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9 Q. Please state your name and business address. 

10 A. 

11 Gainesville, FL 32606. 

My name is Richard M. Schroeder. My business address is 3520 NW 43rd St., 

12 

13 Q. 

14 A. 

15 

By whom are you employed and in what capacity? 

I am the owner and founder of BioResource Management, Inc. (BioResource 

Management) and I serve as the President. 

17 Q. Please describe your responsibilities in that position. 

18 A. I have administrative, financial, operations and marketing oversight for the 

Company. 19 

20 

21 Q. Please describe the types of projects that BioResource Management works 

22 on. 

23 A. 

24 

BioResource Management is a leading forestry, agricultural, and organics 

recycling company with recent and current projects 1 d o a M W a u ~ f i ~ I f  
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South and Eastern US. We specialize in connecting agricultural, forestry, and 

urban biomass supplies with a variety of end users. We assist in the 

development of new projects by evaluating biomass feedstock availability, 

assisting with biomass conversion and logistical and material handling 

considerations, and managing biomass feedstock production and delivery. 

What is the relationship between BioResource Management and GREC 

LLC? 

BioResource Management is providing consulting services to GREC LLC 

related to assessing the biomass resource availability in the GREC wood basket. 

In addition, BioResource Management is assisting GREC LLC in executing its 

fuel procurement strategy and negotiating with potential biomass suppliers. 

Please state your educational background and professional experience. 

I received my Bachelor of Science in Forestry degree and my Master of 

Agriculture degree from the University of Florida, and I have a Master of 

Business Administration from Nova University. 

Prior to founding BioResource Management, I held a number of positions in the 

Florida forestry and agriculture industry. I have over thirty years’ experience in 

planning, developing, and operating bioenergy facilities throughout the US. 

Relevant experience includes: 

Conducting biomass resource assessments: I worked with the Florida 

Division of Forestry for eight years, serving as a County Forester, 

2 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

Reforestation Coordinator, and Forest Products Specialist. During that 

time, the Arab Oil embargo created interest and demand in developing 

wood energy, and in 1980 I became the Wood Energy Coordinator for 

the State of Florida. During that time, the FL Division of Forestry began 

to develop the means, methods and calculations for determining long- 

term sustainable supplies for wood energy projects. We conducted wood 

supply studies on behalf of private companies seeking to build wood 

energy facilities, and public agencies such as prisons and hospitals to 

design, build and operate wood-fired facilities. One of the first biomass 

power plants in the state, the 7 MW power plant in Monticello, Florida, 

was assisted by myself and the FL Division of Forestry during their 

development and financing. 

I later helped to start one of the first urban wood recycling centers in 

Florida. As part-owner I oversaw delivery of recycled urban wood to the 

forest products industries and other facilities. During that time we were 

employed under contract with companies exerting major efforts to 

develop biomass energy in the state. Our company conducted the first 

wood supply studies for the Ridge Generating Station in Aubumdale, 

Florida, a 40 MW facility fueled by biomass and other materials, and for 

Okeelanta Corporation, a 75 MW (now 125 MW) biomass facility in 

South Bay, Florida. We were involved in the development of long-term 

contracts with suppliers, the presentation of the supply to potential 

lenders and owners, and were part of the successful financing, 

construction and operation of these facilities. 
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Later, I was part of the company that delivered biomass to these 

facilities; in a four year period we delivered over three million tons of 

biomass to these facilities in Florida. 

As part of that experience, we became a part of a national renewable 

energy firm, and worked on developing supplies and operations for 

stand-alone independent power producers. We successfully created the 

wood supply infrastructure for a 17 MW biomass facility in 

Massachusetts, an 18 MW biomass facility in New York, and assisted in 

the development of other projects throughout the US, in the United 

Kingdom and Puerto Rico. In all, I have been part of developing the 

supplies for many biomass energy projects, of which five were financed, 

constructed, and are still operating; three of which are in Florida. 

What is the purpose of your testimony in this proceeding? 

The purpose of my testimony in this proceeding is to address questions raised by 

the Commissioners during the February 9, 2010 Agenda Conference related to 

the availability and sustainability of the biomass material resource. I will discuss 

the availability and sustainability of the biomass fuel resource in north central 

Florida in general, and specifically within the Gainesville Renewable Energy 

Center (GREC) wood basket. I will discuss the competition for woody, biomass 

material, including describing both the existing and potential biomass users in 

the region as well as describing the existing and potential suppliers of biomass 

material. I will discuss the quantity and types of different biomass materials that 

GREC will utilize in its process, the procurement strategy Gainesville 

4 



Renewable Energy Center, LLC (GREC LLC) will employ to acquire its 

required biomass fuel, and the status of GREC LLC’s negotiations with potential 

biomass suppliers. 

Unless specifically noted otherwise, all citations within my testimony will refer 

to the transcript from the February 9, 2010 Agenda Conference, Item 5.  The 

citations will be referenced using the following format of [TRXX” L”YY”- 

“ZZ”], which will refer to page “Xx”, lines “YY” to “ZZ”. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

io  Q. 

11 A. 

12 

13 

14 

15 

Please describe what is meant by the term “GREC wood basket”. 

The GREC wood basket refers to the geographic area from which the facility 

can economically obtain biomass material. That is, it refers to the area where the 

cost of transporting biomass material is not so high as to preclude its use as fuel 

for the project. Other terms commonly used with the same meaning as wood 

basket include supply area or supply shed. 

16 

17 Q. Are you sponsoring any exhibits to your testimony? 

18 A. Yes. I am sponsoring the following exhibits: 

19 

20 Exhibit No. - [RMS-2] is a biomass resource assessment report 

21 prepared by Don Post and Tom Cunilio entitled “Biomass Options for 

Exhibit No. - [RMS-I], which is a copy of my resume; 

22 GRU - Part II”; 
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Exhibit No. - [RMS-31 is a report prepared for GRU by Black & 

Veatch entitled “Supplementary Study of Generating Alternatives for 

Deerhaven Generating Station”; 

Exhibit No. - [RMS- 41 

Consulting entitled “City of Gainesville Electricity Supply Needs”; 

Exhibit No. - [RMS- 51 is a biomass feasibility study prepared by the 

Institute of Food and Agricultural Sciences (IFAS), University of 

Florida, entitled “Economic Availability of Alternative Biomass Sources 

for Gainesville, Florida”; 

Exhibit No. - [RMS- 61 is a report prepared for the Florida Public 

Service Commission by Navigant Consulting entitled “Florida 

Renewable Energy Potential Assessment”; 

Exhibit No. - [RMS- 71 is a report prepared by the Institute of Food 

and Agricultural Sciences (IFAS), University of Florida entitled 

“Economic Impacts of Expanded Woody Biomass Utilization on the 

Bioenergy and Forest Products Industries in Florida”; 

Exhibit No. - [RMS- 81 is a report prepared for the Florida Department 

of Agriculture and Consumer Services, Division of Forestry by the 

University of Florida, School of Forest Resources and Conservation and 

the North Carolina State University, Department of Forestry and 

Environmental Resources entitled “Woody Biomass for Electricity 

Generation in Florida: Bioeconomic Impacts under a Proposed 

Renewable Portfoljo Standard (RPS)  Mandate”; 

is a report prepared for GRU by ICF 
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Exhibit No. - [RMS- 91 is a report prepared by the University of 

Florida, School of Forest Resources & Conservation and the University 

of Florida, Food & Resource Economics Department for the FL 

Department of Agriculture and Consumer Services, Division of Forestry 

and the Florida Department of Environmental Protection entitled 

“Woody Biomass Economic Study” (includes the cover letters from 

Commissioner of Agriculture Charles H. Bronson to Governor Charlie 

Crist, Senate President Jeff Atwater and House Speaker Larry Cretul); 

Exhibit No. - [RMS-IO] is a presentation related to a pending biomass 

assessment report being prepared for GREC LLC by BioResource 

Management; 

Exhibit No. - [RMS-1 11 is a forest sustainability sheet that describes 

the minimum sustainability standards and the GRU forest stewardship 

incentive program; 

Exhibit No. - [RMS-121 is the Petitioners’ response to Staffs 

Interrogatory 91; 

Exhibit No. - [RMS-131 is the Petitioners ’response to Staffs 

Interrogatory 92; 

Exhibit No. - [RMS-141 is the Petitioners’ response to Staffs 

Interrogatory 93; and 

Exhibit No. - [RMS-151 is a letter of intent between GREC LLC and 

Wood Resource Recovery, LLC, stating that the parties intend to execute 

a ten-year supply agreement for 300,000 green tons per year of urban 

wood waste. 
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Sustainable Woodv Biomass Resources in north central Florida 

Chairman Argenziano voiced concern about the sustainability [of the 

biomass resource] especially with competition [TR22 L4-71. As an employee 

of the Florida Division of Forestry for eight years, the first Wood Energy 

Coordinator for the State of Florida, and as an expert in the procurement 

of biomass material for biomass energy facilities for the last 25 years, do 

you believe that GREC LLC will be able to sustainably procure the biomass 

material needed to fuel its facility? 

Yes. There is more than enough woody biomass material, on a long-term, 

sustainable basis, to provide all of the fuel supply needs of GREC, without 

adversely affecting the environment or impacting any existing biomass user. In 

fact, there is sufficient woody biomass available, again on a long-term, 

sustainable basis, to provide all of the needs of existing users and to provide 

sufficient biomass fuel for a total of 200 to 250 MW of new biomass generating 

capacity in the area. 

Do you believe that the addition of GREC will improve the health of the 

region’s forests? 

Yes. Biomass energy facilities, like GREC, create a market for low-value 

biomass material like forest residues and pre-commercial thinnings. Currently, 

forest residues are burned in the open with no emissions controls or are left in 

the forest. Pre-commercial thinning involves removing smaller, less desirable 
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trees at a younger age to allow the remaining trees better access to nutrients and 

sunlight, thereby increasing their productivity. 

Perhaps the most important benefit to the region’s forests that biomass energy 

facilities provide is additional jobs in the industry and increased revenue to 

landowners. This allows landowners to keep “forests in forest” and helps 

maintain the rural nature of north central Florida which is so highly valued. 

Chairman Argenziano asked if the PSC staff had copies of the biomass 

assessment studies referenced during the December 16 hearing [TR23 L2- 

31. Has GRWGREC produced any biomass assessment reports to the 

Commission? 

Yes. Subsequent to the February 9’h Agenda Conference, GRU/GREC produced 

a number of biomass assessment reports to the Commission, The biomass 

resource assessment studies that GRU and GREC produced include the 

following studies: 

1. “Biomass Options for GRU - Part 11” - Post, Don M. and Cunilio, Tom 

C. - November 21,2003 - Exhibit No. - [RMS 21; 

2. “Supplementary Study of Generating Alternatives for Deerhaven 

Generating Station” - Black & Veatch C o p  - March 2004 - Exhibit 

No. - [RMS 31; 

3. “City of Gainesville Electricity Supply Needs” - ICF Consulting - 

March 1,2006 - Exhibit No. - [RMS 41; and 
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4. “Economic Availability of Alternative Biomass Sources for Gainesville, 

Florida” - Carter, Douglas R., School of Forest Resources and 

Conservation Institute of Food and Agricultural Sciences (IFAS) 

University of Florida - October 2007 - Exhibit No. - [RMS 51. 

In addition to the studies commissioned by GRU, a number of other 

recent evaluations have been completed that provide further context and 

information, including: 

5. “Florida Renewable Energy Potential Assessment” - Navigant 

Consulting, Inc. -December 30,2008 - Exhibit No. - [RMS 61; 

6. “Economic Impacts of Expanded Woody Biomass Utilization on the 

Bioenergy and Forest Products Industries in Florida” - Hodges, Alan 

W., Stevens, Thomas J., and Rahmani, Mohammad, University of 

Florida, Institute of Food and Agricultural Sciences, Food and Resource 

Economics Department - February 23, 2010 (revised) - Exhibit No. - 

[RMS 71; 

7. “Woody Biomass for Electricity Generation in Florida: Bioeconomic 

Impacts under a Proposed Renewable Portfolio Standard (RPS) 

Mandate” - Rossi, Fredrick J., Carter, Douglas R., and Abt, Robert C., 

University of Florida, School of Forest Resources and Conservation, and 

North Carolina State University, Department of Forestry and 

Environmental Resources - March 1, 2010 - Exhibit No. - [RMS 81; 

and 
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8. “Woody Biomass Economic Study” - Florida Department of Agriculture 

and Consumer Services, Division of Forestry, Florida Department of 

Environmental Protection - March 1,2010 - Exhibit No. - [RMS 91. 

Have you reviewed all of these biomass assessment reports? 

Yes. I have reviewed all of these reports as they pertain to matters related to 

biomass feedstock production and supply. For one of those reports, Exhibit No. 

- [ R M S  51, entitled “Economic Availability of Alternative Biomass Sources 

for Gainesville, Florida”, I was one of the co-principal investigators along with 

one of my employees, Dr. Matthew Langholtz. 

In your opinion, what is the overall consensus of these reports regarding the 

feasibility and long-term sustainability of the supply for GREC? 

The consistent, general conclusion of all the studies and reports is that Florida 

can generate amounts of energy from biomass significantly beyond its current 

levels, and that there is a sufficient supply of a variety of biomass materials, on a 

long-term basis, in the supply area of GREC, to sustainably support the project 

without adversely impacting existing users. 

Let me first discuss the reports that were commissioned by GRU, [RIvlS-2] 

through [RMS-5]. The first biomass fuel supply study was conducted by Post 

and Cunilio [RMS-2], which was a very straightforward look at the biomass 

resource. Post and Cunilio effectively asked how much power could be 

generated if only the biomass located within a 25-mile radius, was considered. 
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This study concluded that just within that restricted radius, 340,000 tonsiyr of 

logging residues and other sources of wood waste were available. They also 

noted that 175,000 tons/yr of stumps and 260,000 tons& of dedicated woody 

crops were available in the same radius. Stumps have been excluded from the 

GREC fuel supply, while dedicated woody crops are only allowed if of native 

species. If we assume our total wood basket to be an area of 75-mile radius, 

then this 25 mile radius represents about only 11 percent of the total wood 

basket. 

The next two studies, the Black & Veatch Corporation and ICF Consulting 

studies [RMS-3] and [RMS-4], represent approximately 400 pages of work 

addressing everything from an evaluation of generation technologies, to demand 

side management and long-term fossil fuel price projections. The biomass fuel 

portions of the two studies amount to only about a dozen pages as these were 

prepared by engineering consultants, not foresters or biomass experts. These 

studies both base their biomass supply work on Post and Cunilio, and 

supplement it with sources of information from Oak Ridge National Laboratory 

and the National Renewable Energy Laboratory. No original data collection was 

conducted by either study. The Black & Veatch study reports that nearly 1,900 

dry tons per day are available within 50 miles of GREC, which is an 

extrapolation of national data. The ICF study did not constrain itself to a specific 

radius, but rather developed biomass supply curves as a function of travel 

distance. 
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Finally, the Carter, Langholtz, and Schroeder study [RMS-5] was completed in 

late 2007. Carter is with the UF School of Forestry and Resource Conservation, 

as was Langholtz at the time, although he is now an employee at BioResource 

Management. This study evaluated the distribution of a number of forest- 

derived biomass resources, as well as urban wood waste. It evaluated the cost of 

obtaining the materials, as well as costs associated with processing it to suitable 

specifications for boiler fuel, and ultimately transporting it to the Deerhaven 

site. It also evaluated competition for wood resources by potential, separate 

facilities to be developed (they have not actually materialized) in Jacksonville 

and Tallahassee. The study concluded that there was sufficient biomass fuel to 

easily supply 120 MW of power across the three facilities, and that indeed there 

was sufficient biomass material to comfortably supply a 100 MW facility in 

Gainesville. 

How do the other reports relate to the feasibility and long-term 

sustainability of the supply for GREC? 

The remaining studies, [RMS-6] through [RMS-91, were conducted with a 

statewide focus, and although they do not address the supply situation for any 

specific location within the state they do provide some perspective on the 

potential for biomass energy. First, the Florida Renewable Energy Potential 

Assessment [RMS-6] completed by Navigant is a comprehensive, thoroughly 

researched evaluation of all potential types of renewable energy for the state. 

The study’s treatment of biomass fuel included everything from crop residues 

and manure, to logging residues and other forestry sources, to dedicated energy 
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crops and urban wood waste, Their conclusion is that the technical potential 

(which may be well above the actual, practical potential given current 

conditions) for biomass energy in Florida is in the range of 5,960-13,750 MW. 

Narrowing the biomass focus to fuels of interest to GREC, the study concludes 

that the technical potential for electrical generation from logging residues is 

354-566 M W  intensification of pine production on 10 percent of planted pine 

acreage is 592-948 M W  and from urban wood waste not currently being 

recycled is 175-290 MW. In other words, this is a total technical potential in 

Florida of 1,121-1,804 MW considering just these very accessible resources. 

The last three documents were released in Februaryhlarch 2010 by the Florida 

Department of Agriculture and Consumer Services, Division of Forestry and the 

Florida Department of Environmental Protection, and consider the implications 

of implementation of a renewable portfolio standard (RPS) in Florida. The 

Hodges, et al. study [RMS-71 evaluated economic impacts, i.e., GDP and 

employment etc., and assumed the sufficient availability of woody biomass, and 

as such does not directly contribute to the issue of biomass supply. The Rossi, 

et al. study [RMS-81 provides an evaluation of impacts of the RPS on the 

existing timber industry, as well as on the productive landscape in the state. 

This study used a regional timber model to estimate supply, demand, and timber 

prices throughout the state during the decade long scale-up of the RF'S. Full 

implementation of the RPS is assumed to translate to a contribution by woody 

biomass of 15 percent of all of Florida's 2020 generation, relative to the current 

354 MW (0.6 percent of all FL generation). The conclusions of both the Rossi, 
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et al. study and the Hodges et al. study are summarized in the Woody Biomass 

Economic Study published by the Florida Department of Agriculture [RMS-9]. 

They conclude that to implement a 7 percent RPS for Florida would require 

approximately 1,000 MW of biomass energy generation and that this amount 

would be more than feasible given the state’s forest resources, with little 

disruption to the timber supply of the existing forest products industry. This 

level of biomass generation could be fueled by urban wood waste and logging 

residue, with minimal or no use of merchantable timber ([RMS-81, p. 30, Table 

4.4). They further conclude that it would be additionally beneficial to the state 

economy and timber producers and associated forestry operations in particular. 

As Charles Bronson, the Commissioner of the Florida Department of 

Agriculture and Consumer Services, stated in the cover letter that accompanied 

these reports, “a significant amount of renewable energy can be developed 

through the utilization of woody biomass, while still keeping the forest resources 

of Florida sustainable and current forest industries strong.” 

In summary, this sustainable level of biomass power would require, by 2025, an 

additional 10 million tons of fuel per year, or ten times GREC’s annual need 

alone. GREC’s annual fuel requirements, 1,000,000 tons, will be a fraction of 

this total amount of necessary biomass material that the Florida Division of 

Forestry report has found can be implemented sustainably and without adverse 

consequence to existing biomass users. Furthermore, this level of biomass power 
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would facilitate increases in the total revenue landowners receive for their 

products and increase chances of keeping “forests in forest” ([RMS-9], p.2). 

Are there any findings within these reports that would lead you to conclude 

that there is not enough biomass material within an economic distance to 

sustainably fuel GREC for the life of the facility? 

No, the conclusions of all the biomass assessment reports clearly indicate that 

sufficient biomass material is generated and available within an economically 

feasible distance of the project. 

Have you and your associates conducted an independent assessment of the 

biomass resource availability within the GREC wood basket? If so, what is 

your conclusion about the availability of biomass fuel within the GREC 

wood basket? 

We are presently conducting an independent assessment of the biomass resource 

availability within the GREC wood basket. Our preliminary conclusion is that 

there is more than enough available biomass material within the GREC wood 

basket to sustainably supply GREC, at an economic price level, for the life of 

the facility, without adversely impacting existing users. 

Chairman Argenziano raised a concern about GREC being able to 

sustainably acquire the necessary biomass fuel at an economic rate [TRZZ 

L15-191. Please address the Chairman’s concerns. 
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After reviewing the aforementioned biomass assessment reports, as well as 

conducting my own independent assessment of the biomass resource within the 

GREC wood basket, I conclude that GREC LLC will be able to sustainably 

acquire the necessary biomass material at an economic rate for a number of 

reasons. First, forest inventory data indicate that utilization of the region’s 

forests is at or below sustainable levels, and that in fact, growth is currently 

exceeding the volumes harvested by the timber industry. Second, GREC is able 

to utilize a great deal of material that other biomass users cannot, namely 

logging residues and other low-value material such as pre-commercial thinnings; 

inventory data indicates an abundance of this material is present in the region. 

In addition, there is a great deal of unutilized material originating from urban, 

mill, and industrial sources that can be captured by the project. Approximately 

30 percent of GREC’s fuel will come from non-forest resources, such as urban 

wood from landscaping activities, tree removal for right of ways or public areas, 

and vegetative storm debris. In fact, GREC LLC has signed a letter of intent 

with Wood Resource Recovery for the supply of 300,000 green tons per year of 

urban wood waste [RMS-151. Third, GREC is in a geographically advantaged 

position. It is at a considerable distance from other major users of low-value 

wood thus minimizing competition for nearby material and it has a better 

softwood forest capacity to draw from than many of the existing biomass users 

in the region. Fourth, the north central Florida forest resource has provided 

steadily increasing volumes of material fiom the same land base over the last 

several decades. Analyses by researchers show that timber harvested at the age 

of 25 in 2010 will yield, on average, four times the biomass volume of a SO-year 
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old stand of timber harvested in 1940. Information related to the increased 

productivity of the forest resource is presented in the presentation on 

BioResource Management's independent assessment of the biomass resources in 

the GREC wood basket [RMS-IO]. 

Over the course of the 20th century, and still continuing today, the demand 

for a variety of forest products has increased harvest pressure on the 

region's forest resources. Please comment on how the forestry industry and 

forest landowners have responded to this increasing demand. 

Over the past six decades, southern pine productivity has advanced a great deal. 

In simple terms, landowners in the Southeast have been able to produce more 

wood in less time on less land. T h i s  advance in productivity is well-documented 

in the peer reviewed literature, and indeed shows many similarities to the 

progress exhibited in increased yields with agricultural crops. Large gains in 

southern pine productivity have arisen from silvicultural practices like 

appropriate site preparation and weed control during the early years. These two 

practices allow the newly established plantation the opportunity to take full 

advantage of the soil profile, while shielding them from intense competition 

from herbs, grasses, and hardwoods. Fertilization has also become a valuable 

silvicultural practice in many areas, where one or two well-timed applications of 

a critical nutrient such as phosphorous over the course of an 18-22 year rotation 

can markedly improve performance. 
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As with agricultural crops, plant breeding through selection of superior 

specimens has not only resulted in faster growth, but has improved other traits 

such as fiber quality and tree form. Seedlings produced now are into the third 

generation of improvement, and historically each successive generation of 

improvement has resulted in productivity increases of 8 to 12 percent. This has 

been accomplished without genetic modification or introduction of exotic 

species. The result of the genetic and cultural advances in southern pine 

production mean that stands established today can grow twice as much volume 

in about half the time as those planted in the 1950s. Interestingly, this result has 

paralleled the growth of the forest products industry in Florida, whose 

production has doubled from 10 million tons per year in 1948 to 20 million 

today. The forestry industry and forest landowners have historically responded 

to increased demand by getting better at growing trees, and I believe they will 

do so in the fbture as well. 

Chairman Argenziano asked if the biomass material needed for GREC can 

be sustainably supplied without negatively impacting existing biomass users 

in north central Florida (TR23 Lll-141. Please address the Chairman’s 

question. 

After reviewing the independent biomass assessment reports that GRU/GREC 

provided to the Commission, as well as conducting my own independent 

assessment of the biomass resource within the GREC wood basket, I can 

confidently state that there is good evidence that GREC’s biomass procurement 

will be sustainable and will not negatively impact the existing biomass users in 
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north central Florida. When I refer to "forest inventory data" in my testimony I 

am refemng to inventory data obtained from the USDA Forest Service's Forest 

Inventory and Analysis (FIA) database. This is an ongoing inventory of the 

nation's forest resources that has been conducted for at least fifty years and is the 

definitive source of forest inventory data in the US. It is an impressive 

undertaking that has few or no peers in other countries, either industrialized or 

developing. In summary, the FIA database establishes a grid pattern of 

permanent inventory plots on the landscape that are revisited and measured 

every 5 years; in Florida alone this grid includes a few thousand sample plots. 

FIA data forms part of the basis for our independent supply study conducted for 

GREC as well as for the other studies mentioned above. 

A second data source employed in our assessment and others is the USDA 

Forest Service's Timber Products Output (TPO) database. This is a semi-annual 

survey of wood using facilities that is also nationwide in scope. The TPO 

survey measures the volume of timber that is purchased by mills, as well as the 

type and quantity of products that those mills generate, including residuals. 

A third data source that BioResource employs in its supply evaluation is the 

National Land Cover Dataset (NLCD) maintained by the US Geological Survey. 

The NLCD is derived from recent satellite imagery, and is a high-resolution 

(0.25 acre) dataset that classifies the landscape into a variety of forest, 

agricultural, developed, and other categories that form the basis for biomass 

generation in the supply area. In our experience ground-truthing this data, we 
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Did your independent assessment estimate the potential supply of different 

types of biomass material that are currently available within the GREC 

have found the NLCD to be extremely reliable at correctly identifying the land 

cover types most important to biomass supply. 

In order to estimate supplies of urban sources, we utilize US Census &act data. 

Population estimates h m  the Census Bureau for 2007 are used, and we apply 

per-capita urban wood generation rates obtained from the literature, as do most 

other assessments. Our operational experience enables us to refine this baseline 

estimate according to population density and geographic considerations. 

Finally, it is important to note that all of the above data is spatially explicit. 

That is, the biomass generation estimates are pinpointed within the landscape 

such that we are able to identify from which specific area material is originating. 

This avoids using statewide averages that often distort local generation 

estimates, and allows us to better predict costs as well as our ability to capture 

the material generated. 

Combining the tools and datasets mentioned above, with our knowledge and 

experience in the biomass industry, allows me to confidently state that there is 

excellent evidence that GREC’s biomass procurement can be sustainable and 

will not negatively impact the existing biomass users in north central Florida. 
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wood basket? If so, please provide your estimate for how much of each type 

of biomass material is currently available within the GREC wood basket. 

Yes, our independent assessment estimated the potential supply of different 

types of biomass material that are currently available within the GREC wood 

basket. We estimate annual sustainable generation rates for four general biomass 

categories within the GREC wood basket as follows: 

0 

0 

1,600,000 green tons of biomass material from logging residues, 

540,000 green tons of biomass material from pre-commercial thinnings, 

3,300,000 green tons of coarse and fine residue from primary wood- 

using mills, and 

410,000 green tons of biomass material from various types of urban 

wood waste. 

0 

This totals to 5.85 million green tons of biomass material from these four 

categories generated annually within the GREC supply area; note that this does 

not include any pulpwood or other types of higher-value forestry products. With 

GREC needing approximately 1,000,000 green tons of biomass material per 

year, there is a safety factor of almost 6 times. 

Additional information on the estimates provided above is presented in the 

BioResource Management presentation [RMS-1 01. 
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Isn’t it true that replanting rates within the region’s forests have declined 

over the last decade and shouldn’t that cause concern about GREC LLC’s 

ability to sustainability supply GREC? 

It is true that replanting rates have declined over the last decade, but I do not 

believe that this causes a concern about GREC LLC’s long-term ability to 

sustainability supply GREC. Since about 2000, harvested pine acreage has not 

been met with an equivalent replanting rate. It could be interpreted that this land 

is perhaps being taken out of forestry production (maybe by as much as 90,000 

to 100,000 acres annually) and that critical supply shortfalls are looming for 

existing and proposed facilities. 

The theory that land use is changing at this level is inconsistent with other 

highly reputable third-party indicators such as FIA data that report Florida’s 

forests gaining 910,000 acres over the decade 1995-2005. While I believe that 

tree planting data is less reliable than FIA, for numerous reasons, part of the 

explanation likely lies in the fact that many forest landowners in the area are not 

selling pulpwood due to prices that have been flat in real terms for the past 20 

years. Rather than harvesting when their timber reaches pulpwood size, many 

landowners are allowing their stands to grow to sawtimber size prior to harvest 

in order to achieve a better return on their investment. 

Therefore, the conclusion should not be that land use is changing, but rather that 

rotations have lengthened and replanting rates are not a good indicator of 

biomass availability. I am confident that there is a large volume of additional 
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biomass, beyond what is currently being utilized today, that can be sustainably 

used for renewable energy facilities like GREC. 

Finally, 1 want to note that the Minimum Sustainability Standards contained in 

the GREC power purchase agreement (see [RMS-111) specifically state that 

biomass material will not be accepted from those suppliers who do not replant 

harvested acres, a standard that no other biomass-using facility in Florida has 

agreed to. 

GREC’s Fuel Requirements and Sustainabiliw Aspects of the PPA 

Please describe the amount of the biomass material that GREC LLC will 

need to procure annually. 

Annually, GREC LLC will need to procure approximately 1 million green tons 

of biomass material depending on the moisture content of the wood. GREC LLC 

anticipates that the average moisture content of its biomass material will be 

between 45 and 50 percent moisture. If the average moisture content is less than 

anticipated, GREC LLC will need to procure less than 1 million green tons per 

year of biomass material. 

Chairman Argeuziano asked what the primary source of fuel would be for 

GREC ITR27 L5-71. Please describe the different types of biomass material 

that GREC will utilize. 

GREC will utilize many different types of biomass material for its operations. 

GREC will not use as fuel any form of treated, painted, or coated wood; 
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municipal solid waste; construction and demolition debris; coal; petroleum coke; 

or tires. All of GREC’s biomass material will be clean, woody biomass material. 

The different types of biomass material primarily consist of: 

In-forest residue and slash 

- Tops, limbs, whole tree material and other residues from soft- 

and hardwoods that result from traditional silvicultural harvests 

Mill residue 

- Saw dust, bark, shavings and kerf waste from the cutting/milling 

of whole green trees; fines from planing kiln-dried lumber; wood 

waste material generated by primary wood products industries 

such as round-offs, end cuts, sticks, pole ends, and reject lumber 

as well as residue material from the construction of wood trusses 

and pallets 

Precommercial tree trimmings and understory clearings 

- Material resulting from timber stand improvement operations: 

tops, limbs, and whole tree material that result from the removal 

of a percentage of the standing volume in order to improve 

growing conditions for the remaining stand and to reduce the 

hazard of wildfires. Forest understory that includes hardwood 

trees, bushes, and saplings 

Storm, fire and disease debris 

- Tops, limbs, whole tree material and other residues that are 

damaged due to storm and fire events as well as infectious 

diseases or insect pest outbreaks 
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0 Urban wood waste 

- Tree crowns and trunks generated by landscaping contractors 

and power linehoadway clearance contractors that have been 

cleared for right-of-way maintenance; woody material generated 

from the conversion of rural land to urban or suburban uses; and 

the woody fraction of yard waste collected by municipalities 

Recycled industrial wood 

- Wood derived from used pallets; packing crates and dunnage 

disposed by industrial users. 

Agricultural residues 

- Peanut shells, rice hulls and other vegetative material 

In summary, the biomass material that GREC will utilize is either urban or mill 

waste wood or the lowest-value biomass material from forestry and agricultural 

operations. 

What is currently happening with much of the biomass material you 

described above? 

This varies widely depending on the type of biomass material. Use of urban 

waste wood is generally limited to the landscape mulch market, although some 

is used as boiler fuel in area facilities. Some urban material is also landfilled or 

illegally dumped, as is usually the case with storm debris. Most mill residues, 

like bark and other w a n e  residues, are utilized as landscape mulch or boiler fuel 

while fine mill residues, like sawdust and planer shavings, are mostly used as 

animal bedding in north Florida horse farms. With respect to in-forest material, 
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logging residue is generally piled and open-burned in the field; at present 

thinnings have little value, and as a result forest stands in the region are often 

not thinned, although the material is generally used as boiler fuel if it is 

harvested and marketed. 

Is GREC able to utilize different tree species and ages in its operations? 

Yes, GREC is indifferent with respect to the species and age of the biomass 

material. The major driving force from a fuel perspective for a biomass energy 

facility like GREC is the moisture content of the wood. The drier the biomass 

material, the higher the heating value of the biomass material and the less 

biomass material GREC needs to consume. 

Please describe the importance of GREC being able to utilize the different 

types of biomass material you have described above. 

The ability to use a variety of biomass materials allows GREC to maintain a 

diverse portfolio, and this affords the project a number of important advantages. 

First, the diversity of fuel sources buffers the project from price fluctuations by 

any single type of biomass material or supplier; second, it allows the project to 

opportunistically utilize very low cost material such as storm debris; third, it 

allows GREC to avoid directly competing with current users by utilizing waste 

or residual material rather than logs used for higher-value products. 
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Are you familiar with the minimum sustainability standards and the 

stewardship incentive plan contained withii the power purchase agreement 

between GRU and GREC LLC? 

Yes I am. In fact, one of my employees, Dr. Matthew Langholz participated in 

the Ad-hoc Forestry Committee that GRU convened to assist with the 

development of these standards and the incentive plan, along with 

environmentalists, academics, forestry professionals and regulators. 

Please summarize the minimum sustainability standards and the 

stewardship incentive plan contained within the power purchase agreement 

between GRU and GREC LLC. 

The Minimum Sustainability Standards applying to forest-derived material have 

the following key features, and will be overseen by certified professional 

foresters: 

1. All biomass fuel must be obtained from forests in compliance with Best 

Management Practices (water resources protection) 

2. Biomass fuel cannot be obtained from the conversion of natural forests 

to plantations (biodiversityhative ecosystem protection) 

3. Stumps cannot be utilized for fuel (soil fertility maintenance) 

4. No material from nonnative species except eradication projects can be 

utilized (native ecosystem protection) 

5. Land from which biomass has been harvested must be replanted within 3 

years (forest cover sustainability) 
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The Forest Stewardship Incentive Payment provides landowners with a financial 

incentive to go beyond the Minimum Sustainability Standards via the adoption 

of third-party stewardship certification programs. This payment will provide 

growers with a guaranteed price premium to those receiving certification from 

the Florida Division of Forestry Stewardship Program or the Forest Stewardship 

Council. Additional information related to the minimum sustainability standards 

and the incentive program is presented in Exhibit No.- [RMS-111. 

In your opinion, will these minimum sustainability standards and the 

incentive plan encourage superior silvicultural practices that will result in 

better managed, healthier forests for the region? 

Yes, the minimum sustainability standards and the incentive plan will encourage 

superior silvicultural practices. These two features of the power purchase 

agreement raise the bar for those supplying biomass material to GREC 

compared to other projects or even existing forest products industries. These 

provisions will not only improve forest health, they will also help protect 

Florida’s water resources and native habitats for wildlife species. 

Are you aware of any existing biomass users or proposed biomass users, 

includiog the proposed biomass energy facilities in north central Florida, 

that have agreed to minimum sustainability standards such as the ones that 

GREC LLC has agreed to? 

No. 

sustainability standards like those included in the GREC agreement. 

We know of no facility in the state of Florida that has agreed to 
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Biomass Supulv Needs of Existiw Users 

Are you familiar with the biomass facilities listed in the table labeled 

Response to Interrogatory 91? If so, please explain whether you view these 

facilities as potential competitors to GREC for biomass material or as 

potential suppliers. 

Yes, I am familiar with the biomass facilities listed in the table labeled Response 

to Interrogatory 91 [RMS-121 and I do not view these facilities as potential 

competitors but rather as potential suppliers of mill residue. These facilities are 

primarily sawmills, chip-n-saw mills and pole mills that are located between 1 

and 59 miles from the GREC site. In my opinion, GREC will not be competing 

directly with these facilities for biomass material as these facilities process 

harvested round wood solely, whereas GREC will use a wide range of wood 

waste as detailed above for its primary biomass fuel. In making lumber or poles, 

these mills will produce residues which can be utilized as fuel for the GREC 

facility. Currently, most of these residues are being utilized by other users, but I 

expect that a small percentage of this material will be supplied to GREC. 

Are you familiar with the biomass facilities listed in the table labeled 

Response to Interrogatory 92? If so, please explain whether you view these 

facilities as potential competitors to GREC for biomass material. 

Yes, I am familiar with the biomass facilities listed in the table labeled Response 

to Interrogatory 92 [RMS-13] and I do not view these facilities as potential 

competitors. These facilities are primarily pulp mills, with the exception of 
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Appling County Pellets, which is a pellet manufacturer and two other facilities 

which are electrical generators. One of these electrical generators is extremely 

small in size and has frequent shutdowns, while the other facility is fairly small 

and utilizes a wide range of fuels that GREC will not use for fuel, including tires 

and landfill gas. As for the pulp mills and the pellet mill, in my opinion, they are 

not potential competitors to GREC for biomass material since they are primarily 

utilizing round pulpwood as their processes require a specific species and age of 

biomass material. As mentioned above GREC will utilize a wide range of lower- 

value wood as its primary fuel. 

Besides utilizing different types of biomass material, are there any other 

reasons why you believe that these facilities are not potential competitors to 

GREC? 

Yes. Many of the facilities listed in the table labeled Response to Interrogatory 

92 receive a majority of their biomass material &om one large private forest 

owner under a long-term contract. It is also unlikely that GREC would contract 

with these same private land owners for a significant portion of their biomass 

material. Therefore, not only is GREC not targeting the same type of biomass 

material as these facilities, GREC is negotiating with completely different 

landownerdsuppliers of biomass material than these facilities have previously 

contracted with. 
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Do you believe that GREC will have a negative impact on the existing 

biomass users in north central Florida? 

No, I do not. In addition to the reasons stated above, as stated earlier, the recent 

reports submitted by the Florida Department of Agriculture and Consumer 

Services, Division of Forestry, and the Florida Department of Environmental 

Protection ([RMS-71, [RMS-8], and [RMS-9]), conclude that a 7 percent RF'S 

would have little impact to the existing forest products industry and Florida's 

forest would remain sustainable. It is important to point out that the biomass 

energy capacity needed to meet this sustainable 7 percent RF'S is many times the 

capacity of GREC. M e f o r e ,  the impact from GREC alone should have very 

little to no impact on the existing forest products industry. 

Potential Biomass Supplv Needs of Future Users 

Are you familiar with the proposed biomass projects listed in the table 

labeled Response to Interrogatory No. 93? If so, please explain whether these 

facilities will compete with GREC for biomass material. 

Yes, I am familiar with the proposed biomass projects listed in the table labeled 

Response to Interrogutory No. 93 [RMS-14]. It is important to note that none of 

the independent electric generating facilities listed in this table have power 

purchase agreements as of the time that this testimony was prepared. For 

independent electric generating facilities, a power purchase agreement with a 

credit-worthy entity is the cornerstone of project development. At this time, 

therefore, the further development of these projects remains speculative. 

Nevertheless, if these facilities are successfully financed, built, and begin 
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operations, they will be able to utilize similar types of biomass material to fuel 

their boilers and could therefore be considered potential competitors. However, 

these facilities are over 70 miles away from GREC. Their respective wood 

baskets will overlap somewhat, but they will not be directly competing for all of 

their biomass material as they are not located directly next to each other. In 

addition, it is important to point out that just because a project has filed, or 

received, a pennit from a regulatory agency is not a good indicator that a 

particular project will actually be constructed and placed into operation. Many 

other elements, especially for an independent power project that is planning to 

sell its output, such as a financeable PPA with a credit-worthy offtaker, are 

necessary before a project can begin construction. 

Assuming a scenario where all of the currently proposed biomass projects 

are constructed, do you believe that there is a sustainable amount of 

biomass material available to support all of these projects? 

Yes, even if all of these facilities are constructed, I believe that there is enough 

biomass material for GREC and all the others. However, it is highly unlikely 

that all of the proposed biomass projects will be constructed for the reasons 

stated above. My independent assessment of the biomass resources in the GREC 

wood basket concluded that there is enough sustainably available biomass 

material within the area for the development of between 200 and 250 MW of 

biomass energy (including GREC). 
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As for the additional proposed biomass energy projects, the recent reports from 

the Florida Department of Agriculture and Consumer Services, Division of 

Forestry, and the Florida Department of Environmental Protection ([RMS-71, 

[RMS-81, and [RMS-9]) state that more than twice the existing amount of 

biomass energy capacity for Florida can be added without damaging Florida’s 

forest resources. 

Status of GREC Fuel Procurement 

Please describe GREC LLC’s progress in securing woody biomass purchase 

contracts, options, or  agreements with prospective suppliers of woody 

biomass. 

GREC LLC is actively discussing supply agreements with numerous local forest 

landowners within the area of supply for the project. Collectively these 

landowners represent more than 1 million acres and potentially generate over 3.1 

million green tons per year of forestry material including logging residue, low- 

grade thinning and other material. The negotiation of length, term, and amount 

of material for each landowner varies and all parties require confidentiality 

during the negotiation process. The targeted term is ten years and the targeted 

total volume of GREC fuel from the supply agreements from these landowners 

is 575,000 green tons annually. 

For urban-derived biomass material, Wood Resource Recovery (WRR) and 

GREC LLC have signed a letter of intent (LOI) to negotiate a ten year supply 

agreement for 300,000 green tons of urban wood waste annually. This LO1 is 
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included as Exhibit No. - [RMS-151. WRR is a Gainesville-based large urban 

wood waste recycling company. WRR operates throughout the US managing 

storm debris, and has handled over 1 million tons of woody biomass material per 

year. 

GREC LLC is also actively discussing supply agreements for other sources of 

wood material including mill residue, agricultural land clearing tree debris, and 

other sources. In addition, GREC LLC wants to maintain the ability to receive 

opportunity fuels such as storm debris, diseasedldamaged trees and tree debris 

from large clearing projects, and therefore will not execute long-term contracts 

for more than 90 percent of the estimated maximum supply requirement. 

In your experience of assisting in the development and financing of biomass 

energy facilities over the last thirty years, is it unusual for a biomass energy 

facility at the development stage that GREC is at now, to not have binding 

biomass supply agreements 

No. At the development stage that GREC is at now, it would be extremely 

difficult and even disadvantageous for GREC LLC to execute competitive, 

binding supply agreements with potential landownerdsuppliers as GREC LLC is 

still working on acquiring the necessary permits to construct and operate GREC. 

As soon as it is clear that GREC will be successfully permitted, GREC LLC will 

be able to execute binding supply agreements. 
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In your opinion, will GREC LLC be able to execute Long-term supply 

agreements for a majority of GREC’s biomass supply needs before GREC 

begins construction? 

Yes. From all of the biomass fuel discussions that GREC LLC is having with 

landowners and suppliars of biomass material, I am confident that there is 

sufficient interest among them to sign long-term biomass material supply 

agreements with GREC LLC. 

In addition, as Witness Levine testified to earlier, GREC LLC is planning on 

pursing a traditional project financing approach which would involve senior 

long-term debt and additional equity as necessary, GREC’s potential financing 

partners will absolutely nequire that a majority of the necessary biomass material 

to operate the facility be placed under long-term contract. The senior bank debt 

will be secured by first priority liens on substantially all of the assets and 

commercial agreements associated with, as well as a pledge of equity in, GREC. 

During the due diligence phase of the financing process, GREC’s potential 

financing partners will hire an independent third-party to not only analyze the 

GREC wood basket, but also review all of the long-term fuel contracts that 

GREC LLC has executed. 

Does this conclude your testimony? 

Yes. 
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Mr. Schroeder is the Founder and President of BioResource Management, Inc., a forestry and natural 
resource company headquartered in Gainesville, Florida. The company performs services related to 
biomass and organic materials, including analysis of supplies and sustainability, operations of facilities 
and assistance in developing end markets. 

EDUCATION 

Master of Business Administration, 1990, Nova University 
Master of Agriculture. 1976, University of Florida. Agricultural and Extension Education 
BS, Forestry, 1972, University of Florida. 

EXPERIENCE 

2005-Present: President, BioResource Management, Inc. 

2000-2005: Vice President Field Operations, Biomass Processing Technology, Inc. headquartered in 
West Palm Beach, Florida. Responsibilities included project development, biomass procurement, 
biomass process operations and administrative duties in company developing new technology for 
conversion of biomass to high value feed, food, and chemical products. 

Recovery, with offices in Sarasota, Florida and Meriden, Connecticut. Primary responsibilities 
included market development and integration of company’s current operations with biomass fuel 
and organic recycling opportunities. During this period annual operations grew to become the 
largest urban wood fuel supplier in Florida and largest vegetative recycler in the US. 

the first yard waste recycling site permitted by the Florida Department of Environmental 
Protection, and shipped the first urban wood fuel to industrial users. 

Raiford, Florida. Activities included supplying approximately 30,000 tons per year of biomass to a 
prison central heating facility, the development of a sawmill. planer mill, and pole peeling facility; 
operating a 3,000 head hog finishing unit and feedmill, and managing 16,000 acres of timber and 
pastureland. 

including County Extension Forester, Nursery Supervisor, Forest Products Specialist and 
statewide Wood Energy Coordinator. 

1992-1999- Vice President of Consolidated Resource Recovery. Inc., formerly Kenetech Resource 

1989-1992- President, and co-founder of Wood Resource Recovery, Inc. in Gainesville. Florida. Site was 

19861989- Agricultural Manager for Prison Industries and Diversified Enterprises, Inc. (PRIDE), in 

19764984 Florida Division of Forestry, Starke and Tallahassee, Florida. Served in various positions 

PAST AND CURRENT ASSOCIATIONS 
Florida Forestrv Association - Past Chairman, Wood Energy Committee _. 
Society of American Foresters 

activities of Board of Directors 

PUBLICATIONS 

Forest Products Society - formerly Southeastern Section Secretary Treasurer 
National Bioenergy Industries Association -company representative for Kenetech, participated in 

Florida Organic Recyclers Association- founding member, served on Board of Directors 
25X 25 Organization- Florida State Chair 

Published numerous articles for trade periodicals such as Biocvcle and Resource Recvclinq, 
Authored sections of the Florida Best Manaaement Practices for Yard Trash Recvclina Facilities, 
1997, published by the Florida Department of Environmental Protection. 
Contributing author in several University of Florida publications researching biomass production and 
harvesting. 
Langholtz, M. Carter, D., and Schroeder, R., (In Review) The Economic Availability of Woody 
Biomass, in Wood to Energy: Utilizing Interface Fuels for Bioenergy, USDA Forest Service GTR-xxx. 

Qualifioations Statement 
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1980-1990 
* Served as Florida Statewide Wood Energy Coordinator for the Department of Agriculture and 

Consumer Services, from 1980-1984. Conducted educational programs, performed feasibility 
tests to convert state facilities to wood energy. 

a Fuel Supply Study, 7.5 MW biomass power plant, Monticello, Florida 
* Wood waste study and fuel supply plan, 40 MW biomass plant, Auburndale, Florida 
3 Produced and delivered first urban wood fuel to pulp mills in North Florida. 

j Completed wood waste study and procurement plan, 74.9 MW power plant utilizing wood waste 
and bagasse, South Bay. Florida 
Development of quality specifications and delivery procedures, managed procurement for 17.8 
MW biomass power plant, Fitchburg, Massachusetts 

3 Prepared fuel inspectiin plan, fuel delivery, and procured fuel for 18 MW biomass plant in 
Chateaugay, NY. 

a Execution of Waste Wood Supply Agreements for 80,000 dry tons with power plants in South 
Florida. 

3 Initial fuel supply plan, development of cost estimates, 15 MW closed loop biomass project, 
Maidstone, United Kingdom. 

3 Investigations and development of cost estimates for 40 MW power plant utilizing bagasse and 
energy crop wood in Puerto Rico. 

a Development of fuel supply and preparation of wood fuel study for 25 MW waste wood plant in 
Chicago Heights, Illinois. 

a Developed and managed railroad tie recycling program in Chicago; recycled 200,000 ties in 1995. 
Preparation of cost estimates and production requirements for 50 MW closed loop biomass 
project in Renville, Minnesota. 

3 Negotiated and executed contract to mechanically mitigate wetlands, remove exotic pest trees 
from 1,400 acres of state-owned land and utilize harvested material for products. 

a Managed initiation of delivery of 80,000 dry tons of biomass under a thirteen-year supply 
agreement with cogeneration projects at sugar mills in Florida. 

3 Participated in study, “Economic Development Through Biomass Systems Integration in Central 
Florida”, sponsored by the University of Florida and the National Renewable Energy Laboratory. 

* Participated in international exchange with the University of Florida and Sri Venkatysvara 
University, Tirupati, India, to promote and establish bioenergy initiatives. 
Established wood markets in Florida and Georgia for wood waste biomass fuel with forest 
industries and textile manufacturers. Successfully marketed over 400,000 tons of biomass. 

3 Developed projects to test co-fire biomass in utility coal boilers in South Florida; test burns funded 
by the US Department of Energy. 

3 Identified and developed biomass supply for 250,000 ton per-year processing facility in 
Okeechobee, Florida. 

2 Completed agreements for $40 million biomass processing facility in Trenton, Florida. 
3 Executed 20-year agreements for development of biomass processing site at Florida landfill. 
=) Provide mardination and direction in developing dedicated bioenergy plantations in Southeastern 

us. 
3 Marketed biomass fuel to industrial and institutional customers in the Southeastern US. 

1990-2000 

2000-present 

Since 2005 BioResource Management, Inc. has conducted wood supply analyses, developed 
procurement plans and assisted in project development in the following states: 

Alabama Kentucky New York Tennessee 
Connecticut Louisiana North Carolina Texas 
Florida Massachusetts Pennsylvania Virginia 
Georgia Mississippi South Carolina West Virginia 

Qualifications Statement 
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A. INTRODUCTION 
B. WOOD RESIDUES FROM FORESTRY ACTIVITIES 
C. TREE TRIMMING WASTE 
D. CLEAN CONSTRUCTION AND DEMOLITION DEBRIS 
E. BIOMASS CROP POTENTLAL 
F. PERMITTED WOOD BURING (URBAN-RURAL INTERFACE) 

A. Introduction and Abstract: 
The first Biomass Options for GRU was Wriaen in January of 1998, by A. T. 
Cunili6 and S. Puts f ir  the Energy Advisory Committee ofthe City of Gaiaesville. The. 
report provided a guide to the energy mop resource base, the technologies possible for 
use by GRU and the local professionals involved in the national and local atenas of 
biomass energy. "33bmass Options for QRU - Part JP' provides GRU a new dimension 
- derailed anafysis of biomass supplies - as well as a critique of some assumptions made 
in its own study done in 1997 titled "Biomass as an Energy Supply Alternative." In the 
present analysis the author3 conctude that 1) Under the present climate regime 
experienced in north-central Florida, there is a sustainable, may we say %biquitous, 
supply of dl types of waste wood amounting to a minimum of 1,424 tons per day. 2) 
The average energy content of green wood is 5,250 Btunbq of dried wood is 8,OOO 
BWlb. Air dried wood waste and woody biomass are. not to be considered green and as 
hogged &el wood will come in at no higher than 25% moisture. 3) The land base within a 
25-mile radius ofDeerhaven described below is enormous - 1.26 million total acres - and 
can be subdivided into four management types: planted pine, upland hardwood, oak-pine 
and nahrral pine. The fiur types in this area embrace approximately 580,600 acres. Each 
day within the 25-mile radius, 77 acres are harvested leaving 504 tons per day of residue. 
On planted pine acreage, there are another 480 tons per day in the ground in the form of 
3540% moisture stumps. Together these logging residue sources total 984 tons per day. 
4) There is a continuous stream of clean waste wood ffom the a) urban and tree trimming 
and wood businesses working throughout the region, b) ffom clearing and construction 
and, c) and from the public sector including GRU. These categories represent 440 tons 
per day, 75% of which is dry matter 5 )  Dedicated, short-rotation woody biomass crops 
could be grown under contract with the utility. If only twenty-five percent of Alachua 
County cropland were brought into production 722 t/day of airdried biomass would 
result. 6) The total foresty residue, tree waste and biomass potential is a 
conservative 2,146 tons per day or  783,290 tms per year. If the region is to continue 
mass development, waste wood biomass will always be there as a byproduct. Given the 
cheracteristics of the looally available waste wood and energy crops W e r  described 
below, an appropriate design for its conversion to electricity should be made feasible. We 
recommend: 1 )  A system where private companies harvest and sell suitably chipped, 
waste wood and that an unloading facility for both large and small trucks be installed; 2) 
That moisture content ofsaid chips be measured at the plant gate and a faiF price be paid 
based upon Btu per dried ton with drying to be done at the plant using waste heat, and 3) 
That such a price. will range ffom $12.60/ton to $22/ton. 

- 

F. 

*b  

/ 
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B. Waste wood from Forestrv Activities 

In Alachua County and its neighbors there are 988,800 acres of planted pine 
forests according to the District Forestry office. Three large forestry products facilities in 
our region process wood. A pulpwood plant in Palatka receives 3,000 tons per day; a 
plywood plant in Hawthorne receives 1,OOO tondday, and a chippin' saw mill in Cross 
City receives about 750 toadday Some of this supply comes from as I% away as Polk 
County. In Alachua County alone there are over 100,000 acres of planted pine. For this 
survey, an average harvest cycle of 22 years and an average yield of 100 total tons per 
acre for that age stand is the estimate in our calculation of residues for this planted pine 
Harvept residues have been defined by Tillman in 1978 as IO-15% ofwood (10 - 15 
t/acre residue) harvested and by Post in 2003 as 10 to 25 tons per acre depending on 
whether stumps are included. The moisture in the residues, given the fact that much of 
the wood will have been air dried during and d e r  logging, has been found to be no more 
than 25%. We will use then a very conservative 7.5 tons per acre of residue at 75% dry 
matter and a heating value of 9,000 Biu per pound, if dried, for the acreage considered in 
planted pine and for the caiculations in the data below. This material includes the tops of 
whole pine logs, usually 4 inches at the base, with no leaves. (See photos at the end of 
this chapter.) These residues are easily gathered by the skidders and are normally burned 
or allowed to decay. On one commercial plantation, a third row thinning of 12-year old 
trees yielded piles containing 1200 tons fiom the estimated 200 acres or 6 tons residue 
per acre.(pictures # 6 & 7 under Upland Hardwood.) The Tables that follow present the 
residue data for four management types in Alachua County and for those portions of the 
surrounding 8 counties that fall within the boundary. A map is included with this survey 
and shows the "Sentice area" for Deerhaven as a 25 mile radius nine unmty area. The 
footnote for each Table describes how the residues are calculated. This is not an exact 
science but is based on the real world of forest production, and mensuration. The S m i l e  
radius from Deerehaven total acreage is 1.25 million acres with titachu8 County 
measuring 617,600 acres of that total. For purposes of simplicity, we are going to 
assume that the Alachua County residue tonnage can easily be doubled for each 
management type to arrive a t  a total vdue for the entire "service area." This 
assumption is based on having measured the acreage for each neighboring county 
within the =mile radius, totaling it and taking a conservative percentage (40%) 
which equals the total known timberland acreage in Alachua County. 

this acreage yields 245,600 acres assumed being in upland hardwoods for the entire 
"service area.". Hardwoods present a different picture &om pine land, however. 
Hardwoods - laurel oak, magnolia, hickory and sweet gum among others - are more 
difficult to harvest making the yield of residue per acre higher than for the planted 
pineland. The air-dried wood will contain more dry matter than pine wood but fewer 
Btu'dpound (8,000flb. on a dry weight basis). Table 2 presents the data for this sub- 
category. 

County. By doubliig this acreage to 37,800 a conservative estimate for the rest of the 
GRU "service area" is obtained. Oak-pine tracts are harvested for their large diameter 
trees on a cycle of only 10 years as omexs need income. The production per acre is 

There are also 72,800 acres of upland hardwoods in Atachua County Doubling 

There are also 18,900 acres of Oak-Pine forest in all ownerships in Alachua 
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about 1 cord per acre per year (1 cord = 2 5 tons). The residue percent per acre is as high 
as that of the upland hardwood forests when logged (20“h). 

Finally there are said to be by the FL Dept. of Forestry’s estimates 27,100 acres of 
Natural Pine in Alachua County. This number doubled represents what we believe to be a 
conservative estimate of the total acres in Natural Pine for the 25-mile service area or 
54,200. The natural pine savannas are a thing of the past in Alachua County there beiag 
less than l0,OOO left and 2% I& statewide. This is because controlled burning is 
practiced by very few property owners any more. Natural pine stands, therefore, are 
easily confused with Oak-Pine forests as there is a lot of hardwood to be found in this 
type. They produce the least growth per acre per year (0.5 cords) and are hawested about 
as inkquently as the upland hardwood type (I5 yrs.).. 

place an our basically sandy soils year round. For GRU fuel wood, the mat& will be 
either loaded as “hogged fuel wood” by the logging compaoy in the woods and hauled to 
a central handling facility, or, ifthe tract of land is largq the material can be chipped by a 
mobile tub grinder owned by the fie1 wood supplier. n te  chipped and shredded material 
will represent, for the most pat, air dried wood with 25% moisture or less. The 77 acres 
harvested per day and the 504 above ground tons per day available in the region allows a 
4 week-long air drying period if demand fiom this one source can be kept at 300 tons per 
day. Following size reduction, chips stacked in piles in the open repel water quite well. 
Therdore it will not be nemssary to build a cover for this material. A cover will be 
needed for the wood that is process-heat-dried and that will depend on the daily needs of 
the gasifier. 

At the end of Chapter ‘‘E” are pictures of an unloading system used by Jefferson 
Power in north FL.. JP is owned by Mitchell Larkins and produces 5-8 M W  for Progress 
Energy fiom a stationary grate system. They unload 6-7 20 ton trucks per day using the 
lift and fiont-end load the chipped material into the feeder system of the plant. There is a 
shed over this loading area. They do see the need however for drying these chips. 

Seasonal availability of all four types is almost a moot piat as logging talces 

TABLE 1: PLANTED PINE LOGGING RESIDUE FROM SERVICE AREA 

COUNTY PLANTED ACRES FOlUiSTRESIDUE Mbta 
INPINE HARVESTED TONSPERDAY per ton’ 

(acres) (per day‘) pu day 

1. ALACHUA 121,500 15 113 2,042 

2. Other8 

3. Total 
counties’ 

121,500 

243,000 awed 

4. Stumps at 16 tonslacre 

5. TOTAL (with stumps) 

15 

30 acres 

30 

30 

113 

226 tons 

480 tons 

706 tons 

2,042 

4,084 

12,708 
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This dadation is made by dividing the total planted acres in &~hu county by 22 Omvest cycle). 
The result is divided by 365 days to obtah the 8cres per day harvested. The quotient is mdtipliedby 
yield or 100 tonslacre. Seven and a half (7.5%) pacent of this prod~ct is the airdried weight or residue 
per aae pcr day. As stated abwe inbold, a doubling of Ala Co.'s acres is carried out for all 4 
managcmenttyps. 

Based upon 9ooo Btn perlb. 
'IhcbnalcQwn by county: B M o A  l63,XW m-es, Clay: 57,800, Coliombia: 122,400, Gilchrin: 
128,650,Lcvy: 81,6oo.Marion:57,8oo,putaam:49.3oo.Umon: 1 5 4 , 3 ~ . T o t a l a p p r o x . ~ 8 1 5 , 1 0 0 .  
Ofthis total we estimate that apprmc. 121,500 acres wiU be in woodlands of all types or 15M 

+ 

TABLE 2: UPLAND HARDWOOD LOGGING RESIDUE FROM SERVICE 
AREA 

COUNTY HARDWOOD ACRES FORESTRESIDUE MBtu 
ACRES HARVESTED TONS /DAY per ton" 

PER DAY per day 

1. ALACHUA 72,800 

2. OTHER8 72,800 
Counties 

3. TOTAL 145,600 acres 

13.3 

13.3 

26.6 acres 

99 

99 

1782 

1782 

198 tons 3564 

This calculation is made by dividingthebadwood acres in Alachua County by I5 yrs. &awcstcycIe) 
to 0Main the acres haMstcd per year. Tbc result is dividedby 365 to obtain the aues bamsted per 
day. This @em is then mnltipliedby yield or 2.5 too/acre. Twwty perrmt (20??) oftbe yield over 
the harvest cycle is the airdricd weight or resiclue per acre. per day. Forthe otha 8 counties the Ala 
Co.toIalisagainused ' Based upon 8000 Btunb. 

TABLE 3: OAK-PINE LOGGING RESIDUE FROM SERVICE AREA 

COUNTY OAK-PINE ACRES FOREST RESIDUE MBtu 
ACRES HARVESTED TONS PER DAY per ton' 

PER DAY 

1. ALACHUA 18,900 

2.0-8 
Counties 

3. TOTAL 

18,900 

31,800 acres 

5.2 

5.2 

26 

26 

10.4 acres 52 tons 

468 

468 

936 
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TABLE 4: NATUFUL PINE LOGGING RESIDUE FROM SERVICE AREA 

c o m  NATURAL ACRES FOREST RESIBUE' Mbtd 
PINE ACRES HARVESTED TONS PER DAY per ton 

PER DAY per day 

1. AL.ACHUA 27,100 5.0 14.1 253 

2. OTHER 27,100 5.0 14.1 253 
8 Counties 

3. TOTAL. 34300 acm 10.0 acres 28.2 tons 506 

L calclllation b a d  OII 811 avcragc cycle of 15 p., avenge growth of only 0.5 mrd per ~ c r e  per year 
(1.25 I/&..) anda yield nsidoe of 15% 

Basedupon9oO0Btu/Ib. 
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1. CONTAINER CORPORATION CLEAR CUT SLASH PINE - RESIDUE 
- DON POST IN FOREGROUND 

. . 
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5 .  FORTY-ACRE CLEAR CUT SLASH PINE SITE IN ALA. CO. 
SHOWZNG RESIDUE AT 1 . 5  T/A 

. . .  

6 .  SLASH PINE RESIDUE STILL REMAINING AFTER CLEAN-UP 

'-2 
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7 .  TYPICAL STUMP OF 22-YR. OLD SLASH PINE TREE WEIGHING 
BETWEEN 7 0  AND 100 LBS. GREEN 

DON POST SHOWN ON HIS LAND 

c . 
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11. GREEN LIMBS ARE REMOVED WITH A "DELIMBER" FRAME 

L. 
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13. CONTAINER CORP. 12-YR. OLD STUMP LEFT AFTER THINNING 
\ 

~~ __ 

1 4 .  V-BLADE PLANTED SEEDLINGS SHOWING RESIDUE IN "ALLEY'' 

I 
4 
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2. NO PLACE TO GO RESIDUE FROM LONCAL FENCE CLEARING 
ALMOST ALL HARDWOODS 

i 

i 

, 
I 1. FENCE LINE CLEARING ON LONCALA CORP. LAND - RESIDUE ' 

WITH NO PLACE TO GO 

. 
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3. LONCALA CORP. HARDWOOD RESIDUE IN PINE FOLLOWING 
THIRD ROW THINNING. - DON POST SHOWN ... 

I 
i ., I 
! 

1. LONCALA CORP. HARDWOODS FROM WITHIN PLANTED PINE 4 
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6 .  HWY 47 CLEAR CUT SITE SHOWING HARDWOOD RESIDUE 
APPROX. 100 TONS OR 4 LOADS/PILE SHOWN 

WITH DON POST 

d 

. 
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I .  HWY 4 1  IN WESTERN ALACHUA CO. SHOWING A FEW OF THE ' 

24 PILES AT 100 TONS PER PILE 
OF HARDWOOD RESIDUE BEING 

PREPARED FOR BURNING 
I 
d 

b ,  0 .  WASTE WOOD AT LOG LANDING IN ARCHER, FL ' 
\ 

I 

1 
4 



. 

9. LOGGING RESIDUE IN PINE-HARDWOOD STAND NEAR BRONSON, FL 

. 

, 

10. HARDWOOD RESIDUE PUSHED UP FOR BURNING NEAR ARCHER, FL 
(DAVIS LAND) I 
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11. LOGGING SLASH IN MIXED HARDWOOD-PINE STAND NEAR 
HIGH SPRINGS, FL 

12. PILED LOGGING RESIDUE NEAR ALACHUA, FL IN MIXED 
HARDWOOD-PINE ISLANDS 

-> . 

3 
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1- UNDERSTORY STAND OF HARDWOOD IN THINNED PINE PLANTATION 

d 

2. OAK-PINE WOODS ALONG 2 5 A  IN MARION COUNTY PLANTATION 
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5. SLASH PINE HARVEST SITE WITH DEAD OAKS 
FOLLOWING HERBICIDING I 

d. 

6. LONCALA CORP. SITE SHOWING DEAD OAKS 
HERBICIDED AFTER LOGGING OUT PINE 
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1. 150-YEAR OLD NATURAL PINE STAND I N  ALACHUA CO. 
THAT I S  CONTROL BURNED ALMOST YEARLY 

ON THE ORIGINAL 40-ACRE HOMESTEAD S I T E  
OWNED BY ORRIN MARCHANT 

2 .  YOUNG PINE PLANTATION I N  BACKGROUND WITH 
OLDER (150-YEAR OLD) NATURAL PINE 

LONGLEAF = SOUTHERN YELLOW 
~ l n u s  palustrfs 

UPWZIRRRV. a L A .  C O . ,  O R R I N  HARCHAElT, OWNER 

. 

i 
d 
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C. TREE TRIMMING WASTE WOOD 

There 
Tree to Walt's Tree. We spoke with most of them to get an idea of how much urban tree 
wood was being moved and to where it goes. Then we Visited what we refer to as the 4 
primary outfits. 1) ABC Tree Service owned by Bill Smith (367-0088) out near 
Newberry. It is the second largest tree service company in the area that Services both 
urban forests and the urban-wildland i n t h .  2) Southern Fuelwood is a hybrid 
company; it recycles wood waste firom various suppliers and it manufactures numerous 
(7) major products and has capability of doing tree service work as well. It does not 
produce fie1 chips at the present time. It is owned by Pat Post (4724324). 3) Gaston's 
Tree Service is owned by Bill Gaston (378-9133) and is the largest outfit of its kind in the 
area. T h 9  are outside of Gainesville and have a compost yard north of Ocala. They own 
trucks whose crews service the urban forest and who recycle this clean wood debris into 
compost and mulch. They charge a tipping fee of $18.50 per ton after the first 1,100 Ibs. 
($10 m i n i m  to 1100 Ibs.) but charge much less to regular customers. Bill's company 
also sells fuel wood to Georgia Pacific. The site is o h  too wet for heavy trucks, 
however. 4) Ocala Tree Debris (OTD) is a family-omed company just north of Ocala. 
Augie and Doug Kinsey are the principles (352.629-991 1). OTD may handle as much 
debris as Southern Fuelwood and ABC but it produces fewer products. It does produce 
fuel chips for GP &om mainly hardwood using a unique system to collect wood debris 
fiom non-company suppliers charging them no fee. They are able to produce a 4"-6" air- 
dried chip on two 6 acre lots using a mobile chipper. 

lawn care companies whose production includes the smaller bmsh and branch material 
collected daily. This material is usually taken to Wood Resource Recovery. 

Below in Table 3 are presented the quantities and where possible the prices of 
this clean waste wood. Number 5, urban yard waste, is not included in the total since it 
ofien contains grass clippings mixed with the brush and is thus deemed too wet. Over half 
ofthe 23.7 tons comes firom the city durbside pick-up and is trucked to Watson Dairy 
pictured in #12 in Chaptex 'P" 

making it necessary to state the following: 

over 30 tree trimming businesses listed in the GainesVille phone book fiom A-1 

This critical sector includes in a peripheral way some of the larger rmrseries and 

This key sector of the wood fuel economy demonstrates numerous permutations 

1. The central players - Ocala, Southern Fuelwood and Wood Resource 
Recovery - receive wood fiom many sources. Some of these sources like 
ABC have chippers and chipper trucks. Asplund itself has 5-7 chipper bucks 
Most of these chipper trucks are 25 - 30 yarders. 

2. These smaller chipped loads can go straight to the gasifier and if they can 
unload fast and get paid enough at the gate to make a profit. A system to 
receive these smaller trucks probably will be needed. 

3. Fuel wood is available now from Ocala Tree Debris. Southern Fuel Wood is 
interested in knowing what size chips will be needed before they invest in a 
chipper. These people will be coming to the 12/15 meeting downtown to 
express their enthusiasm. We are concerned that Wqod Resource Recovery 
will be able to operate during wet weather because of their site. 

4. The large handlers of bulky wood may one day be able to pay suppliers. 

c 
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TABLX 5 : GAINESVILLE URBAN AND SUBURBAN CLEAN TREE DEBRIS 

PRIMARY TONS PER DAY CONDITION PRICE 
COMPANY 

1. ABC TREE SERVICE 35 dday lot in chips;25 t in bulk 7 

2. GASTON’S 60 dday mulck fuel wood, compost $lO/ton 

3. OCALA TREE DEBRIS 140 Vday fitel wood 4-6” screen $10 fob 

4. SOUTHERNFUEL WOOD 20 tiday hardwoods, waste *om ? 
manufacturing 

(5. URBAN YARD WASTE 23.7 dday Curt, side pick-up no charge) 

6. TOTALS 255 Vday (Tbc Urban Yard Waste u not included in 

not chipped 

this total for reasons explained above.) 
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L 1. "NO WHERE TO GO" LOADED TRUCK NEAR GAINESVILLE 

Y 

2 .  ABC TREE SERVICE 40 YD. TRUCK AT SOUTHERN FUELWOOD - 35 TONS 
PER DAY 



. 

, 
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3 .  ABC 40  Y D .  TRUCK WITH HARDWOOD FROM GAIONESVILLE 
4 

c 
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5. SO. FUEL WOOD YARD 

6 .  DON POST - AT SOUTHERN FUEL WOOD WITH FUEL CHIPS - 20 TONS PER DAY 

B 
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7 .  MORE SO. FUEL WOOD URBAN HARDWOOD RESIDUE 

I . - d  
8 .  OCALA TREE DEBRIS YARD 



, <-L 

L 
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. 

11. OCALA TREE DEBRIS - 
r -  

a 

12. WOOD RESOURCE RECOVERY YARD 1 

! 
d 

i 
LJ 

I 
LJ 
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13. WOOD RESOURCE RECOVERY FUEL CHIPS - 60 TONS PER G DAY . 

L 

' 0  

d 

c 
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This category involves the debris containing tree wood cleared Eom most construction 
sites in the area. The businesses and people we contacted who are pmitted to take Clean 
debris and who handle the largest quantities are Watson Construction (Lany Watson) and 
Osteen Brothers (Ron O’Steen). Andrews Paving, Buck and Wayne Johnston and 
Whitehum road mnstruction receive much smaller amounts of material.. Clean debris is 
trees and brush taken from construction sites. It includes large diameter trees usually 
hardwoods that are transported in 25 to 40 yard trucks in large pieces with each truck 
carrying an estimated 8 tons per load. This wood will be air dried and be about 25% 
moisture. Being mostly hardwoods the Btuilb. will be approximately 7500-8000. 

Watson Construction gave us numbers for 4 months hauling in 2003: July, August, 
September and October. The total per day calculated %om these loads is 55 tondday. 
Lany Watson stated that they burned in the field more than they hauled in to the pit. At 
the end of this Chapter ”D” are pictures of Watson’s ‘Curtain Bum& that can burn 40 
tonshour! Zt is being used at the time this report was being prepared at the site of the new 
Catholic High School west of town. Because of the disposal of wood on site in this 
manner we will use a figure of 100 tons per day &om Watson. O’Steen Bros. was 
contacted and both Lany Watson and the O’Steen pit foreman, Billy, confirmed that 
O’Steen receives more clean debris than Watson. We use the figure of 60 tondday in 
order to be conservative and to reflect the fewer loads received during December, January 
and February. The other companies, though permitted to receive clean debris, have no 
numbers to offer at this time. We therefore will use a 165 todday figure to describe 
clean debris material &om these entities. GRU is grouped in this chapter clears electric 
transmission line and reports 20 t/day. 

Being excellent business people, Larry Watson and Ron O’Steen, like everyone 
else, want to know what the specifications of the product will be. In the case of Watson, 
the volume used by this material in the pits has a negative return, i.e., the volume can be 
more profitably used by C&D debris. L. Watson has windrowed hogged wood for years 
using a Rome mawler (pictures #4 and #5). He was and still is considering composting 
these mountains of tree w e .  The mawler is reportedly for sale. 

Clean tree debris comes from the constructjon sites and no weighing is done and 
no fee paid. Larry Watson appears willing therefore to charge only what it will cost to 
Chip and screen it. A range of $10 to $12.60 was suggested based on what he1 chips will 
cost from one firm in Ocala including transportation. 



Docket No. 090451-El 
Post-Cunilio Biomass Study 

(Page 37 of 65) 
Exhibit RMS-2 

TABLE 5: OTEiER BUSMESS "CLEAN DEBRIS" 

L BUSINESS DAILY TONNAGE HEATING VALUE' PRICE / MmBW 

(delivered) 55 t/day 16 x lo6 Btu/ton SlO/ton 'I minimum 
' I  u 

1 .Watson 
(site work contracting) (burned) 50 t/&y 

" " 2. O'Stem Bros. 
( s i t e ~ ~ c t i a @  

(delivered) 60 t/day ' I  

3. others (GRU)" 20tlday " " no charge 

4. TOTAL' 185 t/day 16 I 10'Btdton SlO/ton minimum 

' Then iIIc 7 AsplundrrewJ workingthc 775 miles of distri\llltian andmmsmias ioas l in ts lmm 
to GRU. A collservative average of 40 yds. p r  day is brought in m d b g  to Tracy Maxwcll of GRU. 
Twenty tons is the wet weight ofthis maEerial which mad thenbe 37 lbs. pucubic foot. Corn silage is 30 
Ibs. per cubic foot. Without having pecise data, the assumption is justified 

n 
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CUZARXNC. E R J S I ~ S E S  - 185 -s PEYX D- 

. 

I 

\+. " 

1. LARRY WATSON AND DON POST AT WATSON'S COMPOST MOUNTAIN 
BUILT OVER THE YEARS USING WOOD DEBRIS 

i 

. 
2. WATSON'S PROBLEM WOOD RESIDUE .- 

" 



, 
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. 
I 

3 .  WATSON'S WOOD WASTE NEXT TO LANDFILL PIT 

e 

, 

* 
4. WATSON'S ROME MAWLER USED TO CRUSH INTO LARGE PIECES 

WOOD WASTE FOR COMPOST MOUNTAINS 

. . 

I 
d 

. 
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5. ANOTHER VIEW OF THE WATSON MAWLER * 

, 

. 
6 .  15 FOOT HIGH WOOD PILE AT WATSON-$ 
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8 .  4 0  FOOT LONG CUTAIN BURNER BEING USED BY WATSON 
AT THE S T .  FRANCIS H . S .  S I T E  

I 
4 

b 

6 

9 .  CURTAIN BURNER WILL HANDLE 4 0  TONS PER HOUR 

. 
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L 

12. MIXED YARD DEBRIS FROM CITY OF GAINESVILLE AT WATSON DAIRY 

I .  LAND CLE-M-ING WEASTE-WWOBD.NEAR TRENTON, FL 
1 
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E. BIOMASS CROP POTENTIAL IN ALACHUA COUNTY : 
L 

Biomass crops represent the “ace in the hole” card that could, ifnecessary, be 
played in the new carbon economy. If the above sources cannot be sustained beyond the 
next 50 years or so, farm land should represent back-up potential. Land availability: 
AIachua County (about 965 sq. miles or 617,600 acres) alone has approximately 1086 
farmers in operation on 198,193 acres with an average farm size 182 acres and a total of 
75,368 acres in crop land that could produce yearly crops. This acreage is all in 
Hardiness Zone Sb. There are 43 farms with 1,000 acres or more in the county, up f?om 
32 five years ago. 

Energy crops are grouped into two categories: herbaceous and woody and have 
been grown experimentally by the Agronomy Dept. and the School of Forest Resources 
and Conservation for many years. Herbaceous crops can be harvested yearly while the 
woody crops can only be harvested once every 2-4 years. Leucaena, the only legume in 
the mix, is the lowest cost biomass crop per MmBtu but and c8n be harvested on a one to 
four-year cycle ifgrown as ‘tvood grass.” The yields below in Table 7 are expressed as 
dry matter (dm) per acre per year. 

TABLE 7: BIOMASS CROPS AND THEIR FUEL CHARACTERISTICS 

Crop YIELD/acre COST/ton MOISTURE MAFBTUAb 

L 

c 

Grasses: 
Elephant PUS 16-22 tons $24-94 
Energycane 11.7-19 nd 

Sugarcane 15-25 $22.92 

Switchgrass 9-10 $17 
(presscake) 

E-grass nd nd 
Woody Species: 

Giant Leucaena’ 12-15 tons $15-20 
Cottonwood 12.5 32.67 
Eucalyptus 11-01s 35 
Slash Pine 6-9 33-45 

22% 
nd 

16.8 

15% 
nd 

35% 
35 
35 
35 

8178 
nd 

8668 

8000 
nd 

8494 
4728 
83 70 
9000 

SUMMARY: 14 there $25.79 27.6% 7320 

’~eucdma spp. was stated to exhibit allelopathic charaaen ’stia in the 1997 mu repa written 

rerkace is wntradinedby ova 1.ooo references hm LNcaenaRaearcb Rcports published 
bychucLWilliamrThisclaimwasbarcdupononcu~refercnce,i.c.,D.W.Nellis.This 

bawcen 1981 and 1992 by the Nitrogen Fixing Tree AsJodstios J. B e ,  editor, which arc 
available uponrequest. 

