 All other industrial machinery manufacturing 
3 7 Manufacturing and industrial buildings 

292 Conveyor and conveying equipment manufacturing 
50 Ethanol 

23 9 Metal tank- heavy gauge- manufacturing 
23 9 Metal tank- heavy gauge- manufacturing 
292 Conveyor and conveying equipment manufacturing 
150 Other basic inorganic chemical manufacturing 
26 Biodiesel 

269 All other industrial machinery manufacturing 
Indirect 

1 Oilseed farming 
2 Grain farming 

390 Wholesale trade 
394 Trucktransportation 
400 Warehousing and storage 
390 ·wholesale trade 
392 Rail transportation 
390 Wholesale trade 
428 Insurance agencies- brokerages- and related 
18 Agriculture and forestry support activities 

Induced 
503 State & Local Education 
481 Food services and drinking places 
504 State & Local Non-Education 
481 Food services and drinking places 
481 Food services and drinking places 
3 8 Commercial and institutional buildings 

390 Wholesale trade 
467 Hospitals 
503 State & Local Education 
390 Wholesale trade 
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Number of Jobs 

180.28 
81.64 
53.19 
36.00 
35.74 
32.27 
18.91 
18.12 
18.00 
16.61 

679.35 
490.21 
91.29 
61.45 
34.76 
28.05 
18.35 
18.10 
10.79 
10.65 

41.14 
39.91 
29.40 
25.46 
22.13 
19.95 
1 8.42 
16.49 
16.29 
16.07 
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