Ifthe average dry matter yield of 14 tons per acre is used to calculate the total yield from 
25% of the avaihble acreage, 722 tons per day would be realized. 
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L 
NOTES; 

Why Tall Grasses? 

The so-called energy grasses present many reasons for use in biomass to energy systems 
in the nortb-central FL. Some of them include the following: 

a. An efficient C4 metabolic system for converting solar energy to plant 
food. Sugarcane and energycane are the most eflicient converten of solar 
energy in the plant kingdom known to man. 

b. Active vegetative leafand stem growth over and entire growing season 
with floral development oocuning late in the growing season 

c. Resistance to winter kill in underground parts so that rapid regrowth 
occurs in the following spring. 

d. Dead lower leaves cling to the strong stems so most of biomass produced 
can be harvested. This m a t e d  can be round-baled after &-drying. 

e. Can be harvested in winter after the top has ceased, so harvesting 
does not reduce the length of the growing se~son 

f. The biomass produced can be stored dry as rolled hay or densified for 
efficient &rage and handling. 

g. E grass along has just been assessed by the Up Center for Aquatic and 
Invasive Pfants as being safe for recommendation by IFAS Extension in 
north, central and south Florida 

a. Woody crops in general have a larger harvesting window than herbaceous 
energy crops in some cases as long as 12 months. Storage costs are thus 
much reduced. 

b. All the woody crops cited are either native or can be recommended by UF 
Extension for north FL. 

c. These crops can be left to air dry in the field much better than the 
hehicmus crops due in part to their woody stems. 

d. These crops cannot be baled. In the case of Eucalyptus and cottonwood, 
heavier, more expensive harvest machinery is generally necessary. Woody 
stems 25-35 ft. in length can be handled litre pine. 

e Only Giant Leucaena can be harvested with forage harvester if planted as 
“wood grass.” Ifplanted at wider spacing and given 2-3 years of growth, 
the heavier equipment becomes necessary. 

f. Except for slash pine, the woody crops described above perenniate, that is, 
they coppice or regrow &om underground meristematic tissue. The 
strongest coppicer is Leucaena. 

g. Giant Leucaena has just been assessed by UF Center for Aquatic and 
Invasive Plants as being safe for recommendation by IFAS Extension in 
north and central E. (See letter anached to this chaptert). 

L Why woody biomass crops? 
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1 The assumptions made to prepare the data above come in part from the study 
found in ‘Eonomic Development through Biomass Systems in Central 
Florida” prepared for the National Renewable Energy Lab by Polk County 
Extension CED James Stricker andby the UFCenter for Biomass, Wayne 
Smith, Project Director. Yield data for the grasses come from Gordon Prine, 
emeritus Professor of Agronomy. Yield data for the woody species come from 
CoSAF (for giant Leucaena), and MattLangholtz with Don Rockwood of the 
School of Forestry. 

2. The grasses take advantage of the long growing season and should be 
harvested in the fall fiom September to December. They cannot be allowed to 
stand in the field longer than 3-4 months making their efFective harvest 7-8 
months long or 210-240 days. It is possible to air-dry the grasses if they are 
baled. Large air-dried bales repel water quite well and will remain at 15-22% 
moisture. 

3. The woody species can be harvested when weather pennits after 2 to 3 years 
of growth. .Only giant Leucaena, following a 3-4 year establishment period, 
can be harvested yearly like the grasses. The woody sterns of all these species 
can be stacked in the field and air-ried to Iess than 30% moisture. 

INTJ3RFACE 

The USDA Forest Service has a one-year old office in Gainesville where its Southern 
Center for Wildland Urban Interface Research and Information is located. Although there 
is not a lot to report at this time regarding the firel wood potential that is being researched 
in conjunction with the UF School of Forestry, a letter fiom the Center’s Project leader, 
Ed Macey, is included here. It supports the basic concept of reducing wild fire potential 
through the harvest and use of waste wood. The newly enacted Healthy Forest federal 
legislation may have support for this work in our area. Contact Annie Hermansen, the 
Technology Exchange Coordinator at 376-3271 for additional information. The Ed 
Macey letter is attached to this chapter. 

Finally a word should be said about the bum permits issued by the Division of Forestry. 
In Alachua County, the District Forester issued over 4,88 1 fire pennits last year alone. 
The number of acres reportedly burned may be somewhat suspect and were 12,410 acres. 
Almost seventy-five per cent of the permits were for land clearing in residential areas: in 
other words development. This urban-wildland interface is changing to be sure. There 
were 1,607 authorized fires on agricultural lands in the county. This data is included here. 

The point we’d like to emphasize here in summary is that GRU Green Energy Program 
will find a great deal of enthusiastic participation from the folks who are or will be 
threatened by wild fire IF an attempt to work with the USDA is successhl. At 
‘ m w  ioc POV one can access HR 1904 using the “thomas” link and legislative search 
engine. 
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Burning Authorizations Summary 

Waccasassa Forestry Center 
1/1/2002 through 123 1/2002 

Alachua 
. . . . . . .  

Burn Type 
. . . . . . . . . . . . .  -. ............................ 

. Agricultural--Pasture 

k - --. 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Authorized Authorized 

Firzs Acres _ ..... 
1607 ,6239 0 

Authorized 
Piles 

. .  

Agricultural-Range management 0 ,o .O 
:Agricultural-Stubble (post harvest) 0 ,o 0 
:Agricultural-Sugarcane 0 0 .O 
:Agriculture--Citnrs 0 :o :O 

:O 10 

:Land clearing-Non-residential-Without io .O :0 

. __ ..... - ... ...... 

.. __ __ __ . __ __ .. . 

. ............................. ... .. ........................ . . . ___ . __  ............ _. -. .___ 

"I .... ...... - ... . . .  .......... - . . . . . . . . .  

_- :Land clearing--Non-residential-With ACI 10 

ACI 

._ 

________- 
,Land clearing--Residential--With ACI '0 . .O .O 

:Silvicultural--Disease control :33 3 4  ;O 
; I 6  j96 10 

2 ~, .'! 

.-...._______________-._,___-___.I. .... __ _ _  ...... .. 

.Land clearing-ResidedaL-Without ACI :3023 i3095 f . .  , . 

:Silvicultural--EcoloQical 

.__.__.______..----_---.-.------;__.__._ 

! 

j125 i202 1 io . . .  ~Silvicultural-H&d -- - removal *---- ~ 

100 .O 
.O 0 . . . .  

768 ,. 0 

:Silvicultural--Other !, 

.. I ... 

. ........... .~ ...... 
.Silvicultural-Prior :o seed 0 .  

Silvicultural--Site preparation 68 
Silvicultural--Wildlife .7 77 0 

4881 12410 .O :Total 

. . .  
... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  . .  -. .. . . . . . . . . . . . .  ................. . . . . . .  . . . . . .  

7..- ! Authorized !Authorized I Authorized--': 
Fires Acres Piles 

---.----- 

Bum Type I 

;Agricultural--Pasture 455 2706 
...... ..... -. ....... ............. . . . . . . . . . . .  .... - ..... - .. 

0 - - - ._ . . .__ 
'Agricultural--Range management 0 0 '0 
Agricultural--Stubble (post harvest) 0 0 0 
. . . . . . . . . . . .  . __  __ ... ... .. . ........ . _ _  ... - ....... .... - ... 
. . .  ......... . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  
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GORDON PRINE OF UF AGRONOMY WITH 2-YRS GROWTH OPLEUCAENA 

1 

:I 
~ Study - RMS. 

t 

-2 

2 .  THREE-MONTH OLD LEUCAENA REGROWTH FOLLOWING HARVEST 
3l OF 14-15 TONS PER ACRE POLE WOOD 

T U  .-.x..,mm .... I rn 
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3 .  FROST 

i 
d '  

TOLERANT LEUCAENA (L. diversifolfal a t  UF LAKE ALICE 

d' I 

4 .  ELEPHANT GRASS AT DAIRY RESEARCH UNIT. HAGUE. FL 
__ 
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. 
6 .  T o n  CUNJLIO AT ENERGY CANE PLOT AT DRU, HAGUE, FL 
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I .  MORE ELEPHANT GRASS 

i 

8 .  MORE ENERGY CANE 



c 

I '  

. 
,. 

9 .  THE UNDER-STUDIED "E GRASS" (Arondo donax) IN A WEAK STAND 
AT DRU, HAGUE. PL 

. 
1. MOBILE TUB QRINDER AT OCALA TREE DEBRIS 
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- 
' 2. MOBILE TUB GRINDER WORKING ON WHOLE TREES (COTTONWOODS) 

AT SCOTT PAPER IN ALABAMA IN 1994 

' i  

k J  
4.6 5. 20 TON TRUCK LOADED WITH TUB-GROUND WOOD WASTE 

FROM TALLAHASSEE BEING UNLOADED IN 15 MINUTES AT 
JEFFERSON POWER 

> 
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Ten samples prepared in duplicate were collected by the survey team of Post and Cunilio 
over a three week period in November, 2003. Below is presented the physical 
characteristics of those samples. One set of samples was delivered to GRU Strategic 
Planners on November 21,2003 with this report. The second set of 10 samples has been 
kept by the authors for later possible use. It will be shown to AJex Green at his lab. 

L 

I .  Southern Fuel Wood: Live oak. This was from logs and tub ground., It was 22% 
Moisture, is brown and quite clean. 

2. Southern Fuel Wood: Pine (killed by beetles) through tub grinder. It is 22% moisture. 
light brown and quite clean and less coarse than # I .  

3.  ABC Tree Service: Urban Oak-Pine chipped into truck with 34% moisture. This is the 
nicest textured material collected. 

4. Line clearing by ?: Oak-Pine found along a Gilchrist Co. road with 30% moisture. It 
contains a good portion of leaves and small diameter twigs. It is brown in color. 

5 .  Don Post’s 40-acre clear cut: shunp wood ground in a chipper at 3Yh moisture Light 
brown with very good texture. 

6 .  Don Post’s 40-acre clear cut: slash pine tops left by logging; 27% moisture. Small 
chips and much leafmaterial. Brown and green. 

7. Wood Resource Recovery: Environ Mulch product sold for Wyd with 34% moisture. 
Tub ground. Dark Brown with much coarse stick material. Some small stones found. 

8. Ocala Tree Debris: hardwood fbel wood at approx. 25% moisture. A horizontal 
grinder was used to produce this material. It is light brown, clean and not too coarse. 

9. Wood Resource Recovery: Fuel wood at 43% moisture. Dark, very coarse and not 
clean. A part of a spring was found in this material. 

10. Southern Fuel Wood: Oak chips at 20% moisture. Light brown, coarse with leaves 
and twigs but dean. i 



locket No. 090451-El 
'ost-Cunilio Biomass Study 

University 
of Florida 

I853 

L 

:xhibit RMS-2 Icws Page 56 of 65) Bryant Space Science Center 

Clean Combustion PO Box 112050 
Technology Laboratory Gainesvilfe FL 3261 1-2050 

Phone-(352) 392-2001 Far-(3S2)392-2027 Email-oesgreen@pine.circa. up. edu 

Executive Summary: BIOMASS OPTIONS FOR GRU 

This report was commissioned by the Energy Advisory Committee for execution by the 
Generation Sub Committee (Tom Cunilio and Alex Green) with an allocation of $500 by the 
Gainesville City Commision. It consists of a general summary of biomass to electricity options by 
Sergio Peres - utility engineer with CHESF, the largest utility in Brazil, and a PhD candidate in 
Mechanical Engineering with the Clean Combustion Technology Laboratory (CCTL) at the 
University ofFlorida. The report notes that the conversion of biomass to energy is an area of vast 
opportunity for communities in agricultural and forestry areas. Biomass offers a continually 
renewable source of energy. Growth in the use of biomass for energy and increased efficiencies in 
operational practices can assist in solving Florida's landfill problems, lower the dependence on 
fossil fuels, reduce h d l  emissions and help Florida become more energy independent. 
"Biomass" is viewed to include energy crops, waste wood from forestry operations or lumber 
mills, urban yard waste, municipal solid waste, and dried sewage sludge. The summary 
differentiates direct conversion in which biomass is burned directly in the combustor and indirect 
conversion in which the biomass is first converted to a liquid or gaseous fie1 to be used in a 
combustor or turbine. The report contains the following attachments: 

Production Svstems for Florida" Biomass and Bioenergy 5 (I): 23-34, 1993. It describes the 
biomass properties and economics of Eucalyptus and other species suitable for short rotation 
intensive culture systems. Woody biomass production research in Florida has addressed genetic 
improvement, coppice productivity, clonal propagation, biomass properties, and economics of 
Eucalrprus and other species in short rotation, intensive culture systems. Improved E. grandis 
seedlings could more than double productivity, but exceptional clones offer more immediate 
potential in southern Florida. E. tereticornis ad E. camaZduIensis appear to have frost-resistance 
and good growth in central and southern Florida. For northern Florida, E. umpIi$oIia has good 
frost-resilience and coppicing ability. Euca&urUs species are suitable for fermentation processes 
Other promising species include Canrarina gZmca and Tmodium distichm in southem Florida, 
and Sapium sebi$erum statewide. Break-even costs for biomass production systems with 
Euculphrs are in the competitve energy price range ; short rotation culture appears feasible for 
slash pine in northern and central Florida but cannot yet be advised for sand pine. 

Woodv Bioenergv CroD." , Soil and Crop Sciences Society of Florida Vol. 54,4448, 1995- The 
tropical leguminous shrubhe, leucaena (Leucuena sppmainly Ieucocephah), is adapted to well- 
drained soils; long, warm growing seasons; and mild winters. These conditions are common in 
Florida and the humid lower South. In much of this area the topgrowth is killed by frost during 
winter, with plants regenerating from under ground parts each spring. Leucaena can grow for 
many years in warmer sites, forming a small tree. The paper describes the excellent yields 
obtained in this region, notes that leucaena is being seriously considered in sustainable grazing 
systems and provides other quantitative information essential to the implementation of Leucaena 
energy crops. 

(1) Reprint of an article by Donald Rockwood and associates entitled "Woodv Biomass 
L 

(2) Reprint of an article by Tom Cunilio and Gordon Prine 
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14 November 2003 

Tom, 

Here are the results for this batch of species. We're revising all the "0, *, re-2, re-10, 
RB" notes so it makes more sense and is easier to understand. Leucaena came out 
"NO" for south Florida. and "need more information for assessment" in the north and 
central Florida. That means for now UF Extension faculty can recommend Leucaena in 
north and central Florida while we keep trying to track down more information. 

Arundo is an "OK for north and central Florida, and a "need more information for 
assessment" in south Florida. 

Randall Stocker 

L 



L 
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Professional BioeraDhY of Professor Don H. Post 

L 
Date h Place of Birth - July 7, 1927 - Umatilla, FL 
Marital Status - Married: 1 son. 
Military - United States Navy 1945-46 SIC 
Education: 

High School (1945). Umatilla, FL 

B.S.P. with minor in Ag Engineering (1950), University of Florida. 

M.S.P. in Forest Utilization (1951), University of Florida. 

Thesis: 

Cost Analysis of Milling Southern Pine on a Portable Mill in 
Relation to Diameter Class in Alachua County, FL. 

Special Training: 

Caterpillar Division, Gibbs Corp., Jacksonville, FL. 
(Bmployed Summer (1951) as trainee to learn about logging 
equipment MPG by Caterpillar) 

International Harvester, PL. Georgia TractOK Co.. 
Jacksonville, PL. 
particular interest in logging and milling equipment (1951). 

Moore Dry Kiln Co., Jacksonville, PL. Internship in Service 
and Engineering Dept. (1951). 

Square Deal Machinery Co., 
FL. 
interest in Logging and Milling equipment (1952). 

Detroit Diesel Bngine Division, General Motors COKP., Detroit, 
Mich. (Completed Factory Service School on 71 Series Engines. 
July, 1952. 

(Internship with service representive with 

Allis Chalmers Dealer, Orlando, 
Internship in service representive with particular 

Continuinn Education: 

Attending andlor participating in most of the Chapter. Section 
and National meetings and conferences of the Society of 
hnericanjbeginning in 1950. 

Attended - Fire by Prescription Seminar, Atlanta, GA. r&f&%Ad 
1976. 

.r . 
I 

\ \ 
Attended - LSV/MSV Logging Management Seminar in 1978. 

I 

Attended LSUIMSU Industrial Forestry Organizational 
Management. 1980. 

Attended Fire Management Seminar, Atlanta, GA. 
L i 

1984. 
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University of Florida, School of Forestry, 1958-1984. Major 
responsibility areas while at the University of Florida. 

Teaching: 

1. Introduction to Forestry 
2. Lumber Seasoning 
3. 
4. Logging Practices 
5. Milling 
6. Forest Operations 
7. Forest Fire Use h Control 
8. 

Logging ii Lumbering (lecture course) 

Teacher of the Year Award (1980) 

Operations Mananer of the Austin Cary Forest (a 2,200 acre 
experimental forest under the control of the School of Forestry 
1953-1980. 

Research: 

Don H. Post. 1951. Cost Analysis of Milling Southern Pine on 
a Portable Mill in Relation to Diameter Classes in 
Alachua County, Florida. Masters Thesis. 37pp. 

James W. Miller and Don M. Post. 1953. Tandom-Wheeled 
Logging Sulky for Southern Pine Region. 
Florida School of Forestry Research Report No. 2. 6pp. 

University of 

Don M. Post. 1956. Fire Suppression Unit for the Small 
Forest. U.S. Forest Service, Pire Control Notes, Vol. 
17, No. 1 pp. 18-19. Forestry Digest. August. 1956. 
2.PP. 

Don M. Post. 1958. War Surplus Crash Truck Converted to 
Forest Fire Use. U.S. Forest Service. Fire Control 
Notes, Vol. 19, No. 3. pp. 110-111. 

Don M. Post. 1958. Effect of Stacking Methods on Crook, Bow 
and Twist in Air Seasoning Southern Pine Studding. News 
Digest, Wood Drying Division. FPRS. (June) Mimeo. 2pp. 

J. B. Huffman and Don M. Post. 1960. Forced Air Drying of 
Gum and Oak Crossties. Southern Lumberman 200(2500):33- 
37. 

J. B. Huffman and Don M. Post. 1961. An Exploratory Study - 
The Forced Air Drying of Gum and Oak Crossties. 
Digest, Wood Drying Division, FPRS (April) Mimeo. 

J. B. Huffman and Don M. Post. 1962. Practical Covers for 

News 
2pp. 

Protecting Crossties During Air Seasoning. 
Florida School of Forestry, Research Report No. 8. 8pp. 
(June). 

University of 
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. -  
.I. B. Huffman and Don M. Post. 1962. The Use of Covers and 

Fans to Improve the Seasoning of Oak Crossties. 
Bulletin 63(12):28-37. 

Crosstie 

J. B. Huffman and Don M. Post. 1962. An Evaluation of 
Forced Air Drying and Covered Air Seasoning of Oak 
Crossties. AREA Bulletin 64(575):246-252. 

J. B. Buffman and Don M. Post. 1964. Covers for Protecting 
Crossties During Air Seasoning. 
Division FPRS - November. Mimeo. Zpp. 

News Digest Wood Drying 

W. K. Robertson, W. H. Smith and D. M. Post. 1974. Effects 
of Nitrogen and Placed Phosphorus and Dolomitic Limestone 
in an Aeric Haplaquod on Slash Pine Growth end Composi- 
tion. Proceedings Vol. 34 Soil and Crop Science of 
Florida. 

Don H. Post and W. H. Smith. 1972. Municipal Compost Dis- 
posal on a Forest Site. American Chemical Society. 

Don M. Post and Peter A. Straub. 1976. Rate of Growth and 
Nutrient Concentrations of Trees in Cypress Domes: In: 
3rd Annual Report of Wetlands Project. 

Don M. Post, Peter A. Straub and Wayne H. Smith. Effect of 
Inorganic Nutrient Salts on Cypress Domes. In: 3rd 
Annual Report of Wetlands Project. 

W. H. Smith and D. N. Post. 1973. Wastewater Disposal in 
Forest and the Production of Forest Plants. Wastewater 
Workshop. 

1 W. H. Smith, D. M. Post and F. W. Adrian. 1978. Waste Recy- 
cling in Forests. 8th World Forestry Congress. Jakarta 
Indonesia. 

R. F. Fisher, D. M. Post, D. L. Rockwood, J. E. Smith, and E. 
T. Sullivan. 1979. Forest Management for Small Owner- 
ships. Bulletin U447 Extension Service. 

Kay M. Eoff and D. M. Post. 1980. How to Power a Gasoline 
Engine with Wood. Extension Circular U15. 

D. M. Post and Kay M. Eoff. 1980. Economic Feasibility of 
Using Low-Grade Hardwoods as a Power Source. 
on Utilization of Southern Hardwood Nashville, Tennessee. 
(This paper was used as Chapter 28 of book entitled 
Utilization of Hardwood Growing Southern Pine Sites by 
Peter Kotch. 

Symposium 

L. N. Shaw, D. M. Post and C. A. Arnold. 1982. Greenhouse 
Heating with a Wood Gasifier Furnace. 
Hort. SOC. 95:158-159. 

Proc. of FL State 
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L. N. Shaw, D. H. Post, J. D. Whitney. S. L. Hedden, and D. B. 
Churchill. 1983. Energizing on Irrigation Pump Engine 
with Citrus Wood. ASAE Paper No. 82-3076. Presented at 
the 1983 ASAE Annual Meeting, Bozeman, MT. 

L. N. Shaw. D. H. Post and K. M. Eoff. 1983. Fuel Prepara- 
tion and Continuous Feeding Systems for Downdraft Gasifi- 
ers. Paper presented at the Third Annual Solar and 
Biomass Workshops and printed in proceedings. 
sored by USDA. DOE, TVA, SWI, and PES. Atlanta, GA. 
April 26-28. 

Co-Spon- 

E. M. Eoff, L. N. Shaw and D. M. Post. 1983. Biomass Gasifi- 
cation as a Source of Acidic Substances. Acid Deposition 
Causes and Effects Workshop Proceedings. Published by 
Government Institutes, Inc. 966 Hungerford Drive, 124. 
Rockville, MD. pp. 153-161. 

Books: - 
J. R ;  Gross, L. D. Coward, R. E. Derosiers, E. A. Donath. E. 

E. Dregene, K. M. Eoffi J. W. Goodrum, A. M. Hay. D. 
Hugart, E. Johansson, H. LaFontaine. J. W. Lincoln, P. 
Mergen, H. Popenoe, D. M. Post, B. Russel, and L. N. 
Shaw. 1983. Producer Gas: Another Fuel for Motor 
Transport. National Academy of Science, Washington, D.C. 
10lpp. 

Over 100.000 miles of organized forest operations related 
travel in the U.S.. Canada, Central America. Europe and 
Scandinavia. 

Forestry Consultin&: 

Kanapaha Ranch - 4,000 acre property, 4 miles west of 
Gainesville. PL. 

Accock Property - 30,000 acres in Lafayette. 
President - Florida Forestry Services, Inc. Incoporated in 

Battelle Pacific Northwest Laboratories - 1982. 
Southern Fuelwood, Newberry, Florida (continuing). 

Property has 
been leased to Buckeye Cellulose Corporation. 

1984. 

Court ADDearances: 

Brad Fuller vs. State Park Service. (Fire case against the 
State of Florida.) 

Reddish Family VS. Georgia Power Corp. 
value dispute over R. W. land) 

Barrington VS. C.P. Manning. 
smoke on highway when an accident occurred.) 

(Case concerned timber 

(Case involved the smell of 
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John Simpson vs. Alachua County. 
of R. W. taken by Alachua County. 

Case concerned timber value 

Memberships and Offices held + other scholarly activities: 
1. Society of American Foresters. 1950-Present. 

Chairman, Suwannee Chapter. 
Secretary Tresurer, Florida Chapter. 
Secretary Treasurer, Southeastern Section. 
Chairman, Florida Chapter. 
Chairman Elect, Florida Section. 

2. Member. XI Sigma Pi (Forestry Honorary Society). 

3. Member, Forest Products Research Society. 

4. Member and Past President, Southern Wood Seasoning 
Association. 

Appointed to Board of Registration for foresters in the 
state of Florida by Governor Rubin Askew. 

5 .  
1974-1978. 

Re-appointed to the same board by Governor Bob Graham. 
1978-1892. 

6. Participated in Georgia Legislature Weekend. 1981 (Wood 
Energy). 

Participated in the Production of television documentary 
"Florida Energy Secret". 

In charge of University of Florida's Wood Energy Exhibit 
at Florida State Fair. 1980-83. 

Member of Florida Forestry Association. 

Member Energy and Tree Farm Committees. 

7. 

8. 

9. 

10. 

11. Private "Tree Farmer" (North Central Florida). 

... 
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Thomas Victor Cunilio 

Home: 3953 N.W. 2? Lane, Gainesville, FL 32606; Tel: (352) 376-6265. Florida 

Health: Excellent. Swims, bikes and gardens. His workday is filled with God’s grace. 
Family: Married in 1974 to Maria Cristina Cunilio. They have one child, Christopher T. 
Cunilio, who lives in Jacksonville and works as a manufachlring engineer. 

BadrgroMd Summary: 

\v 

resident since 1994. 

Innovative and experienced agronomist, horticulturist, and entrepreneur with 3 years of 
US Peace Corps experience and 20 years of technolorn development and transfer - first 
&om Univ. of FL and later from own non-govemmental organization. Main fbcus has 
been on organic farming system development following models experienced in Latin Am. 
and Mca Established NGO ‘ C o S A F ”  in 1989 to work with swtainable subtropical 
legume species capable of supplying fuel, food, forage and fertilii for new farming 
systems. Primary accomplishments include 1) extending one woody legume species to 
reclaimed phosphate mined land in central FL; 2) no-till planting technique 
for legume biomass species that also eliminates cogongrass on same mined land soil; 3) 

products. The last is made possible by the SEI3AC technology patented by the Vn. 

Occupational Goals: 

Seeks continued part-time consulting with electric utiliiies that are planning green energy 
from biomass programs. Prefers remaining in Gainesville area but will relocate if right 
offer is made. 

Education: 

M RBtD team to convert “woodgrass” to methane and value-added compost 

L 

University ofFlorida - Gainesville. July, 1984 to August, 1988 
Major: Spanish 

Research Teaching methodologies 
De-: MasterofArts 

University ofFlorida - Gainesville. August, 1975 to August, 1979. 
Major: ‘%Tommy 
Degree: Bachelor of Science 
Research: Grass-legume establishment 

John Carroll University - Cleveland, OH, September, 1964 to August, 1968. 
Major Political Science 
Degree: Bachelor of Arts 



L. 

locket No. 090451-El 
’ost-Cunilio Biomass Study 

Page 65 of 65) 
ixhibit RMSZ 

Work Experience: 

Center of Sustainable Agroforestry, Inc. (CoSAF). From 1989 to present as Lead 
Agronomist and President. Gainesville, Florida. John Sweitnicki, Board Member also 
since 1989. (904) 384-7617. Duties include hnd raising, research and Writing. 

Hemando County Public Works Deparhnent. From 2002 to present as Geo-scidst. 
Steve Whitacker, supervisor. Part-time. (352) 754-4060. 

University ofFlorida. From I981 to 1984 in various lab and field tech positions dealing 
with biomass research. From 1993-1994 as Extension faculty in Glades County. 
Supervisor Gordon Prine, PhD, Professor emeritus, Agronomy. (352) 392181 1 Ext. 216. 

Columbia County and Duval County Public Schools and Santa Fe Comrmrnity College. 
From 1984 to 1991. Spanish instructor. (Relevant supervisors’ names available upon 
request.) 

References: 

1. Rev. John Gillespie, Pastor, St. Augustine Catholic Student Center, Gahehlle, 

2. Dr. Gordon M. Prine, Professor, UF Agronomy Department, Gaioesville, FL. (352) 

3. William Messina, UF Food and Resource Economics Department, Gainesville, FL. 
(352) 3921826,Ext. 308. 

Florida (352) 372-3533. 

392-1811, Ext. 216. 

Publications: 

I .  “Leucaena: a forage and energy crop for the lower south. 1992. Soil and Crop Science 
Society of Florida, Vol. 5 1. 

2. ‘Zeucaena as a short rotation woody bioenergy crop.” 1995. Soil and Crop Science 
Society of Florida. Vol. 54. 

3. “Giant Leucaena as a productive and environmentally Eendly, multi-purpose energy 
crop.” Soil and Crop Science Society of Florida. In press. 

4. Leucaena Production Guide for Florida. In press. 
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Gainesville Regional Utilities (GRU) is in the process of planning its next 
increment(s) of electric generating capacity. Among the concepts being considered are 
capacity additions and modifications at their Deerhaven Generating Station. That facility 
currently has two steam-electric units, Unit 1 is a gadoil-fued unit and Unit 2 is a coal- 
fued unit. Consideration is being given to installing a third unit in the 225MW size 
range. It is expected to be a solid-heled unit and may utilize either circulating fluidized 
bed (CFB) or pulverized coal (PC) steam generation technology, or possibly some other 
technology(ies). GRU has commissioned several studies to develop cost and 
performance information to be used in their comparative analyses. The purpose of this 
supplementq study is to provide additional complementary information of that type for 
areas of interest that have either not been examined previously or for which more in- 
depth information is desired 

planning work. 
Specifically, GRU desires to add the following two aspects to the ongoing 

1. Methods for incorporating biomass into the he1 mix. Their initial target is to 
generate as much as 30 MW using biomass. . 

2. More rigorous treatment of the Integrated Gasification Combined Cycle 
(IGCC) generation technology. 

With respect to the biomass issues, it is intended that this investigation identify 
the best way(s) to incorporate biomass into Deerhaven’s fuel mix and impacts that can be 
expected to the balance of the plant, permits, etc. The work includes a review of pertinent 
work that may have already been done by others for GRU on the topic of biomass as a 
fuel. 

parameters for use by GRU in its production cost modeling and comparison of generation 
alternatives, and provide insight into the viability of owning and operating IGCC 

With respect to IGCC, it is intended that the investigation should yield economic 

technology. 

Additionally, GRU has requested that information be developed to evaluate the 
cost@) of delaying implementation of a new unit by one year. It is currently envisioned 
that the planning, permitting, engineering, etc. for the new unit will be initiated in 2004 
with commercial operation occurring in 2010. Thus far, all of the modeling for the 
various options has been based on that commercial date and the “overnight cost 
estimates” have been adjusted using an average factor of 3% to account for escalation of 
the capital cost estimates. For the purposes of performing some sensitivity analyses, GRU 
is interested in estimating the cost of delaying the start of the work from 2004 to 2005 
and completion of the new unit h m  2010 to 201 1, a delay period of one year. That 
includes the capital cost of the plant as well as purchase of replacement power. It is 
expected that the calculation will not utilize an assumed overall average escalation rate, 
but rather will consider the individual escalation rates for each main element of the 
procurement and construction. 

137196 - 03/04/04 1-1 Black 8 Veatch 
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The results of the work of this supplementary study are summarized in Section 2, 
and the details area reported in Sections 3,4 and 5. 
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2.1 

2.1.1 Review of Previous Work 
The objective of this biomass investigation is to evaluate the potential for 

integration of biomass into the GRU generation mix. Biomass has been identified as a 
potential resource in the GRU Integrated Resource Planning process. Based on recent 
resource assessment studies, GRU is targeting the development of up to 30 MW of 
biomass either as a new stand-alone unit or integrated into existing a d o r  planned units 
at Deerhaven. Black & Veatch has prepared this assessment to assist GRU in 
characterizing biomass options. This section summarizes the study findings related to 
biomass fuel resources, possible conversion concepts, project conceptual design, and 
performance and cost estimates. 

2.1.2 Review of Biomass Resource Assessment 
Despites some conflicts in the data, it appears that there is a large and sustainable 

quantity of biomass in the immediate Gainesville area to support a major biomass project. 
GRU commissioned a report in 2003 by Don Post and Tom Cunilio titled “Biomass 
Options for GRU - Part 11.” The Post and Cunilio report identified 2,146 wet tons per day 
of biomass residue available within the immediate Gainesville area (25 mile radius). The 
preferred option for biomass utilization for this study requires on the order of 600 wet 
tons day. Further, data from other sources seems to indicate that if the collection radius is 
extended to 50 miles, the available resources could be much greater. The cost for this 
biomass is expected to be around %l.SO/MBtu (all costs are in 2004%) - between the costs 
of urban wood waste and forest residues. Provided competing end uses do not arise, the 
price for biomass is expected to be stable in the near to long term. Competing end uses 
would include the opening of other biomass plants in the area. 

Incorporating Biomass Fuel into the Generation Mix 

2.1.3 Concept Selection Process 
There are a wide variety of potential technologies for converting biomass into 

electric power. These can be broadly categorized into stand-alone and co-utilization 
alternatives. Black & Veatch identified 41 possible options and screened this list to four 
options for further analysis. These include: 

Stand Alone Unit - Stoker Grate Combustion 
Unit 2 Direct Cofiring with Separate of Blended Feed 
Unit 2 Indirect C o f h g  Using Gasification 
New Unit 3 Direct Cofiring 

137196 - 03/04/04 2-1 Black 8 Veatch 
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In general, there are several advantages to cofUing wood with coal versus burning 
the wood in a dedicated plant. One of the greatest advantages of cofiring is that the 
capital cost is much lower than a stand alone biomass plant because less new equipment 
and land are required. The installed capital cost for cofiring is typically $100 to $600 per 
kW (replacement capacity), compared to greater than $2,OOOikW for a stand alone plant. 
Also, because the larger coal plants are able to operate at higher steam temperatures and 
pressures than small biomass plants, the efficiency in cofiring applications is much higher 
than stand alone biomass plants. Cofiring in Unit 2 or 3 would be up to 50 percent more 
efficient than what could be obtained in a new 30 MW stoker. 

Due to its low cost, ability to be incorporated into the design from the outset, and 
minimal impacts on unit operation and performance, Black & Veatch recommends that 
direct c o f ~ g  in the proposed Unit 3 CFB be the preferred option of the four 
investigated. As an alternative, indirect c o f ~ g  using gasification could be examined 
further for Unit 2. However, given the complexity of the already planned air quality 
control modifications for Unit 2, this option seems much less appealing. If Unit 2 is a 
focus of further investigation, gasification for cofiring is recommended over direct 
cofiring in Unit 2 due to the greater potential emissions benefits and the substantially 
reduced negative impacts on the existing plant equipment. 

2.1.4 Conceptual Design 
The wood waste will be cofued with pet coke and coal in the proposed 220 MW 

Unit 3 CFB. Generating 30 Mw using biomass fuel would result in approximately 13.6 
percent of the power output from Unit 3 being derived from the wood. It is assumed that 
biomass will displace coal, resulting in a fmal fuel mix of 13.6 percent wood, 36.4 
percent coal, and 50 percent pet coke. Approximately 600 tondday of biomass (at 5,657 
Btuilb) will need to be fired in Unit 3 to generate the equivalent of 30 MW. 

The conceptual design is for one complete system with limited equipment 
redundancy (for example there is only one truck tipper and one reclaimer). Redundancy 
was limited because biomass is intended to be a supplemental fuel and is not critical to 
unit reliability. The major systems include the wood receiving system (including truck 
scale and hydraulic tipper), covered 5-day storage, and the wood reclaim and plant supply 
system consisting of various conveyors, a magnetic separator, disc screen and hog for 
“overs”, and the boiler feed bin. 

2.1.5 Performance impacts 

36.4 percent coal, and 50 percent pet coke in a new 220 MW CFB. The performance 
estimate for the biomass cofiring case was compared against an estimate of burning a 
5050 mix of coal and petroleum coke. Black & Veatch projects that cofuing 13.6 percent 
wood waste will result in a small boiler efficiency decrease, from 89.3 to 88 percent. 
This change is not expected to impact net plant output, but it is estimated to result in a 1.5 

Black & Veatch assessed the performance impacts of cofiring 13.6 percent wood, 
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percent increase in net plant heat rate, raising it from 9,464 to 9,604 Btu/kWh (HHV 
basis). By comparison, a typical stand-alone biomass plant would have a heat rate of 
around 14,000 BtukWh, about 50 percent higher. 

Depending on the biomass fuel properties, uncontrolled emissions for SO,, 
particulate, and CO2, are all expected to decline approximately proportional to the 
biomass c o f ~ n g  rate. However, after passing through the air quality control (AQC) 
equipment, it is not expected that significant differences will be realized for controlled 
emissions for SO, and particulate. Nevertheless, the lower uncontrolled emissions of the 
biomass will result in less material and chemical consumption in the AQC systems (that 
is, baghouse bags and limestondlime), and this is reflected in the operation and 
maintenance cost estimate. Given the inherently low NO, emissions of the CFB 
technology, it is not expected that biomass will impact NO, emissions. 

2.1.6 Capital Cost Impacts 
The incremental capital cost (excluding owner’s cost) to include the biomass 

c o f h g  system in the Unit 3 design is estimated to be approximately $4.6 million. The 
estimate includes an allowance of $500,000 for modifications to the boiler design. The 
total capital cost estimate is equal to about $150 per kW of biomass capacity, or $2l/kW 
when spread over the total cost/output of the 220 M W  Unit 3. This cost is veIy small 
when compared to other renewable energy options such as wind ($1,2OOkW) and solar 
photovoltaic ($8,5OO/kW). 

2.1.7 Operation and Maintenance Cost Impacts 
The estimated incremental operations and maintenance (O&M) costs for the 

biomass cofiring system are small. Fixed costs are estimated to increase by $1.35/kW-yr, 
primarily due to the additional biomass handling labor. Variable O&M costs are 
expected to decrease by $O.l’IIMWh, primarily related to reduced consumption of 
limestone and lime because of the low sulfur content of the biomass. The total net 
change in annual O&M is very minor, amounting to an estimated increase of only 
$26,000. 

2.1.8 Conclusions and Recommendations 

appears to be abundant biomass in the immediate vicinity of Gainesville to support at 
least 30 MW of biomass power. The cost for this biomass is likely to be about 
$1.50/MBtu. Given GRU’s current plans, the most cost effective and efficient method to 
generate power from biomass is to incorporate it into the new Deerhaven 220 Mw Unit 3 
CFB. Cofiring of biomass in circulating fluidized bed boilers is well proven. In fact, 
there are boilers as large as the proposed Deerhaven Unit 3 that are 100 percent biomass 
fred. Approximately 600 tons/day of biomass (at 5,657 Btdlb) will need to be fired in 
Unit 3 to generate the equivalent of 30 MW from biomass. The necessary receiving, 
storage, and feed equipment for this amount of biomass will have a capital cost on the 
order of $4.6 million dollars. No substantial impacts are expected on operation and 

Biomass appears to be a viable rewurce for further investigation by GRU. There 
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maintenance of the plant, although the unit heat rate will be slightly increas eJ (1.5 
percent). 

Recommended areas of particular focus for additional investigation include 
biomass resource availability, particularly in regards to cost, chemical and physical 
properties, delivery requirements, identification and perhaps preliminq negotiations 
with large fuel suppliers. The biomass systems should also be further integrated into the 
design for the new unit, including revised plant layouts, air quality system impacts, 
environmental permitting requirements, etc. GRU may also wish to explore the impacts 
of integrating a much larger biomass capability as part of its future plans for Unit 3. At 
present there do not appear to be technical or fuel supply reasons why Unit 3 could not 
accept up to 50 percent biomass. Although the economics of such a large commitment to 
biomass are uncertain, the incremental capital costs for installing a larger fuel handling 
system will be relatively modest. Further, GRU would not necessarily need to always 
fuel the boiler with 50 percent biomass; it would only need to use that amount that is 
economical given current market prices. The larger commitment to biomass would 
allow greater fuel arbitrage, long-term resource security, and the possibility of selling 
excess renewable energy credits or power to interested purchasers (such as in response to 
JEA's recent renewable energy solicitation). The economics of these benefits need to be 
balanced against the higher capital and fuel costs of the larger system. 

2.2 Review of IGCC Technology and Development of Economic 
Parameters 

2.2.1 Technology Description 
A typical inkgrated gasification combined cycle (IGCC) plant for power 

generation from coal is shown on Figure 4- 1. Pulverized coal is fed into the gasifier at 
approximately 450 psia with oxygen h m  an air separating unit (ASU). The raw fuel gas 
exits the gasifier at about 2,400 "F and is cooled to 400 "F in a syngas cooler. Steam 
produced in the syngas cooler is expanded in the steam turbine generator (STG). The 
cooled syngas is then scrubbed with water to remove dust, NH3, and hydrogen chloride. 
The syngas is cooled further and then scrubbed with solvents to remove sulfur 
compounds. The clean syngas is then injected into the combustion chamber of the 
combustion turbine generator (CTG). The heat h m  the CTG exhaust gas is used to 
generate steam in the heat recovery steam generator (HRSG), which is then expanded 
through the STG. 

directly into the combined cycle application. Generally, the integration itself increases 
efficiency and lowers operating costs when compared to straight gasification and 
combined cycle generation, but the capital cost of IGCC is still high. 

this combination should be relatively easy. However, the economics of IGCC are much 

IGCC systems incorporate the steam production from the gasification system 

IGCC is the combination of two well-proven technologies. It would seem that 
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different from those of gasification. IGCC requires high thermal efficiency to compete in 
today’s marketplace. This means that the simple quench processes used for chemical 
processing plants must be replaced by specially designed syngas coolers. These syngas 
coolers use the heat from the high temperature raw syngas to produce HP steam. 

2.2.2 Gasification Overview 

has been used for over 100 years. Gasification typically entails the reaction of a 
feedstock, either a solid or liquid, with oxygen and steam to produce a syngas. The 
feedstock is converted into syngas with a high-temperature, high pressure process under 
reducing conditions -- less than 50 percent of the oxygen required for complete 
combustion is used in the process. 

High-temperature raw syngas is cooled and cleaned using technologies common 
to oil refining and natural gas purification. The cooler, clean syngas is then used in one 
or more of the following applications: 

Syngas for power 
Syngas for chemicals 
Syngas for liquids fuels 
Syngas for gaseous fuels 

Gasification technology is commercially available. It is a simple technology that 

Traditionally, syngas production has been an intermediate step in the production 

The US DOE has compiled a gasification database consisting of 329 projects. 
of chemicals such as NH3 to be used in the production of fertilizers. 

The projects date back to 1952 and also include projects under development that are 
scheduled to be completed by 2004. Of these projects, 161 are of commercial scale. Of 
the commercial scale projects, 128 are operating or under construction, with the 
remaining 33 projects in the active planning stages. If all of the syngas produced h m  
the 161 commercial scale projects was converted to electricity through the IGCC process, 
roughly 32,300 MW would be produced. 

The Dakota Gasification Project is still the third largest gasification project in the 
world. The two largest projects are located in South Africa and are used to produce 
liquid fuels. 

2.2.3 Gasification Process 

These processes can be classified into three families based on the manner in which the 
fuel and oxidant flow through the gasifier: fluidized bed, entrained flow, and moving bed. 
Moving bed is frequently, although incorrectly, referred to as fixed bed. 

The three families of gasification are roughly analogous to conventional solid fuel 
steam generators. Fluidized bed gasifiers operate on the same principle as fluidized bed 
combustors; entrained flow gasifiers are comparable to PC steam generators, and moving 
bed gasifiers are simiiiar to grate firing. All three families are suitable for solid fuels. 

There are at least 10 different commercially available gasification processes. 
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Table 4-1 lists the characteristics of the generic types of gasifiers. 
Moving bed gasifiers accept only solid fuels. They were originally designed for 

coal but can handle other solid fuels such as wastes. Moving bed gasifiers are the oldest 
of the three families and have the most commercial scale installations. The two primary 
moving bed processes are Lurgi and BGL. 

ash process because the bed temperature is maintained below the fusion temperature, thus 
the ash is removed as a solid. The Dakota Gasification plant employs a Lurgi dry ash 
process. The Lurgi dry ash process is also being used to gasify lignite in the Czech 
Republic. The products of the Czech Republic project, which became commercial in 
1996, are 350 MW of electricity and steam. 

In the 1970s, British Gas Corporation (BG) and Lurgi developed a slagging 
moving bed gasifier that is referred to as the BGL gasifier. The fusion point of the ash is 
exceeded in the BGL. BGL gasifiers are being installed in several plants that use solid 
waste or a mixture of coal and sludge as the feedstock. 

Commercial scale fluidized bed gasifiers are rare today. They only accept solid 
fuels and are best suited to fairly reactive fuels such as biomass. An advantage of the 
fluidized bed gasifier is the ability to process a wide range of solid fuels, including 
municipal solid waste (MSW). High ash coals are also best suited for the fluidized bed 
process. 

There is a fluidized bed gasification project under development in the Czech 
Republic using lignite as the feedstock. It has a projected commercial operation date of 
2003 and will produce 400 Mw. It employs the High Temperature Winkler (HTW) 
fluidized bed gasification process. This HTW gasifier will be at the same location as the 
Lurgi dry ash gasifier discussed above. 

2.2.4 Conceptual Design Used for this Study 

The Lurgi dry ash process was developed in the 1930s. It is referred to as a dry 

The design selected for this study utilizes the Texaco Coal Gasification Process. 
It consists of a nominal 250 Mw unit with a single train consisting of one air separation 
unit (ASU), one Texaco coal gasifier, and a 1x1 combined cycle with a GE 7FA 
combustion turbine. The Texaco coal gasifier is a quench type. 

combustion. The clean syngas will be diluted with nitrogen and water vapor to enhance 
combustion turbine efficiency and control NOx to less than 17 ppmv (dry at 15% 02)  in 
the flue gas. Flyas4 slag, and sulfur will be saleable byproducts from gasification. Plant 
cooling will be provided by a cooling tower. 

The raw syngas will be treated to remove particulate, ammonia, and sulfur prior to 

Estimated IGCC unit power ramp rates are: 
3.5% load change in 5 seconds 
5% load change in 30 seconds 
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40% load change at 3% load change per minute 

The 3% load change per minute required to achieve a 40% load change is the 

A cold plant startup takes about one day. A hot restart takes approximately 6 

gasifier ramp rate. 

hours. The cold restart assumes the Air Separation Unit is already operating. Cool down 
of the Air Separation Unit takes an additional 24 hours. 

2.2.5 Performance Estimates 
Performance, Availability, and Emissions estimates for the 250 MW IGCC Unit 

are presented in Table 4-3. Estimates are provided for a single gasifier and two gasifiers 
(one operating and one spare).Unit performance is based on a site elevation of 172 feet 
and an ambient temperature of 72 F. As can be seen, the net plant heat rate based on 
higher heating value (HHV) of the fuel is about 9,100 btu/kWh. 

Commercial IGCC unit availability has been much less primarily during the first several 
years of operation. Experience gained from coal IGCC plants that have been operating 
since the mid-1990s will allow new IGCC plants to have higher availabilities. Long term 
IGCC unit forced outage rates are expected to range from 7 to 10%. The gas turbine(s) 
can operate on backup fuel when syngas is not available. The CC availability is expected 
to exceed 90%. A second, spare gasifier can increase IGCC unit availability above 90%. 

their 7FA gas turbines f ~ g  syngas with nitrogen dilution without SCR or CO oxidation 
catalyst in the HRSG: 

Long term IGCC unit availability is expected to reach 85% for one gasifier. 

The CO and NOx emissions estimates are based on current GE guarantees for 

25 ppmvd CO in the gas turbine exhaust gas 
25 ppmvd NOx (at 1 5 % ~  02) in gas turbine exhaust gas 
The SO2 emissions estimate is based on 25 ppm total molar concentration of 

sulfur as H2S and COS in the syngas to the gas turbine. Overall IGCC unit sulfur 
removal efficiency is 98%. 

2.2.6 Cost Estimates 
The project includes all site, plant, and other facilities required in connection with 

an electric generating unit, excluding the plant substation. The power termination point 
is at the high side of the step-up transformer. All site development, structures, 
equipment, auxiliaries and accessories, piping, raceway, wiring and controls, and other 
facilities required for the complete unit are included. 

The estimated capital cost of the plant studied is approximately $5 11.5 million. 
The estimate is summarized in Table 4-4. 
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Owner's cost for initial plant startup is estimated to be approximately $43 million 
and includes: 

Staff during construction, commissioning, and startup 
Utilities during construction, commissioning, and startup 
Coal, fuel oil, and natural gas during commissioning and startup 
Initial warehouse inventory excluding capital spares 
Out-of-scope plant modifications required to make the plant work 

The total O&M cost is estimated to be approximately $12 to $13/Mwh. The 
O&M costs are tabulated in Table 4-5 

2.3 

2.3.1 Impact to Capital Cost 

Cost of Delaying Deerhaven Unit 3 by One Year 

To illustrate the uncertainty of future cost increases due to escalation rates, B&V 
estimated low, expected and high weighted-average composite annual escalation rates. 
The results are as follows: 

Applying those rates to the line items ofthe estimate results in the following, 

Low composite escalation rate - 2.1% 
Expected composite escalation rate - 2.7% 
High composite escalation rate - 3.7% 

Escalation Rate Case Caoital Cost increase 

Low composite escalation rate $1 1,3 12,000 
Expected composite escalation rate $15,021,000 
High composite escalation rate $21,670,000 

The "expected" cost increase is estimated to be approximately $15 million. 

2.3.2 Expected Trend in Replacement Power Cost 
The spot market price for electricity in the State of Florida in 201 1 will be a 

State-wide load growth 

function of the following factors: 

The mix of generating technologies in the State at the time (Steam, 
combustion turbine, combined cycle, diesel, etc.) and their efficiencies 
The fuel mix at the time 
The then current regulatory structure in the State (the existence of Retail 
Access or the continued operation of regulated monopolies). 
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Projected load growth in Florida, based on the compiled'TG Ye& Site filans of 
the State utilities, amounts to an average of 2.5 percent per year between 2003 and 201 1. 
Actual load growth may be higher given the historical tendency of the State utilities to 
under-forecast load. Current plans by State utilities to meet forecast growth call for the 
following additions to the existing generating mix: 

11.5 GW of new combined cycle capacity 
3 GW of repowerings or capacity additions at existing combined cycle sites 
4.8 GW of new simple cycle combustion turbine capacity 
0.3 GW of new coal capacity 

In addition, the following capacity reductions are called for in State utility plans 

1.1 GW of coal capacity retirements 
1 GW of firm contract reductions 

Implicit in the technology mix trend above is an increase in the percentage of 
State generating capacity that is dependent upon oil or natural gas. Approximately 65 
percent of the State's capacity was oil or gas fuelled in 2003 increasing to 76 percent by 
2011. 

was $5.70/MBtu. A typical price of coal delivered to Florida utilities in 2003 was 
$1.81/MBtu. While several Florida utilities expect a correction in gas prices and a 
decrease in even the nominal delivered price of gas by 201 1, a few utilities expect the 
price to climb even higher from 2003 levels. Expectations regarding the future direction 
of coal prices are far more consistent among the utilities; however, coal prices are no 
longer relevant to the spot price of electricity in 201 1 because without additional coal 
capacity additions coal will cease to be "on the margin" any hours by 201 1. 

Energy's 2004 Annual Energy Outlook appears to imply relatively level natural gas 
prices in nominal terms between 2003 and 201 1 (meaning the price declines in real 
terms). The DOE price trend of zero nominal escalation in gas prices h m  2003 through 
201 1 was used as the basis for the following forecast of spot market electric prices. 

benchmark forecast of 2003 prices. Given the 2003 technology mix and Statewide 
loads, it was apparent that in 2003 coal steam units were on the margin approximately 17 
percent of the time, combined cycle units were on the margin approximately 63 percent 
of the time, oiYgas steam units were on the margin 18 percent of the time and simple 
cycle combustion turbines and diesels were on the margin approximately 2 percent of the 
time. Based on typical operating heat rates and variable non-he1 O&M costs for each of 
these technologies and the fuel prices cited above, an average annual market energy price 

The average price of natural gas delivered to electric utilities in Florida in 2003 

A check of the long-term forecast of natural gas prices in the US Department of 

The forecast of 201 1 spot market electric prices in Florida was initiated with a 
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k of $44/Mwh was produced. Such a price is very consistent with short-term mar et 
forecasts posted by the electric market modeling company, HESI, and are consistent with 
earlier detailed Black & Veatch market forecasts after adjustment for the actual 2003 
increase in natural gas prices. 

86 percent of the hours when combined cycle capacity will then be on the margin, 1 1 
percent of the time when oiVgas steam capacity will be on the margin and 3 percent of 
the time when simple cycle combustion turbine and diesels are on the margin. The 
resultant annual average spot market price for electricity when projected gas prices are 
applied is $47/Mwh in 201 1. The forecast hourly price will vary throughout the year as 
a function of variations in the delivered price of natural gas while combined cycle units 
are the market makers and they will easily reach as high as $120/Mwh when simple 
cycle combustion turbines with high start-up costs are started to meet short-lived spikes 
in the demand for power. 

Because the average annual spot price of $47/Mwh is based on the marginal 
operating costs of the last units dispatched to meet load each hour, it does not include a 
capacity component which may be included in the market price if either the Florida 
utilities are not required to maintain a required reserve margin by 201 1 or if retail access 
eliminates the assurance of regulated returns. In either case, an equilibrium market price 
that will sustain investment in new generating capacity to meet growth must also include 
the marginal cost of capacity based on the cost of constructing new simple cycle 
combustion turbines. By 201 1, the amortized cost of that capacity is estimated to be 
approximately $7OkW-yr or $8/MWh on an average annual basis bringing the total 
average annual 201 1 market price to $55MWh. 

demand seasons rather than being charged equally each hour during the year. Prices 
during those periods are generally far higher than the marginal-cost-based prices 
discussed previously. In addition, should 201 1 be a year of capacity deficiency in the 
market as were the years 1998-2001, market prices could rise many times higher than any 
of the equilibrium prices described above. 

Applying the 201 1 capacity mix to the forecast loads for 201 1, yields a forecast of 

For the most part, capacity prices are extracted during peak hours during peak 
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3.0 INCORPORATING BIOMASS FUEL INTO THE GENERATION 
MIX 

The objective of this study is to evaluate the potential for integration of biomass 
into the GRU generation mix. Biomass has been identified as a potential resource in the 
GRU Integrated Resource Planning process. Based on recent resource assessment 
studies, GRU is targeting the development of up to 30 MW of biomass either as a new 
stand-alone unit or integrated into existing and/or planned units at Deerhaven. Black & 
Veatch has prepared this assessment to assist GRU in characterizing biomass options. 
Following a brief introduction to biomass, the sections of this report include: 

Review of Previous Work 

Concept Selection Process 
Conceptual Design 
Development of Performance Estimates 
Development of Cost Estimates 
Summary Results and Conclusions 

Review of Biomass Fuel Resources 

Biomass has been used as an energy source for more than 1 million years. Even 
today, about 1 1 percent of the world’s primary energy comes from biomass, according to 
the International Energy Agency. In the United States, which has the highest installed 
biomass power capacity in the world, biomass provides nearly 10 GW of power to the 
grid and is the largest non-hydro renewable resource. Biomass is one of the very few 
large, near-term, cost-competitive renewable energy options for Florida. 

Biomass is any material of recent biological origin. Wood is the most common biomass 
fuel. Other biomass fuels include agricultural residues, dried manure and sewage sludge, 
black liquor, and dedicated fuel crops such as switchgrass and coppiced willow. There 
are also many municipal waste burners installed throughout the world. However, the 
construction of new municipal waste combustion plants has become almost impossible in 
the United States due to environmental concerns regarding toxic air emissions. 
Compared to coal, biomass fuels are generally less dense, have a lower energy content, 
and are more difficult to handle. With some exceptions, these qualities generally 
economically disadvantage biomass compared to fossil fuels. But environmental benefits 
help make biomass an economically competitive fuel. Unlike fossil fuels, biomass is 
viewed as a carbon-neutral power generation option. While carbon dioxide is emitted 
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during biomass combustion, an equal amount of carbon dioxide is absorbed &om the 
atmosphere during the biomass growth phase. Thus, biomass fuels “recycle” atmospheric 
carbon, minimizing its global warming impact. Further, biomass fuels contain little sulfur 
compared to coal, and so produce less sulfur dioxide. Finally, unlike coal, biomass fuels 
typically contain only trace amounts of toxic metals, such as mercury, cadmium, and 
lead. 

3.1 Review of Previous Work 
Black & Veatch reviewed two documents that were previously written for GRU’s 

planning efforts. These two documents were: 

Integrated Resource Plan - Alternatives for Meeting Gainesville’s Electrical 
Requirements Through 2022, December 2003 
Wood Resource Assessment - “Biomass Options for GRU - Part II”, 
November 2003 

The wood resource assessment is discussed in detail in the next section. This 
section provides an overview of the integrated resource plan (IRP) as it relates to 
biomass. 

GRU performed an integrated resource planning exercise to determine an optimal 
plan to meet their long term energy needs through 2022. The energy resources that were 
examined included solar, coal, petroleum coke and biomass. The IRP outlined the need 
for additional power generation capacity and identified a new 220 MW solid fuel power 
plant located at the existing Deerhaven site as a leading option. In addition, biomass was 
determined to be technically suitable to generate 30 MW of electrical capacity. 
Integrating biomass as a power generation strategy would lessen GRU’s dependence on 
fossil fuels while achieving net emissions reductions. Simultaneously, there would be 
significant local job creation resulting from the fuel collection and transportation required 
for the project. 

Previous to the IRP, a biomass resource assessment had been completed and it 
showed that there are sufficient resources locally available to generate at least 30 MW. 
The IRF’ indicated that the delivered biomass fuel price is estimated to be in the range of 
$13-22/ton. The biomass supply exhibits very little seasonality, making it a fairly 
dependable fuel. The ash was shown to have considerable value, ranging between $50 
and 6O/ton. The findings of this study are generally in agreement (Section 3.2); however, 
biomass ash would not be recoverable if biomass is directly cofued with fossil fuels. 

th is  scale. One technology approach suggested by the IRP is construction of a stand 
alone biomass boiler that would generate supplemental steam for an existing steam 
turbine. The IRF’ adopted this approach based upon a perception that biomass c o f h g  is 

There are numerous technologies suitable for generation power h m  biomass at 
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The results of the study for each of these categories are summarized and reviewed below. 

3.2.1.1 Residues from Forest Activity 
There is a very large amount of land around Gainesville with active forest 

activity. When trees are harvested, the non-commercial tops and branches are typically 
left behind. This is a potentially large biomass resource. The forest resources around 
Gainesville are varied, but consisted primarily of four species of trees. The analysis was 
based on the gross estimated forested area of each species. An average weight density 
per unit area for each species was applied to the estimated area and then an annual mass 
yield was estimated based on forestry practices typical of the region. The forest types 
investigated were: 

Planted Soft Pine 
Upland Hardwood 
Oak-Pine 
Naturalpine 

Post and Cunilio used numerous assumptions regarding yields, harvest cycles, 
heating value, etc. to estimate how much energy could be collected or harvested from 
forest residues within a 25 mile radius of Gainesville. The 25 mile radius assumption is 
conservative. It is common for biomass facilities to source supplies from as much as 100 
miles away from the facility. A collection area with a 100 mile radius is 16 times larger 
than a 25 mile radius collection area. 

the second line of Table 3-1 is the stumps from the pine trees in the fmt line. The 
practicality of collecting this resource seems Limited. Black & Veatch has reviewed the 
energy yield calculations provided in the report and would suggest that the calculations 
need to be slightly revised, primarily to account for the moisture content of the forest 
residues. These revised estimates are shown in the last column of Table 3-1. Even at 
these reduced energy yields, available forestry residues alone could provide enough fuel 
for a 35 MW stand-alone biomass plant or cofiring 50 MW of biomass in a large, high- 
efficiency coal plant. The report did not specifically provide discussion of what the 
expected fuel prices might be. This should remain an issue for investigation if forest 
residues are to be considered as a primary fuel for a biomass plant. 

These forestry residue estimates are shown in Table 3-1. Note that the resource in 
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Forest Type 
Planted Soft Pine 
Planted Soft Pine - 
stumps 
Upland Hardwood 
Oak-Pine 
Natural Pine 
Totals 

3.2.1.2 Urban Tree Trimming Wastes 

waste. This waste stream results fiom urban landscaping activities in which trees and 
limbs are removed by tree trimming services. The waste is nearly always chipped at the 
site of the removal and will be of relatively high moisture content (50 percent) unless 
allowed to air dry for a number of months. Post and Cunilio determined that there are 
four primary suppliers in the Gainesville area. These are summarized in Table 3-2. 

The second wood resource evaluated by Post and Cunilio was urban tree trimming 

Residue Moisture Higher E n e r a  Yield MBtdday 
Yield, wet Content, Heating Post and Black & 
tondday percent Value, B t d b  Cunilio Veatch 

226 25 9,000 4,084 3,051 

480 40 9,000 8,640 5,184 

198 25 8,000 3,564 2,376 
52 25 8,500 936 663 

28.2 25 9,000 506 381 
984.2 -_ __ 17,730 11,654 

Table 3-2. Gainesville Urban Tree Trimming Waste Sources. I 
Supplier 

ABC Tree Service 

Price Notes Production, 
wet tondday 

35 N/A 10 tons in chips; 25 tons in bulk 
Gaston’s 
Ocala Tree Debris 
Southern Fuel Wood 
Totals 

Alternative markets for this fuel are limited. It is not clear whether the price 
indicated was intended to include delivery. It is also not clear whether the material that 
these four companies sell might contain high moisture, leafy materials. Leaves are 

60 $1 O/ton Mulch, fuel wood, compost 
140 $1 O/ton, fob Fuel wood 4-6” screen 
20 N/A Curb side pick-up not chipped 

255 
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undesirable and should be avoided, if possible. If these fuels are of reasonable quality, 
and the prices include delivery, then these resources may be of value to GRU. 

3.2.1.3 Clearing, Construction and Demolition Debris 
Construction and demolition debris typically includes clean dimensional scrap 

lumber. In this case, Post and Cunilio include only the trees and limbs that are removed 
from construction sites during land clearing operations. Two sources were named and 
together they seem to generate a significant amount of wood waste. A total of around 
165 tons per day is estimated to be available from both Watson Construction and Osteen 
Brothers. GRU may also be able to supply up to 20 tondday from its utility line clearing 
operations. The wood would likely be primarily hardwood with a heat content of 8,500 
to 9,000 B t d b  (dry-basis). Post and Cunilio suggest that the wood will be air dried with 
a moisture content of about 25 percent. However, it seems plausible that suppliers will 
minimize the amount of time between land clearing and deliveries to GRU, which will 
result in higher moisture content (around 50 percent). 

Suppliers did not provide a specific price, but suggested that the price may only 
be that of the cost to chipping and screening. Alternative markets for this fuel are 
limited. 

It seems likely that this production may decline when the new start housing 
market subsides. Additionally, this production may have some seasonality that the other 
resources will likely not exhibit. Finally, these suppliers may be difficult to lock into fuel 
supply contracts as they may be reluctant to depart from their primary business 
(construction) to provide fuel for a power plant. 

3.2.1.4 Energy Crops 

They divided the crops into two major categories: grasses and woody species. They 
provided a cost and production table which is shown in Table 3-3. 

Post and Cunilio included a discussion of dedicated energy crops in their report. 
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Table 3-3. Biomass Crops and Their Fuel Characteristics. 

Crop 
Grasses 

Elephant grass 
Energy Cane 
Sugarcane 
Switchgrass 
E - g r a s s 

Woody Species 
Giant Lucucaena 
Cottonwood 
Eucalyptus 
Slash Pine 

Summary 

Yield, dry 
tondacre 

16-22 
11.7-19 
15-25 
9-10 
Nd 

12-15 
12.5 

11-15 
6-9 
14 

Source: "Biomass Outions for GRU 

Cost, $/ton 

24.94 
Nd 

22.92 
17.00 
Nd 

15-20 
32.67 
35.00 
33-45 
$25.79 

'art II.", Post a 

Moisture, 
percent 

22 
Nd 
16.8 
15 

Nd 

35 
35 
35 
35 

27.6 
I Cunilio, 201 

Heating value, 
BtuAb' 

8,178 
Nd 

8,668 
8,000 
Nd 

8,494 
4,728 
8,370 
9,000 
7.920 

Moisture, ash-free basis. 

Post and Cunilio indicated that there are 75,368 acres of agricultural land that 
could be used to produce energy crops. It is unclear whether this land is currently 
available or if it is being planted with other, perhaps, more profitable crops that would 
preclude its use for energy crops. Assuming a yield of 14 dry tons per acre, Post and 
Cunilio estimated that if 25 percent of the available crop land were planted with energy 
crops, 722 tons per day of energy crops could be harvested. The estimated cost for 
Discussion of these results is provided later in this report. 

3.2.1.5 Permitted Wood Burning Operations 
Post and Cunilio point out that there may be opportunities to collect wood waste 

from areas that are being permitted for controlled fuel reduction burns. This resource is 
relatively unquantified and therefore not subjected to analysis here. Given the robust 
forestry industry in the region, if the areas that are being permitted for controlled burning 
could be profitably harvested for forest applications they would be. As GRU will likely 
place a lower value on wood resources than the local forest industries, this may be an 
economic niche for potential fuel wood. It is possible, as they indicate, that there could 
be opportunities through the Healthy Forest Initiative that would allow GRU or a fuel 
contractor to harvest the fuel on these othenvise unprofitable lands. 
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Forestry residues -- stumps 
Urban tree trimming 
Land clearing 
Energy crops= 
Total 

Table 3-4 summarizes the findings of the Post and Cunilio report with relative 
pricing as estimated by Black & Veatch. Prices on the low end of the range are likely to 
be around $lO/wet ton up to and above $3O/wet ton for the highest price fuels (energy 
crops). 

722 Highest 
2,146 

480 
255 
185 

High 
Low 
Low 

The Post and Cunilio report identified 2,146 wet tons per day of biomass residue 
available within the immediate Gainesville area (25 mile radius). The preferred option 
for biomass utilization for this study requires on the order of 600 wet tons day. 

biomass sources. Although an assessment of their potential is not included the scope of 
this project, they are listed for possible future investigation: 

The Post and Cunilio report has left out several potentially viable, low-cost 

Dried sewage sludge 
F’rimary and second;uy wood products residues (sawmills, furniture factories, 
etc.) 
Landfill diverted clean wood waste (pallets, crates, construction debris, etc.) 
Selected agricultural residues (orchard prunings, poultry litter, straw, etc.) 

3.2.2 

3.2.2.1 
The US Department of Energy Oak Ridge National Laboratory (ORNL) has 

researched the availability and cost of biomass fuels for many years. Recently, they 
published a study that shows county level resource data for biomass. For every county in 
the US, they have estimated the quantities and costs of various biomass fuels. ORNL 
provides the resource data by setting constant price intervals and estimating how much 
biomass fuel is available in or within a certain distance of a specific county at those set 

Review of Other Publicly Available Sources 

Oak Ridge National Laboratory Biomass Supply Curves 
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iesource 

price intervals. Black & Veatch investigated their assessment of the available biomass 
fuels in the area surrounding Alachua County. Resource assessments for 25 and SO mile 
radii around Alachua County are provided in Table 3-5. 

Cost per dry ton ($2003) 

$20 I $25 $30 $35 1 $40 $45 I $50 

Table 3-5. ORNL Estimates of Biomass Available near Alachua County, dry 
toudday. 

Corn Stover 0 
Hardwood - Cull Wood 
Hybrid Poplar - Wildlife CRP 
Softwood - Cull Wood 
Softwood - Forest Logging Residue 
Switchgrass -Cropped 
Switchgrass - Idle 
Switchgrass -Pasture 
Switchmass - Production CRF' 

;O Mile Radius, dry tons/day 
Corn Stover 
Hardwood - Cull Wood 
Hybrid Poplar - Wildlife CRP 
Softwood - Cull Wood 
Softwood - Forest Logging Residue 
Switchgrass - Cropped 
Switchgrass - Idle 
Switchgrass - Pasture 
Switchgrass - Production CRF' 

34 
0 

19 

0 
0 
0 
0 
0 

- 
0 

238 

0 
47 

16 
0 

0 
0 
0 

- 
2 

375 

0 
60 

52 

0 
0 
0 

0 

1,893 
1,422 

0 
321 

329 

0 
0 
0 
0 - 

16 

68 

1,893 
4,537 

0 
329 

342 

184 

0 
0 
0 - 

- 
2 

400 

1 
63 

55 
38 

16 
68 

1 

342 

- 
2 

405 

1 

66 

55 
38 

16 
68 

1 

1,893 

4,762 

47 

345 
342 

200 

71 

340 
36 

ource: Oak Ridge National Laboratory. 
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Field was previously in CRP. Poplar production 
was managed for wildlife considerations. 
Chips in van in forest 

Chips in van in forest 

Round bales with twine at edge of field. Field was 
previously used for conventional crops. 
Round bales with twine at edge of field. Field was 
previously idle. 
Round bales with twine at edge of field. Field was 
previously used for pasture. 
Round bales with twine at edge of field. Field was 
previously in CRP. 
Round bales of corn stover (stemileavedcobs) 
with twine at edge of field 

nal Laboratorv. 

Biomass Resource 
Hardwood - Cull Wood 

crops and costs of production and har 

Cost includes collection, harvesting, c 
for risk and profit, and stumpage fee. 
branches, leaves. 
Cost includes collection, harvesting, c 
for risk and profit, and stumpage fee. 
branches, and leaves. 
Price encompasses profit needed to cc 
crops and costs of production and har  
Price encompasses profit needed to cc 
crops and costs of production and har  
Price encompasses profit needed to cc 
crops and costs of production and har 
Price encompasses profit needed to cc 
crops and costs of production and h a r  
Cost includes nutrient replacement an 
variable).Supply has been constrained 
efficiency (75% of gross), and need tc 
fed and wind erosion to tolerable loss 
moisture in rain-limited regions. Resic 
from irrigated corn in rain limited are; 

2000s 

20009 

1997% 

1997$ 

1997$ 

1997$ 

2002$ 

Hybrid Poplar - Wildlife 
CRP 

Sothood -Cull Wood 

Softwood - Forest 
Logging Residues 

~~ 

Switchgrass -Cropped 

Switchgrass - Idle 

Switchgrass - Pasture 
~~~ 

Switchgrass - Production 
CRP 

Corn Stover (unimgated) 

I I branches, and leaves. 
Chips in van hooked to tmck at the side of field. I 19973 I Price encomuasses orofit needed to cc 

~ 

Source: Oak Ridge Nat 

There seems to be adequate correlation between the two data sources for the 
softwood resource. Both point toward an available quantity just under 100,000 tons per 
year at a relatively low price (< %30/dry ton). However, there is large discrepancy 
between the opinions of how much hardwood might be available in the region. ORNL 
provides a higher estimate than do Post and Cunilio. The exact reason for this is not 
how;  however, most of hardwood resource identified by ORNL is outside the Post and 
Cunilio search radius of 25 miles. 

and OWL.  ORNL projects that there is a limited potential for energy crops less than 
%50/dry ton, although their survey did not include as many species as that of Post and 
Cunilio. In the experience of Black & Veatch, the ORNL data can be over-generalized 
because it was generated over the entire land area of the United States. However, the 

Another discrepancy is seen in the energy crop analyses between Post and Cunilio 
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ORNL methodology that is used has been subjected to peer review. While it projects a 
much more conservative answer than Post and Cunilio, it may well be more correct. 

ORNL also identifies corn stover (corn stalks, cobs, and husks) as a major 
biomass resource within 50 miles. ORNL identifies nearly 2,000 dry tons per day 
available for less than $30/dry ton. This is an undelivered cost. 

3.0 Biomass Fuel 

3.2.2.2 National Renewable Energy Laboratory - Urban Wood Waste 
Assessment 

The National Renewable Energy Laboratory completed a study in November of 
1998 that evaluated the urban wood waste resources in 30 cities across the United States.’ 
Two of the cities evaluated were Macon-Wamer Robins, GA and Lakeland-Winter 
Haven, FL. The results of these evaluations are presented as a point of comparison. 

Urban wood waste is one of the lowest cost biomass resources because tipping 
fees can often be avoided if the material can be diverted from landfills. The classes of 
urban wood waste that were surveyed included municipal solid waste (MSW) wood, 
industrial wood, construction and demolition (C&D) wood. Briefly, these include: 

MSW Wood Industrial Wood C&D Wood 
Wood hauled with trash Waste pallets House construction waste 
Yard waste Truss manufacturing waste Land clearing waste 
Utility tree trimming Wholesale lumber waste 
Tree service trimmings Retail lumber waste 

Woodworking waste 

Values for the quantities of the three classes of urban wood waste resources are 
provided in Table 3-7 for the national average computed in the study as well as the 
resource quantities local to the Macon and Lakeland areas. The table further states the 
percentage of each resource that is currently used as fuel. It should be noted that there is 
a trash burning power plant in Lakeland that likely accounts for the high fuel usage there. 
Finally, the table provides estimates of urban wood waste available in the Gainesville 
area based on the national averages and a population of 95,500 for Gainesville. This is a 
Black & Veatch estimate based on the NREL study. 

because the definitions used are much more broadly developed for the NREL report. 
However, a comparison can be made based on the C&D category. Post and Cunilio 
estimated that 165 tondper day are available from construction land clearing activities, 
while NREL estimates that only about 1/10 of that quantity would be available from all 
C&D sources. 

It is difficult to compare these figures with those presented by Post and Cunilio 

’ Wiltsee, G., “Urban Wood Waste Resource Assessment”, November 1998. 
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Industrial 
Wood 
0.048 
0.027 
0.113 

Table 3-7. NREL Urban Wood Waste Resource Estimate. 

C&D Wood Totals 
0.076 0.333 
0.053 0.347 
0.069 0.523 

Location 

9.09 
0.0 
65.8 

National Average 
Macon-Wamer Robins 
Lakeland-Winter Haven 

27.1 10.5 12.0 
66.7 0.0 ~ 

14.2 0.0 45.6 

- -  National Average 
Macon-Warner Robins 
Lakeland-Winter Haven 

20.000 Gain e s v i 11 e 4.580 7.260 31.840 

Urban \ 

MSW Wood 
0.209 
0.267 
0.340 

3.L 

Source: “Urban Wood Waste Resource. Assessment,” G. Wiltsee, National Renewable 
Energy Lab, November 1998. 

3.2.3 Fuel Properties 

consistent, with a higher heating value typically between 8,000 and 9,000 Btdlb. 
Heating value is largely dependent on the moisture content of the fuel, and this can vary 
widely fiom below 10 percent to above 60 percent. Freshly cut wood is typically at least 
50 percent moisture. Wood will burn in combustion devices at moisture contents up to 
65 percent, although lower moisture is highly preferred. Given the wide variability in 
wood moisture content, it is strongly recommended that GRU procure wood on per Btu 
basis rather than on a per ton basis. 

composition is provided in Table 3-8. 

On a moisture-fiee, ash-free basis, the composition of biomass is relatively 

No fuel properties testing were done as part of this study. A typical wood fuel 
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Constituent Percent weight 
Carbon 
Hydrogen 
Sulfur 
Oxygen 
Nitrogen 
Ash 

3igher Heating Value, Btu/lb I 5,651 

32.4 
3.88 
0.02 
28.6 
0.17 
3.21 

3.2.4 Seasonal Availability 

to the wood fuel supply in the Gainesville area. Typically, the months of June through 
August are the wettest and excessive rainfall can make access to forest lands difficult or 
impossible. It is likely that execution of proper fuel reserve strategies would be sufficient 
to prevent weather conditions from interrupting fuel supply significantly enough to force 
an outage. 

3.2.5 Collection and Delivery Methods 

With the exception of the wetter summer months, there should be little seasonality 

The supply area for wood fuel will be limited to the immediate 50-100 miles 
around Gainesville. Because of this limited collection are, it should be assumed that all 
hauling and delivery will be performed with trucks. 

reasonable number. GRU may wish to procure at least 50 percent of its supplies through 
a few large contractors. The remainder of the wood should be collected, processed, and 
stored at wood depots scattered around the local area. It is recommended that operation of 
these depots be done through contractors. A small tipping fee could be charged to cover 
depot operation costs. 

Wood fuel will be chipped and loaded into trucks for transport to the Deerhaven 
plant. The materials may require fbrther sizing after size screening at the plant. The 
conceptual design for the plant includes minimal on-site storage capability: only 5 days. 
It is expected that most storage will be performed by outside suppliers. 

It is recommended that the number of wood supply contracts be limited to a 
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3.2.6 Conclusions on Wood Supply 
Despites some conflicts in the data, it appears that there is a large and sustainable 

quantity of biomass in the immediate Gainesville area to support a major biomass project. 
The Post and Cunilio report identified 2,146 wet tons per day of biomass residue 
available within the immediate Gainesville area (25 mile radius). The prefemd option 
for biomass utilization for this study requires on the order of 600 wet tons day. Forestry 
residues from a 25 mile radius alone could provide enough fuel for a 35 Mw stand-alone 
biomass plant or c o f h g  50 MW of biomass in a large, high-efficiency coal plant. 
Further, data from ORNL seems to indicate that if the collection radius is extended to 50 
miles, the available resources could be five times greater. 

uncertainty. Urban wood waste will likely be the lowest cost resource (<$1/M!3tu). The 
urban wood waste resource is somewhat limited in Gainesville, so average wood costs 
will likely be higher. It appears that logging residues will set a practical upper cap for the 
project. It seems reasonable to expect prices to range from $l6-l8/ton for delivered 
logging residues (50% moisbxe), which is similar in price for wood fuel deliveries to a 
local pulp mill. This cost is about $2/MBtu. In lieu of additional investigation and 
preliminary negotiations, a mid-range value of $1 .SO may be appropriate. This is 
approximately $12.75/ton at 50% moisture (as-cut) and $17.85/ton at 30% moisture (air 
dried). Provided competing end uses do not arise, the price for biomass is expected to be 
stable in the near to long term. Competing end uses would include the opening of other 
biomass plants in the area. 

Unfortunately, fuel price is the largest variable and also the largest source of 

3.3 Concept Selection Process 
There is a huge variety of biomass resources, conversion technologies, and end 

products, as shown in the figure below. Biomass can be converted to end products as 
diverse as transportation fuels, chemicals, construction materials, and electric power. 
This report focuses on electricity generation technologies targeted to produce 30 h4W net 
power. 

The objective of this section is to introduce the potential biomass options, identify 
four leading alternatives, and then recommend one for further analysis. 
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Yarlrets I Biomass ~ o u n e s  Processing Fuel Pmducts 
5 Fowls 

-Natural r e g M  
- Enetgy foresls 
- Fwesl residues 
- Procassing residues 

-Crop residues 
-Processing residues 
-Energy cmps 

- Munidpal 
- lndusbial 

5 Aglrculiure 

$ Wastes 

5 D w i i  
5 Extrusion 
5 Compression 
$ Chipping 
$ Carbonization 
$ Anaerobic digestion 
$ Fenenlation 
5 Gasificatbn 

$ Fischertropsch 
etc.pmcessars 

5 PYmlYs~ 

$Solid Fuels 5 Electricily 
-Charcoal 5 Heal 
.Wood chips 
.Pellets/ briquenes $ Transport 

5 Gaseous fuels 
-Methane 
-Pyrolysis gas 
-Producer gas 

5 Lqud fuels 
. Plant eslerdoils 
-Elhano1 
- MethanoValwhok 
- Pymlysis riquas 
- mer liouids 

5 Solid fuels e.g.(domestic) 

Figure 3-1. Biomass Sources, Processing, Fuels and Markets (Renewable Energy 
World, Apr. 2003). 

3.3.1 General Approach to Evaluation of Biomass Options 
A wide variety of biomass technologies was considered for the screening process. 

For this analysis, biomass technologies were split into two groups: (1) stand alone plants 
that would be entirely new facilities dedicated to biomass electricity generation and (2) 
co-utilization applications that can be integrated into Deerhaven Generating Station, 
either in the existing gadoil Unit 1, the existing coal Unit 2, or the planned coaYpet coke 
unit 3. 

For the stand alone options, four primary energy conversion processes were 
considered: 

Anaerobic digestion - microbial decomposition of organic material to 
produce. methane. 
Combustion - complete oxidation (burning) of a fuel to release heat. 
Gasification - incomplete combustion of a fuel in a low oxygen environment 
to produce a combustible gas with a low to medium energy value. 
Pyrolysis - decomposition of a fuel by heat in the absence of oxygen to 
produce gas, oils, and char (carbon). 

These basic conversion processes were combined with a number of different 
power generation devices (steam turbine, combustion turbine, reciprocating engine, 
Stirling engine, etc.) to generate the 17 stand alone options shown in Table 3-9. 

considered: 
For the co-utilization options, six basic energy conversion processes were 
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• 	 Direct cofiring: blended/separate feed - Biomass is directly burned in the 

coal boiler, either blended with coal feed prior to flring or injected as a 

separate feed. 

• 	 Direct cofiring: torrefied wood - Torrefled biomass is a product between 

raw wood and charcoal (see Figure 3-2). It can be readily pulverized in 

existing equipment and is a hydrophobic product. Torrefaction could be done 

off-site by a third party. 

• 	 Indirect cofiring: gasification - Combustible syngas produced by a biomass 

gasifier would be ducted to existing unit, possibly as a reburn gas for NOx 

control. 

• 	 Indirect cofiring: pyrolysis - Pyrolysis produces a synthetic bio-oil as one of 

its products (see Figure 3-3). It is possible that the bio-oil could be fired in 

existing fuel oil burners at very low cost. As with torrefied wood, bio-oil 

could be produced offsite by a third party. 

• 	 Indirect cofiring: separate boiler - A separate biomass boiler is used to 

generate steam to inject into the main plant steam cycle at an appropriate 

location. 

• 	 Indirect cofiring: separate combustor - A separate biomass combustor is 

used to generate hot flue gas to inject into the main plant furnace at an 

appropriate location. 

Figure 3-2. Torrefied Wood Chips (Source: Transnational Technology). 
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Figure 3-3. Bio-oil Produced from Pyrolysis (Source: Iowa State University). 

These processes were each evaluated for their suitability for integration with the 
gas/oil-fired Unit 1, the pulverized coal Unit 2, and the proposed Unit 3 (either pulverized 
coal or circulating fluidized bed). Table 3-9 shows the 24 co-utilization alternatives 
evaluated. 
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Table 3-9. Biomass Options Identified. 

Commercial 
Commenbi 

Stand-alone V w y p d  Uosl w m w n  bamarstechrmogy 
Stand-alone GWd Genaally l-eremismslhan I tOkeTmbu~b~n,  wl 

Stand-alone Falr Mwe appmpMte fw larger una 
Stand-abne Fair Sltes may be limmd based on IRP 
Sland%lone Fair Very few advamges over direct CmbUSbon ~~pecial l )  

Stand-alone Fair L h M  m mallerappllcatlons 
Stand-don, Fair R-m dWmffle8 wm demonatraban prcjeds 
Stand-alone Fair Good polenbal. but sbll In WD stage 
Stand-alone Poa N m  ideal wlh wood fuel 
Stand-alone Poor Nd pmm at mls sale Mu? mk feedstock 

Stand-alone P o a  T e c h W  wnemlly &I1  In eady Sages 
Stand-abne P o a  Far-termLschmW 
Stand-alone P o a  Far-termtechmW 
~t~nd-alone P- sui underdevdment. tamed at maw amlcamn 

hghermat 

wlh wmd fusl 

Stand-alone Paw sunaMefumalerappticaamp 

Stend-atone P o a  Tachwhgy developmen( has &ed w&tamlly 
Stand-alm Paw F w - h  techmW tawled at banqxdamn fuels 

unn 1 P o a  

U"H 2 Good 
UnH3 - PC Gwd 

Unlt 3 - CFB Very wcd A new CFB unl rmld be designed lo haw bull in fuel 

U" l1  k Daw1 fitied. B i a s  ash wld be a 
pmblem. 
UP la 10% Of heal hpul hmccanv msldered OK 
Should be somewhat Iwmrmat to lntesrate direct 
&ng I" mw ""H 

Dewiopment Unit 1 PWI 

DeyB(opem U n l 2  Gmd 

Devalopmem UmI3-PC Good 
Devdopnent Unlt3-CFB P w r  
DemO(gWfiOn UnHl Fair 
Dewlmem u n n i  Fall 
Commenial Unit1 P W  
U*lUNl" unn 1 PW, 
Demombam Unit2 Good 

Devd0pmet.L U"H2 Good 
C o m m a  unn2 Good 

Unkmwn unn 2 Fat  
DemmIbn Uoll3-PC Good 

DeMbpmevd Unit3-PC Fair 
Mmmercial Unit3-PC Fa& 
UI*mUn U"H3.PC POW 
Demmwalion Unn 3 - CF0 PWT 

Development Unit3-CFB Pwr  
CommenY UnH3 - CFB Pmr 

Unit3-CFB Pmr 

Hexiblllhl 
Unit 1 is gadoil fmd. Biimars ash would h, a 

3.3.2 Findings: Preferred Options 
Table 3-9 summarizes the 41 potential options evaluated for biomass utilization. 

Many of  the options were excluded &om fiuther consideration for a variety of reasons: 
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Technology is still under development (Le. not technically proven) or is not 
currently commercially available. 
Technology is not compatible with the existing infrastructure (such as cofiring 
solid biomass in the oiVgas fKed Unit 1). 
Option is not competitive economically (e.g. bubbling fluidized bed vs. stoker 
grate combustion). 
Application would be inappropriate at the 30 MW scale envisioned for this 
project (e.g. gasification with engine, small modular biopower). 

Of the technology options identified, the following four options were determined 
to be the most technologically and economically advantageous. 

No. 

1 

19 

21 

30 

I Table 3-10. Top Biomass Options Evaluated. 

Technology 
Status 

Description 

StokerGrate Commercial 
Combustion 
Direct Cofiring - Commercial 
Blended / Separate 
Feed 
Direct Cofiring - Commercial 
Blended I Separate 
Feed 

Indirect Cofiring - Demonstration 
Gasification 

I 

Stand 
Alone 
Unit 2 

Unit 3 - 
CFB 
Boiler 

Unit 2 

'Iant I Comments Location 

Most common type of biomass 
technology. 
Up to 10 percent of heat input to the 
boiler is typically considered 
acceptable without significant impacts. 
A new unit with a CFB boiler could be 
designed to have built-in fuel 
flexibility and bum a high percentage 
of biomass. 
Minimizes plant equipment impacts. 
Potential for use as a rebum gas for 
NO. control is advantageous. 

These four selected biomass technology options are discussed in further detail 
below. 

3.3.2.1 

biomass power technology. Stokers have been used since the early half of the last 
century to generate power from wood waste. Combustion occurs on and above a grate 
generating steam to power a steam turbine. In most respects except scale, small biomass 
power plants are very similar to larger coal lired plants (see Figure 3-4). 

Stand Alone Unit - Stoker Grate Combustion 
A stand alone unit based on stoker grate combustion is the most common type of 
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Steam 

MJTM BWNDhRY 

Water 

Figure 3-4. Typical Biomass Stoker Power Plant. 

As a stand alone plant, the stoker option generates power from the biomass fuel (waste 
wood) independently of any of the other power generating units on site or in the GRU 
system. This has the advantage of not having any detrimental effects or impacts on the 
other units at Deerhaven Generating Station, such as increased slagging or reduced 
efficiency in the boiler. This option also has the advantage of the power plant, and in 
particular the boiler, being designed specifically for the particular biomass fuels to be 
burned. Further, it might be possible to locate the plant near a major source of the 
biomass fuel to reduce transportation costs. 
The disadvantages of this technology are its higher cost and lower efficiency relative to 
cofiring. A stand alone unit will have a higher cost due to the amount of equipment and 
land that will be required when compared to retrofitting a much larger coal plant. The 
installed capital cost for this technology is typically $2,000 to $2,500 per kW net, with an 
operating efficiency of around 25 percent (14,000 Btu/kWh heat rate). The lower 
efficiency results in a greater quantity of wood required to generate the same power 
output. A stand alone plant would require approximately 870 tons per day of wood (at 30 
percent moisture content) versus approximately 590 tons per day of wood for a c o f h g  
system at a coal plant with a heat rate of around 9,500 BtuikWh. This is an almost 50 
percent increase in fuel requirements. In addition to the direct cost increase due to 
greater tonnage of fuel burned, it is possible that the average cost per ton burned will be 
higher for the stoker option. This is because higher price and/or more distant fuel sources 
will likely be needed to meet the larger fuel demand required by the stoker. 

3.3.2.2 Direct Cofiring with Separate or Blended Feed in Unit 2 

228 MW Unit 2 boiler with the regular coal fuel. Assuming no derating due to biomass, 
The second option is direct cotiring where wood fuel is burned in the existing 
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the wood fuel would contribute about 13 percent to the power output from the facility 
(30 / 228 MW). In practice, cofiring this much relatively high moisture biomass may 
result in a slight reduction in unit efficiency and capacity. 

This option would require modifications to the Unit 2 boiler and would require a 
separate material handling system and storage system. The waste wood could be stored 
in one or multiple piles or could be stored off-site for just-in-time delivery. Covered 
storage to keep fuel dry is typically not practiced, although this is an option. The wood 
would be required to be pulverized, either in the existing coal pulverizers or in new 
dedicated mills designed just for biomass. The later is more likely given the volume of 
wood being considered. The waste wood fuel can be blended, or mixed-in, with the coal 
fuel or it can be injected as a separate feed into the boiler. Modifications to the existing 
boiler would be required for the injection of the waste wood fuel into the boiler. The 
Unit 2 boiler is a Riley dry-bottom, balanced draft, wall-fred turbo furnace unit with 18 
burners in an opposed fving arrangement. The boiler modifications would include the 
installation of new injection ports for the waste wood fuel, along with the associated 
piping, valves, dampers, electrical equipment, and control system modifications. 

There are several advantages to cofiring wood in the Unit 2 boiler. One of the 
greatest advantages of this method is that the capital cost is much lower than a stand 
alone biomass plant because less new equipment and land are required. The installed 
capital cost for this technology is typically $300 to $400 per kW ne?. Also, as discussed 
above, the efficiency in c o f ~ n g  applications is much higher than stand alone biomass 
plants. C o f ~ n g  in Unit 2 would be up to 50 percent more efficient than what could be 
obtained in a new stoker. Further, the cofiring project will have some positive impacts on 
Unit 2 operations. Cofiring the relatively clean biomass material in the Unit 2 boiler will 
likely result in reduced NO,, CO2, SO*, and heavy metal (including mercury) emissions. 
These reductions may reduce the size and cost of planned air quality control equipment. 
For example, wood typically has very little sulfur. By cofuing 13 percent wood, Unit 2 
sulfur emissions will be reduced nearly proportionately. Finally, it may be possible to 
obtain biomass at a lower cost than the coal currently being burned in Unit 2. This would 
lead to annual savings to help offset the initial capital investment for the cofiring 
equipment. 

in Unit 2. These include: 
However, there are significant concerns with cofiring wood at this high of a rate 

Negative impact on plant capacity 
Negative impact on boiler performance 
Ash contamination impacting ability to sell coal ash 
Increased operation and maintenance costs 
Minimal NO. reduction potential (usually proportional to biomass heat input) 
Boiler fouling/slagging due to high alkali in biomass ash (more of a concern 
with fast growing biomass, such as energy crops) 

Cost is given per k W  of net biomass replacement capacity. For example, a 30 MW net biomass cofiring 
project at $300/kW would have an initial cost of $9,000,000. 
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• 	 Potentially negative impacts on selective catalytic reduction air pollution 

control equipment (catalyst poisoning) 

Specific impacts are difficult to predict without modeling the boiler (using a 
program such as Black & Veatch's VISTA); however, they are enough of a concern to 
warrant consideration oflower impact alternatives, such as indirect cofiring based on 
gasification. This is explored further below. 

3.3.2.3 	 Indirect Cofiring via Gasification in Unit 2 
An alternative to direct cofiring in Unit 2 is an indirect cofiring option where the 

wood fuel is first gasified before injection into the Unit 2 boiler. This option uses a 
process that converts the waste wood into a clean syngas for co firing in the Unit 2 boiler. 
Under the right conditions, the gas can also be used as a reburn gas in the Unit 2 boiler to 
further reduce NOx • 

The biomass material would first be sized before being injected into a fluidized 
bed gasifier where the waste wood would be converted into hot syngas (see figure). The 
syngas could then be passed through a hot gas cyclone separator to remove particulate 
matter before it is injected into the Unit 2 boiler. The cyclone is optional and is 
recommended for biomass fuels high in ash or alkali matter. These are generally not a 
concern with clean wood residues. 

NOx 
Rebum 
Gas 

Coal 

Figure 3-5. Indirect Cofiring based on Biomass Gasification. 

The advantage of this option over direct cofmng is that negative effects on the 
boiler due to biomass ash (such as slagging, ash contamination, etc.) can be minimized. 
In addition, studies by Black & Veatch have predicted that boiler capacity and efficiency 
will not be negatively impacted with this approach and could possibly be improved. 
Additional burners would need to be installed in the boiler and could be used for NOx 

reburn in the boiler furnace, if desired, to further reduce the amount of NOx generated in 
the boiler. Boiler modeling would need to be perfonned to accurately predict the 
potential NQ't reduction due to reburning. As with the direct cofiring approach, this 
option could reduce the need for new air quality control equipment for Unit 2. 
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The main disadvantage of this option is the additional equipment and land area 
required to gasify the waste wood material, which results in a higher cost than simpler 
cofLring approaches. Further, this technology is not as well developed as the direct 
cofLring or stand alone options discussed above and therefore has greater risk. (There are 
a few reference projects currently operating.) However, the U.S. Department of Energy 
and other organizations are heavily promoting gasification and grant funding may be 
available to reduce the risk exposure to GRU. The installed capital cost for this 
technology is typically $400 to $700 per kW net (biomass capacity). 

3.3.2.4 Direct Cofiring in New Unit 3 CFB Combustor 
The final option considered is direct cofiring wood with coal and pet coke in the 

planned 220 MW Unit 3 CFB. Generating 30 MW using biomass fuel would result in 
approximately 13.6 percent of the power output from Unit 3 being derived from the 
wood. This option would allow the specifications for the Unit 3 boiler to incorporate the 
biomass fuel in the initial design process, most likely resulting in a higher operating 
efficiency when compared to the modification of the Unit 2 boiler, with lower operational 
and maintenance impacts. 

The preferred Unit 3 boiler design would be a circulating fluidized bed boiler 
because this design provides the best fuel burning flexibility. Foster Wheeler has 
indicated that their CFB design could readily handle up to 50 percent wood heat input. 
There are similar sized CFBs around the world that bum a wide variety of fuels, 
including biomass. An example is the 240 MW CFB owned by Alholmens Kraft Oy in 
Finland which bums a mix of wood, peat and lignite. This unit was supplied by Kvaemer 
Pulping and was commissioned in 2001. The plant is shown in Figure 3-6. 

Figure 3-6. Alholmens Kraft Multi-Fuel CFB (Source: Kvaerner). 
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A separate material handling system and storage system will likely be required. 
The waste wood fuel can be blended, or mixed-in, with the coal fuel or it can be injected 
as a separate feed into the boiler. 

As with the other cofiring options, emissions relative to 100 percent fossil fuel 
firing will be reduced. However, significant reductions in NO, may not be experienced 
due to the already inherently low NO, emissions of the CFB design. This is one of the 
few disadvantages of this option compared to the other c o f ~ n g  approaches. 

The cost for this option will likely be the lowest of all the options considered due 
to the integration with the new unit. The installed capital cost for this technology will be 
significantly less than the direct c o f ~ n g  option for Unit 2 at approximately $100 to $200 
per kW of net biomass capacity. When spread over the total costloutput of the 220 MW 
Unit 3, cofiring will add approximately $14 to $28 per kW. 

3.3.3 Recommended Option for Further Analysis 
Due to its low cost, ability to be incorporated into the design fiom the outset, and 

minimal impacts on unit operation and performance, Black & Veatch recommends that 
direct cofiring in the proposed Unit 3 CFB be evaluated further. As an alternative, 
indirect c o f ~ n g  using gasification could be examined further for Unit 2. However, given 
the complexity of the already planned air quality control modifications for Unit 2, this 
option seems much less appealing. If Unit 2 is a focus of further investigation, 
gasification for cofiring is recommended over direct cofiring in Unit 2 due to the greater 
potential emissions benefits and the substantially reduced negative impacts on the 
existing plant equipment. 

3.4 Conceptual Design 
This section describes the conceptual design for direct c o f ~ n g  of the equivalent 

of 30 MW of wood waste in the proposed 220 MW Unit 3 CFB. The wood waste will be 
cofired with pet coke and coal. Generating 30 MW using biomass fuel would result in 
approximately 13.6 percent of the power output from Unit 3 being derived from the 
wood. It is assumed that biomass will displace coal, resulting in a final fuel mix of 13.6 
percent wood, 36.4 percent coal, and 50 percent pet coke. Approximately 600 todday  
of biomass (at 5,657 Btuflb) will need to be fwed to generate the equivalent of 30 MW. 

3.4.1 Conceptual Design Approach 
The greatest challenge of c o f ~ g  waste wood is minimizing the capital 

equipment and operating staff costs. The system presented here represents a reasonable 
equipment selection to be cost competitive and reliable, but will not be as robust as the 
coal and pet-coke handling systems. The conceptual design is for one complete system 
with l i i t ed  equipment redundancy (for example there is only one truck tipper and one 
reclaimer). Redundancy was limited because biomass is intended to be a supplemental 
fuel and is not critical to unit reliability. As this is only a concept definition study, 
detailed investigations into site drainage, permitting, layout, tie-in design, etc. are still 
required. 
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The following subsections describe the individual systems and components 
involved in the wood-waste handling system operation. The purpose of this system is to 
provide the boiler with sized, metal free, wood fuel. A diagram of the system is shown in 
Figure 3-7. alk 
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The wood receiving system receives truck delivered waste wood and transfers it 
to the wood storage pile. The wood receiving system is comprised of the following major 
components: 

The fuel for the plant will be delivered by trucks of up to 45 ton capacity. The 

Truck dumper - 75 ton gross lifting capacity. 
Track dozers - provided by GRU. 

fuel received by truck will either be chipped wood, hogged wood, sawdust, or planer mill 
fines. After being weighed, incoming trucks will proceed to the hydraulic elevating truck 
tipper. The load will be dumped directly to the ground in the pile area. Trucks with 
walking floor dischargers may directly dump their loads. From the dump point at the 
truck tipper, wood will be moved by mobile equipment either to the reclaimer area or to 
the storage pile. 

The wood receiving and is sized to accommodate delivery of wood from outside 
sources by truck on a single shift per day, five working days per week basis. The 
receiving shift will be 12 hours per day. At full capacity, the plant will bum up to 4,300 
tons of fuel per week, based on a nominal burn rate of 25.5 tonihour, 5,657 Btu/lb fuel. 
Up to four trucks per hour will be received. 

3.4.3 Wood Storage 
It is expected that most fuel storage will be performed off-site by other companies 

(see Section 3.2). However, covered on-site wood storage is included to allow for 5 days 
of uninterrupted operation. The wood pile will cover approximately 0.60 acres with an 
average pile depth of 10 feet. The roof of the covered storage building will be 
approximately 25 feet high. The covered storage will allow for some minimal drying of 
the fuel and prevent absorption of additional moisture during rainy periods. 
wood chips and fines (such as sawdust) will be accomplished with mobile equipment on 
the pile. Uniform blending of wood chips and fines by mobile equipment in the pile area 
is a requirement for successll operation of the wood handling system. 

Blending of 

3.4.4 Wood Reclaim and Plant Supply 
The wood reclaim and plant supply system will receive fuel h m  the wood pile 

and transfer it to the boiler. The fuel will be reclaimed, screened, and then delivered to a 
live bottom bin by a conveyor. The fuel will then be fed to the boiler by screw feeders. 
Final sizing and weighing of the fuel will also be done within this system. The design of 
the reclaim system is heavily dependent on full and complete mixing of wood chips and 
fines by mobile equipment working on the wood storage pile. The major components of 
the reclaim and plant supply system are as follows: 

Two speed, multi-chain reclaimer with push walls (60 tonshour maximum 
discharge capacity). 
Reclaim conveyor. 
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In-line, self-cleaning magnetic separator. 
Disc screen. 
Hammerhog. 
Transfer house. 
Plant supply conveyor. 
Belt scale. 
Live-bottom bin with screw feeders and leveling screws (60 tonshour 
capacity). 
Chutes, loading skirt boards, etc., as required. 

Wood fuel will be transferred to the multi-chain reclaimer by mobile equipment 
fkom the buck tipper or the wood storage pile. The reclaimer will supply the 30-inch 
reclaim belt conveyor. This belt conveyor will have a capacity of 60 tonhour and will 
transfer wood &om the pile area to the transfer house for removal of any tramp metal and 
final material sizing on the way to the live bottom bin. The reclaimer will be designed to 
meet 100 percent of the plant wood fuel requirements. 

In the transfer house, reclaimed material greater than 3 inches on any side will be 
segregated by disc screens, and the oversize pieces will be discharged to a hammer hog 
where they will he reduced in size to less than 3 inches on any side and loaded onto the 
30-inch wide plant supply conveyor. Sawdust, fines, and material less than 3 inches will 
be routed through the disc screen and loaded onto the 30-inch wide plant supply 
conveyor. The fuel will be weighed by a digital electronic belt scale located on the plant 
supply conveyor. 

The plant supply conveyor will load the live bottom surge bin at the boiler. The 
live bottom surge bin is an inverted-slope, fabricated-plate bin that provides fuel to the 
boiler fuel feed system. The bin will provide storage for 8 hours of wood-waste fuel at 
the nominal plant burn rate of 25.5 tonhour. The bin will be equipped with sonic level 
detectors. These detectors will be used to stop or start the reclaimer and provide an alarm 
to the plant operators in the case of low fuel levels. 

The capacity of the reclaim and plant supply system will be based on handling 
fuel with a moisture content of approximately 30 percent at the full plant burn rate of 
25.5 tondhour. The system-operating basis is a 24-hour per day operation with 
continuous feed and short-term surge capacity in the plant. 

3.4.5 Major Equipment List 
A summary of major equipment included in the design includes: 

Truckdumper 
Truckscale 

Reclaim conveyor 

On-site domed waste wood storage building (5-day storage) 
Two speed, multichain reclaimer with push walls 
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Magnetic separator 
Diskscreen 
Hammerhog 
Beltcleaner 
Live bottom surge bin 
Conveyor and transfer house 
Plant supply conveyor 
Belt scale 

Conveyor belt trimming 
Electrical equipment 

Chutes, loading skirt boards, etc., as required 

Data acquisition and control system 
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3.5 Development of Performance Estimates 
This section describes the development of performance estimates for cofiring 30 

MW of wood waste in the new Deerhaven 220 MW CFB. 

3.5.1. Performance Estimate Approach 
Black & Veatch assessed the performance impacts of cofiring 13.6 percent wood, 

36.4 percent coal, and 50 percent pet coke in a new 220 MW CFB. Percentages are on a 
heat input basis. The biomass heat input has been selected to provide the equivalent of 
30 MW net. Black & Veatch used its M10 boiler modeling s o h a r e  to estimate impacts 
to boiler efficiency, capacity, emissions, and other performance factors. The 
performance estimate for the biomass c o f ~ n g  case was compared against an estimate of 
burning a 5050 mix of coal and petroleum coke. The design fuel basis for the wood 
waste is provided in Table 3-8. Preliminary specifications were also received from 
Alstom and Foster Wheeler. This estimate is preliminary and should be refined as more 
information is gathered, particularly with respect to fuel properties and design fuel mix. 

3.5.2 Performance Estimate Findings 
The results of the performance modeling are provided in Table 3-1 1 for the 5 0 5 0  

coal-pet coke case and the biomass cotiring case. The fmal column provides the percent 
change between the two cases. Black & Veatch projects that cofiring 13.6 percent wood 
waste will result in a small boiler efficiency decrease, from 89.3 to 88 percent. This 
change is not expected to impact net plant output, but it is estimated to result in a 1.5 
percent increase in net plant heat rate, raising it from 9,464 to 9,604 BtuikWh (HHV 
basis). By comparison, a typical stand-alone biomass plant would have a heat rate of 
around 14,000 BtuikWh, about 50 percent higher. 
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Table 3-11. Biomass Cofiring Performance Estimates. 

50.0% pet coke / 
50% pet coke I 36.4% coal / Percent 

’ercent of Heat Input 
Pet Coke 
Coal 
Wood 

leat Input 
Pet Coke 
Coal 
wood 

50% 50.0% 0.0% 
50% 36.4% -27.3% 

13.6% 

MBtulhr 1,041 1,056 1.5% 
MBtdhr 1,041 768 -26.2% 
MBtuhr 288 

imss output kW 244,440 244,440 0.0% 
Pump Power Required kW 6.780 6,780 0.0% 
Total Auxiliaty Load kW 24,444 24.444 0.0% 
% of Gmss Output % 10.00 10.00 0.0% 
let Power Outout kW 220.000 220.000 0.0% 
imss Turbine Heat Rate Btu/kWh 7.603 7.603 0.0% 
et Turbine Heat Rate Btu/kWh 7.820 7.820 
~mss Plant Heat Rate. HHV Btu/kWh 8,760 8,890 
et Plant Heat Rate. HHV BtulkWh 9.464 9.604 
smss Plant Thermal Efficiency, HHV % 36.96% 36.39% 
et Plant Thermal E fficiencv. HHV /n 36.06% 35.54% 

Other findings include: 

It is expected that auxiliary power consumption of the wood handling system 
will be relatively small. Increases in auxiliary power consumption due to the 
biomass systems will be largely offset by decreases due to reduced coal 
handling requirements. 
It is not expected that the biomass cofiring addition will significantly impact 
plant availability, forced outage rate, capacity factor, maintenance patterns, 
etc. 
Depending on the biomass fuel properties, uncontrolled emissions for SO,, 
particulate, and COz, are all expected to decline approximately proportional to 
the biomass cofiring rate. However, after passing through the air quality 
control (AQC) equipment, it is not expected that significant differences will 
be realized for controlled emissions for SO, and particulate. Nevertheless, the 
lower uncontrolled emissions of the biomass will result in less material and 
chemical consumption in the AQC systems (that is, baghouse bags and 

137196 - 03/04/04 3-42 Black B Veatch 



VI 

.l liestone/lime), and this is reflected in the operation and maintenance cost 
estimate. Given the inherently low NO, emissions of the CFB technology, it is 
not expected that biomass will impact NO, emissions. 

e 
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The project cost was developed based on the following assumptions regarding 
direct and indirect costs. 

The estimate includes the major equipment identified in the Section 3.4 
including instrumentation and control software, miscellaneous equipment, and 
equipment warranties. 
The cost estimate includes a $500,000 allowance for necessary CFB boiler 
modifications to incorporate waste wood fuel. The allowance includes 
possible increases in the boiler furnace size, heat transfer surface 
modifications, additional or increased size boiler auxiliary equipment (such as 
extra piping and wiring, extra burners, etc.), additional boiler steel, additional 
electronics and controls, etc. This estimate can be refmed when a more 
accurate fuel composition is developed. 
Site preparation and equipment erection includes: site preparation, road 
construction, miscellaneous steel and equipment relocation, foundation 
erection, and equipment and building erection necessary for the biomass f ~ g  
system. 
Use of biomass fuel may reduce the capital costs of plant systems. For 
example, if biomass is consistently available and fed to the boiler, coal 
handling system sizes could be reduced. Further the low ash content and 
relatively clean nature of biomass could result in lower capital costs for ash 
handling and air quality control equipment, respectively. However, it is likely 
that there may be times when economic biomass fuel is not available, and the 
facility design will need to reflect this “worst case” scenario. For this reason, 
no capital cost credits have been assumed for reduction in air quality control, 
fossil fuel handling, and ash handling systems due to biomass firing. The 
operating and maintenance cost estimate does reflect some savings in these 
areas, however. 
Indirect costs include engineering, spare equipment and parts, construction 
management, insurance and freight, and contractor’s and owner’s 
contingency. 
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Owner's costs are excluded. Owner's costs that are not included in the capital 

Land 
Sales tax 
Project development 
Permitting 
Utilities (electricity, fuel oil, propane, water) for construction, commissioning, 
and startup 

Plant operating staff during commissioning and startup. 

costs estimate are: 

Initial biomass supply 

3.6.2 Capital Cost Estimate Findings 
Table 3-12 summarizes the estimated incremental capital cost for the biomass 

cofiring system. The incremental capital cost (excluding owner's cost) is estimated to be 
approximately $4.6 million. This is equal to about $15O/kW of biomass capacity, or 
$21/kW when spread over the total cost/output of the 220 MW Unit 3. Costs are 
presented in 2004 overnight dollars. 

I Table 3-12. Incremental Capital Cost for 30 M W  Biomass Cofiring System (2004$). 

Direct Costs 
Equipment Procurement 
CFB Boiler Upgrade (additional cost to incorporate waste wood fuel) 

$1,847,000 
$500,000 

Site Preparation and Equipment Erection Contract $975,000 

Engineering $335,000 
Indirect Costs 

Spare Equipment and Parts 
Construction Management 

$142,400 
$191,100 

Insurance and Freight $38,200 
Contingency $573,300 

Grand Total $4,602,000 

3.6.3 Operation and Maintenance Cost Estimate Approach 

operation and maintenance estimate developed in the Multi-Pollutant Compliance 
Planning and Deerhaven Expansion Comparison Report of September 2003. The O&M 

The operation and maintenance cost estimate is based on modifications to the 
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estimate was developed by modifying individual line items impacted by the biomass 
cofiring system. In particular: 

An allowance is included for three additional fuel system operators to run the 
waste wood storage and handling systems. This is the largest cost increase 
due to the biomass cofring system. 
Ash handling maintenance is slightly reduced due to the lower ash content of 
the wood fuel relative to coal. 
An allowance of $100,000 is included for biomass maintenance contingencies. 
This includes additional handling expense for biomass material. 
Annualized boiler maintenance costs were assumed to increase 10 percent due 
to the biomass. 
Ash disposal costs were reduced due to the lower ash content of the wood fuel 
relative to coal. 
Limestone and lime reagent costs for desulfurization were significantly 
reduced due to the very low sulfur content of the biomass. This is the largest 
cost decrease due to the biomass cofring system. 
There is a slight reduction in costs for replacement bags for the baghouse due 
to the lower ash throughput of the system. 

3.6.4 Operation and Maintenance Cost Estimate Findings 
Table 3-13 summarizes the estimated incremental O&M cost for the biomass 

cofring system. Fixed costs are estimated to increase by $1.35/kW-yr, primarily due to 
the additional biomass handling labor. Variable 0&M costs are expected to decrease by 
%O.III/MWh, pximarily related to reduced consumption of limestone and lime. The total 
net change in annual O&M is very minor, amounting to an estimated increase of only 
$26,000. Costs are presented in 2004 dollars. 
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Table 3-13. O&M Cost Estimate for 30 M W  Biomass Cofiring System (2004$). 

50.0% pel &*I 
50Sbpetmkel 36.4%coall 

Fuel M % c d  13.69bmOd mange 
ked Co5 b $000 so00 $000 - 

OpeMkWS 12.574 $2.768 $194 
Main t e ~n se $1.236 $1.238 Io 
Tphnml Swyoce~ 5878 t878 Io 

!tal owration & Mal"tellan.x costs: $13.755 $13.781 $26 

inu.1 NU G w u l l o n  (m) 1.637.771 1.637.77l 0 
F t a d  C& P r  N.1 UMOf C q r i t y  (1 wkW Net) 36.m 37.73 1.3s 
V-b Gosh Pr Uniio1 Outwt(1 W Y W h )  3.51 3.35 4.17- 

$361 $361 $0 
L a t a  Subtotal: sa49 $5.013 1194 
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3.7 Summary Results and Conclusions 
Biomass appears to be a viable resource for further investigation by GRU. There 

appears to be abundant biomass in the immediate vicinity of Gainesville to support at 
least 30 MW of biomass power. The cost for this biomass is likely to be about 
$l.SO/MBtu. Given GRU’s current plans, the most cost effective and efficient method to 
generate power from biomass is to incorporate it into the new Deerhaven 220 IviW Unit 3 
CFB. C o f ~ g  of biomass in circulating fluidized bed boilers is well proven. In fact, 
there are boilers as large as the proposed Deerhaven Unit 3 that are 100 percent biomass 
fired. Approximately 600 tondday of biomass (at 5,657 Btu/lb) will need to be fued in 
Unit 3 to generate the equivalent of 30 Mw from biomass. The necessary receiving, 
storage, and feed equipment for this amount of biomass will have a capital cost on the 
order of $4.6 million dollars. No substantial impacts are expected on operation and 
maintenance of the plant, although the unit heat rate will be slightly increased (1.5 
percent). 

Recommended areas of particular focus for additional investigation include 
biomass resource availability, particularly in regards to cost, chemical and physical 
properties, delivery requirements, identification and perhaps preliminary negotiations 
with large fuel suppliers. The biomass systems should also be further integrated into the 
design for the new unit, including revised plant layouts, air quality system impacts, 
environmental permitting requirements, etc. GRU may also wish to explore the impacts 
of integrating a much larger biomass capability as part of its future plans for Unit 3. At 
present there do not appear to be technical or fuel supply reasons why Unit 3 could not 
accept up to 50 percent biomass. Although the economics of such a large commitment to 
biomass are uncertain, the incremental capital costs for installing a larger fuel handling 
system will be relatively modest. Further, GRU would not necessarily need to always 
fuel the boiler with 50 percent biomass; it would only need to use the amount that is 
economical given current market prices. The larger commitment to biomass would 
allow greater fuel arbitrage, long-term resource security, and the possibility of selling 
excess renewable energy credits or power to interested purchasers (such as in response to 
EA’S recent renewable energy solicitation). The economics of these benefits need to be 
balanced against the higher capital and fuel costs of the larger system. 
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4.0 REVIEW OF IGCC TECHNOLOGY AND DEVELOPMENT OF 
ECONOMIC PARAMETERS 

4.1 Technology Description 
A typical IGCC plant for power generation from coal is shown on Figure 4-1. 

Pulverized coal is fed into the gasifier at approximately 450 psia with oxygen from an air 
separating unit (ASU). The raw fuel gas exits the gasifier at about 2,400 "F and is cooled 
to 400 O F  in a syngas cooler. Steam produced in the syngas cooler is expanded in the 
steam turbine generator (STG). The cooled syngas is then scrubbed with water to remove 
dust, NH3, and hydrogen chloride. The syngas is cooled M e r  and then scrubbed with 
solvents to remove sulfur compounds. The clean syngas is then injected into the 
combustion chamber of the combustion turbine generator (CTG). The heat from the CTG 
exhaust gas is used to generate steam in the heat recoveIy steam generator (HRSG), 
which is then expanded through the STG. 

directly into the combined cycle application. Generally, the integration itself increases 
eficiency and lowers operating costs when compared to straight gasification and 
combined cycle generation, but the capital cost of IGCC is still high. 

this combination should be relatively easy. However, the economics of IGCC are much 
different h m  those of gasification. IGCC requires high thermal efficiency to compete in 
today's marketplace. This means that the simple quench processes used for chemical 
processing plants must be replaced by specially designed syngas coolers. These syngas 
coolers use the heat h m  the high temperature raw syngas to produce HP steam. 

IGCC systems incorporate the steam production from the gasification system 

IGCC is the combination of two well-proven technologies. It would seem that 

4.1.1 Gasification Overview 
Gasification technology is commercially available. It is a simple technology that 

has been used for over 100 years. Gasification typically entails the reaction of a 
feedstock, either a solid or liquid, with oxygen and steam to produce a syngas. The 
feedstock is converted into syngas with a high-temperature, high pressure process under 
reducing conditions -- less than 50 percent of the oxygen required for complete 
combustion is used in the process. 
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Figure 4-1. IGCC Basic Flow Diagram. 

High-temperature raw syngas is cooled and cleaned using technologies common 
to oil refining and natural gas purification. The cooler, clean syngas is then used in one 
or more of the following applications: 

• Syngas for power 

• Syngas for chemicals 

• Syngas for liquids fuels 

• Syngas for gaseous fuels 

Traditionally, syngas production has been an intermediate step in the production 
of chemicals such as NH3 to be used in the production of fertilizers. 

The US DOE has compiled a gasification database consisting of 329 projects. 
The projects date back to 1952 and also include projects under development that are 
scheduled to be completed by 2004. Of these projects, 161 are of commercial scale. Of 
the commercial scale projects, 128 are operating or under construction, with the 
remaining 33 projects in the active planning stages. If all of the syngas produced from 
the 161 commercial scale projects was converted to electricity through the IGCC process, 
roughly 32,300 MW would be produced. 

The Dakota Gasification Project is still the third largest gasification project in the 
world. The two largest projects are located in South Africa and are used to produce 
liquid fuels. 
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4.1.2 Gasification Processes 
There are at least 10 different commercially available gasification processes. 

These processes can be classified into three families based on the manner in which the 
fuel and oxidant flow through the gasifier: fluidized bed, entrained flow, and moving bed. 
Moving bed is frequently, although incorrectly, referred to as fixed bed. 

The three families of gasification are roughly analogous to conventional solid fuel 
steam generators. Fluidized bed gasifiers operate on the same principle as fluidized bed 
combustors; entrained flow gasifiers are comparable to PC steam generators, and moving 
bed gasifiers are similar to grate firing. All three families are suitable for solid fuels. 
Table 4-1 lists the characteristics of the generic types of gasifiers. 

Moving bed gasifiers accept only solid fuels. They were originally designed for 
coal but can handle other solid fuels such as wastes. Moving bed gasifiers are the oldest 
of the three families and have the most commercial scale installations. The two primary 
moving bed processes are Lurgi and BGL. 

The Lurgi dry ash process was developed in the 1930s. It is referred to as a dry 
ash process because the bed temperature is maintained below the fusion temperature, thus 
the ash -is removed as a solid. The Dakota Gasification plant employs a Lurgi dry ash 
process. The Lurgi dry ash process is also being used to gasify lignite in the Czech 
Republic. The products of the Czech Republic project, which became commercial in 
1996, are 350 M W  of electricity and steam. 

In the 1970s, British Gas Corporation (BG) and Lurgi developed a slagging 
moving bed gasifier that is referred to as the BGL gasifier. The fusion point of the ash is 
exceeded in the BGL. BGL gasifiers are being installed in several plants that use solid 
waste or a mixture of coal and sludge as the feedstock. 

Commercial scale fluidized bed gasifiers are rare today. They only accept solid 
fuels and are best suited to fairly reactive fuels such as biomass. An advantage of the 
fluidized bed gasifier is the ability to process a wide m g e  of solid fuels, including 
municipal solid waste (MSW). High ash coals are also best suited for the fluidized bed 
process. 
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Moving Bed, 
Dry Ash 

Moving Bed, 
Stagging 

Entrained 
Flow, Stagging 

Fluidized Bed, 
Dry Ash 

Fluidized Bed, 
Agglomerating 

Table 4-1 
Gasifier Characteristics 

I I I - 1  

Feed Coal Acceptability Preferred Gas Outlet Oxidant 
Size of Fines Coal Rank Temperature Requiremenl I Limited 1 Low I 750-930 (0.2 -2.0 in) 

Better Than I Ash 1 High I 750-930 (0.2 - 2.0 in) 

Unlimited High (< 0.01 in) 
I I I I 

Moderate I I Gwd 1 Low I 1,300- 1,800 Crushed 
i0.02 - 0.2 in) 

Moderate I 1,300- 1,800 Crushed BmerThan 
(0.02-0.2 in) 1 Dry Ash I Any 1 

Distinguishing 
Chsncteristia 

Hydrocarbon Liquids 
(Tars and Oils) in the 
Raw Gas 
Hydrocarbon Liquids 
(Tars and Oils) in the 
Raw Gas 
Large Amount of 
Heat Energy in the 
Hot Raw Gas 
Large Char Recycle 
Associated with FBC 
Operation 
Large Char Recycle 
Associated with FBC 
Ooeration 

Resident, 

Utilization of Fines 
and Hydrocarbon minutes 

Utilization of Fines IS-30 and Hydrocarbon minutes 

15-30 

Raw Gas Cooling I s : z s  1 5-50 Carbon Conversion seconds 

1 5 - S O  
seconds 

Carbon Conversion 

Rousaki, G. Couch, “Advanced Clean Coal Technologies and Low Value Coals,” E A  Coal Research, The Clean Coal Centn, Nov. 2000. 
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Republic using lignite as the feedstock. It has a projected commercial operation date of 
2003 and will produce 400 MW. It employs the High Temperature Winkler (HTW) 
fluidized bed gasification process. This HTW gasifier will be at the same location as the 
Lurgi dry ash gasifier discussed above. 

Exhibit RMS-3 

There is a fluidized bed gasification project under development 111 

4.2 Review of Coal Fuel Quality 
The fuel to be gasified by the new unit is Eastern bituminous coal with a higher 

heating value of 12,335 Btu per pound, as-received. Briefly, the as-received coal 
composition will be as shown below. A detailed analysis is shown in Table 4-2. 

Moisture 7.50 %wt as-received 
Ash 9.83 %wt as-received 
Sulfur 2.73 %wt as-received 

The coal will be delivered to the site by rail. Rapid bottom dump hopper car unloading 
will be provided. Coal storage will be equivalent to 40 days of plant operation at design 
capacity. No, 2 fuel oil will be delivered by railcar or truck. One 56,000 barrel capacity 
fuel oil storage tank will be provided. Natural gas will be supplied by pipeline. 

4.3 Conceptual Design 
The unit will be an integrated gasification combined cycle (IGCC) electric 

generating unit using the Texaco Coal Gasification Process. The nominal 250 Mw unit 
will be a single train consisting of one air separation unit (ASU), one Texaco coal 
gasifier, and a 1x1 combined cycle with a GE 7FA combustion turbine. The Texaco coal 
gasifier will be a quench type. 

The systems included in the plant will be as follows: 

Coal Receiving & Handling 
Gasification 
Acid Gas Removal 
Sulfur Recovery 
Air Separation Unit 
Combined Cycle 
Balance of Plant 
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Average 

4.2 
67.6 

2.73 
1.3 

6.79 
0.06 
9.83 
7.50 

12.335 

Table 4-2. High Sulfur Coal Analysis. 

Range 

4.07-4.33 
65.57-69.63 

2.3 1-3.15 
1.13-1.47 

0.05-0.07 
7.68-8.30 
5.85-9.15 

12.026-12.634 

Ultimate Coal Analysis 
Carbon 
Hydrogen (%) 

Nitrogen (%) 
Oxygen (YO) 
Chlorine (%) 
Ash (%) 
Moisture (%) 
Higher Heating Value, Bhdlb 

Silica (SiO2) 
Alumina (A1203) 
Fenic Oxide (F4O3) 
Titania (TiO2) 
Phosphate pentoxide (P205) 

Lime (CaO) 
Magnesia (MgO) 
Sodium Oxide (Na20) 
Potassium Oxide (KzO) 
Sulfur Trioxide (S03) 

Sulfur (%) 

hsh Analysis 

Undetermined 
rrace Analysis (dry coal basis) 

Arsenic, ug/g 
zinc, ug/g 
Vanadium, ug/g 
Mercury, udg 
Source: Multi-Pollutant Compl 

L 
46.43 
21.02 
21.60 
0.93 
0.48 
3.52 
0.76 

0.33-0.67 

2.1-61.0 
4.1-37.0 

27.1 4.6-71.0 
0.17 0.03-0.47 

ice Planning and Deerhaven Expans 

Reference 
Vista Model 
Vista Model 
Vista Model 
Vista Model 
Vista Model 
Vista Model 
Vista Model 
Vista Model 
Vista Model 

Vista Model 
Vista Model 
Vista Model 
Vista Model 
Vista Model 
Vista Model 
Vista Model 
Vista Model 
Vista Model 
Vista Model 
Vista Model 

Assumption 
Assumption 
Assumption 
Assummion 

n Comparison - 
Final Report. 

The unit will gasify coal delivered by rail. The raw syngas will be treated to - .  
remove particulate, ammonia, and sulfur prior to combustion. The clean syngas will be 
diluted with nitrogen and water vapor to enhance combustion turbine efficiency and 
control NOx to less than 17 ppmv (dry at 15% 02) in the flue gas. Flyash, slag, and 
sulfur will be saleable byproducts h m  gasification. Wastewater treatment solids will be 
disposed of off site in an environmentally acceptable manner. Plant cooling will be 
provided by a cooling tower. Plant water will be supplied from an offsite source to the 
site bouadary. 
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Estimated IGCC unit power ramp rates are: 

The initial ramp rates of 3.5% load change in 5 seconds and 5% load change in 30 

3.5% load change in 5 seconds 
5% load change in 30 seconds 
40% load change at 3% load change per minute 

seconds use the syngas stored in the gas path piping and equipment by pulling down the 
syngas supply pressure. 
The 3% load change per minute required to achieve a 40% load change is the gasifier 
ramp rate. 

4.3.2 Unit Startup Times 
A cold plant startup will take about one day to perform the following steps: 
1. 

2. 
3. 

4. Warmup of syngas treating 
5. 

6. 

7. 
8. 

A hot restart consisting of steps 5-8 above takes approximately 6 hours. 

The cold restart assumes the Air Separation Unit is already operating. Cool down 
of the Air Separation Unit takes an additional 24 hours. Typically the Air Separation 
Unit remains cold (-300 F in cold box) during IGCC Plant shutdowns. The Air 
Separation Unit cold box is warmed to ambient temperatures to melt accumulated solid 
C02 about every five years when a major overhaul is performed on the air compressor. 
This cold box wannup is called a derime. 

Start coal preparation and produce coal slurry 
Start the gasifier quench water circulation 
Heat up the gasifier refractory with the startup burner 

Start coal sluny and oxygen flow to the gasifier 
Start syngas flow through gas treating to flare 
Establish syngas conditions suitable for gas turbine fUing 

Transfer gas turbine to syngas f h g  from fuel oil 

4.4 Performance Estimates 
Performance, Availability, and Emissions estimates for the 250 MW IGCC Unit 

are presented in Table 4-3. Estimates are provided for a single gasifier and two gasifiers 
(one operating and one spare).Unit performance is based on a site elevation of 172 feet 
and an ambient temperature of 72 F. 
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Table 4-3. Texaco IGCC Performance, Availability, and Emissions Estimates. 

Performance 
Coal to Gasifiers, AR STPD 
Coal Feed Rate, MBtum 
WHV) 
Syngas to Gas Turbine(s), 
MBtdhrLHV 
Gas Turbine(s) Gross Power, 
h4w 
Steam Turbine Gross Power, 
MW 
Total Gross Power, MW 
Auxiliary Power 
Consumption & Losses, MW 
Net Power, MW 
IGCC Heat Rate, Coal Btu 
HHV/MW net 

IGCC First Year of 
Operation,% 
IGCC Second Year of 
Operation, % 
IGCC Third Year of 
Operation, % 
IGCC After Third Year of 
Operation, % 
CC with Backup Fuel, % 

C02, Ib/MBtu HHV of AR 
coal 
CO, Ib/MBtu HHV of AR 
Coal 
S02, Ib/MBtu HHV of AR 
Coal 
NOx, Ibh4Btu HHV of Ar 
coal 
Particulate, Ib/MBtu HHV of 
Ar Coal 
Byproduct Sulfur, LTPD 
Byproduct Slafllyash, 
STPD 

Lvailability 

hissions at 100% Load 

~~ 

Single Gasifier 

2,2 13 
2,275 

1,690 

197 

100 

297 
47 

250 
9,100 

30-70% 

40-80% 

5045% 

7545% 

90% 

242 

0.05 

0.014 

0.05 

0.013 

52 
218 

Two Gasifiers 

2,213 
2,275 

1,690 

197 

100 

297 
47 

250 
9,100 

40-70% 

60-80% 

70-85% 

90% 

90% 

242 

0.05 

0.014 

0.05 

0.013 

52 
218 
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Dilution of the syngas with a large volume of nitrogen and water vapor results in 
constant gas turbine power output over varying ambient temperature. Plant auxiliruy 
power consumption increases with ambient temperature (primarily ASU air compressor 
and cooling tower fan power). Therefore plant net power output decreases slightly with 
increasing ambient temperature. 

Commercial IGCC unit availability has been much less primarily during the first several 
years of operation. Experience gained from coal IGCC plants that have been operating 
since the mid-1990s will allow new IGCC plants to have higher availabilities. Long term 
IGCC unit forced outage rates are expected to range from 7 to 10%. The gas turbine(s) 
can operate on backup fuel when syngas is not available. The CC availability is expected 
to exceed 90%. A second, spare gasifier can increase IGCC unit availability above 90%. 

their 7FA gas turbines f h g  syngas with nitrogen dilution without SCR or CO oxidation 
catalyst in the HRSG. 

Long term IGCC unit availability is expected to reach 85% for one gasifier. 

The CO and NOx emissions estimates are based on current GE guarantees for 

25 ppmvd CO in the gas turbine exhaust gas 

25 ppmvd NOx (at 1 5 % ~  02) in gas turbine exhaust gas 

The SO2 emissions estimate is based on 25 ppm total molar concentration of 
sulfur as H2S and COS in the syngas to the gas turbine. Overall IGCC unit sulfur 
removal efficiency is 98%. 

4.5 Cost Estimates 

4.5.1 Capital Cost 
The project includes all site, plant, and other facilities required in connection with 

an electric generating unit, excluding the plant substation. The power termination point 
is at the high side of the step-up transformer. All site development, structures, 
equipment, auxiliaries and accessories, piping, raceway, wiring and controls, and other 
facilities required for the complete unit are included. 

The project cost was developed based on the following assumptions. 
Soil is suitable for spread footings with no pilings. 
Land purchase is not included. 
Site is level, no rock excavation required, no trees, no dewatering, no 
underground obstruction, and no fill requirements. Cut and fill balance is on 
site. 
No hazardous and/or contaminated material will be encountered on site and no 
removal or replacement of soil is required. 
Land right-of-way and permits are excluded. 
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No cooling tower plume abatement is included. 
Costs to comply with any local noise requirements are not included. 
Startup and construction utilities such as water, power, fuel, and compressed 
gases are not included. 
Unlimited access to the project site is available. 
Suitable storage facilitiedlaydown areas are available immediately adjacent to 
the plant site. 
Construction to be performed on open shop basis. 
Cost for wetlands or threatened and endangered species impact mitigation are 
not included. 
Roadways are included only for area local to site. (An access road to the site is 
not included.) 
No landscaping costs except overseeding have been included. 
Costs for a site geotechnical and subsurface report are not included. 
Demolition or removal of any existing utilities, structures, etc. has not been 
included. 
First fills of chemicals, gases, fuel, and water storage tanks are not included. 
Costs for makeup water provisions are not included. 
Water termination point will be at site boundary. 
Sanitary waste piping will connect to local sewer on site 
Number 2 fuel oil will be used for combustion turbine backup fuel. 
Natural gas will be used for supplemental combustion turbine fuel and for 
flare pilot fuel. 
No plant communication is included. 
Plant dispatching and any special communications are not included. 

Major facilities included are as follows. 

Onsite fencing, roads, and railroads. 
Construction facilities. 
Administrative offices, locker-shower-sanitaty facilities, laboratories, and 

Water management facilities including water supply and treatment, 

AirSeparationUnit 
Coal Preparation System 
Gasification System 

warehouse. 

wastewater collection and treatment, and chemical storage equipment. 
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Syngas Treatment System (Page 61 of 71) 
Combustion TurbineBteam Turbine and Generator. (indoors) 
Heat Recovery Steam generator. (outdoors) 
Air quality control equipment. (outdoors) 
Steam condensing equipment. 
Plant cooling equipment. (cooling tower) 
Service water supply and storage systems. 
Fire protection equipment. 
Coal unloading equipment (rapid bottom discharge bottom dump railcars), 
stackerheclaimer, and transport conveyor. 
40 days on-site coal storage. (10 days active) 
Flux additive handling facilities. 
On-site byproduct storage 

Control and electrical equipment for protection and operation of the 
On-site solid waste landfill provisions. 

generating unit. 

A capital cost estimate for the 250 MW IGCC Unit is presented in Table 4-4. 

The capital costs are for a typical EPC contract scope. Direct EPC Capital costs 

Equipment and materials 
Construction labor 
Capital spares 
Freight 
Commissioning 

include: 

Indirect EPC Capital costs include: 

Engineering 
Construction Management 
Insurance and Bonds for EPC Contractor 
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Table 4-4. Texaco IGCC Capital Cost Estimate. 

Purchase Contracts 
61 .OOOO Civil/Structural 
62.0000 Mechanical 
63.0000 Electrical 
64.0000 Control 
65.0000 Chemical 
66.0000 Gasification Systems 

Subtotal 
Constructlon Contracts 
71 .OOOO Civil/Structural/Construction 
72.0000 MechanicaVChernical Construction 
73.0000 Electrical / Control Construction 
78.0000 Service Contract & Construction lndirects 

Subtotal 
Indirect Costs 
99.1 100 
99.1200 

Engineering Costs (w/ G U )  
Construction Management ( w/ G U )  

99.1 300 Startup Spare Parts 
99.1400 
99.1500 Project Insurance 
99.2000 JV Costs 
99.2500 Allowance for Unknowns 

Construction Utilities (Power & Water) 

Subtotal 

Total Project Cost (Overnight basis, traditional 
contracting) 

99.2200 Escalation 
99.2300 Owner's Costs - 20% 

Single Gasifier 
$38.1 70,761 
$1 61,308,179 
$14,673,934 
$6,894,695 
$5,565,134 

$98,945,270 
$325,557,973 

$1,891,012 
$560,842 

$17,732,960 

$25,603,641 
$9,144,157 
$4,267,273 

$0 
$3,875,904 

$0 
$35,069,063 
577,960,038 

$426,213,200 

$0 
$85,242,640 

EPC costs include contingency for the EPC contractor. 
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Owner’s costs are excluded. Owner’s costs that are not included in the EPC costs are: 

Land 
Switchyard 
Transmission Line 
Sales Tax 
Permitting 
Utilities (electricity, fuel oil, propane, water) for construction, commissioning, 
and startup 

Plant operating staff during commissioning and startup. 
Coal 

Owner’s contingency 

4.5.2 Operation and Maintenance Cost 
Operating and maintenance cost estimates for the 250 MW IGCC Unit are presented in 
Table 4-5. 
The variable and total O&M costs in $/MWh are based on the respective capacity factors 
of 80% and 90% for one and two gasifiers and only net electricity produced from coal. 
The operating costs assume the sulfur, slag, and flyash will be sold at a price that breaks 
even with their handlig cost. The costs do not include the cost of coal, fuel oil, or 
natural gas. 
Scheduled maintenance will be performed annually and as needed. Each IGCC train will 
be shutdown for 2-3 weeks annually to perform the following maintenance: 

Combustion Turbine Generator: annual inspection, overhaul every 3 years 
Steam Turbine Generator: annual inspection, overhaul every six years 
Gasifier Feed Injector: replacement every 3-4 months, burners are refurbished 
Gasifier: annual inspection and refractory repair, hot face refractory 
replacement every 3 years, complete refractory replacement every 6 years 
Coal Mill: annual inspection, overhaul every 3 years 
Solids (CoaYSlag/Ash) Valves: annual inspection and refurbishment 
Coal Sluny Pumps: annual inspection and refurbishment 
Syngas Cooler: annual inspection, repair as needed 
Coal and Slag Conveyors: annual inspection, refurbish as needed 
Syngas Piping: annual inspection, replace or repair as needed 
Air Separation Unit: Cold Box InspectiodDeriming every 3 years 
Air Separation Unit Compressor: annual inspection, overhaul every 6 years 
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Table 4-5. Texaco IGCC O&M Cost Estimate. -4 

Two Gasifiers 

250 
Table Header 

Net Plant Capacity, MW 

m -  m z  
3 P  
2 0  m a  = 5 2  
Dvl =- 
$!i 

Long Term Plant Capacity Factor, % 
Plant staff 
Plant Staff Expense, $ milliodyear 
Fixed Operating Cost, $ milliodyear 
Fixed Operating Cost, $kW-yr 
Variable Operating Cost, $ milliodyear 
Variable Operating Cost, $/MWh 
Total O&M Cost, $ milliodyear 
Total O&M Cost. $MWh 

Single Gasifier 

250 
80 
120 
9.7 
11.7 

46.80 
1 1  
6.3 

22.7 
12.96 

46.80 

24.1 
12.23 

4.5.3 Startup Costs 
Owner's costs for initial plant startup include: 

Staff during construction, commissioning, and startup 
Utilities during construction, commissioning, and startup 
Coal, fuel oil, and natural gas during commissioning and startup 
Initial warehouse inventory excluding capital spares 
Out-of-scope plant modifications required to make the plant work 

The owner's cost for initial plant startup is estimated to be $43 million fc 
single gasifier, 250 Mw IGCC unit, 10% of the EPC capital cost: 

the 

These costs assume the electricity sold during initial plant startup will cover the 
cost of coal, fuel oil, and natural gas. Fuel oil will be used as the gas turbine backup fuel. 
Natural gas is used for the gasifier startup burners, for flare pilot fuel, and for 
supplemental gas turbine fuel. 

gasifier train will consume approximately 3,000 MBtu HHV of coal and 40,000 M Btu 
HHV of fuel oil for the gas turbine. During this one day cold startup, the net electricity to 
the grid will be approximately 3300 MWh. 

A cold plant startup will take about one day. During a cold plant startup a single 

137196 - 03/04/04 4-14 Black 8 Veatch 



Gainesville Regional Utilities 
Deerhaven - Supplementary Study of Generating Alternatives 5.0 Cost of One Year Delay 

Docket No. 090451-El 
B&V Deerhaven Alternatives 
Exhibit RMS-3 
(Pa e65of71 

5.0 COST OF DELAYING DEERHAVEN UNIT 3 B% ONE Y ~ A R  

5.1 Estimate of Capital Cost Impact of Delaying the Start and 
Completion of Deerhaven Unit 3 by One Year 

5.1.1 Study objective 
The objective of this study is to estimate the order of magnitude of the increase in 

Total Capital Requirement to delay the schedule for the add-on Circulating Fluidized Bed 
(CFB) unit at the Deerhaven Station, Unit 3. The start and completion dates were 
assumed to be delayed one year with the commercial operation date being delayed from 
2010 to 201 1. 

5.1.2 Annual Escalation Rates 
Estimating the escalation rates for cost components of a coal fired power station 

over the next six (6) to seven (7) years is difficult due to numerous uncertainties such as 
labor costs and productivity, equipment and materials costs, fuel costs, inflation rate, 
general performance of the economy, impact of competing projects for common 
resources (equipment, labor, fmancing, etc.). 

To illustrate the uncertainty of hture cost increases due to escalation rates, B&V 
estimated low, expected and high weighted-average composite annual escalation rates. 
The results of the estimate are as follows: 

Low composite escalation rate - 2.1% 
Expected composite escaiation rate - 2.7% 
High composite escalation rate - 3.7% 

Senior level personnel experienced in coal plant costs, including estimating, 
engineering and proposal personnel, were consulted in developing this estimate. 

A recent definitive cost estimate prepared by another very reputable engineering 
company for a similar coal project included an escalation amount based on an estimated 
annual composite escalation rate of about 2.5 percent per year. This compares very well 
with the results of this study. 

These escalation rates were used to estimate the increase in the total capital 
requirements for Deerhaven Unit 3. Table A-1 in the Appendix shows the methodology 
used to estimate the composite, weighted-average annual escalation rates. 
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5.1.3 Capital Cost Estimate Analysis 
This study is based on an overnight total project cost estimate of $3SO,lOO,OOO for 

the 220 MW CFB add-on unit at the Deerhaven Station in June 2003 dollars. This is a 
conceptual level cost estimate developed for the purposes of comparing alternative plant 
configurations in a screening study. The scope of this cost estimate includes the physical 
power plant and is exclusive of Owner’s costs. 

Owner’s costs includes allocations for Owner’s reserve, project development cost, 
physical plant infrastructure outside the scope of the main plant, interest during 
construction, financing costs, operational spare parts, etc. Based on in-house proprietary 
data on similar projects, the magnitude of Owner’s costs can be in the range of 35 to 40 
percent of the total project cost. For this study, the estimate of Owner’s costs resulted in 
an adder of about 37 percent which is in the expected range of values. Refer to Table A- 
2 in the Appendix for a listing of possible Owner’s costs. 

The increase in capital cost associated with a one year delay in the project was 
estimated by calculating the total capital requirement for the project for a 2010 COD and 
a 201 1 COD. The cost impact of a one year delay is the difference between these two 
values. 

This calculation was performed for the three cases of composite annual escalation 
rates to illustrate the range of cost increase for a one year delay in project schedule 

The results of the estimate indicate that the cost increase can range from $11.3 
million to $21.7 million with an expected cost increase of about $15 million. 

Escalation Rate Case Capital Cost increase 

Low composite escalation rate $1 1,3 12,000 
Expected composite escalation rate $1 5,02 1,000 
High composite escalation rate $21,670,000 

The Table A-2 shows the methodology used to estimate the order of magnitude of 
the cost increase for a one year delay for the three escalation scenarios. This 
methodology uses simplifying assumptions that are based on actual project costs. The 
purpose of this calculation is to estimate the incremental cost increase due to project 
delay. It is not intended to estimate the project specific total capital requirement of the 
project. Other factors can impact the total capital requirement such as project specific 
development costs, fmancing costs, Interest during construction, labor productivity, etc. 
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5.2 Expected Trend in the Replacement Power Cost During the 
One Year Delay Period 

5.2.1 Introduction 
If a one-year delay in the construction of Gainesville Regional Utility’s (GRU’s) 

new Circulating Fluidized Bed (CFB) unit at the Deerhaven Station results in GRU’s 
need to purchase power from the wholesale market, the following paragraphs describe the 
potential cost of replacement power from that market. While replacement power may at 
times come from other GRU generators when the load is sufficiently low or from other 
utilities on a bilateral contract basis; if replacement power is purchased on the spot 
market, the cost of that power is estimated below. Moreover, in 2004, seven years in 
advance of 201 1, the basis for projecting both the spot and the contract price for 
electricity in 201 1 are very similar. The following estimated prices are based on data and 
forecasts from the sources listed at the end of this task which may change with future 
updates. 

5.2.2 Factors Influencing the Future Market Price of Electricity 

function of the following factors: 
The spot market price for electricity in the State of Florida in 201 1 will be a 

State-wide load growth 
The mix of generating technologies in the State at the time (Steam, 
combustion turbine, combined cycle, diesel, etc.) and their efficiencies 
The fuel mix at the time 
The then current regulatory structure in the State (the existence of Retail 
Access or the continued operation of regulated monopolies). 

Continued healthy load growth in Florida offers an opportunity for a discemable 
change in the mix of fuel and efficiencies of generators “on the margin” by the year 201 1. 
Spot market energy prices are determined by the variable operating cost of the last unit 
dispatched to meet the last increment of load in the market each hour. In regions with 
little or no load growth, market prices change only with changes in fuel prices, not as the 
result of changes in the fuel mix or changes in the efficiencies of generators associated 
with new generators being added to meet regional growth. Given Florida’s healthy 
projected load growth, a significant amount of new generating capacity is planned and 
will impact the 201 1 spot market in Florida. 

based on the current mix and their decisions to retire units and add specific generators as 
described in their Ten Year Site Plans. 

must compensate the seller of power for the fixed cost of capacity. Under conditions of 

Florida’s utilities determine the future fuel and technology mix in the market 

The regulatory structure will determine whether or not wholesale market prices 
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retail access where no power plant developer is assured of a market and a regulated 
return, the wholesale market prices must, over the long-run, be sufficient to cover the 
developers’ cost to develop the plant and to provide a reasonable return. Without such 
inducements, investment to meet load growth will eventually dry up. 

On the other hand, with continued franchise service areas, generating companies 
are reasonably assured of a return on their investment firom their retail customers so they 
are willing to sell available excess capacity at prices just above their marginal costs. 
Market prices under such regulatory conditions tend to exclude capacity compensation. 
At this point it is impossible to predict for sure what kind of regulatory structure may be 
in place in Florida by 201 1. 

Exhibit RMS-3 

5.2.3 Key Factor Projections 

the State utilities, amounts to an average of 2.5 percent per year between 2003 and 201 1. 
Actual load growth may be higher given the historical tendency of the State utilities to 
under-forecast load. Current plans by State utilities to meet forecast growth call for the 
following additions to the existing generating mix: 

Projected load growth in Florida, based on the compiled Ten Year Site Plans of 

0 

0 

11.5 GW of new combined cycle capacity 
3 GW of repowerings or capacity additions at existing combined cycle sites 
4.8 GW of new simple cycle combustion turbine capacity 
0.3 GW of new coal capacity 

In addition, the following capacity reductions are called for in State utility plans 

Figures 5-1. and 5-2. illustrate the current mix of generating capacity in the 

1.1 GW of coal capacity retirements 
1 GW of f m  contract reductions 

Florida market by technology along with the resulting mix in 201 1 after the changes 
described above. 
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Figure 5-1. 2003 Florida Capacity Mix Figure 5-2. 2011 Florida Capacity Mix 

Implicit in the technology mix trend above is an increase in the percentage of 
State generating capacity that is dependent upon oil or natural gas. Approximately 65 
percent of the State's capacity was oil or gas fuelled in 2003 increasing to 76 percent by 
2011. 

The average price of natural gas delivered to electric utilities in Florida in 2003 
was $5.70IMBtu. A typical price of coal delivered to Florida utilities in 2003 was 
$1.811MBtu. While several Florida utilities expect a correction in gas prices and a 
decrease in even the nominal delivered price of gas by 2011, a few utilities expect the 
price to climb even higher from 2003 levels. Expectations regarding the future direction 
of coal prices are far more consistent among the utilities; however, coal prices are no 
longer relevant to the spot price of electricity in 2011 because without additional coal 
capacity additions coal will cease to be "on the margin" any hours by 2011. A check of 
the long-term forecast of natural gas prices in the US Department of Energy's 2004 
Annual Energy Outlook appears to imply relatively level natural gas prices in nominal 
terms between 2003 and 2011 (meaning the price declines in real terms). The DOE price 
trend of zero nominal escalation in gas prices from 2003 through 2011 was used as the 
basis for the following forecast of spot market electric prices. 

5.2.4 	Market Price Forecast 
The forecast of 20 11 spot market electric prices in Florida was initiated with a 

benchmark forecast of 2003 prices. Given the 2003 technology mix and State-wide 
loads, it was apparent that in 2003 coal steam units were on the margin approximately 17 
percent of the time, combined cycle units were on the margin approximately 63 percent 
of the time, oil/gas steam units were on the margin 18 percent of the time and simple 
cycle combustion turbines and diesels were on the margin approximately 2 percent of the 
time. Based on typical operating heat rates and variable non-fuel O&M costs for each of 
these technologies and the fuel prices cited above, an average annual market energy price 
of $441MWh was produced. Such a price is very consistent with short-term market 
forecasts posted by the electric market modeling company, HESI, and are consistent with 
earlier detailed Black & Veatch market forecasts after adjustment for the actual 2003 
increase in natural gas prices. 
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Applying the 201 1 capacity mix to the forecast loads for 201 1, yields a forecast of 
86 percent of the hours when combined cycle capacity will then be on the margin, 1 1 
percent of the time when oiVgas steam capacity will be on the margin and 3 percent of 
the time when simple cycle combustion turbine and diesels are on the margin. The 
resultant annual average spot market price for electricity when projected gas prices are 
applied is $47/MWh in 201 1. The forecast hourly price will vary throughout the year as 
a function of variations in the delivered price of natural gas while combined cycle units 
are the market makers and they will easily reach as high as $120/MWh when simple 
cycle combustion turbines with high start-up costs are started to meet short-lived spikes 
in the demand for power. 

Because the average annual spot price of $47/MWh is based on the marginal 
operating costs of the last units dispatched to meet load each hour, it does not include a 
capacity component which may be included in the market price if either the Florida 
utilities are not required to maintain a required reserve margin by 201 1 or if retail access 
eliminates the assurance of regulated returns. In either case, an equilibrium market price 
that will sustain investment in new generating capacity to meet growth must also include 
the marginal cost of capacity based on the cost of constructing new simple cycle 
combustion turbines. By 201 1, the amortized cost of that capacity is estimated to be 
approximately $70ikW-yr or $8/MWh on an average annual basis bringing the total 
average annual 201 1 market price to $55/MWh. 

demand seasons rather than being charged equally each hour during the year. Prices 
during those periods are generally far higher than the marginal-cost-based prices 
discussed previously. In addition, should 201 1 be a year of capacity deficiency in the 
market as were the years 1998-2001, market prices could rise many times higher than any 
of the equilibrium prices described above. 

For the most part, capacity prices are extracted during peak hours during peak 

Data Sources 
US Department of Energy, 2004 Annual Energy Outlook, January, 2004. 
FRCC 2003 Regional Load & Resource Plan, July 2003 
A Review of Florida Electric Utility 2003 Ten-year Site Plans, FPSC, December 2003 
December 2003 Natural Gas Monthly, Energy Information Administration 
http://www.hesinet.com!html/marketwatch.html 
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EXECUTIVE SUMMARY 
CITY OF GAINESVILLE ELECTRICITY SUPPLY NEEDS 

INTRODUCTION 

This Executive Summary is organized into eight sections. The first section discusses 
the four options examined and the sensitivity analysis approach used to examine 
selected economic uncertainties. Note, by contract, ICF was limited to examining “up 
to” four options which had to be specified before the completion of the DSM and other 
analyses to meet the timeline established by the City of Gainesville. 

The second section discusses qualitative risks associated with the four options. The 
third section discusses scaling the size of the supply options and adjusting them for 
greater biomass use. The fourth section discusses the ‘maximum” DSM option, 
especially the amount of MW and MWh savings over time. The fifth section discusses 
the impacts of the four options on GRUs electric revenue requirements which 
determine average electric rates. The sixth section discusses emission and health 
impacts including CO2 emissions. The seventh section discusses socio-economic and 
job impacts. 

The eighth section presents a summary of ICF conclusions which the reader may want 
to read first. ICF does not identify a best option since value judgments regarding trade- 
offs are required. Rather, ICF provides the information for the City of Gainesville to 
support their decision. 

FOUR OPTIONS AND SENSITIVITY ANALYSIS 

After consultation with the City with respect to which options to analyze, ICF examined 
the following four resource options: (1) the construction by 2011’ of a 220 MW 
Circulating Fluidized Bed Combustion plant (CFB) capable of using coal, petroleum 
coke and up to 30 MW of biomass without major degradation of plant performance’; (2) 
the construction of a 220 MW Integrated Gasification Combined Cycle (IGCC) with 
similar t ie l  and on-line date characteristics; (3) a 75 MW biomass only plant also on-line 
by 201 1 with ‘maximum” Demand Side Management (DSM), where “maximum” DSM is 
defined as the economic choice among 19 programs under the most adverse supply 
side circumstances - i.e., high natural gas prices and high CO’ allowance prices; and 
(4) Maximum DSM where DSM programs are implemented in 2006. 

‘ The analysis assumes the supply options m e  on-line by 201 1, but in fact, there is a chance even with 
a clear near-term decision the supply options may only be on-line by 2012. Thus, in some cases. 
revenue requirements are reported as of 2012, e.g., 2012 to 2025 instead of 2011 to 2025. 

Solid fuel options are allowed to increase biomass use in the modeling but at the wst of a large capacity 
derate and higher heat rates, i.e., lower thermal efficiency. See Chapter Four. 
YAGTP3113 1 
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This analysis explicitly examined for each of the options, a base case plus 35 additional 
future scenarios which results in 144 combinations of scenarios and options (4x36). 
The analysis in each case was conducted for 20 years starting in 2006 resulting in 
2,880 years of data (20x144). The goal of this sensitivity analysis was to explicitly 
examine selected economic uncertainties. ICF also supplemented these cases with 
several other sensitivities "off" the Base case where we found the Base case also 
reflected well the average across the 36 cases. 

Most scenarios represent future economic conditions that will differ from historic 
conditions in that: 

CO? Emission Regulations - Currently, C02 emissions are not regulated 
in Florida or on a federal basis. In contrast, two thirds of the scenarios 
examined assume C02 emission regulations will be in place after 2010 
based on ICF's expectation that such regulations are likely3. 

Slower Electricity Demand Growth Before DSM - Electricity demand 
growth before DSM is forecast to be less than historical levels for both 
GRU and Florida. For example, the Base Case forecast growth rate is 2.1 
percent per year, and is two thirds the ten year rolling average growth rate 
between 1985 and 2005. A high case is also examined, but this case also 
assumes a slowing in demand growth before DSM. 

Higher Natural Gas Prices - In 2005, annual average Henry Hub, 
Louisiana natural gas prices were $8.37/MMBtu which was an all time 
record high price. The Base Case delivered natural gas price is 
$G.lO/MMBtu in 2003$. In comparison, however, the ten year 1995 - 2004 
average price was $4.21/MMBtu (2003$). This forecast of long term high 
natural gas prices is expected to strongly affect decisions across the 
power grid. The higher real natural gas prices will compound the effect of 
general inflation to the extent GRU ratepayers are sensitive to both real 
and nominal effects. For example, general inflation alone would cause 
gas prices to double over the study horizon from the long term average. 
Also, the year to year volatility would likely increase as base prices 
increase. Lastly, GRU consumers also consume natural gas directly 
increasing the effect of high natural gas prices. 

Solid Fuel Choice and Prices - GRU is assumed to have much greater 
flexibility in its solid fuel choices for any new plant compared to what 
Deerhaven 2 has had historically. Delivered coallsolid fuel prices are 
forecast to be at or below recent levels, favoring solid fuel options all else 
equal. This low to steady price is reinforced by: (1) the use of low cost 
petroleum coke at approximately 45 percent of the total fuel input, (2) 
increased fuel flexibility due to flue gas desulfurization and use of newer 

e 

e 

This can be thought of as a two-thirds chance C@ regulations will be in place since each of the 36 
cases is treated as equally likely. 
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combustion technologies, and (3) the availability of biomass combined 
with the ability to use it. The study did not fully examine an all petroleum 
coke option and this could further lower solid fuel prices since petroleum 
coke is the fuel option with the lowest delivered price. This option was not 
examined since it might not be technically feasible and/or petroleum coke 
supply may not be sufficiently available to achieve these high levels. 

Financing Costs - ICF examined only one financing scenario with very 
low financing costs for GRU compared to most U.S. utilities. This reflects 
current conditions at GRU which does not pay income tax and can issue 
tax free bonds for options to primarily meet its own needs. While this is 
not a change, the generation options considered here have a much higher 
capital investment cost on a 5/kW basis than the last round of new power 
plant capacity ordered by GRU. Thus, the financing advantages are more 
significant. 

If one takes a different view of likely economic and regulatory uncertainties, the results 
of this analysis can differ. For example, if one believes natural gas prices will return to 
or be closer to historical levels, solid fuel options can be less attractive. 

QUALITATIVE RISKS 

Some of the options examined represent in some cases significant changes for GRU 
and/or involve difficult to quantify risks for the City of Gainesville (see Exhibit ES-1): 

DSM - The DSM program examined here involves levels of expenditures, 
expertise, and performance that the most advanced municipal utilities 
(e.g., Austin, Texas) have taken roughly 10 years to achieve. The City of 
Gainesville is not at these levels at this time, and failure to achieve these 
reductions can lead to faster than expected load growth (net of DSM) and 
greater reliance on purchase power and/or "last minute" peaking units. 
Thus, special attention is directed to ICF's forecast of purchase power 
prices. 

Local Biomass - The local biomass option has not been fully explored by 
GRU since none of its current generation capacity can use biomass. 
There are significant economic and technical uncertainties regarding 
biomass transportation, delivered cost, fuel variability and quality, plant 
reliability, and the potential for COz regulations to enhance the relative 
economics of this option which is considered a zero COZ emission option. 

IGCC - IGCC is a very advanced generation technology with significant 
perceived risks even when using conventional fossil fuels (e.g., coal and 
petroleum coke). There are also additional perceived risks related to the 
use of high levels of biomass. There are also significant issues with 
respect to actual capital costs afler factoring in these risks. ICF's extra 
contingencies for these risks are described in Chapter 4 as are alternative 

0 
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Potential Economic Risks - 
Modeled 

Low Gas Prices, High COz 
Low Gas Prices, High C02 
Delivered Costs, Low C& 

High Purchase Power Costs and 
Volatility 

Option 

CFB 
IGCC 

Biomass 

Maximum DSM 

Qualitative Rlsks 

Capital Costs and Operations 
Oparations 

Implementation 

Accordingly, ICF recommends that the City factor into its decision making these 
qualitative risk issues. 

SCALING AND BIOMASS DESIGN ISSUES 

While ICF did not examine the effects of changing the size of the options, it did analyze 
the capital cost effects of scaling the options. ICF found the CFB to be much more 
scalable than the IGCC or NGCC (Natural Gas Combined Cycle) in terms of decreasing 
the size. For example, decreasing the CFB option from 220 MW to 75 MW increases 
the per kilowatt capital cost by 8 percent, but increases the IGCC cost by 57 percent 
(see Exhibit ES-2). Thus, while CFB may be scalable, IGCC is much less scalable. 

The costs of allowing for 100 percent biomass use in a CFB are shown. A 220 MW 
CFB capable of burning 100 percent biomass costs 7 percent more than a CFB which 
experiences major capacity derates as the biomass share increases from 15 percent to 
100 percent. The modeling does not allow for this redesign option, but allows the plant 
to use 100 percent biomass with derates if economic on a discounted cash flow basis. 
Conversely, if the 75 MW biomass plant is modified in a relatively low cost manner, it 
could use coal and petroleum coke and achieve higher capacity than 75 MW. 

JCF assumes a spare gasifier but not a dedicated biomass gasifier. I 
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Exhlbit ES-2 
Selected Power Statlon Technologies (2003$/kW) - GRU' I 

respedively. 
'GF = Greenfield 
%F = Brownfield 

MAXIMUM DSM OPTION 

The Maximum DSM option had lower costs than the generation options examined. The 
average DSM cost was approximately $23/MWh in real 2003 dollars. In contrast, 
generation options were typically $40/MWh to $55MWh. The costs of DSM were 
primarily payments to encourage end users to use more electricity efficient equipment 
or building stock than they otherwise would. Since these programs generally 
concentrate on replacement of existing equipment as they gradually age, and the 
programs require development lead time, they ramp up gradually over time. 

By 2025, DSM had decreased reserve requirements by 88 MW or about eleven percent 
(see Exhibit ES-3)5. DSM did not delay the need for new capacity resources beyond 
2011 since the effects were concentrated at the end of the horizon, but DSM did 
decrease the amount of capacity needed in all years (see Exhibits ES-4 and ES-5). 

' In the Hioh Demand Case. 2025 reserve reauirements are 913 MW versus 798 MW in the Base Case. 
Thus, 88 hiiW would be 10 percent in this case; unless more savings were achieved. 
YAGTP3113 5 
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Exhibit ES-4 
Maximum DSM Effects on GRU Supply and Demand &lance - Base Case 
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Msximum DSM Effects on GRU Suppfy sndbmond Ik nce - Hfgh Demand Case 

Total generation requirements in MWh decreased on an average approximately 0.13 
BkWh per year (see Exhibit ESS). In comparison, a 220 MW baseload plant produces 
1.6 EkWh and on average GRU’s current electrical energy needs are 2.7 BkWh. Thus, 
on an energy basis savings are on average 5 percent of GRU requirements. 
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Exhlbit ES-6 
Maximum DSM 

I I I I Annual I 

None of the four options meet the long-term reserve capacity needs of GRU through 
2025, though under the CFB and IGCC options, new capacity is not needed until 
approximately ten years after the plants came on-line. GRU is assumed to make up the 
difference with the construction of simple cycle combustion turbines (see Exhibit ES-7). 
These plants are suited for peaking needs, have relatively quick construction and 
permitting lead times, and very low capital investment costs'. The ability to import 
capacity counting towards reserve requirements is assumed to be limited as discussed 
elsewhere in the report7, and hence, incremental needs are met through combustion 
turbines. The largest combustion turbine construction requirement is in the Maximum 
DSM case at 249 MW. This is because this option provides the least local generation 
capacity among the four. Lastly, more capacity is required for the two large solid fuel 
options than the DSM options since at the end of the horizon when CO2 allowance costs 
are the highest they choose based on economic considerations to use more biomass 
than 30 MW and accept a capacity derate and lower thermal efficiency. 

However, they have high variable costs. ' Electtical energy impact po tentiai, however, is very substantial. 
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Exhibit ES-7 

While potential capacity imports and exports for super peak summer supply is assumed 
to be very limited (i.e., MW for reserve margin), the electrical energy import and export 
consequences (Le., MWh) of the four options are very different. For example, in 2012, 
under the CFB option, exports are 701,000 MWh versus under Maximum DSM imports 
are 748,000 MWh, a difference of 1,449,000 MWh (see Exhibit ES-8). This difference 
equals approximately two-thirds of GRU’s total 2006 energy requirements, and hence, 
is a very large amount. Also, since it occurs early in the study horizon, it has a larger 
effect on the NPV. This significant difference in net imports decreases over time and by 
2025 the difference is 820,000 MWh and GRU imports under all options. This 
difference narrows as DSM ramps up and demand growth catches up with the solid fuel 
additions. The large imports expose GRU to the risks of high costs due to high natural 
gas and wholesale power prices, while the large exports expose GRU to low revenues 
and/or avoided costs due to low natural gas prices, and hence, low wholesale power 
prices. 

c- YAGTP3113 9 



Over the 20 year period, under Maximum DSM, 27 percent of total GRU needs are met 
via imports (see Exhibit ES-9). Under Biomass Maximum DSM, this amount falls in half. 
Under the IGCC and CFB options on average GRU exports 4 to 6 percent of total 
supply. 

Exhlblt ES-9 
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GRU REVENUE REQUIREMENTS 

Revenue requirements are important since average rates are proportional to revenue 
requirementsa. Revenue requirements equal the costs to GRU including surpluses 
provided to the City. ICF includes two components of revenue requirements (see 
Exhibit ES-IO): 

Cash Going Forward Production Related Costs - Cash going forward 
production costs include fuel, allowance costs, variable and fixed non-fuel 
OBM, incremental capital costs, allowance allocation, import costs and 
export revenues. These are the part of total GRU revenue requirements 
that vary between cases. Since additional revenue requirements exist, 
this measure understates the percent change in total revenue 
requirements. 

0 Other Electric Revenue Requirements - Other electric revenue 
requirements include transmission, distribution, G&A and other electric 
costs, many of which are assumed constant, regardless of the resource 
choice. These costs account for roughly a third of the total electric 
revenue requirements. These requirements assume that the funds 
provided by GRU to the City of Gainesville are constant across cases. 

Total Electric - This adds the above two components together. 

Reporting Perlods 

ICF analyzed the 20 year period 2006 - 2025’. However, two other periods are also 
reported: 

2012 - 2025 - This is the period when the options become available”, 
and hence, the period that the City can most affect by its decisions today. 
Not only are the generation options assumed to have a long lead time 
coming on-line only by 2012, but most DSM savings also occur after 2012 
and thereafter. 2006 - 201 1 should not be affected in a significant way by 
Commission decisions among the resource options. 

2012 - 2020 - One might imagine that by 2015, the City could make a 
new decision that would be on-line by 2021. In this scenario, the City 
would have ten years to gather more information induding three during 
which it could gauge which the effects of the resources coming on-line in 
201 1. Furthermore, the post-2020 period is especially uncertain. 

GRU is estimating rate impacts. 
A longer period can be analyzed by extrapolating from the last years of analyses, e.g.. 2026 - 2030 can 

based on 2020 - 2025. Furthenore, capital cost recovery was assumed extended by 2025. 
Even though the modeling has supply options on-line by 201 1, it is questionable whether this could in 

0 

fact be achieved. n u s ,  2012 may be a more conservatiw~wri~d for reporting purpose S. 
YAGTP3113 11 
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‘Includes transmission and distribution expenses, G&A. general fund transfer, system and load dispatch expenses, 
nudear decommissioning and fuel disposal casts. deb! senrice, and capital expendttures. 
%OZ, NO. and Hg allocations are not included. Therefore, revenue requirements may be understated. However, this 
will not affect the results. 

Revenue Requirements - Expected Values 

All four options have expected NPV (Net Present Value) revenue requirements within 
approximately five to seven percent of each other with IGCC having the lowest cost and 
the other three options very tightly bunched together. In order to achieve the potential 
IGCC savings, Gainesville would have to accept the perceived risks of the IGCC option. 
Key aspects of the results vis-a-vis revenue requirements include: 

e IGCC has the lowest costs on a NPV basis among the four options by 6 to 
7 percent over the 2006 to 2025 period in the Base Case (see ES-11). 
The results are very similar whether one relies on the single Base Case or 
the simple average of the 36 cases (see ES-12)”. The IGCC has lower 
emission allowance costs for COz, NOx, SO2. Hg, lower capital costs, and 

In otherwords, the base is a good estimate of the mean of the distribution. 

E F  YAGTP3113 12 
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lower fuel costs due to higher thermal efficiency. This advantage is not 
huge but persistent across cases. In dollar terms, the NPV of revenue 
requirements of the IGCC are $163 to $204 million lower than the 
alternatives. 

NPV 2006 - 2025' Option 
2935 IGCC 

CFB 3,099 
Biomass Maximum 3,107 

DSM 
Maximum DSM 3,139 

- 

. 

Incremental NPV X Incremental NPV - - 
+6 +164 

+172 +6 

+7 +204 

Option NW 2008 - 2025' Incremental NPV - IGCC 3,055 
CFB 3,218 +163 

Maximum DSM 3.236 +181 

3,247 +192 Biomass Maximum 
DSM 

8 ICF also examined a sensitivity case in which the IGCC capital costs for 
GRU and the rest of the grid were increased. This case is otherwise 
comparable to the single Base Case. In the case of GRU, the costs were 
increased by $534/kW in real 2003 dollars or about 25 percent. This 
reflects the higher end of available IGCC capital cost estimates. This 
raised the NPV of the IGCC option, but only by two percent and IGCC was 
still preferred in terms of having the lowest NPV of revenue requirements 
(see Exhibit ES-13). The impacts of higher IGCC capital costs were 
muted by GRU's very low financing costs. If there are operational 
problems, especially for biomass, or financing problems not mitigated by 
federal loan guarantees, the cost increases could be larger. 

Exhibit ES-I3 
IGCC Senaltlvity - NPV Revenue Requlrements - 2006 - 2025 (Nominal MMf) 

case I NPV 
Base Case 2,935 
High IGCC Capital Cost - +$534/kW over Base Case I 2,981 (+46) 

X Incremental NPV 

+5 
+6 
+6 

- 

Very large amounts of coal-fired IGCC generation capacity is also built 
grid-wide (see Exhibit ES-14), especially when utilities expect COZ 
controls. This refiects economic decision making in the modeling. In the 
Base Case, 38,000 MW of IGCC are forecast to be built nearly equal to 

c- YAGTP3113 13 
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current FRCC (Florida Regional Coordination Council) peak demand. 
Thus, even if GRU does not build a coal plant, it may be able to benefit 
from IGCC by buying solid fuel (primarily coal) power in the wholesale 
power spot market. If the market place is not as forthcoming as forecast 
in terms of new coal generation additions, the costs could increase for the 
options which most increase reliance on power purchases from other 
wholesale suppliers. 

YAGTP3113 14 
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The other three options, CFB, Maximum DSM and biomass, Maximum 
DSM had similar costs which were within one percent of each other over 
the 2008 to 2025 period on a Net Present Value basis (NPV) 

CFB has higher costs than IGCC but is the most proven solid fuel 
technology examined. Again, there is the trade off between risk and 
potential IGCC savings. 

The Maximum DSM option has a reasonable expected net present value 
of revenue requirements. This reflects two factors. First, DSM is very 
cost effective if it can be achieved. DSM costs are approximately 
$23/MWh versus approximately $40-$55/MWh for the generation options. 
In fact, DSM is so cost effective most of the options would be picked under 
Base Case conditions and can be an economic component of a combined 
supply and demand strategy. Second, Maximum DSM requires that the 
remaining large need for power be obtained via a combination of purchase 
and local peaking units. Maximum DSM also exposes GRU to greater 
reliance on purchase power costs and the risks of less than effective 
implementation of DSM. These effects are muted on an expected basis 
since GRU is able to purchase coal power from other utilities in many 
hours since the modeling shows a strong reversal of recent Florida trends 
from all gas to all coal construction. If coal power plant construction is 
less than forecast, e.g., there is a mixture of coal and gas or gas continues 
to predominate, the Maximum DSM option can be more costly. 

The Biomass with Maximum DSM option has similar results to the 
Maximum DSM but with less exposure to power imports. This is because 
Biomass and expected purchase power costs are similar. 

One perspective on these results is derived by comparing the four options on a back-of- 
thsenvelope average $/MWh basis. The IGCC and CFB options provide approximately 
1.64 million MWh at $40/MWh, and $49/MWh, respectively (see Exhibit ES-15). These 
average cost estimates are discussed more in Chapter Four. This indicates that the 
IGCC option should be the lower cost of the two options and save over $100 million on 
a NPV basisi4, which is consistent with the modeling results. The two DSM options 
require an additional 0.95 - 1.51 million MWh to be purchased from other utilities 
relative to the 220 MW CFB and IGCC options. The model forecasts wholesale power 
prices at $53/MWh in the Base Case" (see Exhibit ES-16). The DSM costs much less 
at $23/MWh than generation options. However, on a weighted average basis, these 

l3 Thew results are somewhat different from the interim results. At that time, all options were within 6 
percant of each other, but the order was different. This was not due to major input changes, but due to 
quality assurance and quality control checks which required retirements in the application of the 
assumptions. A narrower range among the option was anticipated in the p-tation to Gainesville on 
sebtuary 15,2006 as a result of initial QIA, WC. 

$9/MWh times I .&I million equals $1 5 million per year starting in 201 I. Even after discounting to 2006, 
$is still is above $1 00 million. 

Note, the biomass cost of $55/MWh happens to be very similar to the purchase powe roost. 

12.13 . 

NPV is discounted for the time value or money. 12 
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options are $51/MWh and should cost some what more than the CFB which they do. 
These back+f-the-envelope calculations are shown for expositional purposes only as 
the actual calculations are much mop.c+mplex and vary yearly. 

Case 

Base 

Exhibit ES-15 

CaS0 

Maximum DSM Biomass 
Maximum DSM CFB iGCC 

61 I 65 I 53' I 53' 

'75 MW. 8,760 hours. 0.85 capadty factor. 
30.5S plus 0.13 
S e e  Chapter Four 
5Sea Chapter 3 
%eighted average 

Exhibit ES-16 
Average Realized Wholesale Power Import Price to GRU (ZOOjS/mWh) - 2012 - 2025 

MW options. 

REVENUE REQUIREMENTS - SENSITIVITY TO WHOLESALE POWER MARKET 
CONDITIONS 

There are two major sources of wholesale price volatility. The first is shortages at the 
summer peak where the alternative can in the extreme be rolling blackouts and prices 
can spike to very high levels. If the City decides not to move forward with any of the 
generation options identified, it should begin planning to add combustion turbines very 
soon thereafter". 

The second is fuel price volatility which is much greater for coal than natural gas. Over 
the last ten years, the standard deviation of delivered annual utility natural gas prices (a 
statistical measure of variability year-to-year) was 27 times higher than for coal (see 
Exhibits ES-17 and ES-18). Utility delivered natural gas prices were highly correlated 
with commodity natural gas prices at Henry Hub, Louisiana, the industry marker 

See end of ChaDter 1. This needs to move auicklv is heiahtened bv the effects of a oroblem at a kev 10 - 
GRU transformer. 
YAGTP3113 I? c- 



Docket No. 090451-El 
ICF Electric Supply Study 
Exhibit RMS-4 
(Page 21 of 303) 

location. While some coal prices on a spot commodity basis show higher volatility than 
delivered coal prices, this is still less than for natural gas prices and does not 
necessarily mean delivered utility coal prices will be volatile for the CFB or IGCC 
options (see Exhibit ES-18). This reflects many factors as discussed in Chapter Five. 

Exhibit ES17 
Dellvered Utility Fuel Price Volatility Compared to Henry Hub Natural Gas Prices - U.S. 

zSourat: Plstts' Gaa Dalty. Prices from I995 onwards are volumeweighted averages. 

c- 
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Exhibit ES-18 
Coal Price Volatility Greatly Dampened by Relative Stability In Transportation Costs and 

‘ Source: Coal Outlook ’ Source: A Review of Florida Electric Utill2005 Ten-Year Site Plans, prepared bythe 
Florida Public Sanrlce Cammission, Division of 
Economic Regulation. December 2005, p.48 ’ Source: EIA AEO 2005 

In order to understand some of the risks of relying on purchases from the wholesale 
power markets, several additional sensitivities were run in which no new coal or nuclear 
builds were permitted (see ES-19). As a result, practically all new plants are natural 
gas-fired. This changes the wholesale marketplace from a heavily coal to a heavily 
natural gas reliant market. Put another way, this assumption returns the wholesale 
market to its current situation in which gas and oil dominate the margin. The CFB 
option is compared to the Maximum DSM option to highlight the two extreme situations 
vis-a-vis imports and exports of power. Maximum DSM relies the most on spot power 
imports and the CFB relies heavily on exports in the near-term and minimizes imports 
among the options”. As new coal power plants are replaced with new natural gas 
power plants and natural gas prices rise, the CFB option’s NPV revenue requirements 
steadily fall from $3,099 million in the Base Case to $2,812 million. This is because 
export revenues rise as do the avoided costs of imports. Conversely, the Maximum 
DSM revenue requirements rise from a NPV of $3,139 million or very dose to the CFB 
to $3,514 million or 25 percent above the CFB option. While a 25 percent disparity is 
unlikely except for a year or short period, it does illustrate the sensitivity of options to 
alternative wholesale market conditions. 

j7 IGCC has a similar e W .  
YAGTP3113 19- - j7 IGCC has a similar e W .  
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Scenario 

Base 
Base - No Coal or Nudear 
Builds3 
Base - No Coal or N u d y r  
Builds - High Gas Price 
Base - No Coal or Nuclear 
Builds - Extremely High Gas 
Price2" 

Expected Revenue Requirements -Alternative Measures 

The NPV of revenue requirements are also shown for different time periods (see 
Exhibits ES-21 through ES-24). While the ranking does not change, (Le., IGCC still has 
lowest cost) the percent difference does. Instead of the range being 6 percent between 
the best and worst NPV among the four options, the difference is 9 percent over the 
shortest of the three periods - Le., 2012 - 2020. Similarly, for 2012 to 2025, the 
difference between IGCC and the highest NPV option increases from 6 to 8 percent. 
Lastly, the increases are larger when measured off the portion of GRU revenue 
requirements which vary across the options ignoring the fixed portion. Here, the 
difference is 10 to 15 percent versus 6 to 9 percent. 

Option 
CFB Maximum DSN 

3,099 3,139 

3,016 3,112 

2,939 3,217 

2,812 3,514 

E F  YAGTP3113 20 
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C- 
Base Case 
Low Gas' 
Low Gas High CO: 

Option 
CFB Maximum DSM 
3,099 3,139 
3,060 2,974 
3.488 3.359 



Period 

2006 - 2025 
2012 - 2025 
2012 - 2020 

Option 

Maximum DSM Blomass 
Maximum DSM CFB IGCC 

3,210 3,055 3,247 3,236 
3.064 2,857 3,103 3,094 
I ,662 1,023 2,002 1,986 

Period 

2006 - 2025 
2012 - 2025 
2012 - 2020 

Option 

Maximum DSM Biomass 
Maxlmum DSM CFB IGCC 

+I 63 - +I 62 +I01 
+208 - +246 +237 
+I 39 - +I80 +I86 

STANDARD DEVIATION - REVENUE REQUIREMENTS 

The Maximum DSM option has the highest variability in outcomes as measured by the 
standard deviation of NPV of revenue amss the 36 cases (see Exhibit ES-25). One 
interpretation of this statistic is that there is 95 percent chance of the Maximum DSM 

Option 

Maximum DSM Biomass 
Maximum DSM CFB IGCC 

Period 

2006 - 2025 #2 #I #4 #3 
~ 2012-2025 #2 #I #4 #3 

2012 - 2020 #2 #I #4 #3 

YAGTP3113 21 c- 

Period 
2008 - 2025 
201 2 - 2025 
2012 - 2020 

Selected Generation Production' Total Revenue Requiremenf 
10 8 
13 0 
15 9 
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CFta 
202 174 205 258 
268 235 262 327 
137 112 132 178 

P9riOd 

2006 - 2025 
2012 - 2025 
2012 - 2020 

Standard Deviation of NPV for ail 36 Scenarios (%I 

6 6 6 8 
9 8 8 11 
7 6 7 9 

CFB IGCC BloDSM DSM Only 

Revenue Requirements - No CO2 Regulations 

The analysis assumes that significant CO2 emission regulations will likely be imposed 
(see Exhibit ES-27). In the Base Case by 2025, COz allowance costs reach $22/ton in 
real dollars. However, the effects on revenue requirements are muted by allocation of 
allowances to fossil generators as discussed in Chapter Six. 

Y W  Low Case 
2010 0 
2016 0 
2020 0 
2025 0 

Average 2010 - 2025 0 

Base case High Case 
0 15.5 

7.7 24 
13.4 26.4 
21.7 30 
10.7 24.0 

The absence of C02 regulations lowers revenue requirements for all options and IGCC 
is still the least cost option (see Exhibits ES-28 and ES-29). However, assuming no 
CO2 regulations decreases the gap between the IGCC option and the other three 
options since it is the least COZ intensive. This closing of the gap is largest for 
Maximum DSM which relies on imported coal. Also, imported coal has less attractive 
biomass options than the other three GRU generation options which rely on 

7 YAGTP3113 22 



Biomass 
Mdmum DSM Period CFB IGCC 

2006 - 2025 3,046 (-172) 2,931 (-124) 3.061 (-186) 
201 2 - 2025 2,834 2,669 2.658 
2012 - 2020 1,667 1,767 1,891 

Maximum DSM 

2.784 
1,825 

2,966 (-250) 

AIR EMISSIONS AND HEALTH IMPACTS 

Period CFB 

2006 - 2025 +I15 
201 2 - 2025 +145 
2012 - 2020 +loo 

Maximum DSM Biomass 
Maxlmum DSM 

- +130 +55 
I +167 +75 
- +124 +56 

IGCC 

'' GRU options can switch to 100 percent biomass if the economics favors such a change and large shifts 
to biomass occur in the modeling at the GRU plants near the end of the horizon even at the costs of 

option 
CFB 
IGCC 

Biomass DSM 
DSM 

derates, and higher heat rates. 
YAGTP3113 23 

COz (MM Tom) SO2 (1,000 Tons) NOx (1,OOO Tons) HG (Ton) 
45 49 36 1 
43 48 33 1 
29 40 32 1 
30 40 32 1 



Docket NO. 090451-El 
ICF ELectric Supply Study 
Exhibit RMS-4 
(Page 27 of 303) 

Source 

GRU 
Total Grid ' 

Option 

Maxlmum DSM Biomass 
Maximum DSM CFB iocc 

45 43 29 30 
7,567 7,565 7,559 7,563 

Option 

Maximum DSM Biomass 
Maximum DSM CFB IGCC sourcr 

GRU 49 48 40 - 44" 40 
Total Grkl' 12.383 12.381 12.379 12,380 

lo Even lower during the post-70% period. 
YAGTP313 24 
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source 

GRU 
Total Grid' 

CFB. On an annual basis this is 400 to 450 tons per year lower which is very small. 
GRU will continue to comply with PM2.5 standards under the highest emitting option 
(CFB). This decrease does not account for SO2 emissions fiom non-GRU plants 
associated with GRU's increased imports of wholesale power. Accounting for grid-wide 
SO2 emissions lowers the difference in SO2 emissions to one to three thousand 
cumulative tons for Maximum DSM. 

Option 

Maximum DSM Biomass 
Maximum DSM CFB IGCC 

38 33 32 32 
3.758 3,753 3,754 3,754 

The Biomass and Maximum DSM could have SO2 emissions intermediate between the 
CFB and IGCC on the one hand, and Maximum DSM on the other hand. The plant 
could control the SO2 associated with biomass via use of limestone, but it may not be 
required or may not find it economic to do so. 

The estimated health damage cost of PM2.5 shows a range of potential effects from not 
material to material reflecting uncertainty in the effects especially at low concentrations. 
Furthermore, if Gainesville consistently acted on the effects of residual emissions or 
other externalities, this could lead to major changes in many areas of Gainesville life 
outside of power since there are many activities that do not violate the law, but have 
external effects on society. 

NOx 

GRU currently emits approximately 4,000 tons per year of NO,, and hence, the 
cumulative 20 year difference in NOx emissions across the options of 6,000 tons is 
small in comparison (see Exhibit ES-33). Furthermore, as noted for SOz, which can 
also be a PM2.5 precursor, the GRU area is in compliance with ozone, NO, and PM2.5 
limits and will remain in compliance regardless of the option. Between 2006 and 2025, 
cumulative NO, emissions are one to six thousand tons lower for the DSM options. This 
is 50 to 300 tons per year lower, a small difference (compared to 4,000 tons of 
emissions per year today). Also, grid-wide NO, emissions actually increase slightly for 
the DSM options compared to IGCC due to imports of more NO, intensive electricity. 

Hg 

Between 2006 and 2025, cumulative mercury (Hg) emissions are about one ton for all 
options (see Exhibit ES-34). 

c- 
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Source 

GRU 
Total Grid’ 

This analysis did not factor in the emission impacts of preventing open burning of 
biomass (e.g., particulates, NO,, SO4 which might be avoided if one of the three 
generation options is chosen. Emissions could be lower since any of the three options 
would be GRU’s first capable of using biomass. 

Optlon 

Maximum DSM Biomass 
Maximum DSM CFB IGCC 

I 1 1 1 
150.07 150.12 150.10 150.10 

SOCIOECONOMIC IMPACTS 

Construction Operations 
Jobs - Total’ Jobs - Total’ Option 

CFB 1.858 I92  

Total Job Total Job 
Years’ Equhrslents3 

13.192 388 

Biomass + DSM - High‘ 

 ax DSM only6 

All four generation options modeled have the potential to create significant local jobs in 
Alachua County, especially the Biomass + Maximum DSM option (see Exhibit ES-36). 
Jobs created during the construction phase are expected to be temporary because they 
will be available for four years during the construction of the plant. Jobs created by the 
operation and maintenance of the plant options wiii be permanent with long-term 
economic benefits for the local Alachua economy. The 220-MW CFB and the 220-MW 

67Z6 470’ 18,288 569 

I - 1,500 75 

IC YAGTP3113 26 
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IGCC plant options are expected to require similar investments, thereby creating 
employment opportunities that are quite similar (about 13,200 job years or 390 job 
equivalents under the CFB option compared to about 12,000 job years or 350 job 
equivalents under the IGCC option). The 75-MW biomass plant option will require less 
investments during the construction phase thereby creating fewer temporary 
construction jobs. However, the biomass technologies are more labor intensive than 
the other conventional coal technologies. Therefore, running the 75-MW biomass plant 
is expected to require more O&M labor, thereby creating more full time jobs in the local 
economy (470 jobs in Alachua and surrounding counties for biomass, as opposed to 
192 and 165 jobs for the CFB and IGCC plant options, respectively). Finally, the DSM 
option by itself is expected to create fewer jobs over the entire life of the program. The 
program will create about 1,500 job years or 75 job equivalents in Alachua County 
during 2006 to 2025. 

CONCLUSIONS 

A summary of the results of this analysis is shown in see Exhibit ES-36. 

Expected Revenue Requirements - IGCC 

Revenue requirements are important because average GRU rate payer bills will be 
proportional to the revenue requirements. IGCC has the lowest expected revenue 
requirements compared to the other three options on the order of six percent for the 
2006 to 2026 period on a net present value basis, and a slightly higher percentage 
discount for other periods. IGCC is also preferred gird wide in most of the modeling 
scenarios. The other three options, CFB, Maximum DSM and Maximum DSM with 
Biomass, have revenue requirements that are very similar to each other. This is in part 
because under Maximum DSM GRU imports power from other new coal power plants 
built in Florida, i.e., coal by wire. 

c- YAGTP3113 27 
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Exhibit E536 

This IGCC advantage reflects several considerations including lower capital costs, 
higher thermal efficiency, lower fuel cost in $/MWh and lower emission costs. However, 
there are risks that this new advanced technology will have performance issues, higher 
than expected costs or financing challenges. There is only one operating IGCC utility 
plant in the country which received significant subsidies, though there are other IGCC 
plants in the industrial sector or abroad or that were operating in the past in the US. as 
demonstration projects. Also, there are several proposed IGCC projects including a 
second one in Florida and several in the Midwest. 

To the extent that IGCC risks not explicitly estimated in the scenario analysis eliminate 
the advantage of this option (e.g., IGCC construction cost and operational risks, 
financing risks), expected or average revenue requirements effectively cannot be used 
to distinguish the options. Remaining differences are too small given the uncertainties 
in the study. Even if the IGCC risks are ignored, the six percent advantage of IGCC is 
not large since the standard deviation of revenue requirements is typically equal to or 
greater than the IGCC advantage. Lastly, the IGCC option scales poorly as the size of 
the option decreases compared to CFB. To the extent an intermediate size option is 
being considered, this hurts the IGCC option. 

>,x .: 
., . . _ .  

I ., . 1.. . 
r .. i ? . .; 
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Revenue Requirements, Power Imports and Risks 

The CFB and IGCC have the least exposure to reliance on wholesale power imports 
and hence less exposure to high oil and natural gas prices. These prices can be very 
volatile and increases are compounded by the fact that many consumers use both 
natural gas and oil directly as well as electriciv'. 

Exposure to risks of high oil and natural gas prices is proportional to GRU imports of 
power. For example, GRU is a net power importer on average between 2006 and 2025 
under the Maximum DSM option, and by 2025 imports equal 66 percent of GRU's 2006 
expected electric generation requirements. Over the full twenty year period, 27 percent 
of GRU energy requirements are from imports under Maximum DSM. This is in spite of 
building 249 MW of peaking combustion turbines. In contrast, in the CFB and IGCC 
options, on average GRU is an exporter of power. Over the 2006 to 2025 period 
exports are 4 to 6 percent of total MWh requirements. 

This risk becomes most apparent in scenarios in which future grid wide construction of 
new power plants is not primarily coal-fired - i.e., continues to be natural gas fired. In a 
high natural gas price case in which there is no coal or nuclear builds, Maximum DSM 
has nine percent higher NPV of revenue requirements compared to CFB. 

To a certain extent, the CFB and IGCC options expose GRU to the opposite risk: low 
natural gas prices. This is in addition to exposure to high COZ allowance prices. For 
example, under a scenario of low natural gas prices, and high CO2 allowance prices, 
CFB is 4 percent more costly than Maximum DSM versus one percent lower in the Base 
Case. 

Also, the variability of the Maximum DSM case is the highest measured in terms of the 
standard deviation of revenue requirements over the full horizon. The standard 
deviation of this option is two percent higher than the other three options. This is due to 
the greater effects of changing wholesale power market conditions when GRU is very 
reliant on power imports. However, some of the risks are not fully reflected in the 
modeling. For example, in high natural gas price scenarios, Florida utilities are 
assumed to switch from nearly 100% new natural gas power plant construction to 
majority coal power plant construction, especially in 2010-2020. While this 180 degree 
shift in capacity expansion to coal may be economic, it may not fully happen. Hence, 
qualitative consideration needs to be given to these risks. 

DSM 

Even though Maxlmum DSM option has higher revenue requirements than IGCC, DSM 
had the least costs per MWh saved among all the options studied. The three 
generation options on average had twice the costs of DSM per MWh. This makes DSM 
attractive even under base case supply side assumptions if the implementation 
challenges can be overcome. To achieve the full level of DSM savings requires a large 

zo me economy is also tied to some extent to oil rnatket conditions. 
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and fast improvement in DSM programs in Gainesville. These savings can be linked 
with supply side options as evidenced in the Maximum DSM biomass option. Put 
another way, the overall Maximum DSM option had higher costs than the IGCC option 
because of the high costs of power imports not because of the costs of the DSM 
programs, and most MWh under this option actually come from power imports, not 
DSM. 

COz EMISSIONS 

COz emissions are not currently regulated, but ICF expects that there is a two-thirds 
chance that in the future, C02 regulations will be imposed. COZ emissions are highest 
when measured locally for the CFB option at 45 million cumulative tons over twenty 
years. Local COz emissions are 4 percent lower under the IGCC option due to its 
higher thermal efficiency (i.e., lower COZ per MWh) and 33 to 35 percent lower for the 
Maximum DSM and Maximum DSM and Biomass options. 

The difference in C02 emissions between the options is less when grid wide COZ 
emissions are considered. Maximum DSM has four million tons less grid wide COz 
emissions than CFB versus 15 million tons less for local emissions. Grid wide 
differences in COz emissions are less since under Maximum DSM GRU relies more on 
fossil power imports. 

COz emission impacts on the environment are the same regardless of location of 
emission. The potential impacts of CO2 are not local, but global warming. IGCC 
technology is the only fossil-fueled generation technology that could potentially involve 
COz capture, but carbon capture and sequestration were not included in the estimation 
of IGCC costs and emissions in this study, and is likely to be substantially less practical 
in Florida than other places in the US. Furthermore, these costs are very high and 
carbon sequestration for utility applications has never been implemented. 

The effects of COz emission regulations on the CFB, and IGCC options are also muted 
by the ability to switch to greater levels of biomass (a zero COZ option) if CO2 emission 
allowance costs rise enough. The model makes this decision accounting for the costs 
of lower plant performance. These costs could be further mitigated if the design of the 
plants is adjusted up front for greater biomass use than 30 MW or 14 percent as 
discussed in Chapter Four. 

SOz, NOx, AND HG EMISSIONS AND PMz.gAMBlENT CONDITIONS 

Emissions of regulated pollutants. SOZ, NOx and mercury (Hg) will be lower under all 
options than current emission levels. This is because of the forthcoming retrofit of 
pollution controls on the existing Deerhaven 2 coal power plant combined with current 
and future and legal requirements which mandate extremely tight emission controls on 
the emissions at any new plant. 

The GRU area has relatively low concentrations for PM2.5, which are well within ambient 
standards and lower than 75% of the country’s monitoring location. Even with possible 
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tightening of PM2.5 standards, the GRU area complies and is expected to continue to 
comply with these standards. These standards are designed to protect public health 
with an adequate margin of safety. 

The expert estimates of the externality costs of residual emissions range from not 
material to large with a factor of ten variation underlining the lack of agreement or 
uncertainty on these issues, especially regarding the impacts of low concentration. 

SOCIOECONOMIC IMPACTSlJOBS 

The largest local job increases are associated with the generation options. Biomass+ 
maximum DSM has the largest effects if one includes the jobs for biomass supply, even 
those in neighboring counties. DSM has less local job impacts. 

REMAINDER OF REPORT 

The remainder of the report is organized as follows: 

Chapter Two - Demand Growth Before DSM 

Chapter Three - DSM 

Chapter Four - Generation Options and Financing Cost 

Chapter Five - Fuel 

Chapter Six - Emissions and Health 

Chapter Seven - Socioeconomic Impacts 

Chapter Eight - Detailed Results 
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CHAPTER ONE 
APPROACH, OPTIONS, AND METRES 

OBJECTWE OF STUDY 

ICF Consulting was engaged to provide the City of Gainesville independent consultation 
on options for meeting the electrical supply needs of the Gainesville community. The 
goal is to provide the information needed to support a decision by the City including 
evaluation of potential trade offs on such issues as revenue requirement impacts, 
revenue requirement uncertainty, environmental impacts, health impacts, etc. The 
range of resource options covers both the demand and supply side. 

RESOURCE OPTIONS ANALYZED 

Under its contract, ICF was engaged to examine four electricity options, one of which 
was pre-specified. After consultation with the City Commission and interested members 
of the Gainesville community, the following four options were chosen for analysis’! 

220 MW CFB Flexible Solid Fuel Plant - Under this option, GRU builds 
a Circulating Fluidized Bed Combustion (CFB)= power plant likely coming 
on-line in 2012. This plant is capable of using coal, petroleum coke, and 
up to 30 MW (approximately 14 percent) of biomass. The 30 MW level for 
biomass usage prevents major effects on the plant’s performance, e.g., 
deterioration of plant capacity, thermal efficiency, etc. during very high 
biomass usage. The plant could use even greater biomass, though the 
plant‘s performance could be adversely affectedz3. ICF provides some 
scoping level assessments of the derates and the steps that can be 
undertaken to ameliorate them in a later chapter. The CFB option is the 
same as the GRU IRP choice whose analysis is required under ICF‘s 
contrad4. 

0 

0 220 MW IGCC Flexible Solid Fuel Plant - Under this option, GRU builds 
an Integrated Gasification Combined Cycle (IGCC) solid fuel power plant 
capable of gasifying and using coal, petroleum coke, and biomass. This 

2’ Under each option, the utility can purchase or sell power on the wholesale marhet subject to existing 
transmission limits andlor add combustion turbines as needed to assure reliable operation and 
compliance with the reserve margin obligations of the utility. 
22 This option is sometimes referred to as FBC. 
23 The plant is allowed to increase its use of biomass above 30 MW but incurs significant loss of 
pFrformance, e.g., output derates. 

The current GRU coal power plant uses pulverized coal power plant technology. Approximately 
315,000 MW of such power plants are operating in the U.S. with roughly 10 million MW years of operating 
experience. The current Deerhaven coal unit has a capadty of approximately 220 MW which is similar to 
the capacity level of the proposed plant. CFB is a more recent solid fuel technology which is more flaxible 
with respect to solid fuel choice compared to pulverized coal power plant technology, though it has higher 
capital costs. 
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plant uses very advanced coal-fired generation technology similar to 
Tampa Electric’s Polk power plant. Polk is the country’s only operating 
utility IGCC, though others are under active consideration and some are 
used in the US. industrial sector and abroad. The size of the plant was 
chosen not only to be comparable to the CFB plant, but also because 
smaller plants exhibit large diseconomies of scale. This plant is very well 
suited for petroleum coke use and there has been some small scale 
biomass testing in the U.S. on this technology. The advantages and 
disadvantages of this technology are discussed in a later chapter. 

specified which are economic under very adverse supply side conditions. 
Namely, we identify DSM options which are economic under very high fuel 
and COZ allowance prices. Residual incremental power needs are met via 
a least cost combination of existing GRU plants, short-term wholesale 
power purchases, and the construction of peaking plants, Le., combustion 
turbines. Even so, this option is a minimal generation investment option. 

75 MW Biomass Plant Plus Maximum DSM - Under this option, 
Maximum DSM is combined with a 75 MW biomass plant. This plant 
would have a similar technology as the 220 MW CFB plant, and would 
theoretically be able to use multiple solid fuel options. However, in this 
study, the plant would only be able to use biomass. The size of the 
biomass plant was chosen to be smaller than the 220 MW plant, and 
hence, involves less generation capital investment. The 75 MW size was 
chosen based on a number of considerations including: (1) other biomass 
plant sizes including a 75 MW plant in Florida, (2) biomass availability 
which is limited and uncertain, and which could create transportation 
problems, (3) economies of scale which favor at least moderate size, and 
(4) the desire to significantly distinguish this option from the 220 MW solid 
fuel options which can use biomass. 

, “Maximum” DSM - Under this option, a set of DSM programs are 

OTHER SUPPLY SIDE RESOURCE OPTIONS CONSIDERED 

ICF also considered alternative power supply options. The review of the consideration 
of the options provides insight into our decision making vis-a-vis our recommendations 
to the City. The options considered, but not chosen included: . 220 MW Natural Gas Combined Cycle - Under this alternative option, 

GRU would build a natural gas-fired combined cycle power plant. This 
plant would use a technology similar to GRU’s last major power plant 
addition. This option was almost included and it was ‘a close call” as to 
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whether it should be in the Tnal four" because it had several attractive 
features incl~ding:'~ 

- Lower COz Emissions - This option allows for consideration of the 
lowest level of CO2 emissions consistent with fossil fuel use. The 
likely COz emissions of the CFB on fossil fuel is approximately 1.5 
million tons per year, compared to 1.3 million tons for the IGCC, 
and 0.9 million tons for the combined cycle. COz emissions are 
considered zero for the DSM and biomass options. 

- Lower Regulated Emissions and Possible Health Impacts - 
The natural gas-fired combined cycle plant has the lowest SOZ, 
NO,, and Hg emissions, and hence, minimizes possible local health 
impacts of any option involving fossil fuel. 

Lower Capital Costs - The size of the combined cycle capital 
investment is much lower at only approximately $150 million versus 
approximately $450 to $550 million for the solid fuel options. The 
lower capital costs can be a huge advantage offsetting higher fuel 
costs, especially if the current phase of high oil and natural gas 
prices ends faster than expected. Thus, while the current high fuel 
costs may appear to make the natural gas option a "straw man", the 
lower capital costs combined with environmental and health 
considerations make the gas option a real option that the City may 
prefer. 

Financial Advantage of Municipal Utilities - If electric power 
including the capital component will have to be purchased at open 
market prices from entities without the financing advantages of 
municipals, the financial advantage of municipal utilities available to 
GRU would be lost. Municipal utilities are exempt from paying 
income tax and can issue tax free bonds. Thus, a GRU combined 
cycle would have lower financing cost than purchasing power from 
other combined cycles. 

Flexibility and Options for Deferring Decisions - Once the 
combined cycle comes on-line, it can be converted to an IGCC and 
provided a solid fuel option - e.g., biomass, coal, petroleum coke, 
etc. Thus, the decision on solid fuel can be deferred, e.g., until COZ 
regulations are imposed, additional information as available about 
the future course of natural gas prices, etc., demand growth 
uncertainty is resolved, etc. 

Proven Technology - There is little technology risk perceived by 
the financial community and little fuel risk in terms of delivery. 

- 

- 

- 

- 

zs Our understanding is mal the natural gas combined cycle option is under review in a parallel GRU 
proCeSS. 
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- Financial Community Receptivity - The financial community is 
currently involved in financing new combined cydes today. There 
will be no major issues regarding potential downgrades in bond 
rating associated with technology risk. Florida is adding 7,000 MW 
of gas-fired combined cycles (i.e., under construction, permitted, 
under study, or on hold), and in the US., approximately 100,000 
MW are planned, permitted, under construction, or under study. 

Economic Size - The smallest sized combined cycle using the 
current Frame 7FA technology, the most prevalent advanced hi h 

Thus, a natural gas plant with a size similar to the CFBC is feasible 
and, in fact, dose to optimal in terms of capital cost economies of 
scale. 

Flexibility and Electricity Demand Growth - Unless GRU's 
electricity demand growth slows, 220 MW represents 12 to 16 
years of growth in peak demand. Thus, a smaller plant would 
require frequent decisions, while the 220 MW size is not so large as 
to preclude decisions in ten years or so for a new plant with 
different technology. 

efficiency combined cycle technology, is approximately 220 MW 9, . 

D Supercritical Pulverized Coal Power Plant (SCPC) - Nearly all US. 
coal plants are designed to use pulverized coal. Supercritical plants are 
designed to increase the plant's thermal efficiency (compared to the more 
typical sub-wtical pulverized coal plant) by having the water in the water 
wall tubes at temperatures and pressures above the critical fluid to gas 
change in phase The SCPC plant is highly controlled for sulfur 
dioxide (SOz), nitrogen, oxides (NO,), and mercury (Hg). Beyond the 
technical description, this type of coal plant is actively being considered by 
other utilities and is modeled as an option for other southeastem US. 
utilities. This plant has lower per unit capital cost than other GRU solid 
fuel options especially assuming a much larger plant can be built and the 
power delivered, e.g., 800 MW versus the 220 MW size being considered. 
However, this plant type is less flexible in the fuel that can be used, 
especially regarding petroleum coke and biomass. The SCPC option was 
rejected for this study for a number of reasons discussed in a later chapter 
including the desire to consider GRU-only options, i.e., not consider a 
jointly owned SCPC power plant. 

Peaking Combustion Turbine Natural Gas-Fired Power Plant - This 
plant is similar to a combined cycle except it has lower thermal efficiency 

e 

The actual optimal size in terms of available equipment is likely to be doser to 250 MW. A Frame G is m 
larger at approximately 385 - 385 MW. 
27 Put another way, there are four leading coal technologies: pulverized subcritical, pulverized 
supercritical. CFB, and IGCC. 
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and lower capital costs. Since GRU’s financing costs are so low, the 
annual control costs of this option are very low for GRU. Also, this plant 
has a shorter lead time than other plants. This option is provided both to 
GRU and to other southeastern utilities in the modeling. Since its per 
MWh production cost is much higher than the combined cycle, and hence, 
while it helps meet the companies’ need for reserve capacity to handle its 
peak requirements, it provides little to address the GRU’s need for 
electrical energy. This must be produced by other plants or imported. 

Power Purchases and Sales Reflecting Short-Term Market 
Conditions - Wholesale power import and export options are modeled in 
each hour as are capacity or reliability transactions for the peak. Together 
with the construction of new combustion turbine peakers, power 
exchanges are the default supply options for GRU. The modeling 
assumes that the current physical limitations on the power grid will remain. 
Furthermore, such limits cannot be violated. Thus, under any scenario 
where it is economic to purchase power, the model will do so as needed 
and vice versa. The smaller the capacity of the resource option for GRU, 
the greater the potential reliance on spot wholesale power purchases. 
Today, spot off-system power is primarily oil and natural gas-fired. A 
critical issue is whether this will continue or will sufficient coal be built to 
provide lower cost wholesale power costs. 

Florida has much less merchant power plant capacity than other US. 
regions due to state law which greatly restricts the construction of 
merchant plants without contracts to utilities. Merchant plants are defined 
here as power plants not dedicated via contract or ownership to a utility 
buyer. Thus, one important dimension of relying on spot market 
purchases is that while electrical energy may be available from multiple 
suppliers in most hours, it may be difficult to obtain on short notice 
capacity for reserve margin requirements (Le., for the summer super peak 
period) even though physically ICF estimates approximately 30 MW can 
be imported to GRU. This adds to the risk associated with waiting to 
make decisions regarding securing enough capacity for reserve margin. 
This risk is not fully captured in the modeling which assumes GRU always 
meets its reserve margin because it is difficult to measure the leverage of 
sellers when faced with buyers unable to meet their peak needs. The 
importance of meeting the reserve margin requirement is highlighted by 
the fact reserve margin requirements must be met for a given demand 
growth level either by add& supply or effectively forced conversion of part 
of the City’s electricity supply to interruptible status2’. This interruption 
would most likely be during the peak air conditioning season and in the 
extreme could raise numerous issues including public health concerns. 

Failure to meet reserve margins not only exposes GRU to reliability risks, but also exposes other 
utilities sharing the grid to such risks. Not only might the state of Florida act to force utilities to meet 
reserve requirements, the Federal government under the 2005 Energy Policy Act is expected to 
promulgate sanctions for entities violating reserve levels. 
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Central Station Solar Thermal - This option was rejected since there is 
too little Florida experience with the central station solar and its cost is 
very high, especially considering back-up costs to cover the utility's 
reliability needs when the solar plants output is less than the plant's rated 
maximum and the low capacity factors of such plants in Florida relative to 
other prime US. locations - e.g., the U.S. desert Southwest. See Chapter 
Four for more information. 

Nuclear - This option was rejected since nuclear power plants are way 
too large and complex for GRU. We decided after consultation with the 
City to not consider jointly owned power plants. However, we provide 
discussion of this option. Furthermore, it is less likely that near-term jointly 
owned nuclear plant options will be available relative to large jointly owned 
pulverized coal plants due to permitting, regulatory, and financing 
uncertainties and the very long lead times for such plants. 

Wlnd - Wind was rejected for Florida due to the lack of prime wind 
resources. 

FLORIDA GENERATION ADDITIONS 

Florida utilities are in the process of adding new F nts which can be relevant as a point 
of comparison and because of their effects on wholesale power market prices. Put 
another way, other entities are also facing similar issues. Among the units under 
construction or recently added, nearly all use natural gas combined cycle or simple 
cycle technology (see Exhibit 1-1). These plants generally reflect decisions made 
before or early in the recent period of very high natural gas prices which started in 2000. 

IC- YAGTP3113 37 



Docket No. 090451-El 
ICF Electric Supply Study 
Exhibit RMS-4 
(Page 41 of 303) 

Exhiblt 1-1 
Recently Operational and Firmly Planned Capacity Is Almost Exclusively Natural Gas- 

As a result of this trend of building natural gas combined cycles, the share of oil and gas 
in Florida’s generation mix has risen from 28 to 42 percent between 1990 and 2004 
(see Exhibit 1-2). This is significant because wholesale spot sales and purchases by 
GRU will reflect the costs of the marginal not average source of supply which will be 
almost always oil and natural gas-fueled power plants. Oil and natural gas plants are 
the marginal or incremental sources since their variable costs are by far the highest and 
are the price setting source in nearly all on-peak hoursz9. In order to reliably access 
sources of baseload power, one must undertake the obligation of investing in or long- 
term contracting for such power. Alternatively, one may benefit if others build large 
amounts of coal or nuclear, have extra to sell in some hours, and compete to sell such 
power. As discussed elsewhere, this happens in some scenarios. 

On-peak is Monday - Friday. 6 AM - 11 PM. 
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*2 
'pe - I990 and 2004 - Shows Very Large 
m Q.neration 

More recently, announced n m  power plant projects in Florida show a much greater 
interest in coal (see Exhibits 1-3 and 1-4). Whereas none of the recent additions have 
been coal-fired, nearly half of the announced future planned generation capacity in 
Florida is coal-fired. This very large and very recent increase in the reliance on coal 
among planned projects is mirrored in many parts of the US. Among the announced 
coal plants are: 

Stanton IGCC - This proposed IGCC coal plant is jointly being pursued by 
the Orlando Municipal Utility and Southern Company. 

I Seminole 

Jacksonville FMPA 

JEA CFB 

None of the plants have actually broken ground. A critical issue in this study is the 
future of the wholesale power market in Florida and the extent to which will be coal or 
oil/gas driven. It should also be noted that none of the existing plants using combined 
cycle technology have chosen to retrofit gasification technology either in Florida or 
elsewhere. 
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Typeof Plant I On-line Date I 
Exhibit 1 3  

FRCC Announced Bullds' 

Southern Co. 

Group I I I I I I 
' R a u h e d b y I C F m r e l t e o t c a ~ o t ~ ~ S L L u c i e m a l u ~ e n d a n n o u n a t m ~ t ~ t w o 1 . 1 0 0 M W o f m m b l n e d c y d e . a t  
west Coum. ~~~~~ 

'Revised biiCF. 2012 may be mostlikdy. 
Sourm Florida's Energy Ran, DeparbnmI of Environmental Pmteclion Vi 7/08 paw 20 
"Provided for informaCa p u w m s  only. Model will choose builds by smnario for n W R U  power companies (Source: Energy 
Velodty). 
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Coal 

Gas I Other 
Total 

NEW POWER PLANTS AND MODELING ANALYSIS 

Planned Capacity 
4005 
4405 
841 0 

In the modeling analysis, the construction of new power plants by other utilities will be 
determined by the model, unless the plant is already under construction or otherwise 
determined to be a firm addition. Therefore, in each scenario, new power plants will 
reflect the economics facing utilities and the assumption they are trying to minimize 
costs. The reason we have decided not to base capacity expansion for other entities on 
announcements is that nationwide, most planned projects do not come to fruition or are 
substantially delayed. This is critical, especially for a 20-year study. If utilities do not 
respond economically, wholesale power costs will be higher than forecast. 

SENSITIVITY ANALYSIS 

ICF analyzed the performance of the four resource options using a large amount of 
sensitivity analysis to account for the largest economic and regulatory uncertainties 
facing Gainesville. These include: 

a Fossil Fuel Prices - ICF analyzed Base, Low, and High fuel price 
scenarios where the focus is on future long-term natural gas prices. 
Natural gas prices have risen greatly since 2000 and especially since 
2004 along with oil prices and are highly uncertain. Coal issues will also 
be addressed including the effect of having multiple sourcBs for coal and 
the option to use petroleum coke and biomass. These important issues 
are discussed in the fuel chapter. 

CO2 Emission Regulations - ICF analyzed Base, Low, and High CO2 
emission allowance prices and associated emission allowance allocations. 
ICF considers CO2 to be the key uncertainty vis-a-vis future air emission 
regulations. Furthermore, the range of possible COZ emission levels is 
especially broad across the four resource options examined in detail. This 
contrasts with other air emissions (e.g., SOz, NG, Hg) in which the range 
across options is very narrow, i.e., total GRU emission levels are very 
similar. C02 is a greenhouse gas and is not currently regulated in the U.S. 
and the nature of potential future programs is highly uncertain. 
Regulations exist in some developed countries and there is significant 
potential that future controls will be enacted. ICF recognizes that 
regardless of the regulations, CO2 emissions will be a key issue for the 
Gainesville community. 

E F  YAGTP3113 41 
C..l.L.%.. 

1 



Docket No. 090451-EI 
ICF Electric Supply Study 
Exhibt RMS-4 
(Page 45 of 303) 

Electricity Demand Growth Before DSM - ICF analyzes Base and High 
electricity demand growth before DSM. Both scenarios assume growth 
will be below historical levels (Le., below the ten year rolling average 
historical level), and hence, this partly explains the lack of a Low case. 
Furthermore, each of the two electricity demand projections is further 
decreased by incremental DSM choices in the DSM scenario. ICF 
believes the GRU Base Case projection of electricity demand growth is 
conservative and this too contributed to having only two demand growth 
levels before DSM scenarios. Lastly, the decision not to add a third case 
also reflects the need to limit the number of scenarios to a manageable 
level. 

Biomass Fuel Prices - ICF analyzes Base and High cost biomass price 
scenarios. ICF believes the risks of higher than expected costs of using 
biomass are greater than lower than expected costs. Furthermore, there 
is the need to limit the number of scenarios, and hence, we are not 
examining a Low case. Lastly, all generation options have the ability to 
use biomass, and hence, there is a thorough examination of biomass 
which ICF considers the key renewable generation option for Gainesville. 
Accordingly, ICF did not analyze a third biomass price trajectory. 

As a result, there are 36 scenarios reflecting 3 fuel price cases, 3 COZ price cases, 2 
electricity demand before DSM cases, and two biomass cases (3 x 3 x 2 x 2 = 36). For 
example, base fossil fuel prices, base CO2 regulations, base demand growth before 
DSM, and base biomass prices would be one scenario, etc. In addition for each 
scenario, we will examine each of the four options. This results in 144 scenarioloption 
combinations and 2,880 years worth of modeling analysis (2,880 = 20 x 144). See 
Exhibit 1-5. 

ICF has not assigned probabilities to each of the outcomes. Rather, to simplify the 
analysis, we are treating each scenario as equally likely. Thus, the probability of each 
case is effectively one divided by 36 or 2.8 percent. 
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Exhibit 1-5 
The Scop. of the Analysls Is ai If. Maximum InvoMng 2,880' Yews of Analysis 

DSM 
Max 

Four options 

Years 
1 

20 

Y e a n  

'3 x 3  x 2  x 2 x 4 x  20= 2,880 
H =High, B = B~EE. L = Low 

It is worth mentioning that ICF considered and rejected two additional options that use 
more complex decision analysis approaches including assigning explicit probabilities to 
each scenario. In these approaches, all generation decisions were delayed by five 
years such that no new generation resource would come on-line until 2016 or 201730. 
In spite of being rejected, these options are useful in conceptualizing the challenges 
facing the City of Gainesville. These two options were: 

Maximum DSW Delay Generation Decisions 5 years"/ Make 
Decisions Assuming 100% Resolution of Uncertainty - Include 
Biomass 75 MW Plant as One of the Generation Options - This 
alternative is graphically summarized in Exhibit 1-6=. The decisions for 
today would be: (1) solid fuel CFB coming on line 2011/2012, (2) solid fuel 
IGCC coming on line 2011/2012, (3) 75 MW biomass plant on-line 
201112012, and (4) waiting, pursuing Maximum DSM, and then making a 
decision among the three generation options at a future date (2011/2012) 
with that unit coming on-line 2016/2017. This analysis would use the 
simpling assumption that uncertainties are fully and completely resolved 

YJ Of course, combustion turbines would have to be built or reliability purchases be made to meet reserve 
;yquirements. All estimates expect such requirements by 201 1. 

Hence, generation addiions would be delayed ten years or more due to the large lead time for siting, 
germitting, designing, contracting, financing, and testing new power plants. 

Graphically, uncertainties are represented as circles and decisions as squares. The expected values of 
the options across various mettics are still evaluated, but after the resolution of uncertainty. the optimal 
decisions are taken for each state of the world. This can have a amater or lesser value deoendina on the - I 

exact circumstances. 
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by 201 1/2012, and at that time the best decision is made for the state of 
the world at that time. 

Maximum DSMl Delay Generation Decisions 5 years/ Make Decisions 
Assuming 100% Resolution of Uncertainty - Include 220 MW Natural 
Gas Combined Cycle as One of the Generation Options - This 
alternative is graphically summarized in Exhibit 1-7. It is the same as the 
above option except that the natural gas combined cycle option replaces 
the 75 MW biomass plant. 

There are several advantages of this type of approach. First, the benefit of waiting is 
explicitly taken into account since in each state of the world the best option is chosen 
lowering costs or improving performance on other metrics. Second, the cost of waiting 
is also explicitly estimated. In the interim, the extra five years of exposure to wholesale 
power market fluctuations is captured as demand grows and an increasing share of 
GRU power supply is bought from other utilities' power plants. The cost of waiting also 
indudes the challenge of making reliability purchases of peaking capacity from other 
utilities andlor rushing to build combustion turbines. To illustrate this point, by 2017, 
GRU electricity demand could be as much as 26 to 43 percent higher than expected 
2006 levels.33 

The disadvantages of this formal alternative delay analysis are several and ultimately 
this approach was rejected. First, while learning occurs over time about the future state 
of the world, 100% resolution of uncertainty is clearly an overstatement made for 
analytic convenience. One certainty is that uncertainty will not be fully resolved. 
Furthermore, agreeing on the degree to which uncertainty is resolved is very difficult. 
Second, it is more complicated to understand and describe this approach and requires 
explicit quantitative probability assessments to fully implement. Third, this option is not 
directly comparable to the up-front options which reflect uncertainty. Fourth, some 
aspects of the risks of relying on the spot markets are hard to characterize. This is 
especially regarding reliability purchases in a state which formally discourages 
merchant plantsu. This discourages the existence of extra capacity available to meet 
demand during peak periods. 
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26 percent corresponds to 2.1 percent growth over 11 years and 43 percent corresponds to 3.3 percent 
w h i i  equals historic growth rates. At the high case demand rate of 2.8 percent growth would be 35 
p e n t .  All of these increases would be mitigated by DSM. and hence, the estimates are 'as much as". 

Florida law prohibits merchant uncontracted plants with steam capacity in excess of 75 MW. 
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Exhibit 1-6 
Alternative Approach to Analyzing Options - Delay and Then Build Biomass Plant 

Today's 
Decision 

CFB 201112012 

75 MW Biomass. 
201 1/2012 Max DSM 

No Generation : 201112012 
W i n .  j Generation 

i Decision CC = Combined Cycle Maximum DSM 

CFB = CinXrlating 

2016/2017 

2016/2017 

:- 

Exhibit 1-7 
Alternative Approach to Analyzing Optla i - Delay and Then Build Natural Gas 

Combined C de Plant 

CFB 201lMO12 

IGCC 201112012 

Natural Gas CC 
2011/2012 Max DSM 

201 112012 
Generatbn 
Decision 

CC = Combined Cycle 
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The goal of the study is to provide an assessment of the four options that will allow the 
City of Gainesville to make decisions regarding future supply options. Each option was 
evaluated according to a range of metrics including: 

a Revenue Requirements - Average 

a Revenue Requirements - Long-term Variability 

a Revenue Requirements -Annual Fluctuations 

a Residual Emissions and HealthlEnvironmental Impacts - COz, SOz, NO,, 
Hg, resulting PMz.5 

a Capital Costs 

a Local Socio-Economic Impacts 

a Technological and Implementation Risk 

ANALYTIC APPROACH 

The overall analytic approach is for GRU and other utilities to make decisions which 
minimize costs given that one of the four options has been chosen. This is the 
commonly accepted analytic approach to studies considering the range of both demand 
and supply side options. This analysis requires a very large number of calculations that 
can only be done using a computer model. ICF chose to use its IPM" model, while 
GRU uses AEGIS, a different proprietary computer model. Both models minimize 
production costs including allowance costs. ICF's IPM" model is widely accepted in 
both the private and public sector and has undergone extensive review since it is the 
main tool used by the U.S. EPA. 

ICF's Integrated Resource Planning (IRP) and forward short-term tower market 
assessment will be derived utilizing the Integrated Planning Model (IPM ). The model 
simultaneously, for all selected regions including a GRU region, solves the following 
parameters consistent with a least cost solution (Exhibit 1-8): 

a Power plant dispatch 

a 

a 

Fuel use, emissions, and environmental compliance 

Capacity expansion, mothballing, and retirement - except for GRU where 
we will specify four options 

a Inter-reaional transmission flows - 
c- YAGTP3113 46 
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Hourly spot electrical energy prices 

Annual spot pure capacity prices which can heuristically be allocated to 
super peak demand hours 

Exhibit 1-6 
The lPM@ Modding Framework Analyzes Supply and Demand Resourcra on Equal 

Footlnf 

Energy Efficimq 

The IPM" modeling will cover not only GRU, but also the rest of the Florida Regional 
Coordinating Council (FRCC) and regions north of Florida in the Southern Company 
region covering Georgia, Alabama, and parts of Mississippi and Panhandle Florida. 
Florida will be disaggregated into nine zones induding GRU as one of the zones 
(Exhibit 1-9). Transmission flows will be determined by the model. Transmission limits 
for non-firm (i.e., economy energy) and firm capacity are shown below (see Exhibits 1- 
10 and 1-11). GRU's import capability for non-firm energy is substantial. At the 
extreme, GRU could import 2.3 BkWh. In comparison, its 2006 energy requirements 
are approximately 2.2 BkWh.35 

On the other hand, ICF ACS load flow modeling has identified significant firm import 
and export limits associated with the Deerhaven 230/138 kV transformer. A failure of 

35 While GRU's need to block power is much less today. it is larger over time due to demand growth. 
36 AC = Altemating Current; PowerWcdd Load Fbw Model 
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this system element threatens the Parker to Archer Road 230 kV transmission line, and 
hence, firm flows need to be restricted to account for this potential problem3'. 

Exhibit 1-9 
FRCC Region Will be Yodeled Along With Neighboring Areas Accounting for Wholesale 

Transactions 

'' An upgrade to this transformer could increase the firm import limit to approximately 150 MW. This was 
not modeled. In the current situation of exposure to a contingency that greatly limits external sales, the 
15 Dercent reserve mamin should be considered as esoecialb bindinq and special care should be 
exe;cisad to maintain suicient generation capability. 
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Exhibit 1-11 
Firm (Capaclty) TTCs (W) 

Southern 
,V 

~ , 
- 

r 

GVL Firm Simultaneous TTCs: Imports = 30 MW; Exports = 0 

- 
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1994-2004 
1995-2005 
2000-2004 
2001 -2005 
2002-2004 
2002-2005 

CHAPTER TWO 
DEMAND GROWTH BEFORE ADDITIONAL DEMAND SIDE 

3.3 3.3 
3.2 3.2 
2.9 2.0 
2.7 2.6 
2.6 2.5 
2.5 2.3 

MANAGEMENT PROGRAM IMPLEMENTATION 

The demand growth forecast before additional DSM is very important. If electricity 
demand is less than expected, costly investments can and should be deferred. On the 
other hand, if demand is greater than expected, the City could be exposed to a higher 
than expected reliance on purchasing power from a few sellers in the wholesale power 
market and the need to quickly make decisions regarding the imperative of meeting 
reserve requirements. 

This chapter discusses demand growth projections before additional DSM beyond the 
levels already planned by GRU. The next chapter separately addresses DSM. This 
chapter is organized into four sections. The first discusses historical electricity demand 
growth. The second briefly discusses electricity demand forecasting accuracy. The 
third presents the forecast demand growth rates used in this study. The fourth 
discusses GRU’s supply and demand balance. 

DEMAND G R O W  BEFORE ADDITIONAL DSM 

Electricity demand growth for GRU has been 3.3 percent per year on a ten year rolling 
average basis through 2004. The ten year average including 2005 for which only 
limited demand data is available is 3.2 percent. These rates are above the US. 
average of approximately 2.5 percent per year for peak demand. GRU’s growth is also 
very close to the FRCC average (Florida Regional Coordinating Council) which covers 
most of the state (see Exhibits 2-1, 2-2, and 2-3). Florida’s electricity demand growth 
rate is the fastest among large states. 

Exhibit 2-1 
Historical Peak Electricity Demand Growth (%) Ten Year Roiling Average - Slowing 

Demand Growth 
GRU ! FRCC - -  _ _  I Ten Year Rolling Average I I 
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Exhibit 2-2 
GRU El emand 

Exhibit 2-3 
FRCC Electricity Demand Growth History - Ten Year Roiling Averages - Electrical 

er 

In this context, the historical GRU electricity demand growth reflects several aspects of 
the Gainesville community including: 

. GRU Service Area Population Growth - Population growth has been 2.2 
percent per year between 1995 and 2004. 

Residential Customers - The number of residential customers has been 
growing at 3.0 percent per year between 1995 and 2004. 

Commercial Customers - The number of commercial customers has 
been growing at 2.6 percent per year between 1995 and 2004. 
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Residential and Commercial Sales - Together, the commercial and 
residential sectors account for 88 percent of total ultimate customers sales 
by GRU, and hence, their strong growth explains most of the total growth 
in demand. 

Retail versus Wholesale - 13 percent of the total growth in net peak 
demand between 1995 and 2004 has been from wholesale sales with the 
remainder from retail sales. Thus, retail sales are the most important 
factor explaining growth. 

More recently, GRU electricity demand growth appears slower. The five ten year 
periods ending in 2001 - 2005 show 2.7 percent annual growth, and the three ten year 
averages for the 2003 to 2005 period show 2.5 percent growth. This recant demand 
growth trend continues to match closely FRCC-wide demand growth which has also 
been slowing. 

Between 2000 and 2004, GRU peak demand grew in total only 1 percent (see Exhibit 2- 
7). In 2005, peak demand grew 4.8 percent. However, the year-by-year trend also 
shows demand growth slowing though it also appears to be bottoming out around two 
percent which is GRU’s projection (see Exhibit 2-4). 

Exhlbit 2-4 
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Thii slowing in demand growth in recent years seems to be related to slowing in 
population growth and income growth though they may be a temporary post-Wl1 2001 
reoeaeionptwmomenon. 



Docket No. 090451Il 
ICF Electric SUPP~Y Study 

Population Growth (K) I Personal Income Growth 00 I 
Ten-Year Rollir- a*.---- 

Ten-Year Rdlir 

Ten-Year Rouw 

I 1 
.1984-2002 

1989-2003 

1991 - 2003 I 1 I 

There I 
1 

3.6 

3.4 

3.3 

'y n v w r q j w  - 
tg Average 

'" i g  Average 

.. - 
Exhibit RMS-4 
(Page 57 of 303) 

1.8 

1.7 

1.5 

Exhibit 2-5 shows projected growth rates in population for different cohorts in Florida 
and supports the view that population growth will return to the longer term trend and the 
decline in demand growth is slowing. As has been discussed in several forums, the 
aging of the US population is expected to have a more severe impact on Florida than 
many other states. The graph below (Exhibit 2-6) shows that, while the growth rate of 
the overall population in Florida is expected to hold steady at around 2 percent, different 
cohorts are expected to grow at rates significantly different from the overall population 
growth rate. 

Exhibit 2-6 

4 F W a  Populstlon Projectiona - Annual Growth Rptes, by Gohott 

4 I 
aooI 2oma 2012 20111 zoao 2024 2028 

+&24 --+-e +Total Year 

Source: US. Cmsus B u m  Population Projection data. 
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Exhibit 2-7 

2.02% 2.45% 
2.56% 2.58% 

Summer Peak Demand Net Energy for Load Growth 
Glowth Rate (%) Rate (K) 

3.3% 2.55% 
1.75% 2.8% 
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I A m  

Electricity demand growth projectins by the U.S. and Florida utility industry tend to be 
too low compared to actual historical growth (see Exhibit s 2-8 and 2-9). The causes of 
this under-forecasting are not fully understood, however, nationally it is a broad based 
phenomenon extending over nearly two decades. This has contributed to our view that 
the GRU forecast is reasonable to conservatively low. 

Exhibit 2-8 

Year Slte Plans, prepared by the %Ma Public Service Commlssion, Division of Economic Regulation, December 
2005, page 19. 
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Demand Orowth Actoos the US Has Beon Above Industry Projoctlonr 
Exhibit 2-9 

.E".4I)r .Peak 
- 1.0% - NERC EShD 1005 - 1014 Prol.cllons 

SMnariO ORU' 
LOW NA 
Base 2.1 
HighJ 2 .a 

FORECASTS OF DEMAND GROWTH BEFORE ADDITIONAL DSM 

FRCC 
NA 
2.5 
3.1 

ICF has adopted the demand forecast of GRU and FRCC as its Base Case (see Exhibit 
2-10). The high case for these entities reflect a weighting of historical growth and utility 
forecast. In 2006-2010, the estimate is a weighting of 75% historical GRU 10 year 
rolling average and 25% GRU 2005-2014 annual average forecast rate (AAGR); 201 1- 
2020: 50% historical GRU 10 year rolling average and 50% GRU 2005-2014 AAGR; 
2021 and thereafter : 25% historical GRU 10 year rolling average and 75% GRU 2005- 
2014 AAGR. 

GRU SUPPLY AND DEMAND BALANCE 

In 2006, GRU's peak demand is forecast to be 470 MW. In 2005, actual peak demand 
was 465 MW. This requires GRU to have 541 MW which is 470 MW times one plus the 
required reserve margin of 15 percent. Reserves are required in large part because in 
YAGTP3113 56 - 
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the industry standard practice involves peak demand forecasts that assume average 
summer conditions, not the conditions of hotter than average summer. Also, in the 
industry, generation capacity is specified assuming no unexpected outages or problems 
even though they are very common if not ubiquitous. 

Current GRU supply equals 611 MW providing a reserve margin of 30 percent. By 
2012, under the base case demand growth, reserve requirements will be 626 MW and 
GRU supply 579 which accounts for planned retirement of Kelly #7. Thus, GRU will 
need more resources, supply or demand (see Exhibits 2-1 1 and 2-12). 

By 2023, current supply less retirements is approximately 454 MW (see Exhibit 2-13). 
At that time, reserve requirements will be 772 MW. Firm capacity import limits are 
estimated by ICF to be approximately 300 MW. Thus, even if imports are available, 
GRU will not be able to meet its needs without more local resources. 

Exhibit 2-11 

E F  YAGTP3113 57 
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Exhibit 2-12 

Peak Demand 

Accounts for 8 MW of capacity penalty for Dearhaven 3. 

Exhibit 2-13 

Source: GRU 2005 Ten-Year site Plan submitted to the Florida Public Service Commission, April 2005. 

Another perspective on demand growth is that in the near-term, at 2.1 percent peak 
demand growth, which is the GRU forecast growth rate, 12 MW of capacity 
requirements are added each year. At 3.3 percent growth per year, the ten year rolling 
average growth rate, GRU’s demand grows 18 MW per year. Due to compound growth, 
the following is required: 

Between 2006 and 2012, the first year a new unit can reliably be brought 
on line. GRU generation requirements growth equals 74 MW, all else 
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equal. This assumes that the GRU grows at the forecast growth rate of 
2.1 percent. 

At the historical annual growth rate of 3.3 percent, GRU requires an 
additional 120 MW between 2006 and 2012. 

Thus, there is large potential growth in demand given the size of the plants being 
considered, especially if incremental DSM does not greatly decrease growth. 

To illustrate the supply and demand situation facing Gainesville, a stack of two solid fuel 
plants is compared to: (1) hourly demand in 2006, (2) hourly demand in 2014, and (3) 
the 2014 resewe requirement of 666 MW (see Exhibit 2-14). As can be seen, by 2014, 
hourly demand in the summer exceeds the capacity of the two solid fuel plants and the 
reserve capacity requirement is well above this level. 

This does not mean that new generation is required. However, the modeling calculates 
the cost consequences of growing hourly electrical energy and reserve requirements. 

Exhlbit 2-14 
2006 and 2014 BaMI Demand Compared to Illustrative Potmtial Supply Stack 

A similar graphic shows the effect of the high growth case (see Exhibits 2-15, 2-16, and 
2-17) where demand grows at 2.8 percent per year. In this example, the capacity 
requirements in excess of the two solid fuel plants is 773 MW (721 - 228 - 220). 
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Exhibit 2-15 
2008 and 2014 High Demand Case With Illustratlve Potential Supply Stack 

u rlh 

In 2020, cumulating demand growth raises the extent to which the second solid fuel unit 
is used on an hourly demand and capacity requirements. 
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Exhibit 2-16 
2020 Base Demand Case With Illustratlve Potential Supply Stack 

Exhlbit 2-17 
2020 High Demand Case With Illustrative Potential Supply Stack 
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CHAPTER THREE 
DEMAND SIDE MANAGEMENT- 

DSM Options Overview 

To analyze the benefits of demand-side management (DSM) programs, we 
characterized a broad range of potential DSM programs and performed an integrated 
analysis alongside the supply-side options using the Integrated Planning Model (IPM). 
IPM was allowed to pick the most economic DSM programs as an alternative way to 
meet future electricity demand and reserve margin requirements. This analysis allows 
us to draw some important conclusions: 

Many of the potential DSM programs are less costly than the supply-side 
alternatives, with levelized average costs of only $23/MWh. 

Under base case load growth, these DSM options are capable of 
significantly deferring growth in capacity and generation requirements. 
The 'Maximum DSM" scenario, which chooses all DSM programs which 
are economic assuming high natural gas prices and high CO2 prices, 
provides an additional 48.99 non-coincident MW of capacity (30.66 
coincident peak MW savings) by 2015 and 88.40 non-coincident MW 
(55.85 coincident peak MW) by 2025 (including reserve margins.) 
However, under the high load growth case the Maximum DSM scenario 
can only defer the need for capacity one year, from 201 0 until 201 1. 

yote: Even Unaer ~ a s e  case assnmpnons (&e. not usrng 
he c02 bigb &el costs), the same 
mombination of D rograms was selected as being 

The Maximum DSM scenario results in GRU's annual spending on DSM 
doubling after two years, and growing to almost four times current levels 
within 10 years (approximately $7.0M/yr)%. 

The Maximum DSM programs would cut GRU's annual load growth by 
approximately 43% by 201 5. 

The incremental annual DSM program expenditures equate to an 
additional $1 3.1 1 per customer immediately, increasing to an additional 
$52 per customer in nine years. 

The Maximum DSM level of expenditure and load reduction is comparable 
to that achieved by Austin Energy, and as such would require 

38 All dollars are in axpressad in 2003 dollars 
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Gainesville to become a national leader in DSM program 
implementation. 

Significant short-term investments in the DSM infrastructure of both GRU 
and the community would be necessary to achieve these reductions. 

Exhibit 3-1 summarizes key statistics for all the 19 potential DSM programs analyzed, 
and shows their capital cost in dollars per non-coincident peak kW to range between 
$903'kW (for N C  direct load control) and $5,133kW (for solar water heaters). Note 
that direct load control programs for residential N C  and hot water have additional 
ongoing non-capital program costs included only in the annualized $kW-yr cost Exhibit 
s below. 

Exhibit 3-2 summarizes the load impacts for the 15 DSM programs that were chosen at 
some point in the planning horizon, and details the rise in coincident peak MW reduction 
from these programs from 4.41 MW in 2008 to 55.85 MW in 2025 induding reserve 
margin contributions. Exhibit 3-3 provides similar data for the annual energy or MWh 
reductions. 

Exhibits 3-4 through 3-7 detail the impact of the Maximum DSM case programs on: 
Annual Costs, Reserve Margin Requirements, Base Case Demand Growth, and High 
Case Demand Growth respectively. 

The remainder of this Chapter details our methodology for determining the magnitude 
and cost of the DSM programs, and illustrates how the results compare to those of other 
utilities. 

For an equitable comparison. the DLC cost should also reflect additional charges for incentives paid to 
customers and ongoing operations, maintenance. and switch replacement costs. 
YAGTp3113 63 - 
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DSM program impacts do reflect the life of the various measures installed, and are therefore inclusive 
of vintaging effects. '' Includes ongoing annual cost of 22.25 (2003ykW-yr) 
O2 Includes ongoing annual cost of 103.05 (2003slkW-yr) 
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Exhibit 3-2 
DSM Choice Under High Gas and C02 Prlces -Cumulative Non-Colncident Peak MW‘ 
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Exhibit 3-3 
Gas and COz Prices - Cumulative Annual MWh Savings 
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L Exhibit: 
as and COi ricer -_ ..inual Costs (in $000) DSM Choice Unc 
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Exhibit 3-6 
Comparison of GRU Demand Before and After DSM Chosen - 

Base Case Demand Growth (OW) 
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Exhibit 3-7 

Before DSM After Maximum DSM 

Summary of DSM Analysis Methodology 

The primary goal of the DSM analysis is to characterize a wide range of potential DSM 
programs in a manner consistent with supply-side alternatives such that an "apples-to- 
apples" comparison can be made by IPM. Therefore, the primary output of the DSM 
analysis is an assessment of the amount and timing of load reductions (kW and MWh) 
that can be achieved in the GRU service territory, along with the cost of such 
reductions. In addition the analysis supports the assessment of DSM impacts on 
emissions, jobs, and average GRU rate levels as discussed elsewhere in this report. 
The basic methodology is outlined in Exhibit 3-8. 
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Exhiblt 3-8 
Overview of DSM Analysis Methodology 

1. Characterization 
of Energy Use 

DSM Measures 

3. Calculation of Measure 
Impacts 8 Costs 

4 
Prioritization 8 

5. Bundling of DSM 

6. Estimation of DSM 
Program Penetration 

1 
7. Comparison to 

other Utilities 

1 
Send DSM Programs to IPM for 
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Each step in this process is summarized briefly below. The remainder of this section 
discusses each step, its assumptions, and its results in more detail. 

Step 1. Characterization of Energy Use. In order to understand which 
technologies are most applicable to the customers of GRU, it is first necessary to 
understand how electricity is currently being used in the community. Therefore, 
this step estimates how much energy is being used by a range of customer types 
(e.9. offices, schools, residences) for a variety of end-uses (e.g. lighting, air- 
conditioning). 
Step 2. ldentiflcation of DSM Measures. Informed by the results of Step 1, a 
list of approximately 125 potential DSM measures was developed using data 
from previous GRU studies, community input, experiences of other utilities, ICF 
experience, and other sources. 
Step 3. Calculation of DSM Measure impacts and Costs. For each of the DSM 
measures, an estimate of the cost of installation and maintenance was 
developed, along with the impact on electricity summer peak demand (kW) and 
annual energy (kWh.) For weather-sensitive measures, ICF performed 
approximately 1,280 residential energy simulation runs and 2,112 commercial 
runs using the Department of Energy's DOE-2 software to determine specific 
impacts under Gainesville's unique weather conditions. 

Step 4. Cost-Effectiveness Prioritization and Estimation of DSM Potential. 
Based on the costs and impacts, a 'Supply Curve" for DSM, showing how many 
Megawatts of DSM reduction are available at varying cost levels was developed. 
The measures were then prioritized based on their potential cost-effectiveness 
(under the TRC test) and an estimate of the amount of cost-effective DSM was 
developed. 
Step 5. Bundling of Measures into Programs. Since DSM measures (e.g., attic 
insulation) are rarely delivered alone, but are typically packaged into programs 
with other measures to achieve economies of scale, measures passing the cost- 
effectiveness screening were grouped into programs for further analysis. This 
process resulted in 12 residential and seven commercial programs. 

Step 6. Estimation of DSM Program Penetration. The estimated participation 
rate of GRU customers in the DSM programs was developed based upon the 
market size, growth rate, economics of the technologies, and related factors. 
Total program impacts and costs were also developed. Note that these impacts 
are over and above GRU's currently proposed DSM programs. 
Step 7. Comparlson to Other Utilities. The relative magnitude of the DSM 
programs (both in terms of dollars and load reduction) was compared to other 
utilities, including Austin Energy and an illustration of the relative aggressiveness 
of the potential portfolio of DSM programs was provided. 

All the DSM Programs were then passed to IPM for integrated analysis alongside the 
supply-side options and evaluation of economic, rate, and emissions impacts. 

E F  YAGTP3113 72 ...* "LIS.. 



Iocket No. 090451-~1 
CF Electric S u m  Study 
:xhibit 
Page 76 of 303) RMS-4 

Note that this process does not attempt to define in final detail the complete nature of 
the potential DSM programs, and that many decisions about qualifying technologies, 
how to deliver the programs, and removal of barriers would need to be made if the 
programs were to be implemented. Similarly, the analysis does not attempt to analyze 
the universe of technologies that might have some value in the programs in the future, 
even if their impact would be small. Nor does this analysis reveal whether these 
programs are a "good idea" or not, since a variety of policy issues, such as impact of the 
programs on average rate levels, equity between customers, perspectives on future 
markets for fuels and energy, emissions, and other issues need to be resolved to 
answer this question. 

The process does, however, characterize the amount and cost of DSM that is reliably 
achievable with aggressive funding and cost-effectiveness assumptions. It permits a 
robust comparison with the supply-side options, and lays the foundation for an 
assessment of the trade-offs between various policy considerations. 

Step 1. Characterization of Energy Use 

To establish a baseline profile of energy consumption by building type and end-use, we 
utilized data from GRU's ten-year plan, GRU's 19941995 DSM Study, and from the 
Energy Information Administration (ElA)43. This type of detailed end-use 
characterization is important since in many cases DSM potential is estimated as a 
percentage reduction in the energy currently used by a particular technology or end- 
use. 

Total residential electricity sales were taken from EIA 2004 Form 861 data, and 
confirmed by the GRU 2005 Ten-Year Site Plan (Site Plan). The residential load of 878 
GWh was segmented by end-use using EIA Annual Energy Outlook data to maintain 
consistency with our methodology for the commercial sector and to utilize the most 
recent available information. This end use segmentation is summarized in Exhibit 3-9-. 
End-use data were further segmented by technology type based on the GRU DSM 
Study, EIA data, and best judgment. 

End use segmentations and electricii intensities from EIA RECS. CBECS, and Annual Energy Outlook 

Data for the end-use consumption Exhibit s is provided in the Appendix 
2004. 
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Exhibit 39 
GRU Residential Electricity Load (MWh Share) by End-use 
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mmercial electricity sales were also taken from EIA 2004 Form 861 data. The 
commercial load of 764 GWh was segmented by sub-sector according to the GRU DSM 
Study. Within each sub-sector, load was segmented by end-use according to building- 
specific end-use splits from EIA Annual Energy Outlook data (see Exhibit 3-10). End- 
use load was then further segmented by technology type. 

A segmentation of residential and commercial peak demand, excluding losses and 
wholesale demand, was provided by GRU in comments received February 17, 2006. 
Total residential coincident peak demand was equal to 213 MW. We used regional load 
shapes in combination with the end-use electricity sales segmentation described above 
to assess the relative contributions of each end-use to the total residential sector peak 
demand. Commercial peak demand was equal to 171 MW, and was segmented by 
building type according to segmentations available in the 1994-1995 GRU DSM Study. 
As in the residential sector, the relative contributions of each end use to peak demand 
in each sub-sector were derived using region-specific load shapes and the electricity 
sales segmentation described above. 

E F  YAGTP3113 74 
<... "C.,.. 



Docket No. 090451-El 
ICF Electric Supply Study 
Exhibit RMS-4 
(Page 78 of 303) 

Exhibit 3-10 
Share of Commercial Load (MWh) by Sub-sector and End-use 
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Exhlblt 3-1 1 
GRU Residential Peak Demand Share by End-use 

To determine typical residential household electricity consumption for wegther-sensitive 
end-uses, we referred to the EIAs 2001 Residential Energy Consumption Survey. The 
finest level of geographic resolution available from this data set is for the state of 
Florida, which we assumed to be indicative of average end-use consumption per 
household in Gainesville. As necessary, we made appropriate adjustments for 
Gainesville where specific data (such as the saturation of gas water heating) were 
known. In the commercial sector, end-use consumption per square foot was taken from 
the EIAs 1999 Commercial Building Energy Consumption Survey data. The values for 
end-use consumption were taken from the South Census Region survey tables as the 
best available representation of Gainesville load. 

In the residential sector, electricity consumption is dominated by the central air 
conditioning, lighting, water heating, and appliance end-uses (Exhibit s 3-1 1 and 3-13). 
Because of Gainesville's warm climate, air conditioning is the single largest energy 
consuming end-use. Central air conditioning represents an even greater share of overall 
residential peak electricity demand and will be a primary target of the DSM technologies 
selected. 

In the commercial sector, the office and retail building types make up the largest shares 
of overall electricity consumption and peak demand. Within these building types, 
cooling, lighting, and office equipment make up the largest shares (Exhibits 3-12 and 3- 
14). As is the case in the residential sector, peak demand more heavily favors cooling 
loads, which are at their peak coincident with the system peak. 
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Exhibit 3-12 
GRU Commercial Peak Demand by Sub-sector and End-use 
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Exhibit 3-13 
GRU Residential End-use Consumption 
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Exhibit 3-14 
GRU Commercial Sub-sector Consumption intensity 
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Initial Screening measures were taken from: the 1994 GRU Demand Side Management 
Base Planning Study, review of the DSM programs of other utilities, community 
suggestions (although not all suggested measures were necessarily included), as well 
as additions from ICF‘s own database of energy efficiency measures. Note that due to 
the comparative lack of industrial customers a comprehensive list of industrial DSM 
measures and niche technologies (e.g. combined heat and power) was not evaluated. 
This is not to suggest that there is not potential for such measures, perhaps as an 
element of a “custom rebate” program, but rather to recognize their limited applicability 
given the customer base. 

The list of measures is provided in Exhibit 3-15. While perhaps not inclusive of all 
measures that could possibly be incorporated in GRU DSM programs over the planning 
horizon, the list provides a good representation of the applicable technologies and the 
potential for DSM. 

Step 3. Calculation of DSM Measure Impacts and Costs 

Because the data from the 1994 GRU D S M  Study are in some cases somewhat dated, 
we updated energy savings and cost assumptions based on contemporary sources. 
Specifically, we used the 2004-2005 Database for Energy Efficiency Resources (DEER) 
Version 2.01 for updated cost information and savings information for non-weather- 
sensitive measures. DEER is a comprehensive and nationally-used measure database 
jointly developed by the California Public Utilities Commission (CPUC) and the 
California Energy Commission (CEC). We screened all measures for applicability and 
feasibility to the GRU service territory and to the residential and commercial sectors. 
Data elements associated with each measure include: incremental capital, installation, 
and O&M costs; the effective useful measure life; and per unit energy and demand 
savings. For the commercial sector, energy impacts were specified for each individual 
building type. 

In addition, weather-sensitive measures (such as high-efficiency air conditioning and 
home weatherization) required evaluation based on Gainesville’s own unique weather 
patterns and building construction practices. To determine the demand and energy 
impact of these measures, the Department of Energy’s DOE-2.1E software was used. 
This software takes data about the size, construction, and equipment characteristics of 
buildings and uses local weather to estimate energy use and the impact of specific 
energy efficiency upgrades. 
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Exhibit 3-15 
DSM Measures Included in the Screening Process 
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For the residential segment, analysis was conducted to determine the impact of energy 
efficiency upgrades on both existing home stock and new homes separately, reflecting 
the fact that existing homes oflen have significantly poorer energy performance than 
new homes. For the commercial segment, analysis included the six primary building 
types that make up a majority of the buildings located in the Gainesville region. The 
DOE-2 analysis uses Typical Meteorological Year (TMY2) weather data. 

Each of the building types have a baseline determined by a typical set of architectural 
characteristics (e.9. foundation type, number of stories, conditioned floor area, window 
to floor area ratio), and a single set of energy-related characteristics (e.g. wall 
insulation, attic insulation, equipment efficiency, window U-value and SHGC). For a full 
set of characteristics modeled, see Attachment 3. 

Step 4. Cost-Effectiveness Prioritization and Estimation of DSM Potential 

DSM potential studies typically address three different concepts of ‘potential.” First, 
technical potential quantifies the savings that could be realized if energy efficiency 
measures were applied in all technically feasible instances, regardless of cost. As is 
typical for such an analysis, we estimated technical potential assuming that this change- 
out occurs immediately. Technical potential is therefore useful as a broad gauge of the 
economy’s inefficiency in the territory of interest. 

Economic potential is the subset of technical potential that is cost-effective from a 
chosen benefitcost perspective. For this initial screening we applied the Total 
Resource Cost or (TRC) test perspective as the primary measure. However, this is not 
to assert that the TRC perspective is necessarily the lone criterion which should be 
applied to establish “cost-effectiveness,” nor to dismiss the value of other tests, such as 
the Ratepayer Impact Measure (RIM) test. However, to avoid prematurely screening 
out potential DSM measures before they can be analyzed alongside supply-side options 
in IPM, and consistent with the Commission’s directives favoring DSM, the TRC test 
was used. 

As with technical potential, economic potential assumes that all relevant energy 
efficiency improvements occur instantaneously. For this study, we have further 
subdivided economic potential into measures that are cost-effective (with a TRC>=I) or 
marginally cost-effective (with a TRC between 0.5 and 1). That is, measures failing the 
TRC test, but with a benefit cost ratio greater than 0.5 were treated as “passing” for the 
purposes of this analysis. This was done to recognize that there is uncertainty in the 
screening of the measures, and that some of the screening assumptions (such as 
avoided costs) were by necessity based on previous GRU analyses and not the results 
of IPM analysis presented herein. Therefore, since IPM is a more definitive measure of 
DSM’s value as a resource than are simple screening tests, and is capable of screening 
out non-cost-effective measures, we chose this ‘liberal” approach to passing DSM 
measures to the next step. 
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Finally, achievable potential is an estimate of the portion of economic potential that 
could actually be captured by programs over a number of years of sustained program 
effort. We will discuss our derivations of technical and economic potential in this section, 
and detail achievable potential in subsequent sections. 

To determine DSM potential, it is also necessary to estimate measure applicability 
factors, saturation factors, and avoided costs. Applicability factors, varying from 0 to 1, 
determine the engineering feasibility of implementing a measure in a particular end-use. 
For instance, the applicability factor for a compact fluorescent light (CFL) would 
represent the percentage of inefficient incandescent light bulbs that could feasibly be 
upgraded to CFLs from a purely technical perspective (accounting for the fact that due 
to their size and performance characteristics, CFLs cannot universally be used to 
replace all incandescent bulbs). 

Another factor used to determine technical potential was installed saturation factor. The 
installed saturation factor refers to the percentage of the market or sub-sector where the 
measure has already been implemented. We used historical GRU data from the 1994 
GRU study, as well as regional and national averages, to develop installed saturations 
by technology type. 

The technical potential of a measure is then determined by multiplying the savings 
factor, applicability factor, and saturation factor by the technology type load (from the 
results of Step 1). For example, the energy technical potential calculation for residential 
CFLs is as follows: 

Measure: CFLs 
Technology Twe Load 122.3 GWh 

l%Savin&Fa;or ~ xo.wi X 0.75 
Applicability Factor 
I -Saturation Factor X 1 -0.14 
Technical Potential 47.5 GWh 

CFLs are a part of the incandescent technology type in the residential lighting end-use. 
The maximum introduction of this measure would reduce overall annual load in this 
technology type and end use by 47.5 GWh. From this new baseline of 75 GWh (or 
122.3 GWh minus 47.5 GWh), any additional measures would have similar percentage 
reductions according to their savings, applicability, and saturation characteristics. In this 
measure-by-measure fashion, we estimated the total technical potential for the full 
range of DSM measures. Measures were considered in order of descending TRC 
benefit-cost ratios (see below). Note that for measures that achieve savings in the same 
way and which would be redundant if installed together, the most cost-effective option 
has been selected. For instance, because "exterior shades" and "shade screens" 
achieve essentially the same objective, only the more cost-effective (exterior shades) is 
considered. To remove the other measure from the analysis, its applicability factor has 
been set to zero. Of course, ultimate implementation of such a program may permit a 
variety of technologies to be used to accommodate customer preferences and market 
acceptance of various measures. 
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To determine economic potential, we used the same methodology, but only allowed 
those measures passing the TRC test to be selected. As noted above, we allowed 
measures with a TRC benefit-cost ratio of greater than or equal to 0.5 to be included in 
the estimates of economic potential. This is in contrast to typical practice, which allows 
only those measures with a benefit-cost ratio of greater than or equal to 1 .O. Please see 
further description of cost-effectiveness analysis below. 

The TRC test measures the net costs of a DSM program as a resource option based on 
the total costs of the program, including both the utility’s and participant‘s c o ~ t s . ~  
Generally, the TRC test measures the ratio of a measure’s benefits (kWh and kW 
savings x avoided costs) versus a measure’s incremental costs plus any program 
administrative costs. Because it is difficult to credibly assign program costs to specific 
measures, all program administrative costs were ignored for the measure-by-measure 
screening (such costs were later included in the analysis of the DSM programs). 

To calculate TRC cost-effectiveness, the costs of a DSM technology are compared to 
GRU’s avoided costs of generation and capacity. Avoided costs are the expenses GRU 
would have incurred had it generated or purchased electricity in lieu of a DSM program. 
These avoided costs were taken from GRU Strategic Planning’s Inter-office 
Communication from August 31, 2005. We weighted the Winter Peak, Summer Peak 
and Off Peak savings per kwh by the number of hours to created one yearly avoided 
cost per kwh. As per GRU’s original avoided costs documents, we then used a discount 
rate of 6.75% to convert the avoided cost into a Net Present Value (NPV) to correspond 
to the life of a measure. Similarly, we converted the 2012 avoided capital cost of 
$2,306.50/kW to a Net Present Value. We then used the Net Present Value for kwh and 
kW savings to determine the Total Resource Cost (TRC) benefit-cost ratio of a 
measure. That is, the net present value of all avoided energy and capacity costs divided 
by the incremental costs of the measure. GRU’s avoided cost table is included in 
Attachment 3. Note that some of these assumptions have been modified or updated 
based on ICF‘s analysis for the purposes of the IPM runs. The results include: 

Out of 76 measures for existing residential homes, 28 had a TRC>=I. 

An additional 11 measures had a TRC>=0.50, making them marginally 
cost-effective. 

Out of 22 new construction residential measures, five had a TRC>=I. An 
additional two measures had a TRC>=0.50, deeming them marginally 
cost-effective. 
Out of 116 commercial measures and 10 building types, equaling 1,160 
total applications, 537 applications had a TRC>=I. 

An additional 85 commercial applications had a TRC>=0.50, deeming 
them marginally cost-effective. 
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The list of all measures screened and the cost-effectiveness results are provided in 
Attachment 3. Exhibits 3-16 through 3-21 illustrate technical and economic potential in 
the residential and commercial sectors. 

Exhibit 3-16 
GRU Residentlal Technical and Economic Energy Potential by End-use 

IExcludea Losses) 

Exhibit 3-17 
GRU Residential Technical and Economic Demand Potential by End-use 
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Exhibit 3-1 8 
GRU Commercial Technical and Economic Energy Potential by Sub-sector 

(Excludes Losses) 
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Exhibit 3-19 
GRU Commercial Technical and Economic Demand Potential by Sub-sector 

(Excludes Losses) 
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Exhibit 3-20 
GRU Commercial Technical and. Economic Energy Potential by End-use 

(Excludes Losses) 
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Exhibit 3-21 
GRU Commercial Technical and Economic Demand Potential by End-use 

(Excludes Losses) 
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Step 5. Bundling of Measures Into Programs 

Once we were able to determine technical and economic potential for each measure, 
we bundled measures together to form potential programs. These programs were 
designed to capture all of the market or achievable potential identified for the region. 
The programs represent a more realistic view of how the potential could actually be 
captured through specific activities. Our methodology in bundling programs results from 
what would be feasible for the GRU service territory, as well as from our experience in 
implementation of energy efficiency programs across the country. Most programs 
consisted of measures that were cost-effective (with a TRC>=I). A few programs, 
including Home Performance with ENERGY STAR (Existing Homes), included some 
measures that were marginally cost-effective (with a TRC between 0.5 and 1). The 
marginally cost-effective program components were separated from the cost-effective 
components so as to ensure that otherwise cost-effective programs were not entirely 
discarded due to a few less cost-effective measures. Below, in Exhibit 3-22, is an 
example of how measures were bundled together into programs. 
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Many of the programs relate to lighting and cooling end-uses, where the potential for 
efficiency improvements is typically high. Note that because this study is a broad effort 
to gauge the extent of the total DSM resource, we generally have not dealt with specific 
issues of program design or delivery. For instance, we have not specifically addressed 
how programs might be designed to minimize free ridership. However, because we 
have estimated the extent of savings that would occur in the absence of programs (and 
have included in the program costs the payment of incentives to customers who would 
install the measures even without the programs) the "achievable potential" estimates 
are net of free riders. The programs include: 

Residential Programs 

CFLs - Replaces incandescent bulbs with compact fluorescent lamps. 
Fridge/Freezer Buyback - Provides payment for the transportation and disposal 
cost of older, inefficient second refrigerators and freezers. 
Home Performance with ENERGY STAR - Implements high efficiency residential 
measures in existing homes such as equipment and insulation for central and 
room A/C use, and may include low-income focused components 
Comprehensive Water Heating - Implements high efficiency measures such as 
equipment and tank / pipe wraps for water heating use. 
Solar Water Heater - Provides incentives for the purchase of a solar water 
heater system. We assumed 65% energy and 82% demand savings, based on 
GRU and Florida Solar Energy Center (FSEC) data. We also assumed a $1900 
installation cost (inclusive of the 30% federal tax credit), net of annual operations 
and maintenance (O&M) costs. 
Appliances - Provides incentives for the purchase of ENERGY STAR or other 
high efficiency appliances, including clothes washers and refrigerators. 
A/C Rebate, Weatherization, and A/C Tune-up Program - Similar to the Home 
Performance Program, this program implements high efficiency measures for 
central and room A/C use, and may also include low-income components 
A/C Direct Load Control - In exchange for A/C cycling during peak periods, GRU 
will provide payments to participating customers. 
Water Heating Direct Load Control - In exchange for water heater cycling during 
peak periods, GRU will provide payments to participating customers. 
ENERGY STAR Homes - Provides incentives for high efficiency measures in 
new homes, and expands the reach of the current Gainesville ENERGY STAR 
Homes Program. 
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P Cooling - Provides incentives for high efficiency cooling equipment, including 
packaged air conditioner units and chillers across all sub-sectors. 

N Exterior Lighting - Provides incentives for high efficiency exterior lighting and 
other measures for exterior lighting use across all sub-sectors. 

P Interior Lighting - Provides incentives for high efficiency equipment such as T8 
lamps and other measures (such as lighting controls) for interior lighting use 
across all sub-sectors. 

N Office Equipment - Provides incentives for high efficiency equipment, such as 
computers, monitors, and printers, across all sub-sectors. 

P Grocery and Restaurant Refrigeration - Provides incentives for high efficiency 
equipment and other measures for cooling use in the grocery and restaurant sub- 
sectors. 

P Ventilation - Provides incentives for high efficiency equipment and other 
measures for ventilation use across all sub-sectors. 

> Water Heating - Provides incentives for high efficiency equipment and other 
measures for water heating use across all sub-sectors. 

Step 6. Estimation of DSM Program Penetration 

DSM program penetration determines the percentage of economic potential that 
becomes achievable. Achievable potential is typically defined as the amount of cost- 
effective energy efficiency improvement expected to be captured as the result of 
specific program actions, over and above the efficiency improvements attributable to 
normal consumer and market behavior and existing conservation policies and 
programs. Achievable potential differs from technical and economic potential in that it is 
timedependent. That is, in reality, it takes some amount of time to change consumer 
purchasing decisions and increase the installed saturations of efficiency measures. 

For this study, we typically assumed that a total of 85% of current economic potential 
could be captured over the time horizon of this study. While it is certainly the case that 
the actual potential achieved will vary by program and is in part a function of external 
factors such as fuel prices, along with the nature of incentives, such a simplifying 
assumption is necessary given the schedule and scope of this study. In ICF's 
experience, this assumption is at the upper end of the range used in similar studies 
across the country. 

Annual impact is derived using a straightforward mathematical function designed to 
simulate the growth of energy-efficient market share over time. The function 
incorporates initial market share, a maximum market share, and a parameter that 
represents the speed at which the DSM measures gain market share. 

For this study, the difference between achievable potential and naturally occurring 
conservation is market potential. Below, in Exhibit 3-23, market potential is the area 
between the achievable potential and naturally occurring curves. This is the amount of 
additional conservation that could occur due to DSM programs. 
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Exhibit 3-23 
Comparison of Market Potential with Naturally Occurring Conservation 

Of course, the ramp-up rate is in part a function of the aggressiveness of the programs, 
especially the level of incentive paid to end-users. Determination of the precise level of 
incentive is somewhat of an art form, involving consideration of the customer's payback 
criteria, availability of alternatives, newness of the technology to the market, impact of 
freeriders (end-users who would install the measure even in the absence of the 
program but to whom we still pay an incentive) and other factors. 

For the purposes of this study, we assume that GRU would pay an incentive equal to 
full incremental cost of the efficient measure relative to the inefficient alternative. 
However, for the commercial cooling program, which subsidizes the purchase of large 
p i e s  of cooling equipment, we have assumed the program will pay an incentive equal 
to 50% of the full incremental cost. When combined with consideration of the somewhat 
limited existing market infrastructure available to support DSM programs in Gainesviile 
(e.g. contractors, stocks of effident equipment, energy auditing companies) the ramp-up 
rates assumed in this study are believed to be aggressive, especially when compared 
with the experience of other utilities. Of course, with large scale programs, this 
infrastructure can be expected to grow rapidly to keep pace with demand. 

We further assume that program marketing, administration, and other costs are 
equivalent to approximately 50% of the incentives paid to customers. However, for 
certain programs such as load control we developed a more detailed profile of programs 
costs and incentive levels based on program experience in Florida. Cost assumptions 
for all programs and for the suite of programs as a whole were also benchmarked 
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against experience elsewhere. A complete detailing of proposed load control program 
assumptions and costs is in the appendix. 

The cost structure we have assumed reflects that of a portfolio of programs focused on 
direct financial incentives for efficient equipment. For highly aggressive efforts focused 
on DSM resource acquisition, this is typically the primary direct means by which to 
achieve savings targets. However, for other program portfolios including a higher 
proportion of education, engineering services, and other informational offerings, the cost 
profile will be considerably different. These types of programs also provide critical 
services to end-use customers and result in reduced energy consumption, but do not 
entail considerable subsidy of equipment purchases. In such a scenario, 
“administrative” costs, including the costs of providing these services, will by definition 
be in excess of 50% of incentive costs. Notably, GRU’s current portfolio of DSM 
programs consists more of engineering and information services than incentives. 
Because of this DSM portfolio structure, ‘administrative” costs are currently a much 
higher percentage of incentives than we have assumed for our future DSM case. 

Also, we have assumed for the purposes of the modeling that the ratio of program costs 
to incentive dollars is constant over the life of the program. In implementation, it is likely 
that start-up and infrastructure development costs will be higher in the first one to three 
years of the programs. While this has liffle effect on the cost-effectiveness of the 
programs and we believe that the program costs over their lifetime are sufficient to elicit 
the savings projected, it should be noted that it may desirable to accelerate certain 
expenditures during the start-up phase. Therefore, costs in 2006-2008 may be higher 
that projected here (and somewhat lower in the following years). 

. 

Summary statistics for each of the draft programs are provided in Exhibit 3-24, with 
more detailed program impacts and annual results provided in Attachment 3. The 
captions for the tables and graphs in this report note whether impacts are at the 
’customer meter“ level, excluding losses, or if transmission and distribution losses are 
included. The additional value of these programs in avoiding transmission and 
distribution losses (approximately 7%) and generating system reserve requirements 
(approximately 15%) is reflected in the IPM modeling runs. 
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Exhibit 3-24 - 
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Supply curves provide a useful framework for understanding how much DSM is 
available at varying levels of cost. For example, Exhibit 3-25 is a supply curve for 2025 
based on the programs developed above. This curve includes all transmission and 
distribution losses as well as full program incentive and administrative costs. It reveals 
that there is approximately 45 MW of achievable DSM load reduction available at an 
annualized or levelized cost of less than $100 per coincident kW. This potential 
increases to nearly 65 MW if the acceptable cost level is increased to $300 per 
coincident kW. Exhibit 3-26 reveals the programs and numbers corresponding to this 
curve. Note that for direct load control programs, the cited cost represents only initial 
installation of equipment and does not include ongoing incentive payments to maintain 
participation in the~program. 

- -  . -  

Exhibit 3-25 
Total Program Potential Coincident Peak Demand Supply Curve (Including 7% 

Losses) 

$2,500.00 

$2,000.00 

$1,500.00 - 
0 

I $l.ooo.oo - 
f 

$500.00 - 

$0.00 

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.C 
Program Potenuel (MW) 

E F  YAGTP3113 93 
<..,".,*.' 



locket No. 090451-El 
CF Electric Supply Study 
:xhibit RMS-4 
Page 97 of 303) 

Exhibit 3-26 

Cumulative WCoinclden 

In Exhibits 3-27 and 3-28, we illustrate total residential DSM market potential over time 
by measure for all cost-effective measures (TRC>=0.5). These curves show the ramp- 
up of programs to capture available economic potential over the planning horizon. For 
energy reductions, compact fluorescent lamps (CFLs) make the single largest 
contribution to DSM potential. However, because of residential electricity usage 
patterns, CFLs make a much smaller contribution to peak demand potential. Peak 
demand opportunities are made up largely of central air conditioning measures, 
including high efficiency air conditioners and building envelope improvements. 
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Exhibit 3-28 
Resldentlal Demand Market Potential by Measure (Excluding Losses) 

.Hlrmm.m*-vmrL- 

Step 7. Comparisons with Other Utilities 

- 
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As discussed later, several of the programs were either not picked by IPM (they were 
not cost competitive with the supply-side and other DSM alternatives even given the 
assumptions of high COZ and high fuel prices) or their implementation was delayed until 
closer to the time that the capacity is needed. However, those that were picked still 
comprise a very aggressive DSM portfolio. The disposition of each program, showing 
its start date if it was selected, is provided in Exhibit 3-29. 

Exhibit 3-29 
Dispwltions of Potential DSM Programs After Analysis in IPM (Maximum DSM Case) 

0 RerWntlal Alc D M  Load conlrol 2MO 
1 RsakbmW WSW W n g  Direct Load conbol DOes not build 
2 EMwy Star H a n a a  2006 
3 CanmerdalCoding 
4 C a m a d a f  LbhUw ~ Exterbr 

m 
7 m  

If GRU were to implement all of these 'Maximum DSM" case programs as scheduled 
above, the annual impacts would be as summarized in Exhibit 3-30. 
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Exhibit 3-30 
DRAFT Summary of DSM Potential Programs 

916 l;fdo 1.76- 
Bos 1.407 2,012 
E a  1.6% 2- 
e13 u 2 1  2.031 
1117 288a 3.483 
0 1  3,423 4.04  
621 3.w 4,- 
4m 4,374 4.m 1 
4€d 4,@7 5.m 1 
460 4.W 5.151 1 
4m CUI 4980 1 
4m 4.<78 4,634 1 
ea 4,Mn 4,140 
468 4114 3,512 
4E4 zed0 3,098 ea 2114 2 . m  

1.8i2929 
1.812.929 

1.0% 1,812929 
1,812929 

3.5% 1.8i2.929 
4.4% 1.812929 
5.4% 1.812929 

1.812.929 
7.0% 1,812929 
8.8% 
0.8% 1.812.929 
10.4% 1,812,929 

13.4% 

In this scenario: 

e GRU's annual spending on DSM would double after three years, and grow 
to almost 3.5 times current levels within 10 years (approximately 

Annual kW reductions from DSM would increase from approximately 600 
kW/yr from current programs to 5,095 kW/y from additional programs in 
10 years. 

. $6.3MI~r)~'. 

DSM programs would cut GRU's annual load growth by approximately 
43% in Year 9. 

The incremental annual DSM program expenditures equate to an 
additional $1 3/customer immediately, increasing to an additional $53 per 
customer in nine years. 

In order to assess the likelihood that GRU could achieve such levels (and setting aside 
the policy considerations that will help determine if GRU should achieve such levels) 
some comparisons to other utilities are helpful. Of course, this is not to suggest that we 
should revise our estimates simply because other utilities have achieved more or less 
DSM than presented here. The experience of other utilities is not used as a constraint 
in this study, but rather to inform decision-makers of the relative successes of others 
who have made similar decisions. 

First, we review the estimates of program potential developed for other utilities and 
compare them to the estimates developed herein. Second, we review the actual 

4e All ddlam are in expressed in 2003 dollars 
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spending and load impacts and results of other utilities compare them to the projections 
above. 

Review of Other Potential Studies 

To identify if ICF’s methodology has generated estimates of the potential for DSM that 
are significantly different from the estimates that would result from alternate 
methodologies, a review of other studies of DSM potential was made (Exhibit 3-31). 
These studies included47: 

Exhibit 331 
Other DSM Potentlal Studies Reviewed 

I I I I 

Great care must be exercised in comparing estimates of DSM potential for a wide 
variety of reasons, including: weather zone, assumptions about avoided costs and cost- 
effectiveness, nature of the customer base, assumptions about the aggressiveness of 
utility programs, time frame of the analysis, definition of metrics, and other factors. 
Exhibit 3-32 provides the potential estimates from these other studies and compares 
them to the estimates for Gainesville (in italics). 

47 ICF did not include any of its own DSM potential studies so that the sample would not be skewed. 
YAGTP3113 98 E F  
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Exhibit 3-32 
DRAFT Comparison of DSM Potential Studies (% of Class Peak MW that can be saved 

with DSM over time) 

117i 2: b 
Mac DSM S m S r n  for Geinesvllle 28% 24% 18% 

Max DSM Scenarlo for Gainewh 15% 10% 7% 
Commercial Sedor 18%-41% i 3%-35% 6.3%-36% 3.6%-9% 

Despite the limitations associated with comparing studies for different regions and with 
different assumptions, it appears that the estimates of Achievable Potential for GRU 
(16% of residential and 7% of commercial peak demand over 20 years) are within the 
range of reasonableness, but tending towards the upper end of that range, especially in 
the residential sector. 

Review of Actual SDendinq 

GRUs 2005 and planned 2006 DSM impacts and expenditures prior to the 
implementation of any potential additional programs are set forth in Exhibits 3-33 
through 3-35. Exhibit 3-36 sets forth the annual DSM expenditures and customer 
counts for a range of other states and utilities active in DSM. The spending in these 
states ranges between $7.17 and $47.89 per customer per year. Progress Energy 
Florida and FPL are spending approximately $41.66 and $31.74 respectively. 

In comparison, GRU currently spends $21.1Q/customer/year on DSM", and the 
potential new programs increase over nine years to $51.97/customer/year combining for 
a very aggressive (and perhaps unequaled) $73.16/customer/year. Of special interest 
is the comparison to Austin Energy (AE), which is widely recognized as a leader in DSM 
and is spending approximately $64.50/wstomer/year on its programs. While AE is 
approximately four times the size of GRU and its programs are not all directly 
comparable, and although there are significant differences between the senn'ce 
territories, it is interesting to note that implementing the potential programs above would 
require a similar per customer expenditure. 

Further, AE historically reduces peak demand by 3540 MW a year with mature 
programs. The potential GRU programs above reduce demand by approximately 5 

Note that although GRU's current DSM expenditures overall appear large relative to the amount of 
direct incentives paid to customers, this may be in large part due to the way GRU does its accounting and 
delivers its programs. For example, GRU provides seMces such as audits and mnshuction consultation 
for free using in-house staff. As wch, it appears in the accounting as administrative costs. Other utilities 
will oflen classify this same expenditure as a customer incentive, especially when a third party is used to 
deliver the program. ICF has not attempted through this study to evaluate the quality of delivery or cost 
levels associated with GRU's programs. 
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MW/year at their peak. Given GRU’s relative size, it seems appropriate to conclude 
(based both on expenditure levels and MW reduction) that in order to successfully 
implement the potential programs GRU will need to develop DSM delivery capabilities 
(and a local DSM infrastructure) on par with that of AEs, though on a smaller scale. 

In summary, while the estimates of potential DSM program impacts appear reasonable, 
the new programs would require: 

Significant additional research and analysis to develop complete program 
designs, qualifying equipment, and processes, along with integration with 
GRU’s existing programs. 
Significant investment in GRU’s own DSM delivery capabilities, to include 
software tools, personnel, and specialized expertise. 
A rampup time of several years to develop the local DSM infrastructure 
and other support systems, and 
Strong support from the Commission, the University, and the community 
at large to help overcome local market barriers. 

1. 

2. 

3. 

4. 
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GRU DSM Program Budget 2005 
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GRU DSM Program Budget 2006 

I Incentives paid to Marketing EL GRU Admin. x Partlclpatlng 
Adverbsong Other Costs Total Costs Customen Sector Program custmen 



'Iu 
1- 
1997 
1W 
1999 
mw 
Mol 
2002 
m 
2004 
am 
mas 
2w7 
myI 
2mB 
mto  
2012 
2013 

?mi  

2014 
m i 5  
2018 
x117 
2010 
mls 
?mo 
m1 
2022 
m3 
m4 

3 8 0 4 1  0 2 5 2 1 5  0 0 0 0 4 0 0 0 0 0 0 0 
O U Q 0 2 4 7 1 3 0  0 0 0  4 0 0 0 0  0 0 
7 5 1 2 8 0 5 0 0 0  0 0  0 0  0 0 0 0 0 0 0  
3 8 2 0 0 l 9 0 0 0 0 1 0 0 0 0 0 0 0 ~ 5 5 0 ~ ~ 0 2 0 0 0 0 0 0  
O s B 2 1 0 2 7 1 1 0 0  0 0 0 4 0 0 0 0 0 0 
0 ~ 1 6 0 3 1 4 9 0 0 0 0 B 0 0 0 0 0 0 0 1 0 1 0 2 1 2 9 0 0 0 0 0 0 0 0  
0 5 0 1 8 0 ~ 1 2 0  0 0  0 3 0 0  O D  0 0 
0 - 8  0 1 0 1 1 ~ o o o  o 4 0 0  0 0  o o 
0 88 5 0 1 8 0 1 1  0 0 4 25 4 0 1W (I 0 1 3  
0 7 2 5  0 le0 11 0 0 4 0  4 0 1W 12 13 1 5 15 
0 78 5 0 180 11 0 0 4 0 4 0 1W 18 13 1 5 15 
o 611 5 o 1 w i i  o o 4 o 4 o i w  i o  13 i 5 16 
0 Lu 5 0 1 8 0 1 1  0 0 4 0 4 O l W l 8 1 3  1 5  
0 88 5 0 la11 0 0 4 0 4 0 1W 18 13 1 5 
0 92 5 O l B l l l  0 0 4 0 4 0 1 W l 8  13 1 5  
0 82 5 0 180 11 0 0 4 0 4 0 1W 18 13 1 5 15 
0 9 2 5  0 1 8 0 1 1 0  0 0 0 4 0 0 0 0 0 0 
0 82 5 0 1 8 0 1 1  0 0 0 0 4 0 0 0 0 0 0 
0 9 2 5  0 1 6 1 1 1 1 0  0 0 0 4 0 0 0 0 0 0 

0 92 5 0 1 8 0 1 1  0 0 0 0 4 0 0 0 0 0 0 
0 82 5 0 1 8 0 1 1 0  0 0 0 4 0 0 0 0 0 0 
0 92 5 0 1 6 1 1 1 1  0 0 0 0 4 0 0 0 0 0 0 
0 82 5 0 1 8 0 1 1  0 0 0 0 4 0 0 0 0 0 0 
0 92 5 0 1 8 0 1 1  0 0 0 0 4 0 0 0 0 0 0 
0 82 5 0 1 8 0 1 1  0 0 0 0 4 0 0 0 0 0 0 
0 92 5 0 1 6 1 1 1 1  0 0 0 0 4 0 0 0 0 0 0 0 
0 82 5 0 1 6 1 1 1 1  0 0 0 0 4 0 0 0 0 0 0 

o 92 6 0 1 8 0 1 1  o o o o 4 o o o o o o 

Exhibit 355 
GRU DSM Program Peak kW Impact 
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Exhibit 3-36 
Comparison of Maximum DSM Scenario Spending with Other Utllities. 

8,200,000 $ 15O,O00,000 $ 18.29 
10.600,OOO $ 230,000,000 $ 21.70 
2,700,000 $ 62,300,000 $ 23.07 

660.000 $ 20,200,000 $ 30.61 
15,200.000 $ 32.34 

F b d 8  Rwgulwt8d utilities (2003$) 
4,120,000 $ 151,354,540 $ 36.74 

304,772 $ 6,710,375 $ 17.00 
1,511,000 $ 62,943,509 $ 41.66 

An Aside on Solar Water Heating, Co-Generation, and Photovoltaics 

ICF's evaluation of DSM options included explicit consideration of solar water heating, 
distributed generation, and PV. 
Solar Water Heaters 
ICF included solar water heaters (SWH) as one of the measures included the initial 
screening and calculated the cost-effectiveness of SWH just as was done for the other 
measures. ICF concluded that SWH were not cost-effective using either the TRC or 
RIM test for any reasonable range of assumptions, with TRC benefit cost ratios ranging 
between 0.37 and 0.68. Despite this, ICF created a SWH Program in the same manner 
described above for the other measures and passed it to IPM for evaluation, which also 
found it to be more expensive than the supply-side options. The primary assumptions 
driving this result are: the peak kW saved, the annual kwh saved, and the system cost. 

c_ 
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After review of available data from other programs, including those of JEA and 
Lakeland4', ICF assumed that the typical residence in Gainesville, if retrofitted with a 
solar water heater would save 0.22 kW on peak. The primary reason for this 
comparatively small peak kW savings is that very little water is being heated during the 
summer system peak. Exhibit 3-37 shows the daily load of a typical electric hot water 
heater in central Florida based on a sample of 171 electric water heaters metered in a 
study by the Florida Solar Energy Center and Florida Power Corporationso. As 
suggested by this Exhibit, the average electric water heater in this study (based on an 
average household size of 2.8 persons) was drawing between 0.2 and 0.25 kW. This 
study also found that the average water heater was consuming only 2,325 kWh a year. 
Using these numbers as a baseline. ICF then applied savings factors of 65% of energy 
and 82% of kW. These savings factors were corroborated by a variety of sources and 
are consistent with the ranges articulated by FSEC. Given this, we believe the savings 
estimates we assumed (a savings of 0.22 kW and 1,466 kWh) to be reasonable, and 
perhaps even aggressive for the average Gainesville household (which has an average 
of 2.5 occupants). 

'' Lakeland assumes 0.2kW summer peak savings and 1,570 kWh. JEA has reported savings of as high 
as 0.5kW for a family of 4. 
Jo Factem Influencing Water Heater Energy Use and Peak Demand in 8 Large Scale Residential 
Monitoring Study by John Masiello (Florida Power Corporation) and Denny Parker (Florida Solar Energy 
Center) 
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Measured Electric Hot Water Heater Load by Month 
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ICF assumed the installed cost of a SWH to be $1,720 and the annual maintenance 
cost to be $60, both of which are well within the range (and perhaps towards the low 
end) of costs reported by other utilities and FSEC. 

ICF recognizes that these results are less favorable to SWH than those commonly 
reported, but believes there are a variety of Florida-specific factors (such as the 
increased level of the supply water temperature in the summer and the resultant 
reduced need to heat the water) which credibly explain the results. 

This is not to deny that there may be specific instances where SWH is cost-effective, 
especially in large households. ICF has not recommended as a part of this study that 
GRU terminate or modify its existing program, recognizing that niche applications of 
SWH may have benefits to the system. ICF's goal in this study was to characterize the 
costs and benefits of programs believed to have sufficient applicability and scale to 
become a meaningful resource option for GRU, hence ICF's focus on the broader base 
of homes, including homes with fewer occupants. It should be noted that savings would 
have to be approximately triple (other factors being equal) those found here if a solar 
water heater program were to have a chance of being selected in place of the supply 
side options. 
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Distributed cogeneration systems (systems that typically use a gas turbine or engine to 
produce electricity and then recover the heat from that process for another need (such 
as water heating or a manufacturing process) can indeed be cost effective. Although 
their economics are a function of the cost'of natural gas and the rate charged for back- 
up power by the utility (among other items) their primary barrier to widespread 
implementation is that only a small subset of customers have loads that are suited to 
co-generation. That is, without a heat load these options are very rarely cost-effective 
for the customer under almost any assumptions. Customers most likely to have cost- 
effective cogeneration applications typically exhibit: 

Operating hours in excess of 4,000 hours per year (i.e. at least a two-shift 
operation) 

Heat requirements in the form of steam or hot water 8 

8 Electricity requirements that are coincident with heat requirements, and 

0 Electric load between 50% and 250% of the heat load 

Given this, the primary targets for co-generation are Customers who have large, 
consistent heat loads such as laundries, heated swimming pools, hotels, hospitals, and 
certain industrial processes. While space heating loads make co-generation more 
attractive in the northern US., it cost-effectiveness is diminished in Florida's warm 
climate. 

The smallest systems start at around 50 kW and cost around $70,000; the economics 
start to become more favorable as sizes increase to IMW costing approximately $1 
million. 

Recognizing that GRU has very few industrial or large commercial customers, and after 
a review of GRU's top 50 customers and based in part on conversations with GRU staff, 
ICF came to the opinion that, while potentially cost effective in certain applications, it is 
not likely that cogeneration will become widespread in Gainesville with or without a 
program from GRU and it was dropped from further analysis. As noted elsewhere, ICF 
recommends that if GRU proceeds with its additional DSM programs, it accommodate 
such niche technologies with a standard offer program that pays incentives based on 
the measured kW and kWh reduced. Therefore, cogeneration would not be precluded 
from participation in GRU programs. 

As with solar hot water heaters, ICF included an analysis of small scale photovoltaic 
panels (PV) in its screening of DSM measures. The TRC benefit cost ratio given the 
mid-range assumptions about cost and energy savings is 0.33, suggesting that the cost 
of a PV system is not offset by the generation savings it provides. Given that this does 
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not exceed even the 0.5 threshold for passing the measure to the IPM analysis, PV 
programs were not evaluated further. 

The primary assumptions driving this conclusion are the cost of the PV system and the 
demand and energy savings. Consider the following example: a system capable of 
meeting the needs of an extremely efficient new house or perhaps 50% of the needs of 
a typical house might provide 1.9 kW of non-coincident AC power (3.2kW DC power) 
and produce electricity as represented in Exhibit 3-38. As shown in this Exhibit, the 
system may be expected to prod,uce between 1.1 and 1.7 kW of peak demand reduction 
coincident with GRU's system peak. The annual energy production of this system is 
approximately 4,486 kwh. 

Exhibit 3-38 
Hourly Production of PV Power - Gainesviilo, FL" 

Tim OF GRU Typical System Peak 

I 10 11 12 13 14 15 16 17 18 19 20 21 P 23 24 

Estimates of the cost of PV system vary widely, especially if one attempts to incorporate 
potential future declines in costs due to commercialization of emerging technologies. 
However, several utilities and FSEC suggest that such a system should cost in the 
range of $13,200 after available tax credits ($8 per non-coincident AC watt less the 
$2,000 tax credit). 

This cost is consistent with, indeed lower than, that found in a recent study of 17,889 PV 
systems installed in California between 1998 and 2005". The cost of these systems 
over time is illustrated in Figure 3-39. 

51 Distribution developed using FSEC's Clean Power Estimator assuming a 3.2 kW DC PV system and 30 
degree southward lilt 
62 Letting the Sun Shine on solar Costs: An Empirical hvastimtion of Photovdtaic Cost Trends in 
Cdiforfia. Ryan Wiser. Mark &linger, Peter Chpers. and R M  Margolis Envkonmenta3 Energy 
TechnolosieS Division. Lawrence Berkeley National Labwatory , January 2006. 
YAGTF'3113 108 - 
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Exhibit 3-39 
Average Installed Cost Ovor Tlme in the Callfornla Energy Commission PV Program 

As suggested by the figure, in 2005 the average pre-rebate installed cost of PV systems 
in the 0-2 kW range is approximately $9.5/watt (2004 dollars), and for 2-5 kW systems 
is approximately $8.9/watt. ICF's assumption of $8/watt for a 1.9 kW system clearly 
gives PV the benefit of the doubt. 

But even with these assumptions, the TRC benefit cost ratio of PV is 0.33. Although 
costs are expected to decline in future years, it would take an additional cost reduction 
of approximately 57% for PV to approach cost-effectiveness even assuming that 
program administrative and promotional costs are zero. 

Put another way, the annualized cost of the PV system is approximately $884/yeaP3 or 
approximately $1 GO/MWh (including credits for line losses and reserve margin 
contribution.) This compares to the cost of the DSM Drwrams that oassed the 
screening with an average of $24iMWh and the supply side options ranging between 
$40 and $55/MWh. 

For these reasons, PV is not expected to become a viable large scale generating 
resource for GRU in the near future. 

~~ 
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CHAPTER FOUR 
GENERATION OPTIONS AND FINANCING COSTS 

INTRODUCTION 

This chapter discusses the generation options analyzed in this study for GRU and for 
other utilities in the region. As discussed in Chapter One, ICF considered a range of 
solid fuel, natural gas, and renewables before settling, after consultation with and 
direction from the City of Gainesville on three generation options plus a scenario 
involving Maximum DSMw only. 

One of the distinguishing characteristics of Gainesville’s generation situation relates to 
renewables. Unlike several other areas in the US., Florida’s local wind resources are 
not attractive for generation even with federal subsidies. This is significant since 
approximately half of all capacity additions this year in the U.S. are wind power 
(measured at maximum output)*. Also, solar conditions are not as attractive as the 
most attractive areas of the country such as the U.S. desert southwest. This combined 
with the high costs of central solar thermal stations makes solar very c o s t l ~ .  However, 
the Gainesville area has significant potential biomass which is considered a zero COz 
emission source and for which there are some limited federal subsidies. At this time, 
GRU has no biomass generation capability. All generation options considered in this 
study have biomass capability to some degree. If chosen, these supply options would 
help clarify biomass supply uncertainties as discussed in the next chapter. 

OPTIONS CHOSEN 

The generation options chosen to be examined in this study were: 

Generation Option #I - Solid Fuel CFB - We examined the GRU 
proposed 220 MW CFB plant with the capability to use coal, petroleum 
coke and a limited amount of biomass (30 MW). This option was specified 
in the GRU IRP. CFB tends to be modestly more expensive per kilowatt 
compared to the dominant coal power plant technology, pulverized coal, 
but has greater fuel sourcing flexibility. The plant is highly controlled for all 
major emissions except C02 for which practical controls do not exist. CFB 
technology is newer than pulverized coal technology which is the 
technology used at Deerhaven 2 and nearly all U.S. coal-fired power 
plants. Jacksonville, Florida has a CFB plant burning Central Appalachian 
coal. The Jacksonville plant has had some technical issues but overall 
has performed adequately. CFB technology has improved over time and 
other utilities in the country near the U.S. Gulf are choosing this 

GRU can supplement these options in the model with a peaking combustion turbine option and the 

Actual resefve margin conhibution is a fraction of rated maximum output, typically 5 to 30 percent. 
The capital costs in Florida may also be affected by the need to withstand hufricane conditions. 

ability to buy and sell wholesale power on a spot basis. ss 

YAGTP3113 110 Lc 



Docket No. 090451-~1 

Exhibit RMS-4 
(Page 114 of 303) 

IcF Electric Supply Study 

technology because of the ability to access low cost petroleum coke 
produced by oil refineries. We also conducted scoping level assessments 
of alternative CFB sizes. There also was some scoping level examination 
of the consequences of using greater amounts of biomass than 30 MW. 
Increasing use of biomass above 30 MW is technically feasible, but has 
economic consequences. 

Generation Option #2 - Solid Fuel IGCC - We examined a 220 MW 
IGCC power plant. The 220 MW size was chosen to be comparable to the 
CFB and because smaller size plants exhibit very large diseconomies of 
scale compared to other solid fuel technologies. IGCC is a very new 
technology, and hence, has greater risk and technical requirements. A 
clear plan on how to handle these risks will be necessary as early as the 
start of the project’s financing. Accordingly, a significant focused 
commitment to this type of project is required and careful consideration 
should be given to the staffing, financing, management, and decision 
making issues involved (e.g., the need to potentially make decisions about 
unexpected events such as supplemental investments, staff costs, etc.), 
as well as the utility’s other commitments. 

Only one US. utility plant is operating with IGCC technology in part 
because this technology became available during the period when nearly 
all new US.  plants were natural gas-fired. In addition to the Florida utility 
IGCC, the Delaware City IGCC uses petroleum coke to primarily supply 
power to an industrial sector plant. There are international IGCC plants in 
Japan, Spain, and the Netherlands. Several U.S. utilities are planning to 
add IGCC both in Florida and in the Midwest, though none have yet 
broken ground. In the past, large federal subsidies were provided to 
IGCCs. Current programs offer potential loan guarantees, but no large 
direct subsidies. While ICF assumes no subsidies, it did not raise the 
financing costs for IGCC on the assumption that loan guarantees would be 
forthcoming for a part of the debt issuance. 

The advantages of IGCC technology include: 

0 IGCC has the lowest emissions of S02, NO,, Hg, and particulates 
of any coal or solid fuel technology. This is because the synthetic 
gas must be cleaned on-site in order to burn it in the plant’s 
combined cycle. It should be noted that the extent of the emission 
decreases relative to other new plants is limited since no new plant 
can be built without substantial controls on S02, NO,, and Hg 
emissions. At the same time, this is an issue to be evaluated by 
the City. 

o IGCC has higher thermal efficiency than other coal plants on the 
order of ten percent. This decreases C02 emissions per MWh and 
lowers fuel costs. 

IC- YAGTp3I 13 111 
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o IGCC is fuel flexible compared to pulverized coal plants. It is 
expected that biomass and petroleum coke can be used although 
the experience with petroleum coke is far greater than for biomass 
and very large use of biomass could affect design and costs. 

IGCC has the potential to capture COZ which could then be 
sequestered. Other coal plant technologies do not offer this 
potential. COz capture is not being done anywhere at this time and 
Florida is a poor candidate relative to other states to find 
underground conditions suitable for receiving and storing CO2. 
Even so, Gainesville could contribute to the advancement of this 
new solid fuel technology. 

o 

Generation Option #3 - Biomass Only 75 MW Plant - All of the 
generation options examined in detail have some biomass capability. 
However, we also examined a 75 MW CFB that uses only biomass, 
though as a technical matter, it would be designed to use other solid fuels 
as well. If this plant were switched to a blend of pet coke and coal, its 
output and thermal efficiency could be increased if some flexibility is built 
into the plant, (e.g., an oversized generator). It may be possible to raise 
the output of this plant close to approximately 90 to 100 MW on coal or 
petroleum coke. This was a contributing factor to choosing the sire to be 
examined in this option. 90 to 100 MW is approximately intermediate in 
size compared to the GRU IRP 220 MW option. This smaller size has a 
cost if in the end the same amount of capacity is needed, i.e., more similar 
plants are built at a later date. On a per kW basis, a 75 MW CFB is about 
8 percent more expensive than a 220 MW CFB. This could raise the costs 
of having 220 MW of CFB approximately by $35 million5’. Many other 
biomass plants use stoker technology. These plants can have lower 
thermal efficiencies, and higher emissions and less flexibility to efficiently 
use higher Btu solid fuels like petroleum coke and coal. This is discussed 
later. 

OTHER GENERATION OPTIONS 

In addition, several other generation options were considered beyond those selected 
including: 

Other Generation Option #l - Solid Fuel Super Critical Pulverized 
Coal (SCPC) - We examined an SCPC option. After reviewing several 
SCPC size ranges, we focused on a 800 MW plant. SCPC was examined 
in part to compare amss  solid fuel technologies to ensure cost and 

‘’ 220/75 times 172 million for a bmwnfield CFB equals $505 million. A 220 MW plant is $470 million. If 
both need to be desianed for 100% biomass use without mrformance dearadation. this cost increase due - 
to diseconomies of &le could be slightly higher. 
YAGTP3113 . 112 c- 
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performance consistency. Since few solid fuel plants have been added in 
the U.S. in recent years, this is especially usefulss. The specification of an 
SCPC is also for use in the modeling exercise. Other utilities are forecast 
by the model to add capacity under the dfierent scenarios and these 
utilities can consider very large coal plants such as IGCC and SCPC. We 
also wanted to provide some perspective on the option to jointly own a 
larger coal plant of this type since this is likely to be an option in the jointly 
owned arena. 

B Other Generation Option #2 - Natural Gas Combined Cycle - ICF 
examined a combined cycle, and in what ICF considers a close call made 
by the City Commission on February 2, 2005, the decision was not to 
include it in the final set, but rather include the 75 MW biomass with 
Maximum DSM option. Even though the natural gas fired combined cyde 
was not one of the four options chosen, it is an option that is available to 
other utilities in the modeling exercise. This plant is also a component of 
the IGCC and provides comparability across this technology and IGCC. 
This is useful in light of uncertainties on the cost of IGCC including the 
potential need for extra set asides for contingencies beyond those 
induded in our estimates or greater operational guarantees from 
manufacturers which effectively raises costs. 

D Other Generation Option #3 - Natural Gas Peaking Combustion 
Turbine - This is an option available to GRU and other utilities in the 
modeling exercise. In the case of GRU, combustion turbines may be 
needed in the later years of the study to ensure that GRU meets its 
reserve requirements. Peaking combustion turbines compete with power 
imports in this regard. 

Other Generation Option #4 - Nuclear - This is an option available to 
other utilities, albeit at a later date than for other generation options. 

Other Generation Option #4 - Solar Thermal - This was an option that 
was considered but found to not be economic or proven enough in Florida 
to be a major option for GRU. Solar thermal central station lants exist in 
the desert southwest and/or have been recently announced . 

ICF relies on a number of sources for its estimates including confidential discussions 
with developers, manufacturers and utilities. Since so few plants are under 
construction, there are no public databases of actual plants which can be used to 
document these estimates. Furthermore, available public estimates are difficult to use 
since the data is often limited (e.g., what is included, what fuel and pollution controls are 
assumed, design and site differences). 

B 

b 

5 8  

On& approximately five mal plants are under constructbn in the US. Over the last rifteen years 
almost none have been added. 
59 A 30-50 MW solar thermal power p lant in Nevada is being contracted for at this time. 
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CAPITAL COSTS - SOLID FUEL AND NATURAL GAS POWER PLANTS 

ICF estimates the capital costs in 2003$ of the key options for GRU to be 
approximately? 

D 

220 MW CFB - $470 million 

220 MW IGCC - $445 million 

a 75 MW CFB - $170 million 

These estimates assume that the plant is on a site with an existing unit or units and is 
referred to in this regard as a brownfield plant. Plants at new sites are referred to as a 
Greenfield plant. These estimates are an attempt to estimate total costs including 
interest during construction, transmission hook-up costs, fuel, generation, and pollution 
control equipment, installation, construction, testing, financing charges, etc. General 
inflation can have a noticeable effect on these costs. At 2.25 percent general inflation, 
2012 costs would be 22 percent higher. 

As a point of comparison, a 220 MW share of a jointly-owned brownfield 800 MW SCPC 
plant would cost approximately $300 million or $145 to $170 million less before added 
transmission costs. ICF believes extra transmission costs beyond those included in the 
$300 million could be significant if the purchase is greater than 100-150 MW. 
Furthermore, siting new lines could be a challenge. 

ICF also estimates that a 220 MW natural gas combined cycle would cost approximately 
$115 million. Thus, solid fuel options have higher capital cost in dollars per kilowatt 
compared to those of natural gas power plants by factors of approximately four. As 
noted, there is some added uncertainty on the capital costs for the solid fuel plants 
since few such power plants have been built in the US. in recent years. Furthermore, 
the demand for these plants appears poised to increase significantly and could raise 
capital costs as buyers compete for scarce resources. The higher capital costs apply to 
all three solid fuel technologies including CFB, IGCC, and the supercritical pulverized 
coal (SCPC) plant. 

Capital costs are only one component of costs. The solid fuel plants are still potentially 
attractive because they also have lower fuel costs or fuel options with lower price 
volatility. Fuel costs are discussed in the next chapter. 

There are significant economies of scale involved in generation in terms of $/kW capital 
costs both with respect to the size of the plant and the presence of pre-existing 
generation units on the site. The economies of scale are the largest for the IGCC and 
CFB options cornpared to the SCPC (see Exhibits 4-1 through 4-3). The economies of 

8o ICF believes that actual costs are plus or minus 5 to 10 percent and of the estimates provided, the level 
of precision is not commensurate with the number of Significant digits shown, but the estimates are shown 
at 3 to 4 significant digits to facilitate comparison. 
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scale are especially large for the IGCC as its size is increased from 75 MW to 220 MW. 
This is associated with sizing the plant closer to the industry standard which is based on 
the Frame 7 combustion turbine component of the plant. 

Lastly, the capital costs among solid fuels can be expected to vary as the share of 
biomass increases. This is driven primarily by the lower energy density of biomass 
fuels. 

Exhibit 4-1 

'BF = bmwnfiid 
Pmjed contingency fees are induded in costs. They are 6.8,10, and 20% for NGCC, CFB, SCPC. and IGCC, 3 

reSpectivdy. 

Exhibit 4-2 

'BF = B M d d  

The costs for similar plants for other utilities are higher due to higher financing costs 
relative to GRU. 

Exhibit 4-3 

'BF = Bmwnfidd 
'Other utilities have higher interest durlng construction costs. 

YAGTP3113 115 
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SCPC OPTION 

As noted, the least costly solid fuel option on a $/kW basis would be at a large, 800 MW 
super critical pulverized coal plant. This plant type also has modestly more cost data 
available relative to other options. ICF estimates that such a plant would cost 
$1,632/kw1 for a greenfield plant, and $1,469/kW for a brownfield site with a pre- 
existing plant (see Exhibit 4-3). This estimate is for utilities other than GRU; the 
difference is higher interest during construction for non-municipal utilities. 

This would only be feasible for Gainesville if it were jointly owned with other companies. 
This option has $25/kW for electricity transmission which may not be enough depending 
on where a jointly owned plant was located. This option was not considered among the 
four Gainesville options. This reflected several reasons including the difficulty in using 
biomass at such a plant, and to a lesser extent, petroleum coke, and the City's desire to 
have a plant locally sited and well suited to its load. If the City rejects the three solid 
fuel options, it should be aware that jointly owned solid fuel plant options are expected 
to be available to the City. 

CFB OPTION 

ICF estimates that the 220 MW for utilities other than GRU CFB plant would cost 
$2,318/kW versus $1,469/kW for the 800 MW SCPC. This increase in per kilowatt cost 
is mostly due to the plant's smaller size and to lesser extent due to the use of a different 
technology. Note, however, the CFB plant is very flexible in its fuel use options and is 
designed to use up to 13.6 percent biomass without need for major upgrades or 
derating of plant performance. 

ICF estimates that the 220 MW CFB's capital investment costs would increase by 
approximately $35 million if it were adapted to 100 percent biomass use. Conversely, 
the plant's performance could be allowed to deteriorate in exchange for the advantages 
of higher biomass use (see Exhibit 4-4). The challenges with biomass derives from 
several factors notably the lower energy density due to higher water content of wet 
biomass, fuel quality variability, the impacts of biomass transportation on surrounding 
areas. and deterioration of stored biomass material over time which lowers its heat 
content. Since biomass can be expected to be 30 to 50 percent water, its energy 
density is less by 50 to 60 percent than other solid fuels: 

e Wet Biomass - 12 MMBtu/ton 

Central Appalachian Coal - 24 - 25 MMBtu/ton 

Petroleum Coke - 28 MMBtulton 

I 

'' 2003 dollars unless otherwise noted. 
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This requires a larger facility including a larger boiler to handle the biomass at very high 
levels of total fuel input. 

Parameter 
Capital Cost for Retrofits 
Capacity Penalty 
Heat Rata Penalty 

Value 
$20 million 

30% 
+3,500 BtukWh' 

IGCC OPTION 

A third solid fuel option is the Integrated Gasification Combined Cycle (IGCC). At large 
sizes (Le., 800 MW), this plant has the highest capital costs per kilowatt of the three 
solid fuel options. However, it scales down well to the 220 MW level since that is close 
to the size of a Frame 7 combined cycles2. The IGCC's capital costs only rise 32 
percent on a per kilowatt basis versus 51 percent for a CFB or a SCPC. However, at 
sizes smaller than 220 MW, the cost per kilowatt escalates most rapidly for an IGCC 
since the smaller combustion turbines are more costly per kilowatt. Specifically, at 75 
MW, LM8OOO turbines are assumed to be used and cost escalation of a per kilowatt 
basis from 220 MW to 75 MW is 57 percent versus 8 percent for CFB, and 4 percent for 
SCPC. 

As noted, the IGCC is the most recent solid fuel technology. The coal is gasified; the 
resulting gas is treated and is then burned in a gas-fired combined cycle power plant. 
Only one U.S. utility plant is operating an IGCC and it is located in Florida at the Polk 
power plant near Tampa. The Orlando utility has agreed to build such a plant with 
Southern Company, one of the largest power companies in the country. Others are 
actively considering this option. 

Finally, in developing our scoping level capital cost estimates (shown in Exhibits 4-1, 4- 
2, 4-3) for CFB and IGCC technologies, ICF has drawn upon a number of technical 
sources. While prepared at a line item level of detail, for the illustrative purposes here 
we break down the cost estimates into 3 main categories: i) major equipment, ii) 
installation and labor, and iii) owner's costs. 

For the IGCC, the major equipment costs can be further disaggregated into power 
island costs and gasification components. We used pricing from The 2004-05 Gas 
Turbine World Handbook for our power island costs. We used the Parson's Power 
Group report 'Market Based Advanced Coal Power Systems" to develop costs for our 
gasification equipment as well as installation and labor cost. Owner's costs. which 
include utility interconnections, plant startup, spare parts, site development, financing 
costs, etc. comes from ICF expertise. We regionalize the installation and labor costs 

I x 1 configuration will actually have a size closer to 250-265 MW. 
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with factors from Reed Construction's Means Construction Cost Indexes, 2005. 
Furthermore the plant capacity used in our estimates is on stated on a summer peak 
basis for Florida. Data for summer peak is based on a 30-year average obtained from 
the National Climatic Data Center. 

Costs for the CFB technology has been scaled from cost estimates of two coal-fired 
facilities currently under construction. These are XCEL's Comanche 111 and Mid- 
American's Council Bluffs 4 facilities. These raw estimates were scaled down in size 
and also in technology using EPRl's Technical Assessment Guide. As with the IGCC 
we regionalize the installation and labor costs using factors derived from Reed 
Construction's Means Construction Cost Indexes, 2005. 

FINANCING COSTS OVERVIEW 

As a municipal utility the financing costs of the options supply and demand are expected 
to be lower than for other entities due to the lack of income tax and the ability to issue 
fax free municipal bonds (see Exhibits 4-5 and 4-6). ICF also accepts GRU's position it 
will be able to achieve 80 percent leverage which is higher than for most investor owned 
utilities. 

Exhibit 4-5 

'Assumes all new options are built as regulated rate base power planis. 
SCustomer Discount Rate; Source: GRU IRP (2003) 
"Tax-ucempt Interest Rate: Source: GRU IRP (2003) 
?axable Debt Interest Rate; Source: GRU IRP (2003) 
IOU Return on Equity: Source: GRU IRP (2003) E 
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Exhibit 4-8 
Key FRCC New Unit Financing Cost Assumptions 

I GRU I Other Marlcet Partlclpants 
Financing Costs 

. 

DebVEquity Ratio (%)' 
Debt Rate (%)' 
After Tax Return on Equity 

Income Taxes (%) 
Other TWS (%I* 
General Iflation Rate (%P 
Levelized Real Capital 

Baseload Plants 
IntemediiWPeaking 

r4' 

Charge Rate (%) 

Nuclear 

80120 
4.48 
9.0 
0 

0.3 
2.25 

5.5 
5.8 

100.0 

501% 
9.25 
11.0 
38. 8 
1.04 
2.25 

10.4 
10.7 - 

Plants 
'Assuming 2.25 percent Inflation 
'Includes property taxes as well as insurance costs of 0.3% for a11 the subregions. 
Levdied capital charge rete estimates the chargas including rewvery of and on capital, taxes, and levellzss these 

charges BQOWL the lifetime of the project. The modeling uses a real capital charge rate to be consistent with all other 
values which are all reai. 

3 

OTHER COST AND PERFORMANCE PARAMETERS AND LEVELED COSTS 

Additional generation cost and performance assumptions are presented below in 
Exhibits 4-7,4-8, and 4-9. 

Exhibit 4-7 
Key New Power Plant Fixed Cost Assumptions 

I Fixed 08M (2003$/kW)' I 1 
15.4l29.2 

27.Ql6.3110.8 
36.6 
52~4 
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Exhlbit 4-8 

Parameter 
New Power Plant Builds 

2000-2004' 
Heat Rate' (BtukWh) 

Treatment - Base Case 
Combustion scpc !ax Combined I 

&gg 
7.100 10,825 NIA NIA 

2005 
2010~ 
201 5 
2020 

Variable O&M2.3s4'7 
(2003WMWh) 

10.778 7,100 
6,800 
6,672 
6,553 

2.8 

NIA NIA 

Minimum Turndown (%) 
Availability (%I 

. ... . 

92.0 90.0 90.0 
50 

92.0 

E& 
NIA 
NIA 

9.950 
9,950 
9,950 

2.61 
50 

90.0 

Parameter 
Existing Power Plant 

Constraints (%) 
Coal Steam 

OiIlGas Steam 
Combined Cycle 

Variable OBM 
(200WMWh) Range' 

values s m d  correspond to an 83 Percent 5 percent and 83 percent for combined cydes. combustion turbines 
and coaUlGCC respedively. 

z 

Treatment Baae Case 
Availability Minimum Turndown f %/.I 

84-88 40 
76 - 85 25 

92 50 

2.5 - 8.7 2.2 - 9.0 0.7 - 3.2 
a2 GI OIG Stea m 

'inversely correlated with capacity factor. mis IS due to two factors: (i) as dispatch moves fmm baseload to mld- 
merit, the number of starts Increase: (11) the cost per start Is spread over ISSB MWh in the mid-meritlcycllng mode. 
Note. Cc's VOM are for the 7FA machines. 
Simple and comblned cyde una OBM is assumed to Increase over time as GlFb and H type technology becomes 

available. G-tech machines are estimated to have an aooroxSmatelv 20 m n t  haher LTSA Fee. 

4 

- .. 
'By 2010, G-technology Is assumed wmmeruaiiy available. 1mpm;ed &aency &uRs In appmxlmately 3% lower 
heat rates over 7FA turbines. or approximately 6,800 BtuikWh 70 ensure dispatch consistency among the 7FA combined cyde fleet, a11 are modeled with a 7.100 heat rate. 
The VOM for coal relleds consumables and startup fuel. Consumables include h e r .  limestone. ammonia. 

chemicals, and ash removable. 

LEVELIZED ICF COST ESTIMATES 

ICF calculated levelized average costs for the options considered as shown in Exhibits 
4-10and4-11. 
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Exhibit 4-10 
Average Generation Cost - 2010 - 2025 Average - IllustraUve Summary of Impacts of 

AssumDtlons - lPMg Modeling Analysis Will be More COmDrt3henSiV0 - Base Case 

**rUiowance A!uloca&on-taken into acmunt for SCPC, NGCC, CFB CoBio, and IGCC Cogio units 
"'REPI Wen into account for Momass oplions in biomass ~uppiy wfvea 
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Exhibit 4-11 

‘All costs represent Greenfield costs except CFB and IGCC costs which represent brownfield. 
“rechndogy Reports for Resource Planning,” prepared by Black 8 Vealch for Gainesville Regional Utilities, 12/2005 

3Energy Informawn Administration," Assumptions to the Annual Energy Outlook.” 2W5. 
‘EIA costs do not indude owner‘s costs such as IDC, land fees, spare pars, etc 
Note: $kW are summer kW. Summer Capaob can be much lower than winter kW. All-in refers to hook-up, IDC. 
fees. elc. 

2 
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CHAPTER FIVE 
FUEL 

INTRODUCTION 

There are several distinguishing characteristics of Gainesville’s fuel situation: 

Coal - No coal is produced in either Florida or Georgia, and historically, 
Florida has had relatively high delivered coal costs due to the distance to 
the Central Appalachian coal fields in West Virginia and Kentucky. 
Furthermore, until the installation of the recently approved flue gas 
desulfurization equipment for Deerhaven 2, Gainesville must use 
premium, very low sulfur coal. Nonetheless, delivered coal prices have 
been much less lower than delivered natural gas and oil prices, the two 
principal alternative fuels used in Florida. Furthermore, this requirement 
to use very low sulfur coal is relaxing for Deerhaven 2 and will not be in 
place for any future coal power plant. Thus, coal supply needs to be 
reconsidered in terms of regional sourcing and coal characteristics. In 
light of the significant diversity of U.S. coal sources, this is a significant 
positive development in terms of lowered delivered coal costs, especially 
over the long-term. 

Petroleum Coke - Gainesville is located near the US. Gulf, the major 
U.S. source of petroleum coke. This is an advantageous fuel source 
heretofore unavailable to GRU. As a technical matter, all three generation 
options can use this fuel source. 

Coal Transportation - Coal has been delivered by rail under a long-term 
contract expected to last until 2019. Accordingly, the transportation 
component of delivered coal costs is both relatively large and stable. 

Natural Gas - Natural gas is delivered by the FGT pipeline. Delivery 
costs are a small portion of total delivered gas costs. 

Biomass - Gainesville has not been able to use local biomass resources, 
but significant quantities are likely to be available and economic, 
especially under possible future CO2 emission regulations. 

1 

1 

IMPORTANCE OF FUEL 

The importance of fuel can be gauged by some highly illustrative extreme examples. If 
GRU were to rely on natural gas for all its fuel needs for 2005 and bought all of its fuel 
on the spot market, the annual fuel bill for GRU would be approximately $140 millions3. 

83 485 MW times 0.55 load factor times 8,760 hours per year times $9/MMBtu times 7,000 BtdkWh. 
YAGTP3113 123 LLC 
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Conversely, if the entire fuel bill were met via petroleum coke, GRU's 2005 fuel bill 
would have been approximately $20 milliona4. These illustrative extremes result in fuel 
costs of 6 cents/kWh versus 0.9 cents/kWh for natural gas and petroleurn coke based 
generation, respectively. Another perspective is that with inflation over the 30 year 
lifetime of a plant, the capital costs range roughly between $180 million to $600 million, 
but the cumulative fuel costs are roughly $6.3 billion to $1 billion for natural gas and 
petroleum coke, respectivelys5. These examples are illustrative only, but help introduce 
the topic and emphasize the importance of fuel choice and prices for the costs of 
electric service. 

FUEL TYPES ANALYZED 

ICF analyzed the following fuel options, many of which the GRU option could choose 
among: 

Coal - ICF examined coal from four regions: (1) Central Appalachian 1- 
1.5% sulfur coal, similar to the coal currently used by GRU at Deerhaven, 
except the sulfur content is slightly higher, (2) Illinois Basin which typically 
has 2-3% sulfur coal, (3) Wyoming Powder River Basin which has less 
than 1 percent sulfur coal, and (4) coal imports from the southem 
hemisphere (e.g.. Columbia, South Africa, Australia). Since all the new 
power plant options have controls to decrease SO2 emissions, and are 
flexible with respect to the coal quality, a wider range of coal types can be 
considered than just Central Appalachia. ICF expects Illinois Basin coal to 
be the least expensive source of coal on a delivered per MMBtu basis due 
in part to recent price increases in Central Appalachian coal. 

Petroleum Coke - Petroleum coke is a by-product of petroleum refining 
and has high energy density and sulfur content. The price of petroleum 
coke is typically very low, on a per Btu basis for plants near refining 
centers in the US. Gulf, because few plants can readily use this type of 
fuel. The use of significant quantities of petroleurn coke requires not only 
sulfur dioxide emissions control, but also flexible coal generation 
technology such as IGCC and CFB. Thus, the demand for petroleum 
coke has been limited and commodity prices have been very low. ICF 
estimates that this source is likely to be the lowest cost fossil fuel available 
to the plant. 

I Petroleum CokelCoal Blend - 50%/50% - This blend is considered as a 
conservative assessment of the capability of the proposed plants to use 
petroleum coke. Put another way, on a delivered dollar per Btu basis, 
petroleum coke is the least cost fuel, but there may be challenges in 
obtaining and/or using 100% petroleum coke. The effect of these 

485 MW times 0.55 load factor times 8,760 hours per year times OllMMBtu times 10,000 Btulkwh. 
All numbers are in nominal dollars. 

E F  YAGTP3113 1 24 
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challenges is being reflected in this study by limiting the low end of solid 
fuel costs by limiting the use of petroleum coke to a coal-petroleum coke 
blend which raises fuel costs for the CFB and IGCC. This blend is based 
on Illinois Basin coal which is expected to have a lower delivered cost 
relative to Central Appalachian coal. 

Petroleum CokelCoallBiomass Blend - 43%:43%:14% Biomass 

w Natural Gas - While none of the four options considered use natural gas, 
natural gas is used by Kelly and other GRU power plants. Also, natural 
gas is used grid wide in Florida and is an important price setting source for 
short term purchase power. 

Oil -While less important as an option for GRU, Florida uses more oil in 
electricity generation than any other state. Residual fuel oil 1% sulfur is 
used Florida grid-wide and is an important price setting source for short 
term purchase power. 

Biomass - ICF has developed assessments of biomass supply using 
various studies. The four main types of biomass are agricultural crops, 
agricultural wastes, urban wood wastes and forest residue. 

NATURAL GAS VERSUS COAL PRICES 

A critical issue facing the City of Gainesville and other utilities is the extent to which the 
recent increases in oil and natural gas prices that started in 2000 will continue. 
Recently, natural gas prices have hit all-time record highs (see Exhibits 5-1, 5-2, and 5- 
3). In 2005, Henry Hub, Louisiana gas prices, the principal marker price for US. natural 
gas, reached $8.37/MMBtu versus a ten year average of $3.42/MMBtu. 2005 natural 
gas prices are more than three standard deviations higher than the ten year average 
indicating that it is likely that the underlying distribution of likely gas prices has shifted 
upward (three standard deviation events have less than a one percent chance under 
often used statistical assumptions). This is clearly not just related to the recent 
hurricanes Katrina and Rita. Since 2000, in every year, natural gas prices have been 
higher than the highest price in the 1990s. 

The principal cause of these rising natural gas prices has been increasing demand for 
the two premium fossil fuels: oil and natural gas. Oil competes closely with natural gas 
in the US. and internationally. There is a very strong correlation between oil and gas 
prices year-by-year, and hence, the resolution of future natural gas price uncertainty is 
tied to critical international issues affecting world oil markets. Also, there has been a 
huge increase in the amount of North American electric generation capacity which uses 
natural gas increasing the pressure on natural gas prices. As noted, recent additions at 
Gainesville and elsewhere in Florida have almost exdusively been natural gas-fired. 

. E F  YAGTP3113 125 
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tionly Hub Price 
(nominalWMMBtu) YNT 

1995 1.72 
1996 2.81 
I997 2.48 
1900 2.08 
1099 2.29 
7 m  A 70 

2002 
2003 
2004 
2005 

Average 
1995 - 2004' 

Standard Deviation 

3.02 
5.46 
5.90 
0.37 

3.42 

.- 
I 1.41 1995-2004' I 

'60th averqe and standard deviation would be hieher if 2005 was 
included in the calculations. 
Source: PI& Gas Daily. Prices from 1995 onwards era volume 
weighted averages 

ExhlbH 5-2 
,a 
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De'ivered Natural 
Gas Delivered Coal' Period Period Type 

1995-2005' Historical 4.28 1.84 
201 1 - 2025* Forecasts 9.18 2.16 

included in &e calwlatlons. 
Swrce: Pletts' Ges Daily. Prices from 1995 onwards are volume- 
weighted averages 

Natural Gsrr Price 
Premium 

+2.44 
+7.02 

Between 1995 and 2005, GRU delivered natural gas prices were $4.28/MMBtu versus 
$1.84/MMBtu for delivered coal prices. Thus, on average, delivered natural gas cost 
$2.44/MMBtu more for GRU (see Exhibits 5-4 and 5-5). ICF's forecasts shows this gap 
will widen, especially when factoring in general economy-wide inflation. The increase in 
the premium is due to two factors. First, ICF forecasts that natural gas prices will be 
much higher than over the last ten yeas, though not as high in real terms as 2005. 
Second, even after inflation, delivered solid fuel costs are not expected to increase, at 
least before factoring in emission costs. This is in part due to the ability to switch from 
Central Appalachian coal to other solid fuels such as a blend of petroleum coke and 
Illinois Basin coal. This is also due to relative stability in delivered coal prices. 

Exhibit 5 4  
ICF Base Case Delivered Fuel Price Forecarts (Nomlnal $/MMBtu) 

I Delivered Natural I Period I PeriodType 

2005 
3Souroe: ICF 

Delivered Coal' 

1.84 
2.16 

NaturalGsrrPrice I 
Premium 

+7.02 

c- . YAGTP3113 1 27 
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Delivered Natural 
GtW 

I W 5  - 2005' Historical 4.45 
201 1 - 2025' Forecasts 6.49 

Period Period Type 

Exhibit 5-5 
ICF Base Case Delivered Fuel Price Forecasts (2003 $/MMBtu) 

Natural Gas Price 
Premium 

1.94 +2.51 
1.53 4.96 

ICF forecasts for natural gas prices are much higher than used in GRU's IRP in the 
period 2007 - 2014 (see Exhibits 5-6 and 5-7). 

Exhibit 5-6 
Dell 

Souroe: ICF 

YAGTP3113 128 
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Exhibit 5-7 

Source: ICF 

a greater forecast gas-coal price differential than GRU (see Exhibits 5-8 and 5- 

..-- 
YAGTP3143 129 
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Exhibit 5-8 

Source: ICF 
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Forecast -5.31 NA 
Forecast -5.35 NA 
Forecast -5.47 NA 
Forecast -5.52 NA 

YEAR-TO-YEAR VOLATILITY IN FUEL PRICES 

Natural gas prices are especially uncertain compared to coal not only on a long-term 
basis but also year-to-year. This is associated not only with the volatility of spot natural 
gas markets, but also due to the differences in the purchasing practices between solid 
fuels and natural gas. Generally a large portion of solid fuel costs on a delivered basis 
are transportation costs which do not fluctuate significantly, and which are purchased on 
long tern contract. Solid fuel commodities are also purchased on multi-year contracts 
where term purchases exchange price stability. and long-term commitments for prices 
lower than spot prices. Also, because there are so many options within the category of 
solid fuel, especially as plants retrofit or install pollution controls that on a delivered 
basis there is less volatility than on a commodity basis. This is because if one fuel 

E F  YAGTP3113 131 ... ..,I,.. 
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source becomes more expensive, buyers with flexible equipment can switch to other 
regions or types of solid fuel. 

In contrast, natural gas is generally purchased at spot due to uncertainties on the 
amount to be used, the difficulty in storing the fuel, the premiums needed to guarantee a 
fixed price, and the high costs of financially hedging the price of natural gas especially 
the need to effectively maintain margins. 

Over the last five years, spot coal prices have risen significantly especially for Central 
Appalachian coal of the type historically used by GRU. Also, 2005 prices were higher 
than, or as high as 2004 prices depending on the type of coal. Also, there is some 
correlation between spot coal and natural gas prices (see Exhibits 5-10 and 5-11). 
However, the variability of delivered coal prices is much less than spot commodity 
prices at the minemouth. For example, the US. average standard deviation for 
delivered coal prices is 5 percent versus 43 percent for spot Central Appalachian low 
sulfur coal prices. This again is due to term commodity and rail contracting, the stability 
of rail costs and the ability to switch among coal types. 

Coal Price Volatllity Greatly Dampened by Relatlve Stability in Transportatlon Costs and 
Exhibit 5-10 

' Source: A Review of Florida Electric Utility 2005 Ten-Year Sde Plans, prepared by the 
Florida Public Service Commission. Division of 
Economic Regulation, December 2005. p.48 

Source: EIA AEO 2005 

The difference in the volatility in US. utility average delivered natural gas prices and 
U.S. delivered coal prices is much larger than the difference between spot and delivered 
coal. US. average delivered gas price volatility (Le., standard deviation) exceeds U.S. 
YAGTP3113 I 32 E F  I."....,.. 
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average delivered mal price variability by a factor of 27 (see Exhibit 5-11). Thus, 
reliance on natural gas or wholesale spot power which is driven by gas and oil prices 
means high year-to-year variation relative to mal. 

Exhibit 5-1 1 

- Parameter Coal Natural Gas 
3 - 5 Year' spot Commodity Contract 

Type 
Transportation Contract 
Type 
Mnancial Hedging NO No 

10 Year 10 Year 

*Souroe: PlaW Gas Daily. P r b s  from 1995 onwards am volume-wghted averages. 

As noted, fuel contracting differences make coal prices much less volatile (see Exhibit 
5-12). 
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DELIVERED SOLID FUEL FORECAST - BLENDED PET COKE, COAL, AND 
BIOMASS 

Several solid fuel blends are shown in Exhibits 5-13 through 5-16 in real and nominal 
dollars. The model decides what bland to use including all biomass. 

Exhibit 5-13 

independent munding 
Source: ICF 

E F  YAGTP3113 I34 
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Exhibit 5-14 

independert rounding 
Source: ICF 

CL YAGTP3113 1 35 
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Exhibit 5-15 
14% Biomass, 43% Illinois Basin Coal 8 43% Pet Coke (Nominal S) 

’ Delivered prices may not be the sum of commodity and transportation prices due to 
independent rounding 
Source: ICF 

Exhibit 5-16 

independent rounding 
Source: ICF 
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r T\P 

Illinois Basin 
Imported Coal 

Petroleum Coke 
Biomass 

Weighted Average' 
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l." I 

2.69 
3.01 
1.63 
2.37 
2.55 

Coal prices have risen in the spot markets on a commodity basis - i.e., at or near the 
mine. This increase has been especially pronounced in the Central Appalachian coal 
fields that have been the traditional source of coal for Gainesville. This increase has 
been driven by higher demand for coal which in turn has in part been driven by higher 
oil and natural gas prices. There also has been rising international demand for US coal. 
However, these increases have still left coal at a very large discount to natural gas 
prices. For example, over the last several months, the highest coal prices in the country 
on a commodity basis have been approximately $2/MMBtu for the premium coal types 
versus gas prices ten dollars per million Btu. 

Gainesville will no longer be captive to premium grades of Central Appalachian coal. All 
the new solid fuel generation options under consideration will include flue gas 
desulphurization equipment. Accordingly, Gainesville can explore other coal 
alternatives from other regions of the country. For example, Midwestern coal can be 
produced closer to $1-1.25/MMBtu, and Wyoming PRB coal is often produced under 
$O.5/MMBtu at the mine. 

U.S. coal resources are measured in many decades of current consumption. Only 
China produces more coal than the U.S. ICF forecasts show nominal prices of the least 
cost options to be at or below recent historical levels. Not including general inflation 
results in much lower coal prices (see Exhibits 5-1 7 and 5-18). 

Exhibit 5-17 
Delivered' Solid Fossil Fuel Prices (Nomlnalt/MMBtu) 
Solid Fosril Fuel Type 201 1 - 2025 

Central Appalachia I 2.88 
mmm 9 n4 
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Exhibit 5-18 

Basin mal costs. 
2Delivered to GRU. 
Source: ICF 

ICF average forecasts for a blend of Illinois coal and petroleum coke are below GRU 
forecasts (see Exhibit 5-19 and 5-20). 

Ullblt  5-19 
Delivered to GRU CoallPetroleurn Coke 5050 Blend - ICF versus GRU Costs (Nornlnal 

‘Central Appalachia 0.7% sulfur mal. Source: GRU 2005 Ten Year Site Plan, Aprll 
2005. 

- YAGTP3113 138 . 
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Exhiblt 5-20 
Delivered to GRU Coal and Petroleum Coke 5050 Blend - ICF versus GRU Costa 

Central Appalachia 0.7% sulfur mal. Source: GRU 2005 Ten Year Site Plan, April 2005. 

i (2003 

ICF forecasts for several coals, Illinois Basin 3% sulfur, Central Appalachia medium low 
sulfur coal, and Wyoming Powder River Basin (PRB) low sulfur sub-bituminous coal are 
shown in Exhibits 5-21 through 5-26. 

E F  YAGTP3113 1 39 
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Exhibit 5-22 
Illlnols Bash Coal (2003 $) 

Illinois Basin - 3% Tmmportsti,,,, Delivered’ Sulfur Year 
won IUMYBW w o n  .. won I SRllMBtu 

indspendah rounding. 
Source: ICF 
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Transoortatlon Cost Delivered' 

independent rounding 
Source: ICF 

E F  YAGTP3113 141 
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Exhibit 5-24 
Central Appalachla U.S. Coal - Medium Low Sulfur (2003 $) 

I I 1.0% to 1.5% Sulfur, I I I 

2024 I 54.73 I 2.20 I 14.52 I 0.58 I 69.07 I 2.77 
2025 I 56.00 I 2.25 I 14.41 I 0.58 I 70.15 I 2.82 

Average I 47.97 I 1.92 I 15.19 I 0.61 I 83.12 I 2.53 
’ Delivered prices may not be the sum of mmodty  and banspodation prices due to 
independent rounding 
Source: ICF 

Exhibit 5-25 

independent rounding- 
Sourca: ICF 

YAGTP3113 142 
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independent rounding 
Source: ICF 

PETROLEUM COKE PRICE FORECAST 

Over the last ten years, spot petroleum coke prices have averaged approximately 
$15/ton or $0.55/MMBtu measured in the U.S. Gulf. They have almost never been 
above $20/ton, and generally have fluctuated between $10 and $20/ton. There is 
increasing potential for production of petroleum coke since coke production increases 
as the quality of crude oil declines. At the same time, we expect other power 
companies to also consider petroleum coke in their design of solid fuel plants. Thus, 
ICF’s forecasts balance these two developments (see Exhibit 5-27 and 5-28). 

Petroleum coke is expected to be delivered by rail, most likely from Jacksonville. 
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independent rounding 
Sourca: ICF 

Exhlbit 5-28 
Petroleum Coke (2003 $1 

- ... . . 
to ind.pG&nt rounding 
Source: ICF 
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BIOMASS FORECAST 

Biomass Supply Curve Methodology 

Biomass as a fuel source for generation was evaluated for several of the generation 
options considered in this analysis. Biomass has the advantage of generally being 
considered as having net-zero CO2 emissions, and significantly reduced emissions of 
SO2 and Hg, while still having NOx emissions associated with its combustion. There are 
generally four sources of biomass that are considered feedstocks for combustion in a 
CFB plant - either in stand-alone or co-firing applications, or for gasification in an IGCC. 
These resources are urban wood waste, agricultural residues, forestry residues and 
agricultural crops. In developing our supply curves for biomass, ICF relied on the four 
existing sources of data described below. 

Sources of Data 

[ORNL] ORNL Biomass Feedstock Availability by ORNL Staff (1999) 

[ P X ]  Biomass Options for GRU - Part II by Post & Cunilio (2003) 

[B&V] Supplemental Study of Generating Alternatives by Black 8 Veatch 
(2004) 

[EIA] Annual Energy Outlook 2006 Biomass Supply Curves by Zia Haq 
(2006) 

Summary of Biomass Data 

All sources agreed that urban wood waste is likely to be the least expensive, but most 
variable category of biomass. There was less agreement over the cost and availability 
of the other categories of biomass, which include agricultural residues, forestry 
residues, and energy crops. There was also disagreement over assumptions for key 
parameters constraining biomass use. P&C restricted their analysis to a 25 mile radius 
around the Deerhaven plant; B&V disagreed, stating that "it is common for biomass 
facilities to source supplies from as much as 100 miles away from the facility." B&V 
also revised the expected heat content of many sources of biomass noted by P&C in 
order to take into account the significant moisture content of biomass, and included new 
possible fuel sources, such as corn stover. The supply curve generated by EIAs 
analysis was similar to B&V's, except with a more pessimistic view of energy crop 
availability. ORNL's analysis matched up similarly with EIA. Additionally, none of the 
sources considered rail as a means of transporting biomass to the plant, and none of 
the sources took into consideration the Renewable Energy Production Incentive, which 
may be available to certain categories of biomass. Because of these differences, two 
cases were created to test the effects that different parameters may have on the supply 
of biomass to the Deerhaven plant. The parameters for these cases, along with a brief 
explanation of each, are listed below (see Exhibit 5-29). 
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Base Case 

50 Miles 

Parameter 
Radius of Eligible Biomass fmm 
Plant 
Rail Loading/Unioading to Plant No 

YES 
Renewable Energy Production 
Incentive 
Assumed Moisture Content 30% 
Energy Crop Potential Optimistic 

Base Case and High Case Parameters 

High Case 

35 Miles 

Yes 

No 
50% 

Pessimistic 

c 
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Biomass Supply Curve Results 

A summary table and a graphical representation of the biomass curves follow below 
(see Exhibits 5-30 and 5-31). 

Exhlbit 5-30 
Biomass Supply Curves Summary Table 

*Assuming a heat rata of 10,000 btu I kwh and 85% capacity factor 

E F  YAGTP3113 147 
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NATURAL GAS PRICE FORECAST 

ICF forecasts show a larger gap between natural gas and coal than GRU (see Exhibits 
5-32, 5-33, and 5-34). 

Exhibit 5-32 

2006 price is an average of historical prices for January 2006 and the 
calendar futures for 2008 traded on 1/5/2006. 2007 is a calendar year 
average of the futures traded for 2007 on 1/512006. 2008 is a sixmonth 
roiling average of the futures traded for 2008 between 715/2005 and 
1/5/2006, 2009 is an average of2008 and 2010; 2010 returns to the 
fundamentals gas forecast. 
Source: ICF 

Exhibit 5-33 

-- . .-1 ..I. . -."- I 

c- YAGTP3113 148 



Docket No. 090451-El 
ICF Electric Supply Study 
Exhibit RMS-4 
(Page 152 of 303) 

Exhibit 5-34 
Henry Hub Natural Gas Price Projection ($/MMBtu) - Base Case C& 

2- 2008 2010 2012 2014 2 M B  2018 2020 2022 2024 
Y I I  

Saurce: Natural Gas Week and Gas Daiiy (Historical); ICF (Forecast) 

Long Term Uncertainties 

The future price of these fuels, especially for oil and natural gas are considered highly 
uncertain. Hence, these fuels are analyzed in base, low and high price sensitivity cases 
(see Exhibit 5-35). 

Exhibit 5-35 
Henry Hub Natural Gas Prices - 2010 - 2025 (2003$/MMBtu) 

scenario I LOW I Base I High 
c02 4.50 6.1 7.50 
NO CO, I 4.00 I 5.56 I 7.00 
Source: ICF 

OIL PRICE FORECAST 

ICFs forecast of crude oil prices is lower than current price levels (see Exhibit 5-36). 

. -  
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Exhibit 5-36 

Source: ICF 

Historically, crude and distillate oil prices have traded above natural gas and 1 percent 
residual at parity or below on a per MMBtu basis. ICF forecasts this will continue (see 
Exhibits 5-37 and 5-39). 
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Exhiblt 5-38 
Dellvend Oil Prim Forecast - Galnesvllh, FL 

2015 26.28 8 31 34,s 5.42 8.00 
2020 28.04 8.82 36 08 5 75 9.97 
2025 30.23 8.84 39.17 8.14 12.38 

Delivered price may not be the exact sum of the Commodity Price and TranspMtation due to rounding. 
*Spreads between Commodity prlce and Wl Spot price am not subject to dollar inflation rates. Therefore, 
Nominal Commodity Prim = (Real WTI Spot Price + Real Transportation Cost)/ Dollar Inflation Factor * WI- 

Commodtty Price Spread 
Source: ICF 

I I 
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CHAPTER SIX 
ENVIRONMENTAL AND HEALTH 

This chapter discusses environmental regulatory and health issues. The chapter is 
divided into two sections. The first discusses environmental regulatory assumptions, 
and the second discusses health impacts with emphasis on PM 2.5. 

AIR EMISSION RATES 

Exhibit 6-1 

2 Assumes 220 MW capacity, of which 30 MW is m-fired with biomass 

Exhibit 6-2 

Comblned Biomass Solar , Cycle3 

I I 
0.02 I 0.02 I 0 

I 0 I 

NA I NA I NA 

'Shown for comparison and expositional purposes only 
3NOx mntrois assumed are as follows: SNCR for CFE and SCR for IGCC and combined cyde. 
'SOZ and Hg emission rates for CFE, IGCC and the exkting coal units are dependent on the contents of sulfur and 
merwty in tha mak burned and are therefore presented here as percantage reductions from fuel input rather than 
absolute rates. 
'CQ emissions are fuel dependent, so a range is presented here. COZ contents are derived from US EPAs 
'Inventoty of US. Greenhouse gas Emissions and Sinks: 1990-20W", Annex A for pet coke and from EIA's %arbon 
Dioxide Ernissh Fadon for Coal" for vsrious coal types. 
%qet rates and reduction factors pmvided by GRU. 
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Applicable C& Ernlssion~Allowence Prices (2003$/'ron C02) 
I Year Data Type ICF Base Caae 

I Average I Forecast I 7 
Note: co2 = Carbon Oloxide. This is the likely prlce for C& allowance fadng GRU plants and not necessarily the 

I 

extemalii value. 
Note: No federal or state allowance msts rn applicable to GRU on a historical basis and M leglsiation or 
regulation currently exists which will require the imposition of such a wst on GRU. 

While no federal COz regulation is currently in place in the US., increasing pressure 
from the grassroots and state government levels, as well as implementation of COZ 
policies in foreign countries, is likely to result in future federal COz regulation. 
Massachusetts and New Hampshire have already promulgated CO2 regulations at the 
state level. The Regional Greenhouse Gas initiative (RGGI) is examining a regional 
CO2 cap and trade program over 7-9 states in the Northeast. Canada and Europe are 
moving ahead with programs aimed at participating in the Kyoto Protocol process. 

For the Base Case analysis, ICF assumed a C02 price trajectory that reflects a range of 
US domestic CO2 policy proposals that have been discussed including those endorsed 
by Senator Bingaman (National Commission on Energy Policy), Senator Carper, 
Senators McCain and Lieberman. Along with the caps specified under these proposals, 
ICF has analyzed the impact of reduction offsets on the costs of complying with such 
programs. The resulting Base Case COZ trajectory reflects one potential probability 
weighted outcome that reflects the shift from a very mild cap in the near-term to an 
increasingly tighter cap as domestic and international policy moves ahead with COZ 
regulation. In this policy scenario, prices start at $O/ton in 2010 and rise to over $13/ton 
by 2020 (see Exhibit 6-3). 

In addition, ICF analyzed a High COz Case where prices are assumed to start at 
$15/ton CO? in 2010 and reach over $26/ton by 2020 (see Exhibit 6-4). This policy 
reflects a non-probability weighted scenario where C02 policy with limited allowance of 
offsets starts in 2010. 
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Low C.u  B8seC.u 
0 0 

0 13.4 2020 

Average 0 10.7 
201 0-2025 

Year 
-2010 
2016 0 7.7 

,2025 0 21.7 

High Case 
15.5 
24 

26.4 
30 

24.0 

COz prices in the European Trading Scheme has been trading at relatively high prices 
recently with allowance prices initially falling in the 8 - 10 Eurofion ($9.50 - $12/tonss) 
CO2 range, and since the summer of 2005, trading in the 20 - 30 Euro/ton ($24 - $36) 
range (see Exhibit 6-5). We agree with many analysts in regarding current ETS prices 
as overvalued with the expectation to fall back into the 5-15 Euro/ton range once the 

and allowances from Russia and the Ukraine become available on the market. The 
CDM allows relatively inexpensive offsets from developing countries to be used and 
counted towards a county's Kyoto obligation, while a large excess of allowances from 
the Former Soviet Union is also expected to push prices down. 

_ -  Clean Development Mechanism (CW- h&Uhah 'zed anddicimt, . . 

P 

26. 

n- 

v 
s 
6 

io. 

63 

I 

IC.r 

s 8 
n 8 
w a 
- s a s 

ii t 2 Y 

3 8 $ - aa 24)7 r ice  (M) 
Allocation-Adjusted COz Allowance Prices 

It is likely that generating units will receive some allowance allocation to offset the 
impacts of a potential future national COz program. Since no program currently exists, 
the cost of compliance with such a program, including an allowance allocation, is highly 
uncertain. In order to capture a range of potential uncertainties associated with a future 
CO2 allomtion mechanism, two potential scenarios have been examined, each 

Assumes $1 .ZO/Euro '' Source - evolution Markets. LLC 
YAGTP3113 155 
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Source 

GRU 
ICF - Base Case - 2010 - 2020 
ICF-High Case-2010-2020 

After AdJustment for 
Allowance Price ($/ton) Alloca(lonz 

13.21' 0 
7 1.7-2.7 

21.0 5.0 - 9.1 

E F  YAGTP3113 156 
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Pannnhr TWblWnt 

Phase II Acid Rain; CAlR begins in 2010, with seconc 
phase in 201 5. Affected units (see map on following 
slide) exchange 2 allowances for every ton emitted 

between 2010 and 2014 and 2.86 allowancas startiq 
in 2015 

SIP Call thmugh 2008; CAlR ozone and annual 
programs begm in 2009 with second phase cuts in 

2015 for affected states 

SOz Regulations 

N 4  Regulations 

lxhibit RMS-4 
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Exhlbit 6-7 

EMISSION REGULATIONS - CURRENTLY REGULATED AIR EMISSIONS 

I National cap and trade program based on CAMR: 34 
ton limit in 2010,15 ton limit in 2018 I ercury Regulations 

I ICF "Expected Case" price trajectofy plus low and I high C02 trajectories 02 Regulations 
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TitbN Tl tkN SlPlCAlR CAIR y.rcury 
co2 

1,500 500 3,000 1,500 30,000 10 

(SW Year =Pro- =PI&- Ozone Annual 
2010 2010 NOX NOx 

201 1 - 2025 
Average 

Key Environmental Assumptions 

There is uncertainty regarding the exact form and timing of future environmental 
regulations. However ICF has incorporated an expected scenario covering regulations 
for the three pollutants of SOz, NO,, and H,. The air regulatory structure for the Base 
Case is representative of the timing, scope and stringency likely to be realized under a 
regulated or legislated future. While it remains uncertain as to how NOx, SOz, and 
mercury (Hgb will be constrained over the next decade, the reductions included here 
are within the range of those proposed by both EPA and legislators. 

The Expected Case includes NOx and SO2 emission reduction targets consistent with 
those specified in EPAs recently announced (March 10th) and likely to be implemented 
Clean Air Interstate Rule (CAIR) (see Exhibit 6-10). The Hg component assumes that 
EPA is successful in implementing a national Hg trading program announced on March 
15th in place of a unit-by-unit MACT regulation. 

IC 
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As the SO2 and annual NO, components of CAIR target PM2.5 non-attainment while the 
ozone season NO, program addresses 6-hour ozone non-attainment, the coverage of 
CAlR is different for the different components. 

The annual N0,and SO2 program covers 23 states + DC. 

The ozone season NO, program covers 25 states + DC. 

As discussed eadier, while C G  is not currently part of the nationally regulated pollutant 
landscape, pressure for the inclusion of this pollutant is building. The Base Case 
includes a price trajectory, based on probability-weighted outcomes of three recent 
carbon proposals in the US Congress, induding those by Senator McCain, Senator 
Carper and the National Center for Energy Policy (NCEP) proposal supported by 
Senator Bingaman. In addition, a High COz scenario, which represents a non- 
probability weighted and relatively stringent CO2 policy is also analyzed. Analogous to 
the SO2 allowance policy, we assume that some portion of COz allowances will be 
allocated. The effect of this will be an offset in some of the costs of this policy. 

- YAGTP3113 1 59 
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6.2 Potential Public Health Impacts 

In this section, we build on prior analyses and findings by various parties related to 
GRU's planned CFB energy project that are relevant to its public health impacts, 
compile and analyze new information from the available literature, and identify and 
describe the potential public health impacts of the four power options - CFB, IGCC, 
DSMlbiomass, and DSM/power purchase.B8 Where possible, we attempt to quantify 
factors related to health impacts. Given the available information and the project 
schedule and resources, however, many key factors remain unquantifiable. Thus, 
consistent with our original proposal, much of this public health impact analysis is 
qualitative and descriptive in nature. 

Ideally, one would perform a comprehensive quantitative risk assessment that would 
support numerical estimates of the possible health impacts (for example, numbers of 
predicted cases of illness, numbers of predicted premature deaths) associated with 
each of the options. This kind of analysis would require sophisticated and expensive air 
modeling, exposure assessment, and exposure-response modeling, and possibly 
economic modeling to monetize the predicted health damages. Such quantitative 
modeling would not, however, eliminate uncertainties about the results; in fact, the 
uncertainties would remain quite large, due to significant questions about model 
completeness, algorithm formulation, and the input data used. 

6.2.1 Scope of Analysis 

To be fully comprehensive, there are numerous kinds of emissions, residuals, activities, 
and life cyde steps associated with the four power options that would need to be 
considered in a public health impact assessment. For example, in addition to air 
emissions, there are also wastewaters (e.g., cooling water, scrubber water) and solid 
wastes generated, and there are activities such as fuel transport and handling that can 
produce various emissions and also have accident potential. Moreover, a full life cygle 
assessment could entail consideration of a broader range of potential impacts, such as 
those related to fuel extraction and processing, as well as those related to manufacture 
and disposal of products used as part of energy efficiency and conservation activities 
(e.g., energy-efficient lamps and appliances, home insulation materials). A number of 
these kinds of potential impacts on public health have been considered in prior studies 
performed by GRU (2003, 2004a,b), local agencies (ACEPD 2004), citizen groups 
(EPAC 2005), and others (Numark 2005). 

After an initial review of prior studies related to potential health impacts of GRU's 
planned CFB project and various alternatives, we decided to focus this analysis on 
airborne fine particulate matter (also referred to as PM2.5) resulting from power plant 
stack emissions for the four options. There are four main reasons for this focus. 

e Recent exhaustive studies and regulatory decisions by US EPA 
demonstrate the relative importance of PM2.5 in assessment of public 

ea The four power options are described in detail earlier in this report; see Chapter I for more information. 
YAGTP3113 160 E F  
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health impacts of air pollutants (US EPA 2005a,b, US EPA 2006). Given 
current knowledge and risk assessment methods, impacts of PM2.5 
exposures are likely to dominate any numerical estimates of the human 
health impacts of air pollutants associated with power plant emissions 
(largely because PM2.5 exposure has consistently been shown to have the 
strongest relationship to mortality impacts). For example, in the regulatory 
impact analysis for the 2005 Clean Air Interstate Rule (CAIR), the 
estimated health benefits associated with reduced PM2.5 exposures are 
over 100 times greater than the benefits associated with reduced ozone 
exposures (US EPA 2005b). 

Based on our review of the prior studies related to the GRU planned CFB 
project, exposure to airborne PM2.5 appears to be a primary public health 
concern of local agencies and groups. For example, the county 
Environmental Protection Department's technical review document 
focused on air quality and greenhouse gas impacts, and the department's 
only recommendation for new monitoring was for PM2.5 (ACEPD 2004). In 
its technical review, the Environmental Protection Advisory Committee 
(EPAC) said that ?he most serious adverse air pollution effects are from 
fine particles emitted directly from the stacks (primary particulate matter) 
and those produced in the atmosphere from sulfur and nitrogen gas 
emissions (secondary particulate matter)" (EPAC 2005). The peer 
reviewers of the EPAC review stated the "the decision to focus on fine 
particulate matter for the health evaluation is appropriate ..." (Numark 
2005). 

Power plant stack emissions are expected to dominate other emission 
sources of PM2.5 precursors, such as emissions from rail or truck transport 
of fuel and fugitive emissions from fuel handling on-site (range-finding 
calculations confirm this for truck emissions, as described later). 

1 Although mercury is often a main concern for power plant emissions, it 
appears that other local emission sources are likely to overshadow the 
current and potential future emissions from GRU sources (EPAC 2005). 

We identify and discuss briefly certain issues other than PM2.5 - including mercury and 
ozone - at various places in this section, but the emphasis is on potential exposures to 
PM2.5. Note that the potential environmental impacts of COZ, emissions are not covered 
in this section on health impacts; CO2 emissions are addressed elsewhere via the 
inclusion of projected CO2 allowance prices in the IPM modeling. 

E F  
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6.2.2 what is PM2.5, and What Are Its Health Effects? 

Fine particulate matter, or PM2.5, is the particles in the air that are generally less than or 
equal to 2.5 micrometers in diameter. These small particles can remain suspended in 
the air for very long periods of time, and can travel great distances from a source 
without depositing to the ground surface. PM2.5 is typically a complex mixture of many 
different components, including some inert materials and some chemically reactive 
compounds. Some gases, including the SO2 and NO, emitted from power plants, can 
react in the presence of sunlight and other chemicals in the atmosphere and be 
transformed into compounds (for example, sulfates and nitrates) that are components of 
PM2 5. Gases such as SO2 and NO, are referred to as PM2.5 precursors because they 
can be converted into PM2.5 under normal atmospheric conditions. Human exposure to 
PM2.5 is associated with a number of serious health effects, including premature death 
and a variety of cardiovascular and respiratory illnesses and symptoms. 

PM2.5 has been an active area of research over the past decade or so. Given that there 
are numerous readily available, recent, and authoritative indepth discussions of the 
properties and effects of PM2.5 - including the just-published proposed rulemaking (and 
supporting staff paper and criteria document) for revising the national ambient air 
standard (US EPA 2006), as well as last year's final CAlR rulemaking (US EPA 
2005a,b) - and given that a good summary has already been prepared in a prior review 
of the GRU proposed project (EPAC 2005). we do not summarize that information in 
detail here. We would, however, highlight a few considerations relevant to the analysis 
described in the rest of this section. 

a PM2.5 can be present in the air hundreds and even thousands of miles 
from the source of its precursor compounds. 

The formation and transport of PM2.5 in the atmosphere is exceedingly 
complex, and depends on emissions of primary PM2.5 and several 
precursor compounds, the other chemicals present in the air (background 
air quality), and meteorological conditions. Predictive modeling of PM2.5 in 
air typically is a resource-intensive undertaking. 

No single compound from an emissions source is a consistent predictor of 
the concentration of PM2.5 in air. 

There is no accepted population threshold for health effects of PM2.5 
exposure (that is, no level of exposure below which there is zero concern 
for health effects in an exposed population). 

The lack of complete scientific information about the mechanisms of tine 
particulate toxicity and about the effect of different PM2.5 species on 
exposure-response (e.g., which components of the complex PM2.5 mixture 
in air are more or less toxic than others) further adds to the uncertainty in 
estimating health impacts. There have been relatively few detailed studies 
of the relationship between specific chemical components of fine 
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particulate and severity of health effects. Most epidemiological studies 
indude populations from multiple locations, across which the composition 
of fine particulate is likely to vary signifiintly, and the differences in 
exposure-response relationships seen in most studies may be associated 
with differences in the nature of spedes present. Thus, there are 
unavoidable uncertainties associated with attempting to predict the 
impacts of PM2.5 impacts using exposure-response relationships from 
individual studies. 

PM2.5 

6.2.3 Background -Air Quality in Alachua County 

Recent reported ambient levels of PM25 and other regulated air pollutants in Alachua 
County are shown in Exhibit 6-11, along with the applicable health-based regulatory 
standards. US EPA sets the national ambient air quality standards (NAAQS) to “protect 
public health with an adequate margin of safety“ (US EPA 2006). As shown in the table, 
reported air concentrations of PM25 and the other pollutants in Alachua County are all 
below the applicable regulatory standard, in most cases by considerable margins. 
Ozone, which typically is not primarily related to power plant emissions, is the air 
pollutant with the least margin between reported air concentrations and applicable 
standards. 

Exhibit 6-11 
Reported Ambient Levels and Health-based Regulatoty Standards for PMu and Selected 

9.6 (2003j 
10.3 (Site 23, unspcif7ed period) 
10.1 (Site 24, unspecified period) 

31 12002) 

Annual 15 ug/m3 

Alachua County a I 

I 9.9 (2002) 

1.339.1 ,-..---, . 
1.7-50.1 (Site 24, I 

24-hr 65 ugh3 

’ No change proposed by US EPA in January 2006 NAAQS regulatory proposal (public comment was 
requested on lowerin the annual standard to 12 ug/m3). 

requested on alternative levels between 25 ugh3  and 65 us/m3). 

dates are unspecified. 

f Change to 35 ug/m proposed by US EPA in January 2006 NAAQS proposal (public comment was 

Data as reported in EPAC (2005). Data represent the entire period monitors have been in operation, 
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Alachua County air quality is good relative to other urban areas in the US, and relative 
to most US monitoring locations as a whole. The annual average PM2.5 concentration in 
Alachua County, about 10 ugh3, falls at roughly the 25m percentile of concentrations at 
780 monitoring locations nationwide for 2003 (that is, 75 percent of US locations with 
monitors have higher PM25 concentrations than Alachua County . Annual average 
concentration of PM25 in the Southeast US in 2003 was 12.6 u g h  , which is about 25 
percent higher than Alachua County. Many US cities are well above the 15 u g h 3  
annual average ambient standard (US EPA 2004b). 

Though the data cited in Exhibit 6-1 1 are insufficient to assess air pollutant trends in 
Alachua County over time, concentrations of PM2.5 and other air pollutants are trending 
downward in most areas of the country over the past 10 years. According to US EPAs 
recent report on trends in airborne particulates (USEPA 2004b), PM2.5 concentrations 
decreased 10 percent nationwide between 1999 and 2003, and decreased 20 percent 
over the same time period in the Southeast. These reductions are largely attributed to 
reductions in power plant emissions of SO2 and NOx under the federal acid rain 
program and other initiatives. Thus, it is probable that some downward trend in PM25 
concentrations is occurring in Alachua County. Furthermore, as a result of the Clean Air 
Interstate Rule (CAIR) finalized in March 2005 (US EPA 2005a), substantial additional 
reduction in SO2 and NO, emissions from power plants in Florida and nationwide will 
occur over the 15 years, resulting in additional reductions in ambient PM2.5 levels. EPA 
estimates in the regulatory impact analysis for CAlR that reductions of ambient PM25 in 
the 2010 to 2015 timeframe as a direct result of CAlR reductions will average on the 
order of 0.5 to 1 u g h 3  (annual average) in the Eastern US (EPA 2005b). 

As indicated in the footnotes to Exhibit 6-11, US EPA very recently completed its 
periodic review of the particulate matter NMQS and has proposed certain changes to 
those standards (US EPA 2006). As part of this review US EPA thoroughly analyzed all 
the available literature on health effects of exposures to airborne particles and reviewed 
the levels of protection afforded by the current standards. As a result of this 
comprehensive review, US EPA is proposing to maintain the current annual average 
PM25 standard of 15 ugh3, thereby 'continuing protection against health effects 
associated with long-term exposures" (no change proposed); it does request public 
comment on possibly lowering this standard to 12 ugh3. Based on current PM25 levels 
in Alachua County and the anticipated general downward trend in such levels, a 
lowering of the annual average standard to 12 u g h 3  would not affect compliance at 
county locations. 

In the same regulatory notice, US EPA is proposing to lower the 24-hour average 
concentration standard for PM2.5 from 65 u g h 3  to 35 ugh3, thereby 'providing 
increased protection against health effects associated with short-term exposures" (and 
is requesting public comment on various possible standards from 25 u g h 3  up to the 
current level of 65 ugh3). Although it is unclear what the final determination from US 
EPA will be regarding the level of the daily average standard, it is likely to end up closer 
to the ambient levels recently reported for Alachua County. It does not appear Alachua 
County levels would be in non-attainment of the new 24-hour standard, however, unless 
it ends up being set lower than the proposed level of 35 u g h 3  (note that attainment is 
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not determined by the maximum 24-hour concentration recorded over a year, but by the 
3-year average of the 98* percentile values, or roughly the average of the 7* or 8* 
highest value in three consecutive years). Note that US EPA also considered whether 
to propose a standard based on shorter averaging times than 24 hours, given the 
growing body of studies showing effects associated with shorter (one to several hours) 
averaging time% but concluded that the availabledata "remains too limited to serve as a 
basis for establishing a shorter-than-24-hour fine particulate primary standard at this 
time" (EPA 2006). 

Summarv- air uualitv in Alachua CouflQ. The air quality in Alachua County is good, 
relative to many major US urban areas and the Southeast US in general, for PM:! 5 and 
other main pollutants associated with emissions from power plants. All federal and 
state ambient air quality standards are being met, with considerable margins between 
reported levels and applicable standards for most pollutants (ozone levels, which are 
not primarily related to power plant emissions, are fairly close to the applicable 
standards). The county is expected to remain in compliance with EPAs recently 
proposed new PM25 regulations, which would lower the 24-hour standard by a 
substantial amount, when they take effect. Moreover, the current ambient levels of 
PM2,5 are expected to continue trending down as the federal acid rain program emission 
reductions and other current program reductions continue to have impacts, and the 
substantial future emission reductions due to the CAlR regulations take effect. 

6.2.4 Estimated Air Emissions for the Four Options 

All four options will result in new air emissions of PM2.5 precursors (e.g., SO:!, NO,, 
primary PM2.5) and other pollutants (e.g., mercury), differing in the quantity and location 
of those emissions. Exhibit 6-12 summarizes the emission estimates, in numerical 
terms where possible, for the four options for the base case (base demand growth, base 
fuel price, base CO:! regulation, and base biomass price) in year 2015. Activities that 
are expected to produce some emissions to air, but that were not fully quantified, are 
noted in the table. The average (unweighted) emissions across all 36 demandffuell 
CO:!/biomass cases modeled are approximately 10 percent lower for each power option 
than the base case estimates shown in Exhibit 6-12, and the maximum emissions case 
is about 10 percent higher. Given the similar magnitudes of the estimates, pluslminus 
10 percent, only the base case values are shown. Data are presented for 2015 as it is 
near the middle of the overall modeling period and near the peak of emissions, which 
decline for all options by 2020 and 2025. 

All four options would be completed in the context of the planned retrofit of the existing 
major coal-fired unit in Alachua County (Deerhaven 2). which will substantially reduce 
emissions of PM25 precursors from that source (compare existing versus future columns 
in Exhibit 6-12). When the new power options are considered in the context of the 
overall emissions related to electricity supply (that is, in combination with the emissions 
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Estimated Annual Emissions (tonslyr) a 

Existing Future Power Options 
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Biomass ._ 
DSM plus 
Purchase 

- - - cO.01 (from ~0.01 (from 
purchase) purchase) ' Emission estimates are based on IPM modding assumptions and outputs for this study, except for 

pa&ulates (Eva = estimated actual emissions used in air modeling by Black & Veatch, 2004b). IPM 
modeling of CFB and tGCC units assumes 3OMw biomass co-nring. 

There also is an unquantifld but potentielly relatively large reduction in particulate (indudii 
emissions from reduced open burning of waste biomass associated with the CFB, IGCC, and 
DSMlbiomass options. 

I Other regional 

k. 
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from Deerhaven 2 and other smaller supply units in the county), the total PM2.5 
precursor emissions from GRU operations are expected to decrease, relative to current 
levels, under all four options. 

Considering the new unitslactivities only, the CFB option has the highest local 
generating unit emissions of the key PM2.5 precursors SO2 and NO,, followed by the 
IGCC option (especially lower for NO,), and then the DSM/biomass option (especially 
lower for S02). There are no new local emissions from the DSMlpower purchase option 
(only emissions associated with existing GRU generating units). Though not estimated 
in the IPM modeling, the particulate matter emissions for the four options are expected 
to follow a similar pattern. 

IcF Electric S~pply Study 4 

Under all four options, the projected future baseline emissions from other GRU units 
(see rows labeled ‘GRU-all other units” in Exhibit 6-12) are higher (in some cases 
substantially higher) than the projected emissions from the new unit. Considering the 
baseline of emissions from other GRU units, some of the emission differences between 
the new units appear to diminish in significance (that is, it seems less likely that 
differences in future impacts would be identifiable). For example, the SO2 emission 
difference between CFB and IGCC seems less significant when the baseline is 
considered, though the difference between these two options and the other two remains 
substantial. For NO, the fairly small difference between IGCC and DSMlbiomass 
seems less significant when considered in context of overall GRU emissions, with both 
options quite a bit lower than the CFB option. 

The estimated increased emissions elsewhere in the modeled power regions (FRCC 
and SERClSouthern, which include Florida, most of Georgia, and parts of Alabama and 
Mississippi) under the DSMlbiomass and DSMlpurchase options, which are primarily a 
result of the power purchases predicted to be needed to supplement GRU generating 
capacity under these options, also are shown in Exhibit 6-12 (for the base case in 
2015). Viewed from a regional perspective, these non-local emissions offset some, but 
not all, of the lower local SO2 and NO, emissions for the DSM options cornpared with 
the CFB option, and some of the lower SO2 emissions compared with the IGCC option. 
For NO,, the IGCC option has the lowest total regional emissions (i.e., non-local 
emissions from power purchases for the DSM options are higher than the differences in 
local emissions as compared with the IGCC option). 

Note that the three options that include use of waste biomass as a fuel - CFB, IGCC, 
and DSM/biomass - could potentially decrease particulate and other emissions 
generated by the uncontrolled burning of that material (current practice) by replacing 
that practice with controlled combustion (GRU 2004b). The extent of this replacement 
is unknown, and thus the magnitude of emissions reductions has not been quantified. 

We developed upper-bound estimates of the emissions of PM2.5 and NO, from the 
additional truck traffic generated by biomass fuel deliveries under the three options 
where biomass is used. We ran US EPAs MOBILE6.2 model to develop emission 
factors (in gramdmile) for heavy duty diesel trucks for the years 2015,2020, and 2025. 
We assumed deliveries from a 50-mile radius in 25-ton capacity trucks. Based on the - 
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maximum amount of biomass used as fuel under the DSMlbiomass option (447,000 
tonslyear), total emissions of NO, would be less than 10 tons per year and PM2.5 would 
be less than 1 ton per year throughout the period (c1 ton/year by 2025 for NO, and <0.1 
tonlyear by 2025 for PM2.5). These values are much lower than the estimated GRU 
stack emissions and overall emissions levels in Alachua County. 

The current emissions of PM2.5 precursors from GRU power generating units are shown 
in the context of recent total emission estimates for Alachua County, Florida, and the 
Eastem US in Exhibit 6-13. Nearly all of the current emissions of SO2 in Alachua 
County are from GRU units, as is a sizable fraction (1/3 to 1/4) of the NO, emissions. A 
relatively small fraction of the primary PM25 emissions in the county is from GRU units. 
As expected, the total GRU emissions are very small relative to total emissions in the 
state of Florida and Eastern US (and also less than two percent of total Florida power 
plant emissions). It is anticipated that these basic relationships would hold in the future 
for the three options in which new generation units are built at Deerhaven, just at lower 
GRU emission levels; that is, GRU emissions will still account for the bulk of SOz 
emissions in the county, a somewhat smaller fraction of NO, emissions, and a very 
small fraction of primary PM2.5 emissions. Emissions under all options will remain an 
extremely low fraction of future total Florida and Eastern US emissions. Under the 
DSM/power purchase option, there will be no new generation unit emissions in Alachua 
County (only the emissions from existing units), and the new emissions elsewhere are 
expected to remain a very small fraction of future total Florida and Eastern US 
emissions. 

Exhibit 6-13 
GRU Emissions of PM, Precursors in Context 

I Recent Estimated Anthropogenic Emissions 

CCAlRinventMyfor2001 (USEPA2004a). 
Esbirnated amounts from power plants only shown in parentheses. 

As shown in Exhibit 6-12, mercury emissions are expected to be fairly low and at similar 
levels for the CFB and IGCC options, with the new units only responsible for a small 
tiaction of the total from all futum GRU unit emissions. Negligible mercury emissions 
from new units are expected for the two DSM options, although emissions will occur 
from the continuing operations of other GRU units. As seen in the table, paected total 
(new plus continuing units) mercury missions are at similar levels for the four options. 
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Summarv - emissions of PM25 LKBCU~SO TS. Highest local emissions (that is, from 
generating unit stacks in Alachua County) for 2015 would result from the CFB option, 
followed by the IGCC, the DSMlbiornass, and then the DSMlpower purchase (which 
would have no new local generating unit emissions). Under the three options having 
new generating units in the county, projected emissions from the new units are lower 
than the projected future emissions from other GRU units. Relative to current total GRU 
emissions in the county, all four options would result in lower total GRU emissions. 
When additional emissions associated with power purchases under the two DSM 
options are considered, there is less difference in the overall regional emissions among 
the four options. The CFB option remains highest for PM2.5 precursors, followed by 
IGCC and DSMMomass (roughly similar emissions), and then DSMlpower purchase. 

6.2.5 Comparison of Potential PM2.s Health Impacts of the Four Options 

As described in the previous section, all four options will produce new emissions of 
PM25 precursors. However, the relative amounts of these pollutants, and in some 
cases the emission locations, differ among the options. Thus, the effects on future 
PM2.5 concentrations in Alachua County and elsewhere vary as well, as do the potential 
health impacts of both long-term and short-term PM2.5 exposures. 

Considered on their own (that is, outside of the context of overall power-related 
emissions in Alachua County), all four options would be expected to increase PM2.5 
levels in the state and region, in at least a small way. Unlike the other options, the 
DSMlpower purchase option would not have new combustion-related emissions at the 
Deerhaven site (it would however produce increased combustion-related emissions 
elsewhere in the state and region due to power purchases), and therefore would be 
expected to have a smaller effect on PM2.5 levels in Alachua County. 

As described in the previous section, when the new power options are considered in the 
context of the overall emissions related to electricity supply (that is, in combination with 
the emissions from Deerhaven 2 and other smaller supply units in the county), the total 
PM2.5 precursor emissions are expected to decrease, relative to current levels, under all 
four options. Viewed in this context, PM2.5 levels in air are expected to decrease, 
relative to current levels, to some degree under all four options. 

Even with quantitative information about the emissions differences, without additional 
sophisticated photochemical air modeling it is not possible to confidently estimate the 
magnitude of the PM25 concentration differences among the options, and thus it is not 
possible to confidently estimate the size of health effects differences. However, the 
PM25 air modeling sponsored by GRU in 2004 helps to bound the potential magnitude 
of changes in local (Alachua County) air quality, at least for some options (Black & 
Veatch 2004a,b). Given the geographic scope of the GRU-sponsored air modeling 
studies, we have focused this section on potential local health impacts (see next section 
for discussion of potential regional impacts). Getting better estimates would require 
doing new air quality modeling using the actual emissions and other specifications of 
the four options. 
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What does G RU's air modelina tell us? GRU modeled changes in ground-level PM2,5 
concentrations throughout Alachua County for its proposed CFB project. It separately 
modeled two sets of emissions assumptions, at actual levels and at permitted levels. 
The modeled emission levels are summarized in Attachment 6, Exhibit A6-1 (the 
modeling actually used more detailed emission estimates broken out for individual 
units). All the modeling was at an aggregate level, in that it considered the CFB 
emissions in combination with emissions from other electricity supply units in the 
county, including the Deerhaven 2 unit that is planned for retrofit and major emissions 
reductions. Only stack emissions from combustion units were considered?' The 
modeling compared the incremental PM2.5 air quality impacts due to current emissions 
from all units (not induding the CFB, and with Deerhaven 2 at current levels) to impacts 
due to future emissions from all units (including the CFB, and with Deerhaven 2 at 
retrofit levels). It does not appear that the PM2.5 impacts related to the CFB emissions 
alone can be extracted directly from the GRU studies. Air quality impacts beyond 
Alachua County are not addressed in the available documentation, although the 
majority of PM2.5-related public health impacts would be expected to occur beyond the 
county (see later discussion of local versus regional impacts)!' 

Selected results from the GRU-sponsored modeling are given in Exhibit 6-14, which 
shows the increments of PM2.5 air concentration attributable to various emission 
scenarios. Under all scenarios and measures, modeling indicates that 
concentration increments in Alachua County attributable to GRU emissions will either 
decrease slightly or remain about the same in the future (with CFB and Deerhaven 2 
retrofit) compared with current conditions (based on 2003 actual or permitted 
emissions). The maximum future increment of PM2.5 at projected permit maximum 
emission levels for all units is 0.46 u g h 3  as annual average (and roughly 4 u g h 3  as 
24-hour average). 

gg GRU has estimated fugitive emissions from current coal handling and dust control operations as part of 
its Title V air operating permit, and they have been found to be .small compared to emissions from 
combustion" (GRU 2004b). 

ICF reviewed the GRU modeling documentation and believes the approach was reasonable for a 
screening-level modeling effort to estimate incremental differences in fine particulate matter between 
scenarios. However, the documentation of the context for the modeling and especially of the modeling 
results could be expanded. Potential technical shortcomings include (I) the Masopuff I1 chemistry 
appears to be oversimplitTed, (2) 1990 ozone observations may not be representalive of current 
conditions, and (3) formation of carbonaceous fine particulates is not considered. Given the information 
available, we cannot determine whether the model results are likely to be consawtive or not. 
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Exhibit 6-14 
Summary of PM,, Modeling Results from GRU-sponsored Studies a 

Air Concentration Increment (ugh‘)’ - Air Concentration Increment (I 
PM2.5 Annual Average Highest PMZ5 24-Hour Average 

Countv-wid At Maximum 
Alachua Cour 

imission 
Scenario At Maximum 

Alachua County 
Location Rangec Location .. ., , . ,. - . 

Increment refers to the amount of PMzd air concentration resulting from the modeled emissions for the 

Ranges estimated visually fmm contour maps. 
applicable emission scenario. 

How do the oallons cwnmre with reswct to loca I PMz.6 ~ o n ~ e n t r s  Urns? Focusing 
on the modeling results for the Deerhaven units only (see Exhibit 6-14), which include 
the CFB emissions, we can estimate an upper bound for the potential PM2.5 increment 
attributable to the CFB  emission^.^' The maximum PM2.5 annual average increment in 
Alachua County from the CFB unit, based on this modeling, would be some portion of 
0.14 u g h 3  (at projected permitted emission levels), or of 0.026 u g h 3  (at projected 
actual emission levels); note that the other portion of the increment would be 
attributable largely to retrofit Deerhaven 2 emissions. Thus, a conservative estimate of 
the CFB maximum increment annual average) would be on the order of 0.02 ugh3 
(based on aduals) to 0.1 ugh (based on permitted); average levels across the county 
would be lower. This increment range is fairly low relative to both the ambient standard 
(15 ug/m3) and current levels in the county ( I O  ugh’). It also is below the significance 
criterion (0.2 ug/m3) used by US EPA in the CAIR rulemaking to determine whether a 
state is having an impact on PM2.s levels in a downwind county (US EPA 2005a). 

Given the emissions projections for the other options, they are expected to affect PMz 5 

levels in Alachua County somewhat less than the CFB option, although as noted above 

4 

Note that ICF‘s modeling for this project estimates emissions of SO2 that are substantially lower than 
those used by Black and Veatch for both the CFB unit and the other GRU units (see Attachment 6, 
Exhibit A6-1). This is largely because of updated assumptions we used about the sulfur oontent of coal 
and other fueis. ICF‘s NO. missions estimates are similar to those used by Black and Veatch. Overall. 
impacts on PMzs air quality based on ICF‘s updated emission estimates would be expeded to be 
somewhat lower than those p r e d i i  by Black and VeakA’s model i .  
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the amount of the differences cannot be estimated precisely. Differences in local PM2.5 
air quality between the CFB and IGCC options, based on the emission estimates for 
both the new units and the other existing GRU units, are expected to be small. The 
DSMhiomass option likely would have a somewhat lower impact on local PMZ,~ 
concentrations given its lower emissions of key precursors (especially SOZ). The 
DSM/purchase power option (no increase in local combustion-related emissions) would 
have the lowest PM2.5 impact on Alachua County, though the location of its maximum 
impact is less predictable and depends on where emissions are increased as a result of 
power purchases. 

How do the oDtions commre W h  resmct to mtential local human health imoacts 
from fM2s exnosures? The available science, which indudes numerous high quality 
epidemio@ical studies, and current government science policy decisions indicate 'PM2; 
should be treated as not having a population threshold for health effects in the range of 
ambient concentrations observed in US urban areas. The prevailing consensus in the 
scientific community is that any increment in PM2.5 exposure within the range found in 
US urban areas is likely to be associated with increased burden of particulate-related 
disease and mortality. US EPA recognizes explicitly that its recently proposed ambient 
standards (e.g., 15 ugh3 annual average) do not produce zero risk, but considers the 
standards to 'protect public health with an adequate margin of safety" (US EPA 2006). 
Using a range of generally accepted exposure-response models, current ambient levels 
of PM2.5 in Alachua County would pose some health risk (even though regulatory 
standards are met), as would future ambient levels under all four options. 

All four options would therefore be expected to have some health impacts due to 
emissions of PM2.5 precursors from fuel combustion. Using the GRU PM2 5 air modeling 
results described above, along with population and age-specific mortality-rate data for 
Alachua County, we have estimated an approximate range of the premature adult 
mortality in Alachua County from long-term exposures that is potentially attributable to 
the CFB option emissions. The purpose of these screening-level calculations is to 
identify the possible order of magnitude of potential human health impacts. For this 
approximation, we used a simplified version of the exposure-response modeling 
approaches US EPA has applied in the CAlR and other particulate risk assessment 
studies (US EPA 2005b). We focused on adult mortality because in damage cost and 
benefits analyses for PM2n exposures, it typically accounts for greater than 90 percent 
of the quantmable health damagdbenefits. We focused on long-term exposures 
because that is the approach US EPA has recently taken in major particulate health 
effects risk analyses (US EPA 2005b, US EPA 2006). Although short-term peak PM2.5 
exposures have also been found to be associated with increases in mortality in some 

studies, it is likely that the large bulk of the effect on mortality is captured by chronic 
exposure-response models such as the ones we used to calculate health impacts.'* 

'' Although effects on morbidity, including respiratory and cardiovascular illness and increased doctor 
and emergency room visits. clearly are immrtant imDacts of PM? exmwre. another reason for our focus 
on mortal& is that more detailed air modeling chara'kterizing sh&& exkures would be needed to 
attempt to quanMy these effects. 
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Results of our estimation of the possible ranges of PM2.5-related adult mortality 
associated with CFB emissions are given in Exhibit 6-15.73 Based on the projected 
emissions (shown in Exhibit 6-12), we estimate that incremental exposures would be 
associated with less than 0.19 to approximately 0.5 premature death per year for 
Alachua County, corresponding to an average annual risk for an individual of less than 
three in one million (see third row of Exhibit 6-1 5). There is large uncertainty associated 
with these estimates, with some exposure-related factors possibly contributing to the 
estimates being too high (for example, use of maximum exposure values for the entire 
county) and some exposure-related factors possibly contributing to the estimates being 
too low (for example, air modeling may have underestimated some processes leading to 
formation of PM2 5). It is not dear whether the expected largest source of uncertainty - 
that is, which exposure-response relationship is most appropriate to use - results in the 
estimates being too high or too low. 

Given the estimated local adult mortality impacts from CFB emissions, the local health 
impacts associated with the other options are expected to follow the same order as 
discussed above with respect to the impacts on local PM25 air quality - the IGCC option 
would likely have slightly lower health impacts in the county than the CFB option, and 
the two DSM options would likely have somewhat lower impacts in the county than both 
the CFB and IGCC options. Again, we emphasize that the amount of difference 
between the options cannot be quantified with confidence without additional air quality 
and health effects modeling. 

As noted above, this range-finding approximation of local PM2.5 health impacts focused 
on mortality resulting from long-term exposures. A fuller, more robust characterization 
of health impacts, including both morbidity and mortality effects of both short-term and 
long-term exposures, would require additional data and resources. Regardless, the 
basic patterns of health impacts, in terms of the ranking of options, would be expected 
to be similar. 

As a quality assurance check, we compared our results to predicted PM26 exposure levels and n 
resulting adult mortality levels for north Florida in a recent detailed modeling report (Abt 2004). The 
number of predicted deaths per unit exposure level in our results is consistent with the results in that 
report. 
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Exhibit 6-15 
Estimated Premature Adult Mortality in Alachua County from PMZJ Exposure 

modeling ftir this project) location) 
2003 actual emissions 
from all GRU units (from 
Black 8 Veatch air 2.3 to 8.1 E46 0.32 to 0.88 0.038 (at maximum 

county location) 
modeling. for reference) I 
a Derived from GRU-spond modeling results (Black 8 Veatch 2004a.b). Maximum applied to entlr 
county area, thereby producing wnservative estimates of impact (county-wide average is estimated to be 
half to threefourths of maximum). 

Exposure-response mlafionships for ailcause adult mortality from both Krewski et al. (2000) and 
Dockery et al. (1993) were used, which yields the roughly three-bid range of results. These reletionships 
are wnsistent wlth the range of exposure-responsa assumptions for adult mortalii used by US EPA in 
recent rulemakings (EPA 2005a,b, EPA 2006). There is s ignhnt  uncertainty about the form and 
paFameterization of the exposurerespoose relationships for PMz~, and therefore all estimated impacts 
based on these relationships are subject to substantial uncertainty. Risks are estimated based on the 
projected population demographics for Alachua County residents in 2015. as estimated by US EPA 
(2005b). 

Summaw - eomm risan of nofen tlal local health imrxlcts from PM2S exm sums. It 
is expected that highest local health impacts from PM25 exposures would result from 
the CFB and IGCC options (with CFB slightly higher), followed by the DSMhiomass 
option, and then the DSMlpower purchase option (which would have no new local 
generating units). Given that projected future emissions from the new units (under the 
three options having new generating units in the county) are lower than the projected 
future emissions from the other GRU units, the health impacts attributable to any of the 
new units would be lower than the impacts attributable to those other units. Relative to 
the potential level of health impacts from 2006 GRU emissions in the county, all four 
options would result in lower future health impacts. 

6.2.6 Illustrative Regional Health Damage Cost Calculations for PMDJ 

Airborne PM25 from power plant emissions is in large part a regional public health issue, 
and not strictly a local concern. Though there will be some near-source impacts 
expected, and the maximum intensity of impacts would be anticipated relatively near the 
source, a large fraction of the overall health impacts of precursor emissions from power 
plant stacks generally will be distant from the source - in some cases, quite a long 
distance away. This is in fact the justification for US EPA's 2005 CAlR regulations, 
which require states to reduce their emissions of SO2 and NO, based entirely on the 
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predicted PM2.5 formation in other downwind states resulting from those emissions (US 
EPA 2005a). The extensive analyses supporting CAlR show without doubt that sizable 
impacts from emissions in one state occur hundreds, and even thousands, of miles 
away. For example, Florida is included in the CAlR program for fine particulates based 
on US EPA's modeling that demonstrated 'significant" (based on the CAlR criterion) 
impacts on PM25 air concentrations in five counties in Georgia and two counties in 
Alabama resulting from emissions in Florida. In a separate ICF modeling study in 2005 
of PM2.5 impacts from two power plants in the Midwest, roughly 80 percent of the 
predicted health effects and damage costs were estimated to occur greater than 200 
miles from the source. In a just-published study of power plant emissions in Maryland, 
roughly 85 percent of overall PM25-related health impacts are predicted to occur beyond 
the state borders (Levy 2006). This spatial pattern of the impacts results from the basic 
physical and chemical properties of PM2.5 and its precursors. Put simply, the fine 
particles are so small they can remain suspended in air for an extremely long time, and 
the precursor gases can travel long distances before they react and form PMz5. Air 
modeling typically shows some gradient in PM2.5 concentrations very near a source, 
then a much more gradual decline with increasing distance. 

In an attempt to identify the potential bounds of the regional health impacts for the four 
options under consideration, we have made extrapolations based on damage cost 
estimates in other recent analyses of PM25 health impacts for different areas. We 
recognize that, given the situation-specific nature of many of the factors leading to 
health impacts (e.g., meteorology, population patterns, emission mix, background air 
quality), these extrapolated estimates have additional uncertainties beyond the 
substantial uncertainties inherent in site-specific risk assessment of PM2.5 health 
impacts. Ideally, one would perform site-specific photochemical air modeling with a 
baseline emission inventory and receptor grid over the Eastern US, then perform 
probabilistic exposure-response and damage cost modeling, but such analyses are 
time-consuming and expensive, and the results still have significant uncertainties. 
Nonetheless, we believe the extrapolated numbers presented here, although uncertain, 
are informative and allow at least some sense of the potential magnitude of the regional 
impacts, and some basis for comparison of the relative magnitude of regional impacts 
for the four options. 

ExtraDolation aDLlloB ch. As noted above, the method we used is a major 
simplification of the rigorous and data-intensive modeling approach used in detailed 
studies, and is meant to approximate the possible range of damage costs associated 
with the options and to aid in comparisons of the options. We used four studies as main 
data sources: US EPAs regulatory impact analysis for CAlR (US EPA 2005b), an ICF 
2005 modeling study of two power plants in the Midwest, a comprehensive national 
modeling study sponsored by the Clean Air Task Force (Abt 2004), and a recent study 
of power plant emissions in Maryland (Levy 2006). US EPA's study used the 
Community Multiscale Air Quality (CMAQ) model to estimate PM2.5 concentrations 
across the US resulting from power plant emissions of PM25 precursors under both a 
baseline scenario and a reduced SOz and NO, emission scenario (Le., the CAIR 
regulatory program) for 2010 and 2015. EPA then performed probabilistic exposure- 
response modeling of mortality and several kinds of illness, followed by probabilistic 
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valuation modeling of the predicted health effects (that is, estimating a dollar value of 
health 'damages"). ICF used very similar methods and data inputs in its study, except 
that the Regional Modeling System for Aerosols and Deposition (REMSAD) was used 
for the photochemical air modeling. EPAs study covered hundreds of power plants in 
the Eastern US, while ICF's study focused on two specific plants in the Midwest US. 
The Clean Air Task Force study used REMSAD for air modeling of several policy 
options for national reductions in PM2.5 precursor emissions, and used exposure- 
response and valuation modeling methods similar to US EPA's study. The Maryland 
study used CALPUFF and a source-receptor matrix approach for air modeling of 
emissions from six power plants, and similar approaches to exposure-response 
modeling as the other studies (this study did not estimate dollar damages). 

For purposes of application in this options comparison, we first reviewed the health 
effects and damage cost results from each of these studies in conjunction with the 
associated quantities of SO2 and NO, emissions. Our goal was to develop a general 
approximation of the magnitude of impacts associated with a given emission quantity 
(i.e., something roughly parallel to the environmental externality "adders" used by some 
states in power plant decisions). Achieving this goal is greatly complicated by the fact 
that emissions of primary PM2.5 are not an adequate predictor of downwind PM2.5 
impacts, and that there are multiple important precursors (including SO2, NO,, primary 
PM25, VOCs) and other determinants of airborne PM25. After examining the data from 
the four studies, we decided to use the damage costs per ton of SO2 plus NO, as the 
estimator of regional impacts (rather than, for example, damage costs per ton of SO2 or 
NO, alone). These two pollutants are generally considered the main contributors to 
regional PM2.5 resulting from power plant emissions (as evidenced by EPAs focus of 
the CAlR regulations only on these two pollutants), and while neither one alone nor the 
two in combination are expected to be linearly related to regional PM2.5 concentrations, 
using the sum was considered the better approach (in part based on examination and 
comparison of the various possible estimators, including damage costs per ton SO2 and 
damage costs per ton NOx). 

The CAlR analyses address the overall impact of emission reductions at hundreds of 
power plants in the Eastern US. Using the CAlR results for 2015 yields an estimator of 
approximately $20,000 (2003 dollars) of national damage costs from PM2.5 health 
impacts (both morbidity and mortality) per combined ton of SO2 and NO, emitted ($99 
billion in damage costs in 1999 dollars using 3 percent discounting, adjusted to $108 
billion in damage costs in 2003 dollars, corresponding to roughly 5.5 million tons of 
emitted SO2 plus NO,). This large-scale, multi-plant analysis provides an aggregate- 
level result, which could be viewed as an averaging over many emission reductions in 
many different locations. ICF's modeling for two particular Midwest US locations yields 
an estimator for 201 5 of approximately $36,000 ($39,000 for one location, $32,000 for 
the 0 t h ~ ' ~ )  (2003 dollars) of national damage costs from PM2.5 health impacts 
(morbidity and mortality) per combined ton of SO2 and NO, emitted, which indicates the 

'' This rektively small difference, despite the fact that population close to the source is much higher for 
one site than the other (see Exhibit 6-16). is consistent with the observation that far-field effects dominate 
overall PMZr damage cost estimates. 
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emission location may be somewhat "riskier" than the average derived from CAIR. The 
proportion of the damage costs accruing in-state in ICF's modeling study ranged from 
10 to 20 percent for the two emission locations (both in the same state). The Clean Air 
Task Force study is similar to the US EPA CAlR analysis in that it is a large-scale 
analysis covering emissions at hundreds of power plants. The estimator derived from 
this study for 2015 is $15,000 (2003 dollars) of national damage costs from PM2.5 health 
impacts (both morbidity and mortality) per combined ton of SO2 and NO, emitted (based 
on average of the four policy scenarios modeled, and midpoint of the 2010 and 2020 
results). The estimator derived for 2015 from the Maryland study of specific power 
plants is $18,000 (2003 dollars) of national damage costs from PM2.5 health impacts 
(both morbidity and mortality) per combined ton of SO2 and NO, emitted (based on 
average of the six plants modeled, an assumed value of statistical life of $6 million and 
assumption that mortality accounts for 90 percent of total damages, with results 
projected forward to 201 5 population). 

Given these four data sets - for which the derived estimators of PMz5-related health 
damages cluster reasonably dose together, between $15,000 and $36,000 - and the 
recognition of significant uncertainty in applying these values to other power plants in 
other locations, we use an order-of-magnitude range of $5,000 to $50,000 per 
combined ton of SO2 plus NO, to extrapolate the potential regional health damage costs 
for the four options based on changes in emissions of these precursors. In-state 
damage costs would be expected to be a relatively small fraction (maybe 10 to 20 
percent) of the total regional damage costs. 

Clearly, Florida is different geographically and has different air quality conditions than 
the rest of the Eastern US. Florida's air quality is relatively good for PM2.5 and other 
regulated air pollutants, as evidenced by the fact that, unlike most Eastern states, it has 
no non-attainment counties (see Abt 2004 for examples of projected future PM2.5 levels 
in Florida). However, even though much of what is "downwind" for Florida emissions is 
over the ocean, it is clear from the CAlR modeling that Florida emissions of PM25 
precursors affect downwind PM2 5 levels in states to the north. Moreover, examination 
of potentially exposed populations - a critically important determinant of health impacts 
and damage costs from PM2 5 exposures - in proximity to Gainesville and comparison 
with populations relevant for CAlR and the Clean Air Task Force study (Eastern US 
average of 164 people per square mile, continental US average of 93 people per square 
mile) and for ICF's study in the Midwest US shows similar (or higher) populations for 
Gainesville, as shown in Exhibit 6-16, particularly at greater distances where the 
majority of impacts would occur. Moreover, the population surrounding Gainesville 
includes a higher proportion of older residents than the US average, which would tend 
to make the nearby risks from PM25 exposure higher than for an average Eastern US 
location. 
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Exhibit 6-16 
n and Selecte 

average danslty is roughly 93 people per square mile. 

Thus, while the damage cost estimators derived above obviously are not a perfect fit for 
estimating and comparing health damage costs for the four options in Florida, use of the 
derived ordersf-magnitude range appears to be a reasonable approximation given the 
data available to work with. 

g#ramlation resulfs for PMZS dsmaae costs . The regional damage cost 
exjrapolation results for the base case in 2015 and 2020 are presented in Exhibit 6-17 
for the four options. Considering local generating unit emissions only (that is, excluding 
non-local emissions from power purchases under the two DSM options), the ranking of 
the options based on extrapolated regional PM2.5 health damage costs is similar to the 
ranking based on estimated local PM2.5 health impacts, although the two DSM options 
become virtually indistinguishable: CFB option > IGCC option > DSMMimass option > 
DSM/power purchase option. For all options, and especially the two DSM options, the 
majority of regional PM2.5 damage costs result from emissions from continued 
operations of existing GRU units (rather than emissions from a new unit). This baseline 
for all options due to emissions from future operations of existing GRU units is roughly 
$10 to $100 million in estimated health damage costs in 2015 ($9 to 90 million in 2020). 
Thus, the differences between options appear most pronounced when the new units are 
compared in isolation. Estimated damage costs for all options are lower in 2020 than in 
201 5 as a result of the downward trend in emissions across all options. 

Consideration of power purchases closes the gap between the CFB and IGCC options 
and the two DSM options. The CFB option still has the highest relative impact, but 
when non-local emissions from power purchases are considered, the IGCC option is 
very dose to the two DSM options by 2020 with respect to the extrapolated regional 
health damage costs from PM25 exposures. 
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Exhibit 6-17 
Summary of Extrapolated Regional Health Damage Cost Estimates for PM2.5 

201 
case 

20201 
base case 

I PoWer 
WrChaseS 

1 
I 

Y A Y ?  rating unit stedc emissions of 

Estimated Annual Regional Damage Co! 
(millions, $2003 dollars, rounded) 

$0.5-5 

nla $2-20 

$14- 140 $12 - 120 

$3-30 $0.5 - 5 

$9 - 90 $9-90 

$12 - 120 $9-90 

nla $2 - 20 

$12 - 120 $11 - 110 

and NOx as estimated by IPM, a 

I $0 

$10 - 100 

$10 -100 --I $2 - 20 

$12 - 120 I 

$11 - 110 

'g with the damage 
cost estimator range i k s c r i ~  in text 

As noted previously, emissions for the maximum ~eWdemand/C@lbiomass cage are 
approximately 10 percent higher than the base case, and the average emissions across 
all 36 cases are roughly 10 percent lower than the base case presented here. Thus, 
extrapolated regional damage costs would follow the same pattern (maximum case 
about 10 percent hisher than shown for the base case, average case about 10 percent 
lower). The ranking of options does not shii significantly amss the 36 cages (minor 
ah& for a couple of cases), although the magnitude of the differences can change 
slightly. 

. As emphasized throughout this section, there are substantial 
uncertainties in any attempt to develop numerical estimates of fkture air qualii, human 
exposures, and human health impaots related to m 2 . 5 .  This is unavoidable. 
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Assumptions, modeling imperfections, data limitations, and simply lack of knowledge 
about the future all add to the Uncertainty in quantitative estimation of emission patterns 
and levels, concentrations of PM2.5 in the air at different locations throughout the 
modeling period, exposures of people to the airborne PM2.5, and the kinds and numbers 
of health effects resulting from the exposures (i.e., what is the correct quantitative 
exposure-response relationship). Monetization of the damages associated with health 
impacts adds even more uncertainty, given the wide range of valuation approaches and 
results for health effects, including premature mortality. 

We have addressed some of the uncertainty related to emissions by the study design, in 
which we ran 36 separate IPM cases that varied key factors related to emissions, such 
as future fuel costs and electricity demand. In general, we have addressed other 
uncertainties in our derived estimates of local health impacts and extrapolated 
estimates of regional health damage costs by presenting results as upper bounds and 
broad ranges. As noted, these estimates are not based on comprehensive new site- 
specific modeling for the four options, which would be needed to estimate uncertainty in 
any quantitative way, but are derived/extrapolated h m  existing modeling studies to 
give a sense of the potential magnitude of the health impacts, and allow comparisons of 
the potential relative impacts among the options. 

Clearly, in these range-finding calculations, we have not attempted to quantify all health 
impacts of PM2.5 exposure, but have focused on premature adult mortality as an 
important indicator. There are other potential health impacts that could be quantified, as 
well as still others that remain unquantitiable. We did not make separate estimates of 
impacts from short-term exposures, which would increase the impact estimates by an 
unknown amount, but focused on long-term exposures, again as an important indicator 
of the potential overall impacts. Additional uncertainty results from lack of knowledge 
about mechanism of effect and speciation (e.g., which components of the complex 
PM25 mixture are more or less toxic than others). Although there is insufficient scientific 
data to resolve all issues related to speciation, we believe the ranges of health impact 
estimates presented reflect, among other factors, differences in speciation with regard 
to their contribution to adverse effects, as measured by numerous highquality, multi-city 
epidemiological studies. 
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ECONOMIC IMPACT 

INTRODUCTION 

In this section we analyze the socioeconomic impacts of the four main resource options, 
as discussed in Chapter 1. The four main options are: 

. 220-MW CFB plant; . 220-MW IGCC plant: . 75-MW Biomass plant; and . Maximum DSM 

The main socioeconomic impact analyzed in this section is the potential for job creation 
in the Alachua County. Since all the options involve significant investments to meet 
future energy demand (including options for demand-side management), they have the 
potential to create both local as well as regional employment opportunities. Some of 
these additional employment opportunities will be temporary (for example, for 
construction of the power plant), while others will be more permanent (for example, for 
operation and maintenance of the plants once they are constructed). 

Results indicate that all the options have the potential to create significant local jobs. 
The CFB option can create 13,192 job years or 388 job equivalents. The IGCC option 
can create 11,986 job years or 353 job equivalents. The biomass plus maximum DSM 
option can create 10.428 job years or 338 job equivalents (under the low case), and 
16,788 job years or 494 job equivalents (under the high case). Finally, the maximum 
DSM option by itself can create 1,500 job years or 75 job equivalents (see below for 
definitions of these metrics). 

The section is organized as follows. We first describe the local labor market conditions 
to determine the potential benefits of these new jobs. We then describe the regional 
economic model used to estimate the new jobs created. We then describe the 
methodology used to estimate the jobs. The section ends with the results of the 
analysis. 

Local Labor Market Conditions 

Because the IMPLAN model (discussed below) is based on county-level data, the 
socioeconomic impacts are analyzed for the entire county. As Exhibit 7-1 below shows, 
historically, the annual unemployment rate in Alachua County has been quite low in 
recent years. From a peak of about 5 percent in 1992, the unemployment rate has 
dropped significantly to about 3.4 percent in 2004. This drop in unemployment is 
expected given the overall economic boom throughout the country and its effects in 
Florida in general, and the local economy in particular. 
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Exhibit 7-1 
Historical Unemployment Rate - Alachua County 

5 

J m -  

It I 

Source: Bureau of Labor Statistics (BLS) 

Although the unemployment rate in the local economy is not high, creating additional job 
opportunities can have its advantages. Labor economists argue that local 
unemployment can be costly not only to the individuals directly affected but also to the 
regionalhationat economies. Avoiding the costs of unemployment thus leads to both 
private benefits (i.e., benefits to individuals directly affected) as well as social benefits 
(Le., benefits to the region as a whole). Some of the yotentiat benefits from reducing 
unemployment discussed in the economic literature are: 
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Increased productivity 
Increased individual inwme 
Reduced poverty 
Reduced criminal activity I policing costs 
Reduced costs of mental and physical health services 
Reduced costs of support serviws 
Improved life opportunities 
Reduced benefits payments 
Increased tax revenue 
Improved fiscal position 

A decrease in unemployment implies an increase in worker productivity that leads to an 
increase in individual incomes. These in turn lead to reductions in poverty and 

~~ ~ 

See for example. D. Perkins and P Angley. Values. unemployment and public policy. The need for a 76 

new direction". Discussion Paper, 2003. 
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unemployment benefits. Unemployment can also breed higher crime rates that require . 
more public spending in law enforcement activities, social benefits, and state-sponsored 
health and other support costs. These, along with the added disadvantage of lower tax 
revenues, have a negative impact on state and Federal fiscal positions. Thus, the jobs 
created by the four resource options discussed here have the potential to bring in 
significant socioeconomic benefits to the region as a whole. 

Modeling 

To estimate the regional economic impacts of the jobs created - through the indirect 
and induced multiplier effects - we use the regional economic model IMPLAN. IMPLAN 
is created and maintained by the Minnesota IMPLAN Group (MIG). The IMPLAN model 
is a static input-output framework used to analyze the effects of an economic stimulus 
on a pre-specified economic region, in this case, Alachua County. This model is 
considered static because the impacts calculated by any scenario in IMPLAN estimate 
the indirect and induced impacts for one time period (typically a year). The modeling 
framework in IMPLAN consists of two components - the descriptive model and the 
predictive model. The descriptive model defines the local economy in the specified 
modeling region, and includes accounting tables that trace the *flow of dollars from 
purchasers to producers within the region"." It also includes the trade flows that 
describe the movement of goods and services, both within, and outside of the modeling 
region (i.e., regional exports and imports with the outside world). In addition, it includes 
the Social Accounting Matrices (SAM) that trace the flow of money between institutions, 
such as transfer payments from governments to businesses and households, and taxes 
paid by households and businesses to governments. The predictive model consists of a 
set of "local-level multipliers" that can then be used to analyze the changes in final 
demand and their ripple effects throughout the local economy. These multipliers are 
thus coefficients that "describe the response of the [local] economy to a stimulus (a 
change in demand or prod~ction)."~~ Three types of multipliers are used in IMPLAN: 

Direct - represents the jobs created due to the investments that result in 
final demand changes, such as investments needed to build and operate a 
power plant. 

indirect - represents the jobs created due to the industry inter-linkages 
caused by the iteration of industries purchasing from industries, brought 
about by the changes in final demands. 

Induced - represents the jobs created in all local industries due to 
consumers' consumption expenditures arising from the new household 
incomes that are generated by the direct and indirect effects of the final 
demand changes. 

IMPIAN Pro Version 2.0 User Guide. 
77 lhid .-.-. 
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To illustrate these concepts consider the following simplified example. A $10 million 
investment required to construct the power plant leads to 100 jobs (say) in the 
construction industry, due to the workers needed to construct the power plant. These 
jobs are the result of the direct investment and are hence termed as direct jobs in 
IMPLAN terminology. Because the construction industry is connected to other 
industries through its inter-industry linkages, the 100 direct jobs create an additional 40 
jobs (say) in industries such as wholesale trade, motor vehicle parts and dealers, 
architectural and engineering services, etc. In the regional economic parlance (and in 
IMPLAN), these additional jobs are termed indirect jobs. Finally, because the direct and 
indirect jobs create income for the workers involved, which are then spent on various 
consumption activities, these expenditures lead to further economic activity and 
employment in the economy. In IMPLAN, these jobs, say an additional 30, are termed 
as induced employment and are created in sectors such as food and beverage stores 
(restaurants and bars), retail outlets, general merchandise stores, hospitals and 
physician offices, etc. Thus the total number of jobs created by the $10 million 
investment in this example is 170, out of which 70 jobs are created in "support" 
industries due to the input-output relationships between economic sectors. These 70 
jobs are also referred to as the 'multiplier" effects by regional economists. 

Methodology 

We used the IMPLAN model data for the Alachua County to estimate the potential for 
job creation through the various resource options. In order to estimate the potential for 
job creation in the regional economy, we first estimated the levels of investments 
needed for these options. Using data from sources discussed elsewhere in this study, 
we estimated the total capital and operating and maintenance ( O M )  costs for the 
various options. For example, Chapter 4 discusses the capital costs needed for the 
three options involving constructing a new power plant. These costs were (2003$): 

a 

220 MW CFB - $470 million 
220 MW IGCC - $445 million 
75 MW CFB for Biomass - $170 million 

We assume these investments are made over a four year period to construct the plant 
under each option, and divide the capital cost equally for an annual average capital 
cost. These are then entered into the IMPLAN model stimulating appropriate economic 
sectors to estimate the number of workers needed to construct the plant over the 4-year 
period. 

Jobs that will be created due to the operation and maintenance of the plant are 
estimated using the levelized cost data explained in Chapter 4. In order to estimate the 
total annual operation cost that will create permanent jobs in the local economy, we 
used the VOM and FOM components of the levelized costs from Chapter 4 (in 
2003$/MWh) and assumed a 85 percent capacity factor for the three plant options 
(again, based on Chapter 4 assumptions). 
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For the 75-MW Biomass plant option, we also model the economic impacts of the 
different biomass fuel types needed (urban wood waste, forestry residue and energy 
crops) and the associated transportation costs required to deliver the biomass fuel to 
the plant. However, because we assume that the biomass fuels will come from a 50- 
mile radius around the existing GRU Deerhaven plant, and because Alachua county has 
a total area of 874 square miles, which translates to approximately a 17-mile radius for 
the county, we assume that 34 percent of the all the biomass fuel needed will be 
supplied from the county sources creating local jobs within the county (17/50 = 34 
percent). The rest two-thirds of the biomass fuel will come from out-of-county sources. 
We present the results for a "low case" where we estimate the jobs based on this 
assumption that only 34 percent of the total feedstock will create economic benefits for 
Alachua County. We also present a "high case" where we estimate the total jobs 
created by the feedstock requirements, irrespective of whether they are created in 
Alachua or other counties. 

Cost assumptions for the DSM option - the cost assumptions used for the DSM option 
were based on the DSM programs discussed in Chapter 3. To calculate the total 
socioeconomic benefits of these programs, we estimated four types of impacts for each 
program: 

1. 

2. 

4. 

GRU incentives to residential and commercial customers, which then get 
invested to buy equipment for DSM and associated labor costs (and 
hence create jobs in the local economy). 

GRU administrative costs for local personnel and advertising to promote 
the DSM programs. These investments create local jobs for GRU 
personnel and the advertising and marketing sector (with corresponding 
ripple effects through the local economy). 

Bill savings to residential and commercial customers due to reduced 
demand for electricity, measured by the MWh of demand replaced and the 
retail rates for residential and commercial customers. These savings have 
a positive effect on the economy because customers then spend their 
savings on other consumption goods creating additional local economic 
activity. These consumption expenditures are modeled using the 
consumption patterns of the median household in Alachua County.78 

GRU lost revenue due to reduced demand for electricity from the grid. 
The DSM programs result in reduced demand for electricity from the grid, 
leading to lost revenue for the utility supplying the electricity, measured in 
terms of the reduced demand (in MWh) and the difference between retail 
rates and production costs. The lost revenue creates negative economic 
impacts as it is associated with resources taken out of the economy. 

" Under the lRC test, although customers are expected to experience bill d n g s  as the total cost of 
energy production decrease, there is the possibility that electric rates (price) may go up. Hence, 
parlidpants under the DSM pmgram may benefit at tha cost of other ratepayers (for example. renters or 
other low income households). The RIM test avoids this conundrum. 
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Job Types 

However, the negative effects of this loss are more than offset by the 
positive effects generated by the bill savings to electricity customers and 
their subsequent spending of that money on other goods and services. 

Once the investment amounts were determined, these were then used in IMPLAN to 
create the initial perturbations for the a propriate IMPLAN sectors to estimate the local 
economic impacts for Alachua County. # 

Construction Phase Operation 8 Maintenance 

Results 

Exhibit 7-2 below presents the estimated job creation potential for the 220-MW CFB 
plant option. 

Indirect 

Induced 

277 28 

400 58 

I Direct I 1,181 I 106 I 

Total 1,858 192 

Construction jobs are estimated based on the capital cost assumptions for the CFB 
plant (explained in Chapter 4). The CFB plant is assumed to require $470 million in 
capital costs. We assume the plant will be constructed over a four-year period creating 
1,181 construction jobs (direct). These jobs are considered temporary because they will 
cease to exist after the plant has been constructed. Moreover, these direct jobs create 
an additional 677 jobs in support industries due to the indirect (277 jobs) and induced 
expenditures (400 jobs). 

Operation and maintenance of the CFB power plant is estimated to create a total of 192 
full-time jobs in Alachua County. Out of these, 106 workers are estimated to be directly 
involved in operation and maintenance of the plant. Additionally, we estimate another 
86 jobs will be created in Alachua County due to the indirect (28) and induced effects 
(58) discussed above. Unlike the construction-related jobs which are considered 

While estimating the local economic impacts for AIachua County, we assume that there will be 
significant leakages from the modeling region. This is because a small modeling area such as one 
county implies that some of the resources needed will be obtained from outside the county boundabs 
creating economic activity and jobs in other counties. This is achieved in IMPLAN by using the model- 
generated Regional Purchase Coefficients (RPCs). RPCs in IMPLAN represent the portion of the 
reaional demands Durchased from local oroducers (with the remainder beina suwlied bv non-local 

7Q 
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Operation 8 MalntOMnW 

temporary lasting for four years, the jobs created due to the operation of the plant would 
be permanent, leading to long-term benefits for the local economy in Alachua county. 

In order to express the socioeconomic impacts in a common metric that can be 
compared across the four options, we first present the total job impacts in terms of "job 
years". A job year can be interpreted as a measure of the number of annual jobs 
created multiplied by the number of years these jobs are expected to last. Thus, for the 
220-MW CFB option, the 1,858 temporary construction jobs are expected to last 4 years 
creating a total of 7,432 job years. Similarly, the 192 full-time operations jobs are 
expected to last 30 years for a total of 5,760 job years. Hence the total impact for the 
CFB option is estimated to be 13,192 job years. However, because the characteristics 
of these jobs are different (the construction jobs are temporary requiring different skills- 
set compared to the full-time operations jobs), the job year numbers should be 
interpreted with caution. Thus, we also present an alternative metric called "job 
equivalents" which translates the different types of jobs into equivalent jobs on a 
continuous basis. Because the 1,858 construction jobs last for four out of a total 34 
years in the analysis (4 years for construction plus 30 years of operation of the plant), 
they translate to approximately 218 job equivalents on a continuous basis 
(=I ,858/(34/4)). Similarly, the 192 full-time operations jobs translate to 170 incremental 
job equivalents on a continuous basis. Thus, using this metric, the total job equivalents 
for the 220-MW CFB option are 388 jobs on a continuous basis. 

Exhibit 7-3 below presents the estimated job creation potential for the 220 MW IGCC 
plant option. 

Dlrect 

Indirect 

1,119 91 

262 24 

Induced 

Total 

378 49 

1,759 165 

Because the investments needed for the IGCC plant are similar, but slightly smaller, to 
those for the CFB plant, the local economic impacts for these two options are quite 
similar. This is true for the 1,759 construction jobs created during the first four years 
only. Moreover, operation and maintenance of the IGCC plant will require an additional 
91 workers annually for the life of the plant. These 91 new full-time jobs in Alachua are 
expected to create an additional 73 jobs due their secondary or ripple effects. 
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Construction Operation & Maintenance 

Similar to the calculations discussed above for the CFB option, the 220-MW IGCC 
option thus creates a total of 11,986 job years or 353 job equivalents on a continuous 
basis. 

Dlrect 

Exhibit 7-4 below presents the estimated job creation potential for the 75-MW Biomass 
plant option. 

427 133 

Indirect 100 20 

Induced 

Total 

The total number of construction jobs required for the 75-MW Biomass CFB plant are 
lower than those for the previous two options. This is because we assume this plant will 
have a capacity of 75 MW as opposed to 220 MW assumed for the two previous 
options. As a simplifying assumption, the number of workers needed to construct a 
power plant is assumed to be directly proportional to the capacity of the plant, thus the 
total number of direct, indirect, and induced jobs created for this plant is significantly 
less. Again, we assume these construction jobs will be available for four years, during 
the construction phase of the plant. 

Although the biomass plant is assumed to be smaller in size (and therefore should have 
less economic impact), the operation and maintenance jobs created for this plant are 
slightly higher than for the other two generation options. We estimate there will be a 
total of 208 full-time jobs created due to the biomass plant. The 208 full-time jobs 
estimated here are assumed to be under the "low case", where approximately one-third 
of the biomass feedstock needed is obtained from Alachua County, with the rest 
obtained from out-of-county sources and are considered leakages from this analysis 
(discussed above).80 

~~~ 

145 46 

872 208 

Out of this, there will be 133 workers directly involved in the operation of the plant. Out 
of this, we estimate 23 new jobs created in the transportation sector to deliver the 
biomass fuels to the plant, and an additional 110 full-time jobs in other sectors in 
Alachua county to operate the plant, including supplying the different types of biomass 

8o This simdification is based on a orowitionate assumDtion such that the SUDDIV of biomass feedstock is 
assumed tb be linearly related to &e distance hPm the kntroii of Alachua Cob& Estimating the exact 
location of the biomass suppliers is beyond the scope of this Sludy. 
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2016-2020 

fuels. Moreover, these direct jobs are also likely to create an additional 74 jobs in the 
Alachua economy due to the indirect and induced multiplier effects. 

68 13 16 98 

Because running a biomass plant tends to be more labor intensive than some of the 
other generation technologies, there is potential f o r  more long-term jobs being created 
in Alachua for the biomass plant option. However, the biomass plant will likely produce 
additional economic benefits for other counties in Florida as well. As discussed above, 
we assume that the feedstock needed for the biomass plant will be supplied over a 50- 
mile radius. Since this translates to approximately two-thirds of the feedstock required 
may have to be transported from outside the Alachua County (assuming a linear 
approximation per footnote e), we estimate another 262 total jobs (lnduding direct, 
indirect, and induced) in the feedstock sectors in other Florida counties8' Thus, under 
the high case, the total jobs created by the biomass option are 470 full-time jobs in 
Alachua and surrounding counties. 

Similar to the calculations discussed above for the CFB option, the 75-MW biomass 
option thus creates a total of 8,928 job years or 263 job equivalents on a continuous 
basis under the low case. Similarly, it creates 16,788 job years or 494 job equivalents 
under the high case. 

Exhibit 7-5 below presents the estimated job creation potential for the Maximum DSM 
option. The DSM option involves several DSM programs for the residential and 
commercial sectors, discussed in Chapter 3. The job creation potential for the DSM 
option is modeled using the four types of impacts discussed above. 

2020-2025 23 5 6 34 

I 2006-2010 I 39 I 8 I 10 I 57 I 

Total Job Years* 

1 2011-2015 I 78 I 15 I 19 I 112 I 

IMO 205 2M 1 ,m 

Because the DSM option modeled here involves only conservation measures to reduce 
the demand for electricity as opposed additional generation, the job creation potential 

'' Note that the 208 total jobs in Exhibit 7-4 includes jobs required to operate the biomass plant along with 
the Alachua county feedstock supply jobs. Hence that number is not directly comparable to the 262 out- 
of-county jobs for feedstock supply only. 
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should be interpreted differently. DSM jobs are presented as annual average for the 5- 
year intervals shown in the Figure above. Most programs are assumed to start in 2006 
and continue until 2025. We first estimate the annual average investments required for 
these programs (in 2003$) and the annual average bill savings for the same period. 
Total economic impacts are then calculated for a "representative year" within each time 
period. Thus, because the spending on the DSM programs are assumed to be different 
in different years (as opposed to the assumed constant dollar spending for the three 
generation options), results are presented annually for the representative year. As a 
measure of the cumulative impact of the DSM option, the final row presents the results 
in job years, measured as the number of annual average jobs created multiplied by the 
number of years these jobs are expected to last. 

The DSM programs are expected to impact more economic sectors in Alachua (and 
other Florida counties) than the other options. The total number of direct job years is 
estimated to be about 1,040 over the entire 20-year time period. Out of these, HVAC 
contractors are expected to benefit significantly (355 job years until 2025) due to the 
investments needed to purchase equipment for several DSM programs. Additionally, 
the bill savings for residential and commercial customers expected to be funneled back 
into the local economy will provide a boost to the regional economy and create 
substantial number of additional jobs. Finally, these direct jobs are expected to ripple 
through the economy and create more employment opportunities through the indirect 
and induced effects as shown in the Figure above. In summary, the maximum DSM 
option by itself can create an additional 1,500 job years or 75 job equivalents. 

E F  YAGTP3113 191 
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CHAPTER EIGHT 

Total Electric 

DETAILED MODELING RESULTS 

This chapter presents selected additional detailed results of ICF‘s analysis. This 
chapter is organized into four sections. The first section discusses GRU’s electric 
revenue requirements. The second discusses GRU operations. The third discusses 
emission impacts. The fourth discusses market prices for electricity. 

GRU ELECTRIC REVENUE REQUIRMENTS 

The key results on revenue requirements include: 

e Total 20-year GRU electric revenue requirements on an undiscounted 
basis are $5.8 billion on average across the 144 cases. 

Exhibit 8-1 
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NPV 2006 - 2025’ Incremental NPV % Incremental NPV 
2,935 - - 
3.099 +I64 +6 

3.107 +I72 +6 

3,139 +204 +7 

e 

Option NPV 2006 - 2025’ Incremental NPV 
IGCC 3,055 - 
CFB 3,218 +I63 

Maximum DSM 3,236 +I81 

3,247 +I92 Biomass Maximum 
DSM 

On a NPV basis, GRU’s average electric revenue requirements are $3.2 
billion across the 144 cases. 

The portion of GRU’s revenue requirements that are fixed across 
scenarios equal approximately 35 percent of the total. 

2025 revenue requirements are 2.6 times 2006 requirements in part due 
to general inflation which raises costs by a factor of 1.56. 

IGCC NPV revenue requirements are lower for the Base Case, the 
average of 36 scenarios, 2006 - 2025 NPV, 2012 - 2025 NPV, and 2012 
- 2020 NPV (see Exhibits 8-1 through 8-6). 

% Incremental NPV 

+5 
+6 

+6 

I 

Period 

2006 - 2025 
2012 -2025 
201 2 - 2020 

Exhibit 8-3 

Option 

Maximum DSM Biomass 
Maximum DSM CFB IGCC 

3,218 3,055 3,247 3,236 
3.064 2.857 3.103 3,094 
1,962 1.823 2.002 1.989 - 

Exhibit 8 4  
Revenue Requirements - NPV (Nominal MMS) -Average Across All 36 Cases -Different 

Time Periods 

E F  YAGTP3113 193 
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CFB IGCC 
. '"3 - 

3 - 

Period 

nnnc nnnc 

I 

Exhibit 8-5 
Revenue Requirements NPV (Nominal MMS) - Change From Least Cost Case1- Average 

Across All Cases -Different Time Periods 

Maximum DSM Biomass 
Maximum DSM 

+192 +181 
+246 +237 
+180 +166 

Period 

2006 - 2025 
201 2 - 2025 
201 2 - 2020 

only. 

Option 

Maximum DSM Biomass 
Meximum DSM CFB IGCC 

#2 #1 #4 #3 
#2 #l #4 #3 
#2 #I #4 #3 

Parlod Selected Generation ProductionL 
2006 - 2025 10 
2012 - 2025 13 
201 2 - 2020 15 

IGCC revenue requirements are also lower when measured for the variable portion of 
revenue requirements (see Exhibit 8-7). The difference is larger since it is over a 
smaller base. 

Total Revenoe Requirement' 
6 
8 
9 

E F  YAGTP3113 194 
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Exhibits 8-9 through 8-1 1 show the NPV for all 144 case option combinations for 2006 - 
2025,2012 - 2025, and 2012 - 2020. 
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Measure CFB IGCC 

Highest' 3,679 3.525 
Lowest 2.921 2.805 
Range 758 720 

Average 3.218 3,055 

DSM 

2,886 2,816 
3,698 3,768 
812 952 

3,247 3,236 

Biomass 
Maximum DSM 

'Awoss the 36 cases. 
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Exhibits 8-12 through 8-16 show the range of results expressed for each option as 
frequency distributions. The height of the bar shows for each option how many of the 
38 cases fall within a standard deviation or fraction of standard deviation from the mean. 
The maximum DSM option is the most symmetrical and spread out versus the IGCC 
and CFB which are more concentrated between -1.5 and *0.5 of their standard 
deviations. 

Exhibit 8-12 
Distribution of Revenue Requirements for All 36 Cases from Mean (2012 - 2025) - CFB 

' I  
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Exhibit 8-13 
Distribution of Revenue Requirements for All 36 Cases from Mean - IGCC 

I -1 
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Exhibit 6-15 
Distribution of Revenue Requirements for All 36 Cares from Mean - Maximum DSM 

B to 

i n  B 

4 

2 

0 
u m t s  - t51)-to - ~ o m - s  4 5 m  6 amto tomi6 gwezmmirn 

YUIIIY*UndnONWoO.Lmm 

I."nmosnl 
Exhibit 8-16 

DisMbution of Revenue Requirements for All 36 Cases from Mean - CFB, IGCC. Biomass 
and Maximum DSM, and Maximum DSM 
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Exhibits 8-17 through 8-20 show the sensitivity of the options to the highest and lowest 
values for each variable with all other variables at Base values. For all cases, higher 
demand growth greatly increases total (though not average per kwh) revenue 
requirements since more demand must be met, but the increase is greatest for the low 
generation options, Le., Maximum DSM and Maximum DSM and Biomass. 

High COZ allowance costs increase total CFB and IGCC revenue requirements even 
more than higher demand growth since these are CO2 intensive options. However, this 
effect is mitigated by the ability to use biomass in these plants at varying levels. 
Biomass and maximum DSM is less affected by CO2 risk since biomass is a CO2 free 
option. DSM is almost as affected by high C02 allowance prices as IGCC and CFB 
since it depends on coal power imports. 

Low CO2, Le., zero COz prices lower revenue requirements in all cases. The effect is 
actually more pronounced for Maximum DSM which is most dependent on coal power 
imports from suppliers without biomass options. 

Gas prices most affect the DSM options which rely on power imports. 

Exhibit 8-17 
CFB Case Senritivlty to Variables - 2012 - 2025 

a 
i -1.9 I 

- 
ICF YAGTPSH 3 202 
z..I"L.I.* 



i 
i 
1 
f 

1 
i 
i 
f 

i 
i 
I 
5 
5 

I 
I 
f 

Docket No. 090451-El 
ICF Electric Supply Study 
Exhibit RMS-4 
(Page 206 of 303) 

Exhiblt 8-18 
IGCC C ~ S O  - 2012 - 2025 

- - ‘ T - - T - - -  T--- 

1 

Exhibit 8-19 
Biomass and Maximum DSM Case - 2012 - 2025 

- 
I I .in 

I- 
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Exhibit 8-20 
DSM CluO - 2012 - 2025 

4'" 

IGCC average revenue requirements cost $100.8/MWh in nominal dollars versus 
$107.11MWh for CFB, $114.4/MWh for Biomass Maximum DSM and $113.7/MWh for 
Maximum DSM (see Exhibit 8-21). 
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Period 

2012 - 2025 
201 2 - 2020 

. 2006-2025 

Standard DeviclWon of N W  for all 36 Scenarios Imllllons NPV) 
CFB IGCC Blo-DSM DSM Only 
202 1 74 205 258 
266 235 262 327 
137 112 132 178 
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Period 

2006 - 2025 
201 2 - 2025 
201 2 - 2020 

Standard Deviation of NPV for all 36 Scenarios (%) 

6 6 6 8 
9 a 8 11 
7 6 7 9 

CFB IGCC BbDSY DSM Only 
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are combustion turbines for peaking and reserve margin 
purposes. The DSM options show the highest builds starting as early as 2014-2015 
(see Exhibits 8-25 and 8-26). 

Exhibit 8-25 

Exhibit 8-26 

Total solid fuel use is greatest for the CFB and IGCC options (see Exhibit 8-27). These 
plants shift from fossil fuel to biomass over time as COz regulations tighten. The 
decrease is concentrated on petroleum coke which has higher carbon content (+lo 
percent) than coal. Coal use in Maximum DSM falls over time as Deerhaven 2 
operations decrease, in response to C02 regulations tightening. Note, Maximum DSM 
is the only option which does not permit biomass use. 

Over time, in the Base Case, GRU becomes more dependent on trucks to bring 
increasing amounts of biomass and less dependent on rail (see Exhibit 8-28). 
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Power imports and exports vary greatly across cases (see Exhibit 6-29). Imports are 
the highest in the DSM options especially Maximum DSM. Imports rise between 2006 
and 201 1 for all options until new generation comes on-line. 

GRU generation mix varies across cases especially for imports and exports (see Exhibit 
6-30). 

Exhibit 8-30 

c- 
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Source 

GRU 
Total Grid' 
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Option 

CFB IGCC Blomass Maximum DSM 
45 43 29 30 

Maximum DSM 

7,567 7,565 7,559 7,563 

source 

GRU 
Total Grid' 

Local GRU COz emissions rise in the CFB and IGCC options as the units come on-line. 
They fall as the plants shift to biomass. Under the DSM options, emissions fall over 
time after 2009 (see Exhibit 8-35). 

option 

49 48 40 40 
CFB IGCC Biomass Maximum DSM Maximum DSM 

12,383 12,381 12,379 12,380 

YAGTP3113 21 1 ....... I.. 

Source 

GRU 
Total Grid' 

Option 

CFB IGCC Biomass Maximum DSM Maximum DSM 
38 33 32 32 

3.758 3.753 3.751 3.754 

source 

GRU 
Total Grid' 

Option 

1 1 I 1 
150.07 150.12 150.10 150.10 

CFB IGCC Biomass Maximum DSM Maxhnum DSM 
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Most SO2 emissions are in the first four years before the retrofit of Deerhaven 2 (see 
Exhibit 8-36). SO2 levels are well below 2006-2009 levels in all scenarios. They rise 
after the IGCC and CFB plants come on-line, and then fall as biomass displaces coal 
and petroleum coke. Local SO2 emissions are the lowest for Maximum DSM. Under 
the Biomass Maximum DSM, we show emissions assuming that the CFB does not 
control for biomass related SO2 though such controls could be implemented without 
materially greater capital expenditures. 
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Local NO, emissions fall when Deerhaven 2 is retrofit with NO, controls and stay below 
these levels throughout the horizon (see Exhibit 8-37). 

Exhibit 8-37 
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Local mercury emissions are below current levels after Deerhaven is retrofit (see Exhibit 
8-38). 

, (Page 218 of 303) 

Exhibit 8-38 
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Base Case all hours electrical energy prices equal system lambda. They are slightly 
lower for the CFB and IGCC cases as there is more local low variable cost supply (see 
Exhibit 8-39 and 8-40). 

- YAGTP3113 216 
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Exhibit 8-40 

Under the CFB and IGCC options, local pure capacity prices are zero due to GRU 
exceeding reserve requirements through to 2021 (see Exhibits 8-41 and 8-42). 
Capacity prices are the add-on to prices needed to provide revenues for new peaking 
units. These prices are especially low due to GRU’s low financing costs. Prices are 
positive starting in 2012 in the Maximum DSM as additional capacity is needed to meet 
peaking needs. Prices are being set initially by import prices which are depressed as 
many utilities build new coal plant capacity and exceed reserve requirements. This, in 
turn, reflects high natural gas prices. 

CL YAGTP3113 217 
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Exhlbit 8-42 
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All hours firm prices are the sum of the capacity price and energy price where capacity 
price is amortized over the hours of the year (see Exhibit 8-43 and 8-44). 

Exhiblt 8-43 

Exhibit 6-44 
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004 I 9,359 I 4,739 

2005 I 10,085 I 5,258 

ATTACHMENT 1 

6,910 

1,527 

OVERVIEW ISSUES 

'2004 I 9,359 I 4,739 

2005 I 10,085 I 5,258 

Exhlbit Al-1 

1 -  6,910 

1,527 

-. .. . . . . . . 

Urn:  Power M M s  Week. 
defined as 7:OO AM to 11:OO PM, Monday through Friday. 

Exhibit Al-2 - . -. . . . . - 
Historical Implled Heat Rates In FRCC I FeMk; IOff-Peak (BtulkWh)l (Btulkwh) AllHoun Btukwh Period 

002 I 10.632 I 5.800 I a o n  , I ~ , ~ . .  .,-. . 

003 I 9.115 I 3.975 I 6.391 I 

bniiia&fined as 700 AM to 11:OO PM. Mondav throuoh Fridav. 
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Parameter FRCC 

I I 
I 

Recently Operational 
Builds 2000-2005 (MW) I 18,237 

Total Capaaty as of I' July 2005 (MW) I I 52,452 

ICF Firmly Planned 
Builds (MW) 
2006-2007 

New Builds 

0 

Firm builds plus non-firm builds as necessary to 
meet net peak demand and reserve requirements; 
mix of unplanned builds endogenously determined 
based on economics 

1 Source: ICF. Subjed to review. 

FRCC Geographic Scope 

I FRCC encompasses Peninsular Florida, east of the Apalachicola River. It 
is electrically unique because it is a peninsula and is tied to the Eastern 
Interconnection only on one side. The FRCC is responsible for setting the 
reliability standards, procedures, and policies that all users of the 
transmission system must follow when operating in the region. 

The 29 FRCC members comprise six industry sectors: power marketers, 
generators, non-investor-owned utilities-wholesale, load-serving entities, 
generating load-serving entities, and investor-owned utilities. 

- YAGTP3113 222 
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GRU Elect& Facilities 

o r a -  . "-- 
0 - . I  

Source: A Review of Fbrida E M c  UUl@ 2005 Ten-Year SHE Plans, 
prepared b y h  !%ride Publk Service Cornrnkrsiin, Division of 
Economic Regulation. Doarmber xH)5 

- YAWP3113 223 



' Docket No. 090451-El 
ICF Electric S~pply Studv . .  - 
Exhibit RMS-4 
(Page 227 of 303) 

GRU Generation Assets 

GRU is the City of Gainesville enterprise arm that has the responsibility to 
operate and maintain the vertically integrated electric power system. 

1 Gainesville Regional Utilities (GRU) owns and operates two power plants, 
the John R. Kelly Generating Station located in downtown Gainesville, and 
the Deerhaven Generating Station located near the city of Alachua. 

Additionally, a 1.4 % ownership in Florida Power Corporation's Crystal 
River Unit 3 operated by Progress Energy Florida (PEF) and two internal 
combustion engines located at Alachua County Southwest Landfill of 1.3 
MW provide generating capacity to the GRU system. The landfill is owned 
by Alachua County. 

An inter-local agreement between the City of Gainesville and Alachua 
County approved the concept of using landtill gas to power tow internal 
combustion engine generators. The County granted a special use permit 
and easement for GRU to operate and access the generators. 

Source: A Review of Florida Electric Utility 2005 Ten-Year Site Plans, prepared by the 
Florida Public Service Commission, Division of 
Economic Regulation, December 2005 

Transmission Network 

e GRU's bulk power transmission network consists of a 138 kV loop 
connecting the following: 

o GRU's 2 generating stations 
0 GRU's 9 distribution substations 
o 
o 
o 
o 

3 interties with Progress Energy Florida (PEF) 
An intertie with Florida Power and Light Company (FPL) 
An interconnection with Clay at Farnsworth Substation, and 
An interconnection with the City of Alachua at Alachua No.1 
Substation 

State Interconnections - The system is currently interconnected with PEF 
and FPL at four separate points. These indude: 

0 A 230 kV transmission line interconnection between PEFs Archer 
Substation and GRU's Parker Substation with 224 MVA of 
transformation capacity from 230 kV to 138 kV 
PEF's idylwild Substation with 2 separate circuits via a 168 MVA 
138/69 kV transformer at the ldylwild Substation 
A 138 kV tie between FPL's Bradford Substation and the System's 
Deerhaven Substation with a thermal capacity of 224 MVA 

o 

o 

- 
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Source: A Review of Florida Electric Utility 2005 Ten-Year Site Plans, prepared by the 
Florida Public Service Commission, Division of Economic Regulation, December 2005, 
pages 5,6,7 

Exhlblt AI-5 
Generatlon (L Capacity Mix: 2004 

- 
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Exhibit A15 
Capacity il Demand (MW) 

400 . 
300 - 

200 - 
100. 

0 ,  

FRCC Planning Reserve Margins 

FRCC has historically required an unenforceable 15 percent installed 
reserve margin guideline for the FRCC system as a whole. 

In line with the above, GRU uses a planning criteria of 15% capacity 
reserve margin. 

Investor Owned Utilities in the region are further required to maintain an 
installed capacity reserve of 20 percent as based on a standing 
agreement with the Florida Public Services Commission. 

Source: A Review of Florida Electric Utility 2005 Ten-Year Site Plans, prepared by the 
Florida Public Service Commission, Division of 
Economic Regulation, December 2005, page 49 

c- 
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Trostmont - 
FRCC 7 GRU 1 

1) FRCC 2005 stmilng point taken frcm NERC E%D and GRU 2005 staatino Povnttaken horn A Review of F W a  ElecMc WlRy 

2) FRCC a n d  a v e w  gmwth rate mm 2004 Regional Load 8 Resour- Pian for 2004-2013. 
3) GRU annual average gmwih rate hom A Review of Florida Elecbic Utility 2005 Ten-Year Site Plans. prepared by the Florida 

2005 Ten-Year Site Plans. pmpared by ths FloMa Publlc Service Commi6lsion. Division of Eurnomic Regulation. 
DemmbeZW5 

Public Senica Commission, DMslon of Economic Regulah, December 2005 for 20052014. 

I 

Vanes between 15% 
and 20% 1 5% lanning Reserve Margin (%) 

Key ReSeNe Margin Assumptions Overview 

FRCC has historically required an unenforceable 15 percent installed 
reserve margin guideline for the FRCC system as a whole. GRU also uses 
a planning criteria of 15% capacity reserve margin. 

Investor Owned Utilities in the region are further required to maintain an 
installed capacity reserve of 20 percent as based on a standing 
agreement with the Florida Public Services Commission. 

Going foward, ICF projects a 23 percent planning reserve margin in the 
near-term and gradually declining to 18 percent by 2014. 

Note: Interruptible load is amounted in the Reserve Margin calculation. - 
YAGTP3113 227 1% 
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~ 

Florida Powec & Light 22,719 19,749 

Gainesville Regional Utilities 579 458 

Jacksonville Electric 3,877 2,572 

.akeland 1.087 686 

Key Transmission Assumptions 

Seminole Electric Cooperative 2,045 408 

Tallahassee 670 550 

Tampa Electric Company 4,766 4.569 

1 ) ICF relies on various sources to m u n t  for the genamtm ' cfqadties in the sub- 
regions including EIA-880. NERC ESBD. Energy Vebcily, SNL and press releases. 
2) Load values are derived fmm NERC ESBD 2005, and allocated according to sub- 
regional weightings. GRU demand from A Review of Flwida Electric Utility 2005 Ten- 
Year sile Plans, prepared by the Florida Public Service Commission. Division of 
, E m m k  Regulation, December 2005 

0 Power will flow on an economic basis subject to transmission limits, as 
specified by the total transfer capability, and subject to transmission costs 
and losses. We assume no charges for moving power within FRCC and 
an approximately $2.50/MWh transmission charge to move power to and 
from neighboring regions, e.g., Southern. Regions without an IS0 / RTO 
structure and associated "pancaking" may have higher near-term charges 
for movements to neighboring areas. 

The transmission capacities specified above reflect both simultaneous and 
non-simultaneous total transfer capabilities (TTC). TTC's represent non- 
firm transmission capacity used in our modeling to capture 
transfers and are typically higher than the First Contingency Transfer 
Capabilities (FCTTC) used to model capacity transfers, which capture an 
"N-O" contingency level. 

Simultaneous (joint) import or export transfers are usually lower than the 
sum of non-simultaneous transfers. Simultaneous transfer limitations are 
captured in our modeling by using joint interface capacities for all 
interconnecting paths to a region and reflects 'N-1" contingency levels. 

Exhibit A1-9 
Control Area Resources Modold 

AM Name I O.rmration (UW) I h.d (W 
rogress Energy Florida I 12.113 I 10,433 
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Transmisslon 
Line - Nunrber Descrlptkn 

Exhibit AI-IO 
Summer Power Flow Limits 

SUMMER POWER FLOW LIMITS 

1 
2 
3 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
20 
22 
x x  
K X  

MeMlchen - Dew East 
MWhOpPer - D w t  West 
D M ~ w  * McMI~hen 
Deerhaven - Milhopper 
Depot East - Idylw(kJ 
oepot west - serenda 
IdylWiM - Parker 
sereno& - Sugarfoot 
P a w  - Clay Tap 
Parker - Ft. Clarke 
Clay Tap - Ft Cbrke 
Ft. Clarke - Alachua 
Deemaven - Bradfwd 
SuQwfOot - Parker 
Parker - Archer 
Alachua - m e n  
Clay Tap - Famswocth 
Ib/lwild - FPC 

8-HWr 
Nomial Emewnw 
1Oo’C Limiting 125’C w m  

236.2 conductor 
236.2 Conductor 
236.2 conductor 
236.2 conductor 
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’ -Rating eneCtcue thmugh Spring, 2005 (eshmate) At tbs point in We the 8W ampere 
wave traps on the Depot E - Ib/hkriid 138 KV and Parker - ldytwdd 138 KV arcuit at 
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AlTACHMENT 2 
DEMAND 

Exhlbtt A24 
Schedule 2.1 - Hlstory and Forecast of Energy Consumption and Number of Customers 

by Customer Class 
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Exhibit A2-2 
wy and Forecast of Energy Consumption and Number of Customers 

by Customer Class 
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Exhlbl A24 
Schedule 3.2 - History and Forecast of Winter Peak Demand - MW - Base Case 
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Exhibit A24 
Schedule 7.1 - Forecast of Capacity, Demand, and Scheduled Maintenance at Time of 

Summer Peak 
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Exhibit A24 
2006 and 2014 High Demand - Compared to Illustrative Supply Stack 
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Exhibit A3-1. Residential Measures - Savings and Cost-e~tiveness 
Characteristics (Direct Load Control Measures Considered Separately) 
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Exhibit A3-I. Residential Measures - Technical and EconotnicPOtentlal (Direct 
Load Control Measures Considered Separately) 
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Exhibit A34  Residential Direct Load Control Pmgmms Assumptions 
Central Air Conditioner 

Cycle 15 minutes for 
every 30 up to 3 hours. 

DLC Hot Water DLC 

Continuous shutdown up 

kWlHousehold 5.2 0.3 

kW SavingslHousehoid 2.6 0.3 

$tkW-yr tncentives $8.13 $68.70 

Description summer only to 4 hours, all seasons 

Savings Factor 50% 100% 

Annual Incentive Payment $21 .oo $18.00 

Administrative Costs (WW-yr) $4.06 $34.35 
OBM Costs ($/Household) $30.00 $0.00 
OBM Costs ($/kW-yr) $1 1.61 $0.00 

Installation Cost ($/Hou&oM) $250.00 $250.00 

Days Per Year 10 20 
Hours Per Day 3 4 
Maximum kWWear-Household n.5 21 .o 

Total Ongoing Program Costs 523.81 $103.05 

Installation Cost (SlkW) 596.78 $954.13 
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DOE-2 Model Runs Summary 
Exhibit AS3 
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Exhibit A3-3. Existing Residential Measures - Baseline and Upgrade 
Charartnrictiee 
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Exhibit A3-3. Residential Rc 
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m A/C Measures - Baseline and Upgrade 
haracterlstics 

I FrameWall 

1 
1883 
16.8% 
Anic 
0.75 
19 
6 
0 
3 
1.5 
1.1 0.4 

0.75 0.35 
0.00048 

SLA 
loom AC 

8 
1 
8 
0 0 

Manual h4anUel 

1 
1883 
18.8% 
A n C  
0.75 
19 
1 2 
11 19 
1 

1.5 
1.1 

0.75 
0.00048 
SUI 

Rwm AC 
8 
1 
6 

Door 
aselme u w* 
ab on Grade 

1 
1883 
16.8% 
Attic 
0.75 
19 
8 
0 
3 

1.5 4 
1.1 

0.75 
.00048 
SIA 
mn AC 

8 
1 
6 
0 

knual 

1 
1883 
16.8% 
Anic 
0.75 
19 
8 
0 
3 

1.5 
1.1 

0.75 0.375 
0 . W  

SLA 
toom AC 

8 
1 
6 
0 

Manuel 

Bkdr Wall 
Insulation 

iasdme Upgrade 
lab on Grade 

1 
1883 
16.8% 
Anic 
0.75 
19 
6 
0 
3 5 

1.5 
1.1 

0.75 
1.00048 
SLA 

w m  AC 
8 
1 
6 
0 

Manual 

AC 
s b n g  mal ne Upgrade 
lab on Grade 

1 
1883 
16.8% 
A n C  
0.75 
19 
8 
0 
3 
1.5 
1.1 

0.75 
).00048 

SLA 
!oom AC 

8 9 10.5 
1 
6 
0 

Manual 

YAGTP3I 13 257 

DRAFT 



Docket No. 090451-El 
ICF Electric Supply Study 
Exhibit RMS-4 
(Page 261 of 303) 

Baseline Baseline Baseline Baseline 
30000 30000 30000 100000 
33% 50% 50% 6% 

4 8 8 1 
13 13 13 13 
2 2 2 2 
24 15 17 33 
0.7 0.7 0.7 0.7 

0.78 0.78 0.78 0.78 
0.5 1.2 2.5 0.5 
0.75 0.75 0.75 0.75 
15 14.75 9.63 8.84 
1 I 1 1 

0% 0% 0% 0% 

Square Feet per Floor 
%Window Area (WWA) 
Number of Stories 
Wall Insulation 
Wall Sheathing 
Attic Insulation 
Window U 
Window SHGC 
Outdoor Air (am) 
Roof Solar Absorptivity 
Cooling Efficiency (EER) 
Fan Type 
Duct Loss 

Baseline 
3Ooo 
10% 

1 
13 
2 
21 
0.7 

0.78 
4 

0.75 
8.68 

1 
0% 

Baseline 

0.78 
0.35 
0.75 
9.21 

0% 

Exhibit A3-3. Commercial Measures - Baseline and Uparade Characteristics 
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Year 

Exhibif A 3 4  GRU Curnulafive Avoided Costs 

NPV Avoided Cost I NPV Avoided Cost I 
kWh kW 

Summer Peak hours: 1377 
Off Peak hours: 7052 
Source: GRU Strategic Planning 

2006 $0.0643 $0.00 
2007 $0.1219 $0.00 
2008 $0.1732 $0.00 
2009 $0.2189 $0.00 
201 0 $0.2594 $0.00 
201 1 $0.2953 $0.00 
2012 $0.3166 $1,480.09 
201 3 $0.3373 $1,460.09 
2014 $0.3575 $1,460.09 
2015 $0.3771 $1,460.09 
2016 $0.3961 $1,460.09 
201 7 $0.4145 $1,460.09 
2018 $0.4323 $1,460.09 
2019 $0.4495 $1,460.09 
2020 $0.4882 $1,480.09 
2021 $0.4822 $1,480.09 
2022 $0.4977 $1.460.09 
2023 $0.5126 $1,460.09 
2024 $0.5270 $1.460.09 
2025 $0.5408 $1.460.09 
2026 $0.5541 $1,460.09 
2027 $ o . S  $1,480.09 
2028 $0.5791 $1,460.09 
2029 $0.5908 $1.460.09 
2030 $0.6021 $1,460.09 

Discount Rate: 6.75% 
2012 Capital Cost: $2,306.50 I kW 
Winter Peak hours: 331 

- 
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A3-6. Adoption Curve Function 

MSO: Market share of the technology or product in an initial year 
C The product's assumed maximum market share; and 
A: A parameter representing "adoptive influence," which influences the speed at which a 
technology gains share in the market. 

I-Ms, IC 
MS, = 

A3-7 Supply Curves 

The levelized costs in each of the supply curves below are for technology costs only, 
and do not include program incentive or administration costs. Thus, this supply curve 
should not be compared to the program DSM supply curve shown earlier in this report. 
Also note that the discount rate and the methodology used is not intended to match 
IPM's methodology for developing its supply curves of generating or DSM capacity. 
These curves simply illustrate the amount and cost of DSM available from the various 
technologies considered. 

The levelized or annualized cost of energy or peak demand is calculated for each 
measure as follows. First, it is necessary to derive the capital recovery rate, or CRR For 
consistency with GRU's avoided costs documentation, we have used a discount rate of 
6.75% to determine these annualized costs. 

CRR = d I [I - (1 + dr(-n)] 

Where d is the discount rate (6.75%) and n is the effective useful life of the measure. 
Using the CRR, the levelized cost of energy is: 

Levelized cost per kWh = Incremental Measure Cost x CRR I Annual kWh Savings 
Levelized cost per kW = Incremental Measure Cost x CRR I Peak Demand Savings 

All measures are ranked by ascending levelized cost, with each measure adding to the 
cumulative total DSM potential (MW or MWh). These curves thus describe, from a 
purely technology cost standpoint, what amount of economic DSM (TRC>=0.5) is 
available for a certain cost. The actual cost of delivering these DSM savings through 
programs would exceed the costs noted here due to the program costs associated with 
marketing, administration, education, and any engineering services provided. 
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Residential Energy Supply Curve (Excluding TBD Losses) 
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Commercial Energy Supply Curve-All Building Types (Excluding TBD Losses) 
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Commercial Energy Supply Curve-Colleges Building Type (Excluding T&D Losses) 
I I $0.25 

fl 
3 

$0.15 

$0.10 

P 
$0.05 A 

I $0.00 

f 

f 

0.0 0.5 1 .o 1.5 2 .o 2.5 3.0 3.5 
Economic Potential (GWh) 

Commercial Peak Demand Supply Curve-Colleges Building Type (Excluding T&D 
Losses) 

$4.000 

F $3,500 5 $3,000 
$2.500 

$2,000 

$1,500 

- 
II 

f $1,000 

$500 

$0 
0.00 0.10 0.20 0.30 0.40 

Economic Potential (MW) 
0.50 

- 
ICF YAGTP3113 265 
Ol’...,.. 



Docket No. OQO451-El 
ICF Electric Supply Study 
Exhibit RMS-4 
(Page 269 of 303) 

Commercial Energy Supply Curve-Schools Building Type (Excluding T&D Losses) 
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$5,000 

mmercial Energy Supply Curve-Restaurants Building Type (Excluding TBD Lossa 

$0.25 

- $0.20 

f - $0.15 

ij 
$0.70 

L 
$0.05 A 

$0.00 
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 

Economic Potential (GWh) 

Commercial Peak Demand Supply Curve-Restaurants Building Type (Excluding TBD 
Losses) 

YAGTP3113 268 IC 



Docket No. 090451-El 
ICF Electric Supply Study 

(Page 272 of 303) 
, Exhibit RMS-4 

Commercial Energy Supply Curve-Grocery Building Type (Excluding TBD Losses) 
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Commercial Energy Supply CurveOffices Building Type (Excluding T8D Losses) 
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A r -  

Commercial Energy Supply Curve-Miscellaneous Building Type (Excluding T&D 
Losses) 
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AlTACHMENT 4 
GENERATION OPTIONS AND FINANCING COSTS 

New Power Plant Costs 

New Power Plants - New combined cyde plants are assumed to be 
available at a cost of $626/kW (2003$) in 2006 in FRCC, and new simple 
cycle units are at a cost of $386kW (2003$). 
o On an IS0 basis, FRCC combined cyde costs are approximately at 

a 7 percent discount to the U.S. average 
o Costs for gas-fired equipment are generally decreasing modestly in 

real terms ' h m  2006 through 2025. We assume flat costs in the 
near term for pulverized coal equipment in real terms. 
The build mix is determined through economics. o 

ICF imposes restrictions on the start dates of model additions to account 
for the necessary construction/permitting lag times and the commercial 
acceptance of new technology: 
0 

o 
o 
o 

LM6000s are allowed to be built in 2006 
Simple cyde turbines no earlier than 2009 
Combined cycles and cogeneration units starting in 2009 
Supercritical coal builds are allowed in 201 1, with no coal builds in 
certain regions in the model such as in New England, large parts of 
New York and PJM East 
IGCC are allowed in 2013 0 
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Key Plant Performance Assumptions 

0 New Unit Characteristics - New combined cycles and simple cycle units 
' are assumed to have heat rates (HHV) of 7,100 BtulkWh and 10,825 

BtulkWh in 2004, respectively. They start at higher levels and improve 
modestly over time due to the commercial acceptance of the next 
generation of turbines such as the FB, G and H technology. 

New supercritical coal units are assumed to have a heat rate of 
approximately 9,888 BtulkWh and IGCC's heat rate are assumed to be 
around 7,908 BtukWh. For the IGCC unit coming online in 2013 we 
assume a 7FA-technology power island. 

Key Plant Performance Assumptions 

0 Fossil Plant Availability - Existing plant availability is overall consistent 
with historical levels. 

Combined cycle units are provided the option to turndown overnight to a 
minimum level of 50 percent of full load. This decision whether to run at 
minimum load or to cycle off completely is based on economics. 

o The model considers the cost of start up incurred by turning off 
overnight and weighs this against losses incurred by operating "out 
of money, i.e., with a variable cost higher than the energy price. 

0 In regions with high off-peak prices, the units will typically choose to 
turndown to minimum levels. In regions dominated by low variable 
cost capacity with low off-peak prices, the model will typically cycle 
the combined cycle units off at night and incur the cost of an 
additional start. The 50 percent minimum operating level is based 
on environmental considerations. Low NO, burners, which are 
required by BACT and M E R  regulations, cannot achieve single 
digit NO, levels at low airhel mixtures. 
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Exhibit A44 

Key Plant Performance Assumptions 

a Nuclear Performance - We assume availabilities consistent with recent 
historical levels and the improving performance trend. Note that while 
many units in the nuclear fleet are performing above their historical EFOR 
we continue to enforce this parameter which is typically 5 to 6 percent. 

Nuclear plants are assumed to operate until their license expires and for 
an additional 20-year license extension, unless it is economic to retire 
them earlier. 

a 

In review of process contingency risk impacts on IGCC costs, we have updated our 
view for the 220 MW class. For example, values have been revised from $2,07O/kW to 
$2,2OOkW for a Brownfield scenario. In this table, we also show costs for CFB stations 
that would be designed to maximize the use of biomass in a solid fuel facility. Values 
are higher than the bituminous-fired CFB due in large part to the larger furnace box 
requirements. 
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ATTACHMENT 5 
FUEL 

Exhibit AS1 

i!y cost delivered to Florida 
20062008 forecasts are derived from NYMEX Henry Hub natural gas futures traded 

price is applied to this base price. 
5, Source: A Review of Florida Electric Utility 2005 Ten-Year 
orida Public Setvice Commission, Division of EwnOmic 

HOW TO INTERPRET THE GAS PRICE FORECASTS 

These forecasts represent a fundamentals view of gas prices over the 
long term. 

0 

0 

They do not incorporate the effects of the hurricanes on natural gas 
prices. These are expected to reduce production in the near term, 
with full recovery within two years. 

Nor do they reflect short term phenomena or speculative behavior 
by traders 

As a long-term fundamentals approach, using a linear programming model 
of the gas market, the forecasts incorporates "perfect foresighr and thus 
tends to smooth out the volatility that characterizes gas markets. - 
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Current NYMEX prices at Henry Hub represent this volatility in the 
markets and today are higher than prices in the model. 

0 Futures prices are a poor predictor of long term gas price trends. 

o Except for the near-by strike months, futures contracts are thinly 
traded, and tend to fluctuate in response to current market 
conditions 

DISCUSSION OF BASE CASE GAS PRICE FORECAST 

The Base Case shows a natural gas price decline in 2017 as Alaskan volumes (4 Bcf/d) 
enter the market. 

Exhibit A5-2 
Natural Gas Rig Count 

--- 0 I 
Natural Gas Market Trends 

a Natural Gas Prices 

o In the 1990s, natural gas prices were low. The average Henry Hub 
price in the I989 to 2000 period was $2.51/MMBtu (in 2003$). 
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I 

- 

Since 2000, both natural gas prices and volatility have significantly 
increased. 

-NG Landed Cos 

- -  I - -  

Natural Gas Supply 

o After rising by nearly 70 percent from 1999 to 2001, the U.S. rig 
count fell dramatically in 2002 due to the Enron collapse, low gas 
prices in 2002 and financial problems in the energy industry. 

I 

0 

0 

Rig counts have been dimbing steadily since 2002, but activity has 
not yielded large increases in short-term production levels. 

While the drilling and supply response in the U.S. and Canada will 
impact prices, LNG will be the key incremental supply. 

Exhibit A5-3 
LNG Could be Landed in the US at Low Cost 

__ 

I I 
ICF forecasts large increases in LNG and offshore Gulf supply. While expensive, these 
supplies am not as costly as current prices indicate. The high prices are related to a 
tight demand and supply balance in energy markets generally. and in the oil market 
palticularly. 
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As international supply and demand for LNG grows, and as alternative markets for the 
natural gas develop, e.g. gas-to-liquids plants, LNG will likely be priced into the US 
based on international supply and demand conditions. 

In a US. market with an average demand of 60 Bcf per day, LNG terminal capacity is 
poised to significantly increase. 

With the recant passage of the Energy Policy Act, Congress intends to remove barriers 
to adding new LNG capacity by strengthening FERC jurisdiction over siting of new LNG 
terminals. 

Not all of the proposed projects will be built, but the critical issue is expected to be the 
clearing price of LNG. not import capacity. 

Long-Term Market Dynamics Support a Decline in Current Prices by 2010 

a Supply 

n Increasing LNG imports, reaching over 4 T d  by 2012 . 
Modest supply response in lower 48 as unconventional production 
kicks in and higher production from Gulf of Mexico offshore. 

U 

0 Alaskan gas by 2016; Mackenzie Delta volumes by 2010. 

o Energy Policy Act promotes gas production, LNG imports, pipeline 
facilities expansions. 

0 Demand 

0 At the current high price of natural gas, the demand for natural gas 
may be temporarily weakened. 
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Exhibit A 5 4  
NYMW Gas Futuns (Nominal WMBtu) 

Recent Historical Crude Oil Prices 

Crude oil prices have been rising since early 1999, exceeding the 1990s 
average by 2000. The primary drivers for higher crude prices have been 
higher global oil demand and low excess, or spare crude oil production 
capacity 

This increase has accelerated over the last two years. Current high oil 
prices have not been seen since the early 198Os, after correcting for 
inflation. 

Oil prices affect most fuel markets. This is due to fuel-on-fuel competition 
and the correlation of demand and economic factors. 

Although low excess capacity has driven up prices, these may not be 
sustainable, and will trigger supply and demand reactions such as: 

o Oil supply response 
o LNG development 
o Coal development 
o Non-fossil energy development 
o Slower economic growth 
o Energy efficiency 
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of these changes is difficult to predict because they 
involve large capital investments and intersect with government policy. 

Exhibit A I 5  
Low Excess Capacity and Low Days of Supply Are Fundamentals Supporting High Crude 
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Exhiblt A5-6 
OPEC Span Capacity is Extremely Tight Right Now 

A 

- 1  

World Crude Oil Production Has Been Unable to Keep Up With Demand 

a Oil production has risen by more than 10 percent since 1999 and is at the 
highest level since at least 1994. Russia and OPEC production have 
grown the most. However, oil supply growth has been eclipsed by 
stronger demand growth. 

B As oil demand stretches supply, prices are, in part, set by inter-fuel 
competition. Thus, oil price effects will be moderated as other energy 
sectors respond along with responses within the oil sector. 

B The reduction in spare global refining capacity is creating higher price 
levels for refined products which is additive to the fundamentals 
supporting crude prices. We anticipate this tightness to be sustained 
through the balance of the decade unless global demands moderate 

Fundamental Market Factors Outlook 

a Rapid increase in global product demands will continue, with some 
moderation 

0 Tight spare global crude production capacity in short term, with investment 
impact emerging 
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I 

I 

Continued reduction trends in product sulfur levels across the world 

Tight refining capacity, with new investments impacting in the 2009 plus 
timeframe 

Results in an environment of: 

Overall Outlook for Oil Markets 

e 

l 

, 

Continued high prices for crude and products versus history, barring 
sustained demand abatement 

Price volatility across all products based on real and perceived 
supply/demand disruptions 

Strong premiums for crudes and products which have low sulfur versus 
higher sulfur grades 

Premiums will drive investments in refining capacity, alternative clean 
fuels (GTL, etc) 

Oil prices - For 2006, we project a price of approximately $53/bbl in real 2003$. 
Beyond 2006, our outlook for crude oil prices is for equilibrium prices in the $45 
to $55/bbl range (2003$) 

In 2006, ICF expects short term moderation in price from 2005 levels due to price 
impact on demand. Current price run up is due to Iranian and Nigerian political 
unrest, and potential threat to spare capacity 

From 2006 onwards, ICF price forecast takes into account the current market 
situation, market fundamentals and the changes expected to occur in the market 

From 2006 to 2012, increase in production investment will offset continued 
demand increase in developing countries 

Saudi production growth in 2012 to 2015 will further moderate price 

Beyond 2015, steady demand growth and high cost of more unconventional 
crude sources cause a steady rise in price 

Distillate Fuel Assumptions 

The high margins between distillate fuels and crude (No.2 & LSD spread 
vs WTI) since mid 2004 will be sustained due to continued tight global 
refinery capacity, increased global dieselization, and continued lower 
global sulfur limits in fuel. 

c- 
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I The forecast incorporates a significantly higher distillate margin through 
1Q 2006 due to short term tightness stemming from the hurricane impacts 
on refining capacity, but also includes some peak periods in 2006 and 
2010 as ULSD, and off-road diesel sulfur requirements are implemented. 

B Premiums for ULSD vs LSD will be high (10 cpg average) for a number of 
years, and then moderate as refiners and the distribution system are 
essentially all handling ULSD quality product. 

Residual Fuel Assumptions 

The residual fuel market is typically driven by demand pulls from utilities 
and for ship bunkering needs. US. demands are met by a mix of refinery 
production (55%) and imports (45%), with about 30% of US. refinery 
production exported. 

I The market for residual products is not driven by crude prices as much as 
by alternative fuel prices for utilities, primarily gas. The rise in crude prices 
since 2004 have resulted in a much wider spread between crude price 
(WTI) and residual fuels. 

I The residual market for utility grade (1%) was tight in 4Q 2005 due to 
supply disruptions impacting refiners and blenders, and high gas prices 
driving utilities to oil. 

Utilities and Industrials who burn residual are limited by sulfur emissions 
on the maximum allowable that can be burned. This limitation on demand, 
coupled with more global heavy crude production, will tend to sustain the 
wider spreads between WTI and residual fuel in the future. 

The market has currently shifted back as gas prices have rapidly fallen. 
ICF expects low Sulfur residual fuel prices to track gas prices. 

I 

I 

Outlook for Low Sulfur, High Sulfur, and 1% Residual Oil Specifications 

0 On road Ultra-Low Sulfur Diesel (15 pprn sulfur) phases in June 1, 2006 
with an 80% compliance factor. The full phasain will begin in 2010. 

The recently proposed off-road rule will require non-road diesel to be 
under 500 ppm (except for heating oil use). This same rule will phase out 
all 15-500 ppm diesel oil except locomotive and marine diesel use in 2012. 
Heating oil use may still exceed the 500 ppm threshold after 2012 
according to this proposed rule. 

I 
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I There are no foreseen changes for residual oil (less than 1%) regulations 
at this time in the US. However, sulfur restrictions beginning in 2006 for 
bunker fuels in the Baltic, and 2007 in the North Sea will impact global low 
sulfur supply balances. 

Distillate Price Projection 

High demand growth on a global basis for diesel fuel and tighter sulfur 
specifications will sustain distillate margins at well above historical levels. 

I Distillate (No 2) premiums vs WTl have risen from $2-3/bbl in the 
1990's/early 2000s to $4 in 2004, $11 in 2005. We anticipate some 
moderation, but only after ULSD is implemented in 2006. 

1 Distillate margins should moderate based on refinery capacity and sulfur 
handling growth, but will likely remain in the $8/bbl range over the period. 

, The 2010/2011 period should see a higher premium as ULSD is 
introduced for off-road use. 

Residual Price Projection 

As Ctude and Product prices have escalated from 2003, residual price has 
lagged 

Historical discounts vs. WTI have widened from $3-4/bbl for 1% sulfur 
residual fuel to $13-16 in 2004 and 2005 

Impact of the hurricanes on residual production, especially low sulfur, 
created a short term reduction in the discount, however, wider spreads are 
being restored as gas prices have fallen. 

1 Assuming historic residual fuel demand levels for power generation in the 
US, longer term discounts vs WTI should be in the $13-16/bbl range 

The variability in residual fuel prices versus WTI is a reflection of the 
stronger relationship between gas prices and residual fuel in recent years. 

c- 
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Note: 

ExhibH A57 

(2003s) (Nominal $) 

0.05% Sulphur Distillate (Gulf Coast) 
2006 11.40 11.81 
201 0 10.48 11.71 
201 5 9.52 11.74 
2020 10.15 13.80 
2025 10.78 16.18 

1% Sulphur Residual (Gulf Coast) 
2006 6.04 6.45 
2010 5.54 6.77 
2015 5.18 7.39 
2020 5.37 9.01 
2025 5.60 11 .oo 
1.5% Sulphur Residual (GUT Coast) 
2008 5.80 6.21 
2010 5.29 6.52 
201 5 4.91 7.13 
2020 5.13 8.77 
2025 5.39 10.79 

3% Sulphur Residual (Gulf Coast) 
2006 5.08 5.49 

201 5 4.12 6.33 
2020 4.40 8.04 
2025 4.74 10.14 

Spreads between commodity price and WTI Spot price are not subject to dollar inflation rates. 

2010 4.54 5.78 

011 Product Price Foroust (WMBtu) 
]Oil product (Commodity) I ICFForecast I ICFForecast 1 
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Exhibit A54 
ICF Fuel Oil Forecast Trends - 2003 S/MMBtu 
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Exhibit A59 
Eastern Coal Prices Remaln High and Volatile 
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Prices for eastern coals reached record levels in the summer of 2004, but 
softened in the second half of 2004 and early months of 2005. 

Eastern prices began to move up again with the announcement of the 
extensive rail maintenance plan that will reduce delivery capacity for PRB 
coal through the end of 2005. 

Exhlblt AS10 
PRB Coal Prices Have Finally Begun to Move Up 

12 

9 

6 

Jan- Aug- Mar- Sep- Apr- Oct- May- Nov- Jun- 
01 01 02 02 03 03 04 04 05 

Though PRB prices were flat throughout 2003 and 2004, prices began 
moving upwards in May 2005 on the heels of two train derailments and the 
resultant extensive rail maintenance plan. 

YAGTP3113 290 
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Exhibit W11 
Coal Production Began to Respond to Record High Prices in 2004 

1,200 1 
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Midwest Rockies 

Central Appalachia 
.Other 

, Total coal production increased by 42 million tons, reaching its highest 

Central Appalachian coal production showed a slight increase in 2004, but 

level since 2001. 

I 

still remained 14 percent below 2001 levels. 

I Northern Appalachia production increased by over 8 percent in 2004, 
approaching the levels achieved in 2001. 

I The PRB continued to offset production lost from Central Appalachia, 
adding 24 million more tons in 2004. 

ICF YAGTP3113 291 
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Exhibit AS12 
Productivity Continues to Decline 
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At the aggregate national level, coal mine productivity has reversed a long 
term positive trend, flattening over the period 2000 to 2003, and then 
falling by over 2 percent in 2004. 

The drop in productivity was principally due to performance in the 
Appalachia regions and the Illinois Basin. In 2004, coal mine productivity 
declined at an even faster rate in these eastern regions. 

In the west, productivity growth began recovering in 2003 and posted 
gains by 2004. 

A major issue for mal markets continues to be whether the recent decline 
in productivity is a temporary aberration, or the new realiy. 

c- 
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Exhibit AS13 
Eastern Rallroado May Not be Able to Meet the 5hift in Demand Resulting from PRB Rail 
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Despite concerns about eastern rail performance in 2004, car loadings 
increased for both NS and CSX. 

Eastern rail performance still has ground to make up, as higher car 
loadings led to lower train speeds in the first half of the year, as compared 
to 2004. 

The Eastern coal delivery load will be stressed further by customers 
attempting to replace their lost PRB supply. 

CSX has announced a rail expansion plan to increase carload and train 
capacity out of the Illinois basin by about 5%. The plan will cost 
approximately $800,000 over two years 

. 
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B 

b 

b 

Utility coal stocks continued to dedine reaching new lows in 2005, even 
before the PRB rail problems began. 
Major coal producers and utilities began repositioning themselves after the 
full impact of the PRB track problems crystallized. 
Power producers in the southeast have begun turning to Colombian coal 
to rebuild their mal stocks. 

o The combined high mine mouth prices and rail capaaty problems 
for domestic coal have made the high delivered cost of import coal 
economic . 
No other economic alternatives are available until at least 2006. 

Exhibit AS14 
International Coal Markets Softened in 2005 
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International coal prices peaked in mid-2004 both at origination and 
delivery ports. 
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While origination prices for international coal have softened through much 
of the remainder of 2004 and 2005, destination prices were held high 
through the remainder of 2004. 

However, as discussed on the following slide, international freight rates 
have fallen in 2005, leading to a decline in coal prices at the destination 
port as well. 

Exhibit A515 
Intematlonal Freight Rates Have Returned to pre-2004 Levels 

6,000 1 
5,000 - 

4,000 - 
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A key measure of seaborne freight rates is the Baltic Dry index (BDI). The 
BDI stayed under 2,500 over the entire period from 2000 through 2003. 

Dramatic increases occurred in 2004 principally in response to growth in 
China and India. By mid-2005, however, the BDI fell back into the 2,500 
range. 

The return to pre-2004 levels is due in part to a reduction in the demand 
for international transport. 

o 
o 
o 

Reduced Chinese imports, particularly iron ore 
A slowing of US economic growth 
Growth of world trade in general has slowed 
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1 In addition, shipping capacity has begun to respond to record high prices. 
The typical lead time for new shipping capacity is 18 months to 2 years. It 
has now been 2 years since the initial run-up in the BDI. Ship makers are 
now filling orders that resulted from earlier peaks in shipping prices. 

Coal Prices are Projected to Decline as Producers Respond to Record High 
Prices 

The elevated price of natural gas and oil, low coal stockpiles at utilities, 
and, production and transportation problems have created a volatile 
market situation in which coal prices have risen well above production 
costs for existing as well as new mines in many regions. 

However, producers have already begun to respond to these record price 
levels. As new coal mines come on line and supply increases, coal prices 
will fall back towards production costs. 

In the Expected Case, coal prices are projected to decline in the mid-term. 
In the long-term, Expected Case eastern low sulfur coal prices are 
projected to begin increasing as depletion becomes an issue and new 
mines are brought online with thinner seams and higher overburden ratios. 

EPA’s New Air Pollution Regulations Shift Coal Production Away From PRB and 
Central Appalachia 

PRB coal production in 2008 is projected to be 50 million tons higher than 
2004 in the 4P Expected Case. However, production subsequently 
declines as power companies install SO2 scrubbers to comply with CAlR 
and CAMR and switch to medium and high sulfur. 

By 2025, coal production in the PRB is projected to decline by 
approximately 75 million tons below 2004 levels. 

Central Appalachian coal production, which is the source of most eastern 
low sulfur compliance coal, continues to slowly decline until 2008. when 
production begins to decline more rapidly as plants scrub and switch away 
from low sulfur coals. Reserve exhaustion also plays a significant role in 
Central Appalachia, as many of the low cost reserves have been mined. 

In contrast, medium and high sulfur coal producers, particularly those in 
the Illinois Basin and Northern Appalachia, are projected to increase 
output substantially after 2008 

e The Rockies encounter a small interruption in its rising coal production in 
2008 and 2009, but returns to a rising trajectory once the compliance 

E F  YAGTP3113 296 
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transition to scrubbing is complete. This is due to the reserves in the 
Rockies including both low and high sulfur coal types. 

The Presence of a Carbon Policy Has the Single Largest Affect on Coal 
Production 

The Expected Case, which includes a moderate carbon dioxide policy, 
produces approximately 1.15 billion tons of coal in 2016 and just over 1.2 
billion tons of coal in 2025. The virtually flat coal trajectov is due to the 
high CO2 emissions of coal relative to other fuel types. COz prices in the 
4P Expected Case are projected to rise from $7.70 per ton in 2016 to 
$21.7 per ton in 2025 in 2003 dollars. 

In contrast, coal production increases by 300 million tons by 2025 in the 
absence of a carbon policy in the 3P scenario. 

o Coal production in the Midwest region, which produces primarily 
high sulfur coal burned in scrubbed plants, increases by 125 million 
tons between 2016 and 2025 in the 3P case, while production in 
the expected case is virtually flat. This reflects the increased coal 
generation and a corresponding increase in scrubbing needed to 
comply with EPA's CAlR and CAMR regulations. High sulfur 
Northern Appalachian coal prices are somewhat higher in the 3P 
case due to higher demand, but prices are moderated by the 
greater supply of competing high sulfur coal from new Midwestern 
mines. 

I 

o PRB coal production increases by 75 million tons between 2016 
and 2025 in the 3P case, as the low cost production there allows it 
to dominate coal supply to unscrubbed units and new coal plants in 
western states. 

Central Appalachian coal follows a similar production and price 
trajectory in both cases due to reserve exhaustion and the impact 
of coal-switching. 

o 
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ATI'ACHMENT 6 
ENVIRONMENAL AND HEALTH 

D 

PM 

sDataSO 
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8 Veatch 

Exhibit A64 

modeling by Black & Vestoh (2004b), BVp = potential emissions used in air modeling by Black 
!W). IPM modeling of CFB and IGCC units assume 30MW biomass co-firing. 
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1. INTRODUCTION 

1.1. Project Background and Scope 

Biomass has been identified as a potential feedstock to meet some of Gainesville’s future 
energy demand, which is projected to increase as the community grows. An in-depth analysis of 

biomass-related issues is warranted as Gainesville Regional Utilities (GRU) and the City of 

Gainesville evaluate the potential to use biomass to generate electricity. 

The most abundant biomass resource in north Florida is biomass from trees. Specific sources 

include urban wood waste, logging debris, and wood from forest thinnimgs and forest plantations. 

Faculty at the School of Forest Resources and Conservation (SFRC) at the University of Florida 

work in various aspects of forestry and bioenergy, and have a history of research and extension 

projects related to biomass and bioenergy in Gainesville and the southeastern US. 

GRU has contracted further study of the availability of biomass by the SFRC and the 

Department of Environmental Engineering Sciences of the University of Florida. This document 

details the work carried out by Dr. Carter’s group.at the SFRC, covering information related to 

forest resources including urban wood waste, logging residues, forest thiiings, and small- 

diameter plantation-grown biomass. This project will deliver a companion document, 

“Availability and Cost Analysis of Using Municipal Solid Waste Components as Alternative 

Fuel Sources for Power Generation”, produced by Dr. Tim Townsend and Dr. Brajesh Dubey of 

the University of Florida Department of Environmental Engineering Sciences. Waste resources 

identified in their report are combined with the forest resources identified in this report to assess 

overall resource availability in Section 6: ‘‘Combined resource availability.” 

1.2. Tasks 

Four tasks were outlined for the woody biomass portion of the project proposal as follows: 

=: Woodshed delineation and supply/market analysis for GRU, JEA, and TAL. 
We have assessed the current economic availability of urban wood waste, logging residues, and 

commercial pulpwood for GRU as reported in “The Economic Availability of Woody Biomass: 

Gainesville Regional Utility’s Deerhaven Facility”. Our previous results am within the range of 

those described by Post and Cunillio (2003), Black and Veach (2004), and ICF (2006). 

However, if other utilities in north central Florida create additional markets for biomass, 
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competition for biomass resources will increase in the region. The location and scale of 

competing demand and the transportation inhastructure will affect the availability of woody 

biomass for GRU. To account for competing demand fiom other facilities, we will delineate 

woodsheds for GRU, E A ,  and TAL based on road infbtructure around probable delivery 

locations. These delineations will be used to provide geographic boundaries for assessing 

quantities and prices of current urban wood waste, logging residues, and pulpwood resources 

within the three woodsheds. Potential additional biomass from forest thinnings will also be 

estimated. Costs will include procurement, harvest, process, and transportation costs. Quantities 

and prices of wood waste from C&D debris, refuse derived fuel from MSW, agriculture wastes, 

etc. (see report Part II) will be quantified and combined with woody biomass resources to 

prepare a total biomass resource supply curve for each of GRU, JEA, and TAL, showing the 

marginal cost (delivered, $/million Btu) per quantity of each resource (trillion Btu). Stumpage 

price impacts on pulpwood due to competing demands by all three facilities will also be 

assessed, as well as economic impacts (job creation and salaries) of 20 and 40 MW generation 

scenarios for the three woodsheds. Biomass resources will also be tabulated showing acreage, 

heat content, percent water, yield per year, and ash percentage. 

-: Long-term sustainability impnets from land-use change. The population of 

Florida is expected to double in the next 50 years, reaching 36 million by 2060. Population 

growth will cause land-use change, which will affect the availability of biomass resources. For 

example, urban sprawl will increase the availability of low-cost urban wood waste from both 

land clearing and urban tree cover, while the total timberland area will probably decline (unless 

forestland lost to urban sprawl is replaced elsewhere). Simiiarly, if the pulp and paper industry 

declines, forested land may be converted to other land uses making logging residues from 
conventional forestry less available, andor wood resources may become more available for 

biomass production. We will provide an estimate of the acreage needed to sustain a 20 MW and 
a 40 MW steam turbine/generator with a heat rate of 13,500 Btu/kWh', and report tonnage of 

productiodacre, and heat content of biomass producedacre. We will then report how future 

land-use change might influence available acres of different types of biomass production and the 

quantities of biomass available annually fium each resource. 

The original proposal assumed a heat rate of 12,000 Bac/kwh. However, under follow-up discussions with GRU, 
the heat rate was incmsed to a mom conservative value. The following formula was followed to assume 3.55 
TBbllMw: (8,760 bm)*(.75 pu)*(13,500 Btulkwh)*(w1,OOO)*(40 MW)*(1,000,000/M)*(1,000,004000,000). 

I 
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- Task-3: Transportation. Transportation options for biomass delivery will influence total 

delivered costs of biomass feedstocks. Intermodd fkight options may be designed to alleviate 

traffic and potentially to store off-site biomass supplies at satellite receiving points. We will 

assess the potential effects of intermodal freight moves on resource quantity and cost. Scenarios 

will include biomass a) delivered to remote site by truck, processed at site, and transported to 

Deerhaven by truck; b) delivered to remote site by truck, processed, and transported to 

Deerhaven by rail; and c) trucked to Deerhaven, processed and used. We will tabulate OUT 

assumptions so GRU can conduct a separate analysis to include local rail freight costs. 

- Task4 COa emissions from harvest, process, and transportstion of woody biomass. 

The combustion of sustainably produced biomass is COz neutral, because biomass burned is 

equal to the amount of biomass regrown over time. However, the overall use of biomass for 

energy is not C& neutral because, as with conventional energy, fossil fuel is used in the 

production of the feedstock. Research to date generally suggests that net energy ratios, and thus 

COz intensity, of biomass is competitive with other energy sources. We will a) conduct a 

literature review to assess the COz intensity of the production of biomass for energy, and b) 

estimate CO2 emissions that would be generated from the production, harvest, processing, and 
transportation of urban wood waste, logging residues, and forest products. Given this is a short- 

term project, this study will not include field measurements or a full life cycle analysis, but rather 

will make calculations based on available literature and familiarity with fuel (diesel) use in 

biomass production and delivery operations. 

13. Organization of the Report 

Part I of this report is divided into seven main chapters. Chapter 1 presents the introduction 

and background to this study. Chapters 2 through 5 are dedicated to Tasks 1 through 4, 

respectively. Chapter 2 presents the background, methods, scenarios, and results for Task 1: 

Woodshed delineation and supplyhnarket analysis for GRU, JEA, and TAL. This chapter 

presents results of the base case scenarios, which are expanded on in subsequent chapters. For 

example, Chapter 3 is dedicated to Task 2: Sustainability impacts from land-use change, which 

extends the methodology and results h m  Chapter 2 to make future projections. Similarly, 
Chapter 4 expands the analysis to focus on Task 3: Transportation impacts for Deerhaven. 

Chapter 5 is a review of literature to evaluate Task 4: Co2 emissions from the harvest, process, 

11 
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and transportation of woody biomass. In Chapter 6, the results from different scenarios are 

combined with MSW resqurces identified in comparable scenarios kom Part I1 of this r e p t  to 

construct combined resource supply curves. Summary, conclusions, and recommendations are 
presented in Chapter 7. The bibliography and appendices follow in Chapters 8 and 9, 

respectively. 

12 



DOd& No. 090451-EI 
GRU Biomass Economic Analysis 
Exhibit RMS-5 
(Page 15 of 124) 

2. TASK 1: WOODSHED DELINEATION AND SUPPLYlMARKET 
ANALYSIS FOR GRU, JEA, AND TAL 
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2.1. Background 
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-+e - Black and Veach , 

An evaluation of the feasibility of bioenergy generation requires an assessment of not only 

physical availability, but also the economic availability of woody biomass resources. A 

comprehensive economic assessment of multiple woody biomass resources takes into account 

that delivered costs vary with 1) biomass type and 2) distance or travel time, which impacts 

transportation costs. We have assessed the current economic availability of urban wood waste, 
logging residues, and commercial pulpwood for GRU as reported in ‘‘The Economic Availability 

of Woody Biomass: Gainesville Regional Utility’s Deerhaven Facility”. Our previous results are 
within the range of those described by Post and Cunillio (2003), Black and Veach (2004), and 

Figure I. Compilation of biomass resource supply curves previously developed for the 
Deerhaven facility (Cunillio and Post 2003; Black and Veach 2004; ICF Consulting 2006,2007). 

13 
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Though these previous studies suggest there are adequate supplies of biomass to support 

some bioenergy generation at GRU, the development of additional bioenergy projects, for 

example at the Hopkins (TAL) or Brandy Branch (EA) facilities, would increase demand for 

biomass resources in the region. Factors affecting the availability of biomass resources for GRU 

include where competing demand is located, the transportation infrastructure around these 

locations, and how much biomass will be used at each location. Here we construct local woody 

biomass resource supply curves to assess delivered costs to current GRU, E A ,  and TAL 

generation facilities, both with and without competing demand h m  the adjacent facilities. 

2.2. Methods 

Developing localized woody biomass supply curves requires information about production 

costs and the physical availability of woody biomass resources in the area of intaest. Here we 

describe our cost assumptions, the data used to estimate available woody biomass quantities, and 

methods to account for the spatial distribution of woody biomass resources. Resources evaluated 

include urban wood waste, logging residues, forest thiiings ( h m  overstocked natural stands, 

overstocked plantations, and longleaf pine (Pinus pulustris) ecosystem restoration), and 

commercial pulpwood. Availability and cost assumptions for these resources are detailed below. 

2.2.1. Description and physical availability of reaourees 

1. Urhn wood waste. Trees grow in urban areas, producing urban wood waste. 

The resource identified here is comprised of large-diameter urban wood typically 

handled by tree servicing companies, rather than yard waste and leaves. Based on 

Wiltsee (1998) we assume an average of 0.203 green tons (40% moisture content) 

per person per year. This estimate excludes an additional 0.103 green tons capita-' 

year-' Wiltsee reported from industrial wood (e.g. cabiiet and pallet production) 

and construction and demolition debris. Wiltsee's study of thirty metropolitan 

areas across the US showed relative consistency per capita nation wide; values 

tended to be higher in southern states. To exclude urban wood waste that may be 

too dirty or already allocated to commercial uses, we assume an availability of 

60%. We multiply this average annual per capita yield by county level 2005 US 

Census population estimates (www.census.govEpopest/countie~ to estimate total 

annual yield of urban wood waste per county. On a per capita basis, these 

14 



calculations for urban wood waste are lower than those found by Post and 

Cunillio (2003), which may be explained in part by the large amount of biomass 

produced by land clearing in Alachua County. Assumptions of availability, wood 

densities, and energy content for all included woody biomass sources are shown 

in Appendix A. We then use the method described in Section 2.2.3 to estimate 

what portion of these county-level resources are within each resourcehaul time 

category for GRU, EA,  and TAL. Sawmill wastes were excluded h m  this 

study, because they are already widely used for bioenergy. However, some 

sawmill wastes may be available and would increase the supply. 

2. Logging residues'. Logging operations leave residues following timber harvests. 

Logging residues are typically piled and often burned on site for disposal and to 

allow for replanting. Logging residues have recently been identified as having the 

potential to produce 67.5TWh of electricity annually, with much of the resource 
in the southeastern US (Gan and Smith 2006). To estimate woody biomass 

quantities h m  logging residues, we accessed Timber Product Output (TPO) 

reports (h-u) maintained by the Forest 

Inventory and Analysis PIA) work unit of the USDA Forest Service, Southern 

Research Station (SRS). This database provides forest inventory and harvest 

information, including annual yields of logging residues and pulpwood at the 

county level. The SRS derives these values by updating FIA harvest data with 

more frequent regional harvest information based on mill surveys (Tony Johnson, 

pers. com., January 2006). To Bccount for increased harvesting efficiencies and 

utilization, we assume current logging residues are 60% available. Stumps were 
excluded h m  this analysis, and represent an additional 435,000 dry tons (6.5 

TBtu) per year within the three-facility woodshed defined below. 
3. Thinning$. Forest growth exceeds forest harvests in Florida by about 35% (Figure 

2). This combined with fm suppression results in high-density forests. 2005 FIA 

' There is debate in the environmental communi@ about the sustainability of k e s t i n g  logging midues. Based on 
Gresham (2OO2) moving all abovc-pround tree bionoass wodd in- removals of biomass, nimgen, and 
phosphorus by 23% 164% and 118% respectively over harvest of pole wood alone, once every 20 years. On an 
annd basis, this represents about l/lO'h of the nutrient removal associated with agricuhal mw crop pmduction. 
Quaotitir of logging residues repod here from TPO data exclude leaves, which contain 4% of the above-gmmd 
biomass and 31% of the nutrients in the above-ground biomass, and would be left on site. 
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data for Florida reports about 8% of timberland acres in Florida are classified as 

“ovelstocked)’ (Figure 3). Overstocked stands are fairly evenly distributed across 

age classes in Florida (Figure 4). Removing small diameter trees from 

overstocked stands can improve forest health and productivity; reduce the 

liielihood, intensity and costs of forest fires, reduce likelihood of southern pine 

beetle attack; and help forest landowners meet various forest management 

objectives (e.g. Perlack, Wright et al. 2005; Condon and Putz 2007). In this 

analysis we include three scenarios of forest thiiings: a) pre-commercial 

thii ing of 36% of all standing biomass from 1/5’h of overstockedpluntutiom 

aged 5-15 years old annually3, b) an annual pre-commercial thinning of 36% of 

all standing biomass from 1/5* of overstocked naturul stands aged 5-15 years old, 

and c) removing 20 dry tons of invasive hardwoods per acre from 1/40m of 

longleaf pine forest acreages annually. Pre-commercial thinnings were restricted 

to young stands to avoid competition for larger diameter and higher-value 

commercial timber. 

4. Pulpwood. Pulpwood refers to small diameter trees, typically 3.6 to 6.5 inches 

diameter at breast height (4.5 feet above the ground), that are usually harvested 

for manufacturing paper products. Pulpwood is a major industrial forest product 

in Florida. Harvesting methods include clearcutting, typically from forest 

plantations on private lands, and to a lesser extent commercial thinnings, in both 

plantations and natural stands on public and private ownerships. Unlike pre- 

commercial thinnings, commercial thiiings provide a profit to the forest 

landowner. In conditions of low pulpwood stumpage prices and high biomass 

demand, some portion of this pulpwood supply could be allocated to bioenergy 

production (Perlack, Wright et al. 2005). Annual pulpwood harvests are also 
derived from the FIA TPO database. We assume that all current pulpwood 

commercial harvests are available for use in energy production in the supply 

assessment. Care should be taken not to interpret these results to suggest that all 

This 36% of the biomass is based on harvesting way 5th row of trces (20%) plus a selective thinning of 20% of 
the remahing 80?? of the stand (20??*80%=16%), removing a total of 36% of the stand (20%+16%). The 
harvesting frequency is based on two pracommercial thinnings, one between 5-10 years of age, and one between 
11-15yemofage.” 
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the current pulpwood harvests are available at current pulpwood prices for 

bioenergy. However, if the less expensive resources in this analysis are used 

before pulpwood, it is expected that little if any pulpwood will be required to 

meet demand for the three potential 40 MW facilities. Our results suggest that 

3.93,3.42, and 2.96 TBtu/year h m  urban wood waste, logging residues, and 

thinnings are probably available for GRU, JEA, and TAL at prices lower than the 

closest available pulpwood. In other words, while commercial timber harvests 

comprise most of the current biomass yields in north Florida, they probably 

comprise a very small proportion, if any, of the least-cost feedstock mix needed to 

supply the three 40 MW facilities in the area, assuming each plant requires 3.55 
TBtu/yar4 (Figure 2). 

11026 
12,000 I 

Figure 2. Removals, net growth (growth minus mortality) of commercial growing stock on 
timberlands in Florida, the total amount of biomass needed to generate 120 MW, and the amount 
of commercial pulpwood required to generate 120 MW in scenario #2 (described below) for 
GRU, E A ,  and TAL. 

' The following Btu calculation for 40 MW WBS provided by GRU: (8,760 hoUrs)'(.75 pup( 13,500 
Btu/kWh)'~l,OO0)*(40 Mw)*(l,oOO,ooO/M)*(T/I,ooO,ooO,oOO,ooO) = 3.55 TBtu. 
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Figure 3. Timberland acres (in percent and million acres) in Florida by stocking class. 
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Figure 4. Florida timberland stocking condition by stand age class. 

2.2.2. Cost riarumptions 

In addition to physical availability, information about the resow sts is required to 

construct supply curves. The delivered cost of woody biomass, as with conventional forest 

products, can be defined as a sum of procurement, hawesf transportation, and miscellaneous 

management costs. The cost assumptions described below are summarized in Table 1. These 

costs are assumed relevant for the 1“ Quarter of 2007, when diesel prices are quoted at $2.12 and 

$2.49 per gallon for off-road and highway, respectively. 

Procurement cost 

“Rocurement cost” is the amount paid to gain ownership of a biomass resource. 

Procurement cost is equivalent to the term “stumpage price” in the forest industry, Le. the price 

paid to a timber owner for the right to harvest. 

1. Urban wood wastes. Urban wood waste handlers in the southeastern US typically pay a 

“tipping fee” or disposal fee. Tipping fees for urban wood in north Florida are typically 

about $20425 green ton-‘ delivered to a receiving area. This tipping fee translates into 

a negative procurement cost. However, tipping fees may need to be lowered to ensure 

that adequate supply is achieved. For this reason, we assume a lower, more 

19 
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2. 

3. 

4. 

conservative tipping fee of -$25 dry ton-' (Le., a cost of negative $25 dry ton-'), which is 

equivalent to -$15 green ton-'. 

Logging residues. Forest plantation owners pay post-harvest site preparation costs of 

about $462 ha-' ($1 86 acre-'), including raking and piling of logging residues (Smidt, 

Silveira Folegatti et al. 2005). Removal of logging residues reduces these site 

preparation costs for replanting plantations (Watson and Stokes 1989). Therefore, 

logging residues also represent a liability to the resource owner and are currently 

available at no or low cost (Watson, Ragan et al. 1986). However, some small 

procurement cost may be required to draw logging residue resources. Therefore, we 

assume procurement costs of $3 dry ton-' ($1.89 green ton" at 37% moisture content). 

Thinnings. By definition, pre-commercial thinnings are forest thiiings done at a cost 

to the forest landowner as a stand treatment, rather than as a profitable harvest. 

However, to ensure the economic availability of forest t h i i g s ,  we assume a stumpage 

price of $6 dry ton-' ($3.1 8 green ton-'), about half that of current stumpage prices. 

Pulpood. Pulpwood is a more expensive woody biomass resource that can be 

employed to meet demand beyond that available from waste resources. In an initial 

analysis, we used south-wide averages of softwood pulpwood stumpage for the 4" 
Quarter of 2006 of $13.00 dry ton-'. In this analysis we have increased prices to $15.21 

dry ton-' ($8.06 green ton-') as reported by Timber Mart-South for Florida in the 1* 

Quarter of 2007. This price is at the higher end of the range of stumpage prices seen 

over the past several years. 

Harvest and processing cost 

1. Urban wood wastes. The cost of processing urban wood waste ranges from $6.45- 
$27.50 green ton-' in a 2006 bid request in Florida (Osceola County Board of County 

Commissioners 2006). We assume that urban wood waste can be received, screened, 

and chipped for $30 dry ton-' ($18.90 green ton-'). 
2. Logging residues, thinnings, andpulpwood harvests. To estimate chipping costs, we 

use Timber-Mart South I* Q 2007 delivered pulp chip prices ($30.00 green ton-') and 

subtracted average stumpage ($8.06 green ton*'), harvest ($1 1.64 green ton-'), and 

delivery costs ($4.65 green ton-') yielding $5.74 green ton-'. Adding chipping costs 

($5.74 green ton-') and reported harvest costs ($1 1.64 green ton") yields $33.00 dry 

20 



NO. 090451-EI 
GRU m m  Ecmomk h P l y S k  
Exhibit RMS-5 
( P w  23 of 124) 

ton" ($17.38 green ton-') for total harvest and processing costs. Harvesting and 

processing costs would increase on a per-ton basis for low-densky stands or for widely 

dispersed logging residues, or may be less where logging residues are handled and piled 

along with conventional harvesting operations. 

Transportation cost 

To calculate transportation cost as a function of road conditions (see Haul Time 

Calculation below) we estimate transportation cost as a function of transportation time rather 

than distance. Based on the operational assumptions for each resource shown in Appendix A, we 

assume one-way transportation costs to be $3.41, $3.26. $2.68 and $3.00 green ton-' hour-' for 

urban wood waste, logging residues, pulpwood, and thinniigs, respectively. We then double 

these values to account for return trips with empty loads, and add $0.86-$1.25 green ton-' to 

account for loading and unloading. These values are conservative compared to the hauling rate 

of $0.12 green ton-' loaded mile-' reported by Timber Mart-South for the I* Quarter of 2007. 

During this period, diesel prices are quoted at $2.12 and $2.49 per gallon for off-road and 

highway, respectively. In Section 2.3.6 Scenario #6 we simulate doubling diesel costs. 

See Table 1 for a summary of procurement, harvest and processing, and transpodon 

cost assumptions for the three woody biomass resources included in thii study. 

Table 1. Summary of cost assumptions for four woody biomass resources. Details used in 
calculating the costs are shown in the appendix. 

Urbun Wood Logging 
Wasfe Residue Thinninfl Pulpwood 

($ dry ton-') 
Rocunmeatd  -25.00 3.00 6.00 15.21 

W M = d p - s  30.00 33.00 33.00 33.00 

1.98 1.80 1.92 1.72 

11.86 10.78 11 3 4  10.30 

Load aod unload 

Two-way haul @er how) 

Example total delivered 
cost of a I hour hadb 18.84 48.58 52.46 60.23 

'Negative costs for urban wood waste reflta disposal wsts. known as "tipping fcs". 
bEquals the sum of the four wst categoriss. 
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cost by resource-haul time category 

Based on the above cost assumptions, we calculate the delivered cost of each woody 

biomass resource within a given haul time at fifteen minute increments. We feel this approach 

most accurately reflects site-specific variation in road networks, speed limits, and geographical 

constraints. By ranking these resources h m  lowest cost to highest cost, we estimate the 

progression of most to least economically available woody biomass resources, accounting for 
travel time h m  the point of delivery. Table 2 illustrates how, under these cost assumptions, 

urban wood waste requiring a one-way haul up to two hours is cheaper than other woody 

biomass resources with shorter haul times. Transportation costs comprise 10-85% of total 

delivered costs, depending on the resource type and travel time (Figure 5). 

Table 2. The ten least expensive woody biomass resourcehaul time categories within a two- 
hour haul travel time ranked h m  least to most expensive (costs account for ash content). Costs 
per unit of energy are derived by dividing price in column three by energy contents @fMBtu/dry 
ton) shown in the appendix. 

Haul time Category - _  
Resource (minutes) $/dry ton $/MMBtu 
Urban wood waste 0-15 9.94 0.62 
Urban wood waste 
Urban wood waste 
Urban wood waste 
Urban wood waste 
Urban wood waste 
Urban wood waste 
Urban wood waste 
Logging residues 
Thiiings 

15-30 
30-45 
45-60 
60-75 
75-90 
90-105 
105-120 

0-15 
0-15 

12.91 
15.87 
18.83 
21.80 
24.76 
27.73 
30.69 
40.49 
43.81 

0.81 
0.99 
1.18 
1.36 
1.55 
1.73 
1.92 
2.60 
2.71 
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Figure 5.  Transportation costs and sum of procurement, harvest, and processing costs of urban 
wood waste (VW), logging residues (LR), and pulpwood (FW) within a two-hour haul travel 
time at fifteen minute intervals. Transportation costs include loading and unloading costs. 

2.23. Haul time cakuktions and woodshed delineation 

When transportation costs are taken into account, more costly resources in close 

proximity may be economically competitive with cheaper resources further away, and vice 

versa. As generation capacity and demand for woody biomass intensifies, increasingly 

expensive and/or distant resources may need to be purchased. We use GIS to calculate 

travel costs based on existing road inhstructure for each community and to assess the 

proportion of each county within a given haul time category. We assign speed limits to 

roads features and divide road lengths by speed limits to estimate travel time. We increase 

haul time by 25 percent to account for operational delays and rerouting for bridges with 

gross vehicle weights less than 36 Mg (40 tons), use ArcGISO Network Analyst to 

calculate service areas based on -vel time, and calculate the proportion of each county in 

each haul time categoty in 15 minute intervals. See Langholtz et al. (2006) for more 

information about the use of ArcGISO Network Analyst in this analysis. 

Woodsheds were delineated for GRU, JEA, and TAL under two different demand 

conditions. Under one condition, woodsheds were defined as areas within a maximum 

two-hour one-way haul to each facility, ignoring competing demand among facilities. This 
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allows for the largest woodsheds for each facility, and simulatesconditions where only one 

of the three facilities draws on biomass resources. These woodsheds were used in the 

development of scenario #I: “Without competing demand”, described below. Under a 

second demand condition, overlapping woodsheds are eliminated, and resources are 

allocated only to the facility with the shortest haul time. In this scenario woodsheds are 
smaller, simulating conditions where all three facilities equally draw on surrounding 

biomass resources. This scenario is used in the development of scenario #2: “With 

competing demand”, and in subsequent scenarios, described below. 

22.4. Price impacts on pdpwood 

Increasing demand for pulpwood will increase pulpwood prices in the short run, 
depending on how much additional demand is generated. Our original results suggested 

that, after using urban wood waste (excluding C&D and industrial wood and assumed 60% 

available) and logging residues (excluding stumps and assumed 60% available) some 

quantity of pulpwood within a 15-minute haul would be used to meet demand for three 40 

MW plants. This increased PW demand was estimated to be about 3.6% of the total 

pulpwood harvested annually within a two-hour haul of the three plants. However, after 

including quantities of pre-commercial W i n g s  for longleaf pine restoration and 

overstocked stands 5-15 years old (see resource descriptions above), and after using 

improved generation efficiency assumptions of 3.55 TBtudyear required for each 40 MW 

plant (rather than our previous assumptions of 4.65 TBhdyear per plant), the amount of 

pulpwood required to meet demand for three 40 MW plants was reduced to 0.4% of current 

annual pulpwood harvests within a two-hour haul of the three plants. Assuming an supply 

elasticity of 0.3 based on the literature, the formula for assessing price increases on the 

pulpwood market is: 

(1 +[E]) 
where A% is the percent change is pulpwood use and P is the stumpage price of pulpwood. 

Assuming a 0.4% increase. in demand in the region, stumpage prices may increase marginally 

from an average of $15.21 to $15.41 per dry ton. We refer to this scenario #3 as “With price 

competition”. In another scenario of increased price competition, we assume that 25% of the 
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10.65 TBtdyear required to meet demand for the three 40 MW plants would come from 
pulpwood. This represents an increase to 2.66 TBtu per year from pulpwood, which is a 3.7% 
increase in the demand for pulpwood in the region. Using equation (1.1) with this 3.7% demand 

increase raises stumpage prices to $20.69 per dry ton. We refer to this scenario #4 as “With 

price competition, 25% PW’. 

2.2.5. Other competing demands 

The pulpwood resources shown in this report are based on actual harvests, and should not be 

interpreted as entirely available at current prices due to competition. Similarly, some urban 

wood waste and logging residues are already dedicated to bioenergy use. Existing users of 
biomass resources in or near the GRU, E A ,  and TAL woodsheds are identified in Table 3. 
Three of these facilities are identified as “Bioenergy facilities”. Of these three, Ridge Generating 

Station is probably too far south to draw on resources identified in this analysis, Monticello is 

currently idle, and Telogia uses a mix of other biomass waste resources not included in this 

analysis. The extent to which these facilities draw on resources identified in this analysis is not 

certain and needs further research. However, it is clear that most of the wood waste resources 

quantified here are not currently being used at these facilities. 

Table 3. Existing pulpwood mills and bioenergy plants in and around north central Florida. 
Faciliv Wwdshed * Resource consumption 
Ridge Generating Station (40 MW) (central FL, Bioenergy facility None, out of woodsheds 

south of 
woodsheds) 

Telogia Power Facility (12 MW) TAL Bioenergy facility 0-1 .O TBtu/year wood 
WaSte 

Monticello (idle) TAL Bioenergy facility (idle) 
Georgia Pacific (Koch Brunswick Mill) JEA Pulpwood mill Pulpwood 
Rayonier Pulp Mill Jesup (north of JEA) Pulpwood mill Pulpwood 
P&G Paper Mill, Albany GA (north of TAL) Pulpwood mill pulpwood 
Georgia Pacific, Clyamille GA TALIGRU Pulpwood mill Pulpwood 

Georgia Pacific, Palatka Pulp Mill JEA/GRU Pulpwood mill Pulpwood 
Rayonier Femandina Beach JEA Pulpwood mill Pulpwood and logging 

Smurfit Stone, Femandina JEA Pulpwood mill Pulpwood 

Buckeye Florida LLC Cellulose TALIGRU Pulpwood mill pulpwood and logging 
residues 

residues 
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The greatest competition for logging residues is likely to be from whole tree harvesting of 

soffwood pulpwood, and the use of tree tops for boiler fuel at pulpmills. Two of the pulpwood 

mill facilities identified in Table 3, Buckeye Florida LLC Cellulose and Rayonier Fernandina 

Beach, are believed to use some portion of logging residues in addition to mill wastes to generate 

electricity. Thus, we reduced our assumptions of availability of current logging residues from 

90% to 6W?. These values exclude stumps, leaves, and bark. 

Figure 6. Geographic location of biomass using facilities identified in Table 3. 

2.2.6. Supply curve Eoustruction 

We constructed supply curves using the above information regarding quantities, 

diswibution, and total costs for each woody biomass resource. Assuming homogeneous 

distribution of woody biomass resources within each county (a necessary assumption given 

the FIA and US Census source data), we calculate the amount of woody biomass in eech 
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haul time category in each county, and then summarize quantities available from each 

resource-haul time category for all scenarios for each facility. We then assign total 

delivered costs for each resource-haul time category for the various scenarios, and sort 
from least to most expensive (see Table 2). Supply curves are then plotted where the x axis 

is the cumulative total amount of woody biomass with each additional resource-haul time 

category, and the y axis is delivered price. 

2.3. SCENARIOS 

The following six scenarios were evaluated for GRU, JEA, and TAL.: 
23.1. Scenario #1: ‘ ‘ W ? o ~ f  competing demand” 

In the scenario “Without competing demand”, woodsheds were detined as areas within 

a maximum two-hour one-way haul to each facility, ignoring competing demand among 

facilities. Thii scenario allows for the largest woodsheds for each facility, and simulates 

conditions where only one of the three facilities draws on biomass resources. Base case 

prices are assumed. Two-hour woodsheds for the three facilities without competing 

demand are shown in Figures 7-9. 

2.3.2. 

In the scenario “With competing demand”, overlapping woodsheds are eliminated, and areas 

producing biomass are allocated only to the facility with the shortest haul time. In this scenario 

woodsheds are smaller, simulating conditions where all three facilities compete with each other 

for resources, and all biomass resources are assumed to go to the facility that provides the lowest 

transportation cost. Base case prices are assumed. This scenario is used as the baseline for all 

subsequent scenarios. Two-hour woodsheds for the three facilities with competing demand are 

shown in Figures 7-1 0. 

Scenario #2: “W& competing demand” 
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Figure 7. GRU Deerhaven two-hour one-way haul woodsheds with and without competing 
demand from adjacent facilities. 

Figure 8. JEA Brandy B m h  two-hour one-way haul woodsheds with and without competing 
demand from adjaecnt hcilities. 

28 



)O&t NO. 090451-EI 

bhibit RMSd 
3RU Biomass Economic Analysis 

Page 31 of 124) 

Figure 9. TAL HopLins two-bur =-way haul wtm&k& with and w h x t  mmpethg h a n d  
&om adjacent facilities. 

Figurc 10. GEU, .IF& nnd TAL two-hour w - w ~  haul woodsh.dJ with ana 
from adjiumt hilit@. 
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2.33. Scenario #3: “With prica competition” 

Building on scenario # 2  “With competing demand”, the amount of pulpwood included in the 

least-cost supply needed to achieve 10.65 TBtu per year (for three 40 MW facilities) is used to 

recalculate higher pulpwood prices. This price impact is generally very low, because 97% of the 

least cost supply needed to generate 10.65 TBtu per year is comprised of urban wood waste and 

logging residues, and there is only 0.4% increase in pulpwood demand in the three woodsheds. 

As described above, in this scenario pulpwood stumpage prices are increased h m  $15.21 to 

$15.41 per dry ton. 

2.3.4. 

Also building on scenario #2: “With competing demand”, this scenario assumes that 25% of 

the 10.65 TBWyear required to meet demand for the three 40 MW plants comes h m  pulpwood. 

This represents an increase to 2.66 TBtu per year eom pulpwood, which is a 3.7% increase in the 

production of pulpwood in the three woodsheds. Using equation (1.1), this increases stumpage 

prices to $20.69 per dry ton. This scenario is simulated by excluding less expensive resowes 

until pulpwood is required to provide at least 25% of the 3.55 TBtu per year at each facility. 

Scenario #4: “With price competition, 25% pulpwoOnn 

23.5. Scenario # 5  “Onehour haul radius with price Competition” 

Again building on scenario #2: “With competing demand”, this scenario additionally 

constrains resources to those within a one-hour one-way haul time radius. Because the 

woodsheds are smaller, the least-cost biomass resources are fewer, as urban wood waste and 

logging residues beyond a one-hour haul are excluded. Under this constraint, the amount of 
pulpwood used to generate three 40 MW facilities is increased to 12% of the required 10.65 

TBtdyear, equivalent to 1.8% of current pulpwood harvests in the three woodsheds. As with 

scenario #3: “With price competition”, pulpwood prices are increased to account for increased 

pulpwood demand in this scenario. Equation (1.1) is used to project a stumpage price increase to 
$17.34 per dry ton. The one-hour one-way haul radius woodsheds can be compared with the two- 

hour one-way haul radius woodsheds in Figure 1 1. 
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Figure 1 1. GRU, EA, and TAL woodsheds with competing demand h m  adjacent facilities 
showing one-way haul times in fifteen minute increments. 

23.6. Scenario #6: “With competing demand, doubhg diesel costs” 

This scenario is the same a Scenario #2: “With competing demand” with the addition that 

diesel fuel costs are doubled. The diesel fuel costs are assumed to be 30% of harvest and 

processing costs, load and unload costs, and transportation costs. Thus, by increasing these three 

costs 30% we simulate a scenario in which the price of diesel is doubled. 
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Results of the analysis for each of the five scenarios for the three facilities follows: 

2.4.1. GRU Deerhaven facility 

Table 4. Results for scenario #1, “Without competing demand” for the GRU Deerhaven facility. 
Cumulative 

Lky tons TBwear TBNyear Price 
Resource/haul time categocv recoverable TmckIoaa5 Recoverable recoverable (WMMBtu) 

0.03 0.03 0.62 Urban wood, 0-15 min. 
Urban wood, 15-30 min. 
urban wood, 30-45 min. 
Urban wood, 45-60 min. 
Urban wood, 60-75 min. 
Urban wood, 75-90 min. 
Urban wocd, 90-105 min. 
Urban wood, 105-120 min. 
Logging residues, 0-15 min. 
Longleafrestoration, 0-15 min. 
Overstocked natural, 0-15 min. 
Overstocked plantation, 0-15 min. 

Longleaf restoration, 15-30 min. 
Overstocked natural, 15-30 min. 
Overstocked plantation, 15-30 min. 
Logging residues, 30-45 min. 
Longleafrestoration, 30-45 min. 
Overstocked natural, 30-45 min. 
Overstocked plantation, 30-45 min 
Logging residues, 45-60 min. 

Longleafrestoration, 45-60 min. 
Overstocked natural, 45-60 min. 
Overstocked plantation, 4560 min. 
Logging residues, 60-75 min. 

Longleafrestoration, 60-75 min. 
Overstocked natural, 60-75 min. 

Logging residues, 75-90 min. 
Pulpwood, 30-45 min. 
Longleafrestoration, 75-90 min. 
Overstocked natural, 75-90 min. 
Overstocked plantation, 75-90 min. 
Logging residues, 90-105 min. 
Pulpwood, 45-60 min. 
Longleafrestoration, 90-105 min. 
Overstocked natural, 90-105 min. 

LO&% residues, 15-30 min. 

Pulpwood, 0-15 min. 

Pulp~ood, 15-30 min. 

Overstocked plantation, 60-75 min. 

1,940 
8,234 

10,989 
12,563 
18,550 
30,171 
49,735 
48,581 
4,234 

554 
0 

4,650 
2 1,092 
3,157 

488 
18,621 
41,858 
12,599 
2,244 

16,227 
54,362 
17,344 
22,662 
3,582 
8,354 

66,525 
89,876 
24,090 
2,586 

12,011 
85,595 

189,327 
31,238 
3,054 

17,050 
109,715 
258,096 
38,341 
2,644 

245 
1,040 
1,3 87 
1,586 
2,342 
3,809 
6,280 
6,134 

325 
42 

0 
35 1 

1,617 
238 
37 

1,405 
3,210 

95 1 
169 

1,225 
4,169 
1,169 
1,710 

270 
63 1 

5,101 
6,056 
1,818 

195 
907 

6,564 
12,758 
2,358 

230 
1,287 
8,4 13 

17,392 
2,894 

200 

0.12 
0.16 
0.19 
0.28 
0.45 
0.74 
0.73 
0.07 
0.01 
0.00 
0.07 
0.33 
0.05 
0.01 
0.28 
0.65 
0.19 
0.03 
0.24 
0.85 
0.28 
0.34 
0.05 
0.13 
1.04 
1.45 
0.36 
0.04 
0.18 
1.33 
3.06 
0.47 
0.05 
0.26 
1.71 
4.17 
0.58 
0.04 

0.15 
0.32 
0.50 
0.78 
1.23 
1.97 
2.70 
2.76 
2.77 
2.77 
2.84 
3.17 
3.22 
3.23 
3.50 
4.16 
4.35 
4.38 
4.62 
5.47 
5.75 
6.09 
6.14 
6.27 
7.3 1 
8.76 
9.12 
9.16 
9.34 

10.67 
13.73 
14.20 
14.24 
14.50 
16.21 
20.38 
20.95 
20.99 

0.81 
0.99 
1.18 
1.36 
1.55 
1.73 
1.92 
2.60 
2.71 
2.71 
2.71 
2.77 
2.89 
2.89 
2.89 
2.94 
3.07 
3.07 
3.07 
3.12 
3.23 
3.25 
3.25 
3.25 
3.29 
3.39 
3.43 
3.43 
3.43 
3.46 
3.55 
3.60 
3.60 
3.60 
3.64 
3.71 
3.78 
3.78 

Overstocked plantation, 90-105 17,843 1,347 0.27 21.26 3.78 
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- 
Cumulative 

Dry tons TBhdyear TBMear Price 
Resourcehaul time category recoverable Truckloaa3 Recoverable recoverable ($h4&lBtuA 

min. 
Logging residues, 105-120 rnin. 119,649 9,175 1.86 23.12 3.81 
Pulpwood, 60-75 min. 318,336 21,451 5.14 28.27 3.87 
Longleaf~toration, 105-120 min. 36,308 2,740 0.54 28.81 3.96 
Overstocked natud, 105-120 min. 3,109 235 0.05 28.86 3.96 
Overstocked plantation, 105-120 12,674 957 0.19 29.05 3.96 
min. 
pulpwood, 75-90 min. 399,572 26,925 6.45 35.50 4.03 
pulpwood, 90-105 min. 463,063 31,204 7.48 42.98 4.19 
Pulp~ood, 105-120 min. 489,745 33,002 7.91 50.89 4.34 
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Table 5. Results for scenario #2, "With competing demand" for the GRU Deerhaven facility. 
Cumulative 

Dty tons Tshdyear l B w e a r  Price 
R e s o u r e ~ u l  time categoty recoverable Tmkloa& meoverable recoverable ($A@&&) 

urban wood, 0-15 min. 1,934 244 0.03 0.03 0.62 
Urban wood, 15-30 min. 
Urban wood, 30-45 min. 
Urban wood, 45-60 min. 
Urban wood, 60-75 min. 
Urban wood, 75-90 min. 
urban wood, 90-105 min. 
Urban wood, 105-120 min. 
Logging residues, 0-15 min. 
Longleafrestoration, 0-15 min. 
Overstocked nahnal, 0-15 min. 
Overstocked plantation, 0-15 min. 
Logging r e s i b ,  15-30 min. 
L~agleafrestOrati~n, 15-30 min. 
Overstocked 15-30 min. 
Overstocked plantation, 15-30 min. 
Logging residues, 30-45 min 
Longleafrestoration, 30-45 min. 
Overstocked natml, 3045 min. 
Overstocked plantation, 30-45 min. 
Logging residues, 45-60 min. 
Pulpwood, 0-15 min. 
Longleaf restoration, 45-60 min. 
Overstocked natural, 45-60 min. 
0versWe.d plantation, 45-60 min. 
Logging residues, 60-75 min. 
Pulpwood, 15-30 min. 
Longleafrestoration, 60-75 min. 
Overstocked natural, 60-75 min. 
Overstocked plantation, 60-75 min. 
Logging residues, 75-90 min. 
Pulpwood, 30-45 min. 
Longleafrestoration, 75-90 min. 

Overstocked plantation, 75-90 min. 
Logging residues, 90-105 min. 
Pulpwood, 45-60 min. 
Longleafrestoration, 90-105 min. 
Overstocked natural, 90-105 min. 
Overstocked plantation, 90-105 
min. 
Logging residues, 105-120 min. 
Pulpwood, 60-75 min. 
Longleafrestoration, 105-120 min. 

OveRtocked 75-90 min. 

8,214 
10,881 
10,310 
10,623 
12,922 
16,054 
21,471 
4,222 

552 
0 

4,637 
21,111 
3,166 

498 
18,555 
41,033 
12,567 
2,245 

16,288 
41,327 
17,294 
20,690 

3,158 
8,032 

46,367 
90,025 
18,472 
2,086 

11,330 
58,186 

185,973 
23,188 
2,347 

16,093 
56,461 

195,505 
28,733 

1,719 
15,078 

34.098 
2 10;978 

27,653 
1.769 

1,037 
1,374 
1,302 
1,341 
1,632 
2,027 
2,711 

324 
42 
0 

350 
1,619 

239 
38 

1,400 
3,146 

948 
169 

1,229 
3,169 
1,165 
1,562 

238 
606 

3,555 
6,066 
1,394 

157 
855 

4,462 
12,532 
1,750 

177 
1,215 
4.329 

13,174 
2,169 

130 
1,138 

2,615 
14,217 
2,087 

134 

0.12 
0.16 
0.15 
0.16 
0.19 
0.24 
0.32 
0.07 
0.01 
0.00 
0.07 
0.33 
0.05 
0.01 
0.28 
0.64 
0.19 
0.03 
0.24 
0.64 
0.28 
0.31 
0.05 
0.12 
0.72 
1.45 
0.28 
0.03 
0.17 
0.91 
3.00 
0.35 
0.04 
0.24 
0.88 
3.16 
0.43 
0.03 
0.23 

0.53 
3.41 
0.41 
0.03 

0.15 
0.3 1 
0.47 
0.63 
0.82 
1.06 
1.38 
1.44 
1.45 
1.45 
1.52 
1.85 
1.90 
1.91 
2.18 
2.82 
3.01 
3.05 
3.29 
3.93 
4.21 
4.52 
4.57 
4.69 
5.41 
6.87 
7.15 
7.18 
7.35 
8.25 

11.26 
11.61 
11.64 
1 1.88 
12.76 
15.92 
16.35 
16.38 
16.60 

17.13 
20.54 
20.96 
20.98 

0.81 
0.99 
1.18 
1.36 
1.55 
1.73 
1.92 
2.60 
2.71 
2.71 
2.71 
2.77 
2.89 
2.89 
2.89 
2.94 
3.07 
3.07 
3.07 
3.12 
3.23 
3.25 
3.25 
335 
3.29 
3.39 
3.43 
3.43 
3.43 
3.46 
3.55 
3.60 
3.60 
3.60 
3.64 
3.71 
3.78 
3.78 
3.78 

3.81 
3.87 
3.96 
3.96 Overstocked natural, 105-120 min. 

Overstocked plantation, 105-120 6,549 494 0.10 21.08 3.96 
.,. -. 
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Cumulative 
Dry tons TBWear TBWear Price 

Resourcehaul time categoty recoverable Truckloads recoverable recoverable  tu) 
min. 
Pulpwood, 75-90 min. 266,829 17,980 4.3 1 25.39 4.03 
pulp~ood, 90-105 e. 234,913 15,830 3.79 29.19 4.19 
pulpwood, 105-120 min. 126,116 8,498 2.04 3 1.22 4.34 
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Figure 12. Biomass use profile up to 3.55 TE3tu/year (40 MW) for the GRU Deerhaven facility 
under scenario #2, “With competing demand”. 
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Table 6. Results for scenario #3, 

Resourcehad time category 
Urban wood, 0-15 min. 
Urban wood, 15-30 min. 
Urban wood, 30-45 min. 
Urban wood, 45-60 min. 
Urban wood, 60-75 min. 
Urban wood, 75-90 min. 
Urban wood, 90-105 min. 
Urban wood, 105-120 min. 
Logging residues, 0-15 min. 
Longleafrestoration, 0-15 min. 
Overstocked naaual, 0-15 min. 
Overstocked plantation, 0-15 min. 
Logging residues, 15-30 min. 
Longleafrestoration, 15-30 min. 
Overstocked nahud, 15-30 min. 
Overstocked plantation, 15-30 min. 
Logging residues, 30-45 min 
Longleafrestoration, 30-45 min. 
Overstocked natural, 30-45 min. 

Logging residues, 45-60 min. 
Pulpwood, 0-15 min. 
Longleafrestoration, 45-60 min. 
Overstocked natural, 45-60 min. 
Overstocked plantation, 45-60 mia. 
Logging residues, 60-75 min. 

Longleafrestoration, 60-75 min. 
Overstocked natural, 60-75 min. 
Overstocked plantation, 60-75 min. 
Logging residues, 75-90 min. 
Pulpwood, 30-45 min. 
Longleafrestoration, 75-90 min. 
Overstocked natural, 75-90 min. 

Logging residues, 90-105 min. 
Pulpwood, 45-60 min. 
Longleafrestoration, 90-105 min. 
Overstocked natural, 90-105 min. 
Overstocked plantation, 90-105 min. 
Logging residues, 105-120 min. 

Longleafrestoration, 105-120 min. 
Overstocked natural, 105-120 min. 
Overstocked plantation, 105-120 
min. 

Overstocked plantati0~1,30-45 min. 

Pulp~ood, 15-30 min. 

ovefitocked plantation, 75-90 min. 

Pulp~ood, 60-75 min. 

Exhibit RMS-5. 
(Page 39 of 124) 

5th price competition” for the GRU Deerhaven facility. 
Cumulative 

DN tom TBtu/year TBtu/year Price 
recoLerable Tnrckloodr recoverable recoverable (YMMBtu) 

1,934 244 0.03 0.03 0.62 
8,214 

10,881 
10,310 
10,623 
12,922 
16,054 
21,471 
4,222 

552 
0 

4,637 
21,111 
3,166 

498 
18,555 

1,033 
12,567 
2,245 

16,288 
41,327 
17,294 
20,690 
3,158 
8,032 

46,367 
90,025 
18,472 
2,086 

11,330 
58,186 

185,973 
23,188 
2,347 

16,093 
56,461 

195,505 
28,733 

1,719 
15,078 
34,098 

210,978 
27,653 

1,769 
6,549 

- 
1,037 
1,374 
1,302 
1,341 
1,632 
2,027 
2,711 

324 
42 
0 

350 
1,619 

239 
38 

1,400 
3,146 

948 
169 

1,229 
3,169 
1,165 
1,562 

238 
606 

3,555 
6,066 
1,394 

157 
855 

4,462 
12,532 
1,750 

177 
1,215 
4,329 

13,174 
2,169 

130 
1,138 
2,615 

14,217 
2,087 

134 
494 

0.12 
0.16 
0.15 
0.16 
0.19 
0.24 
0.32 
0.07 
0.01 
0.00 
0.07 
0.33 
0.05 
0.01 
0.28 
0.64 
0.19 
0.03 
0.24 
0.64 
0.28 
0.31 
0.05 
0.12 
0.72 
1.45 
0.28 
0.03 
0.17 
0.91 
3.00 
0.35 
0.04 
0.24 
0.88 
3.16 
0.43 
0.03 
0.23 
0.53 
3.41 
0.41 
0.03 
0.10 

0.15 
0.31 
0.47 
0.63 
0.82 
1.06 
1.38 
1.44 
1.45 
1.45 
1.52 
1.85 
1.90 
1.91 
2.18 
2.82 
3.01 
3.05 
3.29 
3.93 
4.21 
4.52 
4.57 
4.69 
5.41 
6.87 
7.15 
7.18 
7.35 
8.25 

1 1.26 
11.61 
11.64 
11.88 
12.76 
15.92 
16.35 
16.38 
16.60 
17.13 
20.54 
20.96 
20.98 
21.08 

0.81 
0.99 
1.18 
1.36 
1.55 
1.73 
1.92 
2.60 
2.71 
2.71 
2.71 
2.77 
2.89 
2.89 
2.89 
2.94 
3.07 
3.07 
3.07 
3.12 
3.25 
3.25 
3.25 
3.25 
3.29 
3.40 
3.43 
3.43 
3.43 
3.46 
3.56 
3.60 
3.60 
3.60 
3.64 
3.72 
3.78 
3.78 
3.78 
3.81 
3.88 
3.96 
3.96 

3.96 
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Resourcehaul time category 
Pulpwood, 75-90 min. 
Pulpwood, 90-105 min. 
Pulpwood, 105-120 min. 

.- Cumulative 
Dry tom TBMear TBdyear Price 

recoverable lh~ckloads recoverable recoverable ($/&i&Btu) 
266,829 17,980 4.3 1 25.39 4.04 
234,913 15,830 3.19 29.19 4.20 
126,116 8,498 2.04 31.22 4.36 
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Resourcehaul time catezory 
Urban wood, 0-15 min. 

Cumulative 
Lby tom llitwfyear TBhdyear Price 

recoverable Truckloah recoverable recovenabIe (%/MMtu) 
1,934 244 0.03 0.03 0.62 

1,037 
1,374 
1,302 
1,341 
1,632 
2,027 
2,711 
324 
42 
350 

0 
1,619 
239 
1,400 

38 
1,165 
6,066 
2,169 
1,138 

130 
2,615 
12,532 
2,087 

494 

134 

13,174 
14,217 
17,980 
15.830 

Urban wood, 15-30 min. 
Urban wood, 30-45 min. 
Urban wood, 45-60 min. 
Urban wood, 60-75 min. 
Urban wood, 75-90 min. 
Urban wood, 90-105 min. 
Urban wood, 105-120 min. 
Logging residues, 0-15 min. 
Longleaf restoration, 0-15 min. 
Overstocked plantation, 0-15 
min. 
Overstocked natural, 0-15 min. 
Logging residues, 15-30 min. 
Longleaf restoration, 15-30 min. 
Overstocked plantation, 15-30 
min. 
Overstocked natural, 15-30 min. 
Pulpwood, 0-15 min. 
Pulpwood, 15-30 min. 
Longleaf restoration, 90-105 min. 
Overstocked plantation, 90-105 
min. 
Overstocked natural, 90-105 min. 
Logging residues, 105-120 min. 
Pulpwood, 30-45 min. 
Longleaf restoration, 105-120 
min. 
Overstocked plantation, 105-120 
min. 
Overstocked natural, 105-120 
min. 
Pulpwood, 45-60 min. 
Pulpwood, 60-75 min. 
Pulpwood, 75-90 min. 
Puluwood, 90-105 min. 

0.12 
0.16 
0.15 
0.16 
0.19 
0.24 
0.32 
0.07 
0.01 
0.07 

0.00 
0.33 
0.05 
0.28 

0.01 
0.28 
1.45 
0.43 
0.23 

0.03 
0.53 
3.00 
0.4 1 

0.10 

0.03 

3.16 
3.41 
4.31 
3.79 

8,214 
10,881 
10,310 
10,623 
12,922 
16,054 
21,471 
4,222 
552 
4,637 

0 
21,111 
3,166 
18,555 

498 
17,294 
90,025 
28,733 
15,078 

1,719 
34,098 
185,973 
27,653 

6,549 

1,769 

195,505 
210,978 
266,829 
234.913 

0.15 
0.3 1 
0.47 
0.63 
0.82 
1.06 
1.38 
1.44 
1.45 
1.52 

1.52 
1.85 
1.90 
2.18 

2.18 
2.46 
3.92 
4.35 
4.58 

4.60 
5.13 
8.14 
8.55 

8.65 

8.68 

11.83 
15.24 
19.55 
23.35 

0.81 
0.99 
1.18 
1.36 
1.55 
1.73 
1.92 
2.60 
2.71 
2.71 

2.71 
2.77 
2.89 
2.89 

2.89 
3.57 
3.73 
3.78 
3.78 

3.78 
3.81 
3.89 
3.96 

3.96 

3.96 

4.05 
4.21 
4.36 
4.52 

Pulpwood; 105-120 min. I 126;116 8,498 2.04 25.39 4.68 
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Table 8. Results for scenario #5, “One-hour haul radius with price competition” for the GRU 
Deerhaven facility. 

Resourc&ul lime category 
Urban wood, 0- 15 min 
Urban wood, 15-30 min. 
Urban wood, 30-45 min. 
urban wood, 45-60 min. 
Logging residues, 0-15 min 
Longleafrestoration, 0-15 min. 
Overstocked natural, 0-15 min 
Overstocked plantation, 0-15 min. 
Logging residues, 15-30 min. 
Longleafrestoration, 15-30 min. 
Overstocked natud, 15-30 min. 
Overstocked plantation, 15-30 min. 
Logging residues, 30-45 min. 
Longleafrestoration, 30-45 min. 
Overstocked natural, 30-45 min. 
Ovemtocked plantation, 30-45 min. 
Logging residues, 45-60 min. 
L~eafrestoration, 45-60 min. 
Overstocked natud, 45-60 min 

Pulpwood, 0-15 min. 

Pulpwood, 30-45 min. 
Pulpwood, 45-60 min. 

OveRtocked plantation, 45-60 min. 

Pulp~ood, 15-30 min. 

Cumulative 
Dry tom TBhJrear TBhJrear Price 

recoverable Tmckloads recoverable recoverable ($/MMBhr) 
1.934 244 0.03 0.03 0.62 -, ~ 

8,214 
10,881 
10,310 
4,222 

552 
0 

4,637 
21,111 

3,166 
498 

18,555 
41,033 
12,567 
2,245 

16,288 
41,327 
20,690 
3,158 
8,032 

17,294 
90,025 

185,973 

1,037 
1,374 
1,302 

324 
42 
0 

350 
1,619 

239 
38 

1,400 
3,146 

948 
169 

1,229 
3,169 
1,562 

238 
606 

1,165 
6,066 

12.532 

0.12 
0.16 
0.15 
0.07 
0.01 
0.00 
0.07 
0.33 
0.05 
0.01 
0.28 
0.64 
0.19 
0.03 
0.24 
0.64 
0.3 1 
0.05 
0.12 
0.28 
1.45 
3.00 

0.15 
0.3 1 
0.47 
0.53 
0.54 
0.54 
0.61 
0.94 
0.99 
1 .00 
1.27 
1.91 
2.10 
2.13 
2.38 
3.02 
3.33 
3.38 
3.50 
3.78 
5.24 
8.24 

0.81 
0.99 
1.18 
2.60 
2.71 
2.71 
2.71 
2.77 
2.89 
2.89 
2.89 
2.94 
3.07 
3.07 
3.07 
3.12 
3.25 
325 
3.25 
3.36 
3.52 
3.68 

195;505 13,174 3.16 11.40 3.84 
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Table 9. Results for scenario #6, “With competing demand, doubling diesel costs” for the GRU 
~ 

Deerhaven facility. 
Cumulative 

Dry tons TBdyear TEdyear Price 
Resourcehaul time category recoverable Trucwwdp recoverable recoverable ( $ / W t u )  

Urban wood 0-15 min. 1,934 244 0.03 0.03 1.28 
Urban wood; 15-30 min. 

Urban wood, 45-60 min. 
Urban wood, 60-75 min. 

Urban wood, 90-105 min. 
Urban wood, 105-120 min. 
Logging residues, 0-15 min. 
Overstocked natural, 0-15 min. 
Overstocked plantation, 0-1 5 min. 
Overstocked natud, 15-30 min. 
Overstocked plantation, 15-30 min. 
Logging residues, 15-30 min. 
Longleafrestoration, 0-15 min 
Ovemtocked natural, 30-45 min 
Overstocked plantation, 30-45 min. 
Logging residues, 30-45 min. 
Overstocked natural, 45-60 min. 
Overstocked plantation, 45-60 min. 
Pulpwood, 0-15 min. 
Longleafrestoration, 15-30 min. 
Lo& residues, 45-60 min. 
Overstocked natural, 60-75 min. 
Overstocked plantation, 60-75 min. 
Pulpwood, 15-30 min. 
Overstocked natural, 75-90 min. 
Overstocked plantation, 75-90 min. 
Logging residues, 60-75 min. 
Pulpwood, 30-45 min. 
Longleafrestoration, 30-45 min. 
Overstocked nafml, 90-105 min. 
Overstocked plantation, 90-105 
min. 
Logging residues, 75-90 min. 
Pulpwood, 45-60 min. 
Overstocked natural, 105-120 min. 
Overstocked plantation, 105-120 
min. 
Logging residues, 90-105 min. 
Longleaf restoration, 45-60 min. 
Pulpwood, 60-75 min. 
Logging residues, 105-120 min. 
Puluwood, 75-90 min. 

Urban wood, 30-45 min. 

Urban wood, 75-90 min. 

8,214 
10,881 
10,310 
10,623 
12,922 
16,054 
21,471 
4,222 

0 
4,637 

498 
18,555 
21,111 

552 
2,245 

16,288 
41,033 

3,158 
8,032 

17,294 
3,166 

41,327 
2,086 

11,330 
90,025 

2,347 
16,093 
46,367 

185,973 
12,567 
1,719 

15,078 
58,186 

195,505 
1,769 

6,549 
56,461 
20,690 

210,978 
34,098 

266.829 

1,037 
1,374 
1,302 
1,341 
1,632 
2,027 
2,711 

324 
0 

350 
38 

1,400 
1,619 

42 
169 

1,229 
3,146 

238 
606 

1,165 
239 

3,169 
157 
855 

6,066 
177 

1,215 
3,555 

12,532 
948 
130 

1,138 
4,462 

13,174 
134 

494 
4,329 
1,562 

14,217 
2,615 

17.980 

0.12 
0.16 
0.15 
0.16 
0.19 
0.24 
0.32 
0.07 
0.00 
0.07 
0.01 
0.28 
0.33 
0.01 
0.03 
0.24 
0.64 
0.05 
0.12 
0.28 
0.05 
0.64 
0.03 
0.17 
1.45 
0.04 
0.24 
0.72 
3.00 
0.19 
0.03 

0.23 
0.91 
3.16 
0.03 

0.10 
0.88 
0.3 1 
3.41 
0.53 
4.3 1 

0.15 
0.31 
0.47 
0.63 
0.82 
1.06 
1.38 
1.44 
1.44 
1.51 
1.52 
1.80 
2.13 
2.14 
2.17 
2.42 
3.05 
3.10 
3.22 
3.50 
3.55 
4.19 
4.22 
4.39 
5.85 
5.88 
6.13 
6.85 
9.85 

10.04 
10.07 

10.29 
11.20 
14.36 
14.38 

14.48 
15.36 
15.67 
19.08 
19.61 
23.92 

1.52 
1.76 
2.00 
2.24 
2.48 
2.72 
2.96 
3.32 
3.32 
3.32 
3.50 
3.50 
3.55 
3.62 
3.68 
3.68 
3.77 
3.86 
3.86 
3.92 
3.98 
4.00 
4.04 
4.04 
4.13 
4.22 
4.22 
4.22 
4.34 
4.34 
4.40 

4.40 
4.45 
4.54 
4.57 

4.57 
4.67 
4.69 
4.75 
4.89 
4.95 

Longleaf restoration, 60-75 min. 18,472 1;394 0.28 24.20 5.05 
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Drv tom 
Cumulative 

TBtu/vear TBtu/vear Price . . 
Resourcehaul time categoty recoverable TmMoads recoverable recovemble &!!tu) 

pulpwood, 90-105 min. 234,913 15,830 3.79 27.99 5.16 
Pu$wood, 105-120 min. 126,116 8,498 2.04 30.03 5.37 
Longleafrestoration, 75-90 min. 23,188 1,750 0.35 30.38 5.41 

Longleafrestoration, 105-120 min. 27,653 2,087 0.41 3 1.22 6.12 
Longleafrestoration, 90-105 min. 28,733 2,169 0.43 30.81 5.77 
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4.00 

1 3.00 

2.c 1.00 P 

Figure 13. Results of the six scenarios for the GRU Deerhaven facility. 
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Table 10. Results for scenario #1, “Without competing demand” for the JEA Brandy Branch 
facility. 

Resourcehaul time category 
Urban wood, 0-15 min. 
Urban wood, 15-30 min. 
Urban wood, 30-45 min. 

Urban wood, 60-75 min. 

Urban wood, 90-105 min. 
Urban wood, 105-120 min. 
Logging residues, 0-15 min. 
Longleafrestoration, 0-15 min. 
Overstocked natural, 0-15 min. 
Overstocked plantation, 0-15 min. 
Logging residues, 15-30 min. 
Longleafrestoration, 15-30 min. 
Overstocked natural 15-30 min. 
Overstocked plantation, 15-30 min. 
Logging residues, 30-45 min. 
Longleafrestoration, 30-45 min. 

Overstocked plantation, 30-45 min. 
Logging residues, 45-60 min. 
Pulpwood, 0-15 min. 
Longleafrestoration, 45-60 min. 
Overstocked natural, 45-60 min. 
Overstocked plantation, 45-60 min. 
Logging residues, 60-75 min. 
Pulpwood, 15-30 rnin 
Longleafrestoration, 60-75 min. 
Overstocked natural, 60-75 min. 
Overstocked plantation, 60-75 min. 
Logging residues, 75-90 rnin 
Pulpwood, 30-45 min. 
Longleaf restoration, 75-90 min. 
Overstocked natural, 75-90 min. 
Overstocked plantation, 75-90 min. 
Logging residues, 90-105 min. 
Pulpwood, 45-60 min. 
Longleafrestoration, 90-105 min. 
Overstocked natural, 90-105 min. 
Overstocked plantation, 90-105 min. 
Logging residues, 105-120 min. 
Pulpwood, 60-75 min. 
Longleafrestoration, 105-120 min. 

Urban wood, 45-60 min. 

Urban wood, 75-90 min. 

OvtXStocked M d ,  30-45 I l l h  

Cumulative 
Dry tons TBtt4vear TBMear Price 

.ec&erable Truckloads Recoverable recoverable ($/MU3tu) 
5,621 710 0.08 0.08 0.62 

23,481 
30,887 
19,436 
19,939 
17,539 
18,765 
18,460 
2,913 

708 
0 

131 
20,645 
4,655 

22 
1,174 

43,286 
8,761 

203 
2,065 

63,573 
10,863 
10,026 
1,733 
7,089 

72,249 
88,515 
13,918 
5,275 

16,414 
81,146 

194,454 
16,654 
8,018 

24,747 
109,042 
285,914 
24,286 

5,485 
24,792 

115,450 
332,864 

~. 

2,965 
3,900 
2,454 
2,518 
2,2 15 
2,369 
2,331 

223 
53 
0 

10 
1,583 

351 
2 

89 
3,319 

66 1 
15 

156 
4,875 

732 
757 
131 
535 

5,540 
5,965 
1,050 

398 
1,239 
6,222 

13,103 
1,257 

605 
1,868 
8,361 

19,266 
1,833 

414 
1,871 
8,853 

22,430 

0.46 
0.29 
0.30 
0.26 
0.28 
0.28 
0.05 
0.01 
0.00 
0.00 
0.32 
0.07 
0.00 
0.02 
0.67 
0.13 
0.00 
0.03 
0.99 
0.18 
0.15 
0.03 
0.1 1 
1.13 
1.43 
0.21 
0.08 
0.25 
1.26 
3.14 
0.25 
0.12 
0.37 
1.70 
4.62 
0.36 
0.08 
0.37 
1.80 
5.38 

0.43 
0.90 
1.19 
1.48 
1.74 
2.02 
2.30 
2.35 
2.36 
2.36 
2.36 
2.68 
2.75 
2.75 
2.77 
3.44 
3.57 
3.58 
3.61 
4.60 
4.77 
4.92 
4.95 
5.06 
6.18 
7.61 
7.82 
7.90 
8.15 
9.41 

12.55 
12.80 
12.92 
13.29 
14.99 
19.61 
19.97 
20.06 
20.43 
22.23 
27.60 

0.81 
0.99 
1.18 
1.36 
1.55 
1.73 
1.92 
2.60 
2.71 
2.71 
2.71 
2.77 
2.89 
2.89 
2.89 
2.94 
3.07 
3.07 
3.07 
3.12 
3.23 
3.25 
3.25 
3.25 
3.29 
3.39 
3.43 
3.43 
3.43 
3.46 
3.55 
3.60 
3.60 
3.60 
3.64 
3.71 
3.78 
3.78 
3.78 
3.81 
3.87 

3 1,232 2,357 0.47 28.07 3.96 
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14,842 1,120 0.22 28.33 3.96 

382,602 25,782 6.18 34.51 4.03 
505,145 34,039 8.16 42.67 4.19 
500,092 33,699 8.08 50.75 4.34 

Cumulative 
Drv tons TBhJvear mhhear  Price 

Resource/haul time categoy I recoierable TnrcRloadr Recoverable reco&able ($/MUBtu) 
Overstocked natural, 105-120 min. I 2,364 178 0.04 28.11 3.96 
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Table 11. Results for scenario #2, “With competing demand” for the E A  Brandy Branch 
facility. 

Resource/haul time category 
Urban wood, 0-15 min. 
Urban wood, 15-30 min. 
Urban wood, 30-45 min. 
Urban wood, 45-60 min. 
Urban wood, 60-75 min. 
Urban wood, 75-90 min. 
Urban wood, 90-105 min. 
Urban wood, 105-120 min. 
Logging residues, 0-15 mm. 
Longleafrestoration, 0-15 min. 
Overstockednatural, 0-15 min. 
Overstocked plantation, 0-15 
min. 
Logging residues, 15-30 min. 
Longleafrestoration, 15-30 min. 
Overstocked natural, 15-30 min. 
Overstocked plantation, 15-30 
min. 
Logging residues, 30-45 min. 
Longleafrestoration, 30-45 min. 
Overstocked natural, 30-45 min. 
Overstmked plantation, 30-45 
min. 
Losging residues, 45-60 min. 
pulpwood, 0-15 mia  
Longleaf restoration, 45-60 min. 
Overstocked natural, 45-60 min. 
Overstocked plantation, 45-60 
min. 
Logging residues, 60-75 min. 
pulpwood, 15-30 min. 
Longleaf restoration, 60-75 min. 
Overstocked natural, 60-75 min. 
Overstocked plantation, 60-75 
min. 
Logging residues, 75-90 min. 
pulpwood, 30-45 min. 
Longleaf restoration, 75-90 min. 
Overstocked natural, 75-90 min. 
Overstocked plantation, 75-90 
min. 
Logging residues, 90- 105 min. 
pulpwood, 45-60 min. 
Longleaf restoration, 90-105 min. 
Overstocked natural, 90-105 min. 

Cwnulative 
Drv tons TBhJvear TBhJvear Price 

recovembe Truckloaa3 recov&ble recov&able ($/XhUBtu) 
5,617 709 0.08 0.08 0.62 

23,421 
28,870 
13,697 
10,096 
6,536 
6,407 
7,026 
2,855 

695 
0 

130 

19,972 
4,505 

17 
1,160 

40,363 
8,277 

176 
1,944 

42,788 
10,545 
7,780 

982 
4,2 13 

37,594 
84,998 
6,784 
1,910 
2,782 

34,152 
181,780 

6,728 
3,281 
1,206 

50,948 
195.478 

2,957 
3,645 
1,729 
1,275 

825 
809 
887 
219 

52 
0 

10 

1,532 
340 

1 
88 

3,095 
625 

13 
147 

3,281 
711 
587 
74 

318 

2,883 
5,728 

512 
144 
210 

2,619 
12,249 

508 
248 
91 

3.907 
13i172 

593 

0.35 
0.43 
0.20 
0.15 
0.10 
0.10 
0.10 
0.04 
0.01 
0.00 
0.00 

0.3 1 
0.07 
0.00 
0.02 

0.63 
0.12 
0.00 
0.03 

0.67 
0.17 
0.12 
0.01 
0.06 

0.59 
1.37 
0.10 
0.03 
0.04 

0.53 
2.94 
0.10 
0.05 
0.02 

0.79 
3.16 

0.43 
0.86 
1.07 
1.22 
1.32 
1.41 
1.52 
1.56 
1.57 
1.57 
1.57 

1.89 
1.95 
1.95 
1.97 

2.60 
2.72 
2.73 
2.76 

3.42 
3.59 
3.71 
3.72 
3.79 

4.37 
5.75 
5.85 
5.88 
5.92 

6.45 
9.39 
9.49 
9.54 
9.55 

10.35 
13.51 
13.62 

0.81 
0.99 
1.18 
1.36 
1.55 
1.73 
1.92 
2.60 
2.71 
2.71 
2.71 

2.77 
2.89 
2.89 
2.89 

2.94 
3.07 
3.07 
3.07 

3.12 
3.23 
3.25 
3.25 
3.25 

3.29 
3.39 
3.43 
3.43 
3.43 

3.46 
3.55 
3.60 
3.60 
3.60 

3.64 
3.71 
3.78 7;853 ... 0.12 

2,109 159 0.03 13.66 3.78 
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Resourc&ul time categoiy 
Overstocked plantation, 90-105 
min. 
Logging residues, 105-120 min. 
Pulpwood, 60-75 min. 
Longleaf restoration, 105-120 
min. 
Overstocked natural, 105-120 
min. 
Overstocked plantation, 105-120 
min. 
Pulpwood, 75-90 min. 
Pulpwood, 90-105 min. 
Pulpwood, 105-120 m h  

Cumdative - 
Dry tons TBhdyear TBWyear Price 

recoverable Truckloads recoverable recoverable ($hfMBtu) 
1,630 123 0.02 13.68 3.78 

51,108 3,919 0.80 14.48 3.81 
165,12 1 11,127 2.67 17.14 3.87 

8,305 627 0.12 17.27 3.96 

527 40 0.01 17.28 3.96 

1,075 81 0.02 17.29 3.96 

147,268 9,924 2.38 19.67 4.03 
221,766 14,944 3.58 23.25 4.19 
220,596 14,865 3.56 26.82 4.34 
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Figure 14. Biomass use profile up to 3.55 TBtdyear (40 MW) for the JEA Brandy Branch 
facility under scenario #2, "With competing demand". 
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Table 12. Results for scenario 1 

Resourcehaul time categov 
urban wood, 0-1 5 min. 
Urban wood, 15-30 min. 
Urban wood, 30-45 min. 
Urban wood, 45-60 min. 
urban wood, 60-75 min. 
Urban wood, 75-90 mm. 
Urban wood, 90-105 min. 

Logging residues, 0-15 min. 
Longleafrestoration, 0-15 min. 
Overstocked natural, 0-15 min. 
Overstocked plantation, 0-15 min. 
Lo& residues, 15-30 min. 
Longleafrestoration, 15-30 min. 
Overstocked natural, 15-30 min. 
Overstocked plantation, 15-30 
min. 
Logging residues, 30-45 min. 
Longleafrestomtion, 30-45 min. 
Overstocked natural, 30-45 min. 
Overstocked plantation, 30-45 
min. 
Logging residues, 45-60 min. 
Pulpwood, 0-15 min 
Longleafrestoration, 45-60 min. 
Overstocked natural, 45-60 min. 
Overstocked plantation, 45-60 
min 
Logging residues, 60-75 min. 
Pulpwood, 15-30 min. 
Longleafrestoration, 60-75 min. 
Overstocked natural, 60-75 min. 
Overstocked plantation, 60-75 
min. 
Logging residues, 75-90 min. 

Longleafrestoration, 75-90 min. 
Overstocked natural, 75-90 min. 
Ovefitocked plantation, 75-90 
min. 
Logging residues, 90-105 min. 
Pulpwood, 45-60 min. 
Longleafrestoration, 90-105 min. 
Overstocked natural, 90-105 min. 
Overstocked ulantation, 90-105 

Urban wood, 105-120 min. 

Pulpwood, 30-45 min. 
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“With price competition” for the JEA Brandy Branch facility. 

D I ~  fons 

~ 

Cumulative 
TBWyear TBWjwar Price 

~ecoverable TnrCRoa& recovenable recoverable ($/MMBtu) 
5,617 709 0.08 0.08 0.62 

23,421 
28,870 
13,697 
10,096 
6,536 
6,407 
7,026 
2,855 

695 
130 

0 
19,972 
4,505 
1,160 

17 

40,363 
8,277 
1,944 

176 

42,788 
10,545 
7,780 
4,213 

982 

37,594 
84,998 
6,784 
2,782 
1,910 

34,152 
181,780 

6,728 
1,206 
3,281 

50,948 
195,478 

7,853 
1,630 
2,109 

2,957 
3,645 
1,729 
1575 

825 
809 
887 
219 

52 
10 
0 

1,532 
340 
88 

1 

3,095 
625 
147 
13 

3,281 
71 1 
587 
318 
74 

2,883 
5,728 

512 
210 
144 

2,619 
12,249 

508 
91 

248 

3,907 
13,172 

593 
123 
159 

0.35 
0.43 
0.20 
0.15 
0.10 
0.10 
0.10 
0.04 
0.01 
0.00 
0.00 
0.31 
0.07 
0.02 
0.00 

0.63 
0.12 
0.03 
0.00 

0.67 
0.17 
0.12 
0.06 
0.01 

0.59 
1.37 
0.10 
0.04 
0.03 

0.53 
2.94 
0.10 
0.02 
0.05 

0.79 
3.16 
0.12 
0.02 
0.03 

0.43 
0.86 
1.07 
1.22 
1.32 
1.41 
1.52 
1.56 
1.57 
1.57 
1.57 
1.89 
1.95 
1.97 
1.97 

2.60 
2.72 
2.75 
2.76 

3.42 
3.59 
3.71 
3.77 
3.79 

4.37 
5.75 
5.85 
5.89 
5.92 

6.45 
9.39 
9.49 
9.51 
9.55 

10.35 
13.51 
13.62 
13.65 
13.68 

0.81 
0.99 
1.18 
1.36 
1.55 
1.73 
1.92 
2.60 
2.71 
2.71 
2.71 
2.77 
2.89 
2.89 
2.89 

2.94 
3.07 
3.07 
3.07 

3.12 
3.25 
3.25 
3.25 
3.25 

3.29 
3.40 
3.43 
3.43 
3.43 

3.46 
3.56 
3.60 
3.60 
3.60 

3.64 
3.72 
3.78 
3.78 
3.78 
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Cumulative ~. - 

Dry tons TBMear TBtdyear Price 
recoverable Truckloads recoverable recoverable (WMMBtu) 

51,108 3,919 0.80 14.48 3.81 
165,121 11,127 2.67 17.14 3.88 

8,305 627 0.12 17.27 3.96 

1,075 81 0.02 17.28 
527 40 0.01 17.29 

3.96 
3.96 

147,268 9,924 2.38 19.67 4.04 
221,766 14,944 3.58 23.25 4.20 
220.596 1A RhS t Ch 76 R7 A 26 
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Table 13. Results for scenario #4, “With price competition, 25% pulpwood” for the JEA Brandy 
Branch facility. 

Raourcehaul time CoteKoiy 
Urban wood, 0-15 min. 
Urban wood, 15-30 min. 
Urban wood, 30-45 min. 
Urban wood, 45-60 min. 
Urban wood, 60-75 min. 
Urban wood, 75-90 min. 
Urban wood, 90-105 min. 
Urban wood, 105-120 min. 
Logging residues, 0-1 5 min. 
Longleaf restoration, 0-1 5 min. 
Overstocked plantation, 0-15 min. 
Overstocked natural, 0-15 min. 
Logging residues, 15-30 min. 
Longleaf restoration, 15-30 min. 
Overstocked plantation, 15-30 
min. 
Overstocked natural, 15-30 min. 
Logging residues, 30-45 min. 
Pulpwood, 0-15 min. 
Pulpwood, 15-30 min. 
Longleafrestoration, 90-105 min. 
Overstocked plantation, 90-105 
min. 
Overstocked natural, 90-105 min. 
Logging residues, 105-120 min. 
Pulpwood, 30-45 min. 
Longleaf restoration, 105-120 
rnin. 
Overstocked plantation, 105-120 
min. 
Overstocked natural, 105-120 
min. 
Pulpwood, 45-60 min. 
Pulpwood, 60-75 min. 
Pulpwood, 75-90 min. 
Pulpwood, 90-105 min. 
Pulpwood, 105-120 min. 

Cumulative 
Lhy tons TBBhJyenr TEMear Price 

recoverable Tmkloaak recoverable recoverable (YMMBtu) 
5,617 709 0.08 0.08 0.62 

23,421 
28,870 
13,697 
10,096 
6,536 
6,407 
7,026 
2,855 

695 
130 

0 
19,972 
4,505 
1,160 

17 
40,363 
10,545 
84,998 
7,853 
1,630 

2,109 
51,108 

181,780 
8,305 

1,075 

527 

195,478 
165,121 
147,268 
221.766 

2,957 
3,645 
1,729 
1,275 

825 
809 
887 
219 
52 
10 
0 

1,532 
340 
88 

1 
3,095 

71 1 
5,728 

593 
123 

159 
3,919 

12,249 
627 

81 

40 

13,172 
11,127 
9,924 

14.944 

0.35 
0.43 
0.20 
0.15 
0.10 
0.10 
0.10 
0.04 
0.01 
0.00 
0.00 
0.31 
0.07 
0.02 

0.00 
0.63 
0.17 
1.37 
0.12 
0.02 

0.03 
0.80 
2.94 
0.12 

0.02 

0.01 

3.16 
2.67 
2.38 
3.58 

0.43 
0.86 
1.07 
1.22 
1.32 
1.41 
1.52 
1.56 
1.57 
1.57 
1.57 
1.89 
1.95 
1.97 

1.97 
2.60 
2.77 
4.14 
4.26 
4.29 

4.32 
5.1 1 
8.05 
8.17 

8.19 

8.20 

11.36 
14.02 
16.40 
19.98 

0.81 
0.99 
1.18 
1.36 
1.55 
1.73 
1.92 
2.60 
2.71 
2.71 
2.71 
2.77 
2.89 
2.89 

2.89 
2.94 
3.57 
3.73 
3.78 
3.78 

3.78 
3.81 
3.89 
3.96 

3.96 

3.96 

4.05 
4.21 
4.36 
4.52 

226596 14865 3.56 23.55 4.68 
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Brandy Branch facility. 

Resourcehaul time category 
Urban wood, 0-15 min. 
Urban wood, 15-30 h. 
Urban wood, 3045 min. 
Urban wood, 45-60 min. 
Logging residues, 0-15 min. 
Longleafrestoration, 0-15 min. 
Overstocked natural, 0- 15 min. 
Overstocked plantation, 0-15 min. 
Logging residues, 15-30 min 
Longleafrestoration, 15-30 min. 
Overstocked natural, 15-30 min. 
O v m k e d  PWOU, 15-30 min. 
Logging residues, 30-45 min. 
Longleafrestomtion, 3045 min. 
Overstocked natural, 30-45 min. 
Overstocked plantation, 30-45 min 
Logging residues, 45-60 mm. 
Longleafrestoration, 45-60 min. 
Overstocked natural, 45-60 min. 
Overstocked plantation, 45-60 min. 
Pulpwood, 0-15 min. 
Pulpwood, 15-30 min. 
Pulpwood, 30-45 min. 
pulpwood, 45-60 min. 

Cumulative 
Dry tons TBMear TBtu/year Price 

recoverable Trucklloadr recoverable recmemble ($hUWBtu) 
5,617 709 0.08 0.08 0.62 

23,42 1 2,957 0.35 0.43 0.81 
28,870 3,645 0.43 0.86 0.99 
13,697 1,729 0.20 1.07 1.18 
2,855 219 0.04 1.11 2.60 

695 52 0.01 1.12 2.71 
130 10 0.00 1.13 2.71 

0 0 0.00 1.13 2.71 
19,972 1,532 0.3 1 1.44 2.77 
4,505 340 0.07 1.50 2.89 
1,160 88 0.02 1.52 2.89 

17 1 0.00 1.52 2.89 
40,363 3,095 0.63 2.15 2.94 

8,277 625 0.12 227 3.07 
1,944 147 0.03 2.30 3.07 

176 13 0.00 2.31 3.07 
42,788 3,281 0.67 2.97 3.12 

7,780 587 0.12 3.09 3.25 
4,2 13 318 0.06 3.15 3.25 

982 74 0.01 3.17 3.25 
10,545 71 1 0.17 3.34 3.36 
84,998 5,728 1.37 4.71 3.52 

18 1,780 12,249 2.94 7.65 3.68 
195,478 13,172 3.16 10.81 3.84 
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Resourcehaul time caiezov 
Urban Wood, 0-15 min 
Urban wood, 15-30 min. 
Urban wood, 30-45 min. 
Urban wood, 45-60 min. 

Urban wood, 75-90 min. 
Urban wood, 90-105 min. 
Urban wood, 105-120 min. 
Logging residues, 0-15 min. 
Overstocked mtural, 0-15 min. 
Overstocked plantation, 0-15 min. 
Overstocked natural, 15-30 min. 
Overstocked plantation, 15-30 min. 
Logging residues, 15-30 min. 
Longleafrestomtion, 0-15 min. 
Overstocked natural, 30-45 min. 
Overstocked plantation, 30-45 min. 
Logging residues, 30-45 min. 
Overstocked natural, 45-60 min. 
Overstocked plantation, 4560 min. 
Pulpwood, 0-15 min. 
Longleafmtoration, 15-30 min. 
Logging residues, 45-60 min. 
Overstocked natural, 60-75 min. 
Overstocked plantation, 60-75 min. 
Pulpwood, 15-30 min. 
Overstocked natural, 75-90 min. 
Overstocked plantation, 75-90 min. 
Logging residues, 60-75 min. 
Pulpwood, 30-45 min. 
Longleafrestoration, 30-45 min. 
Overstocked natural, 90-105 min. 
Overstocked plantation, 90-105 
min. 
Logging residues, 75-90 min. 
Pulpwood, 4560 min. 
Overstocked natural, 105-120 min. 
Overstocked plantation, 105-120 
min 
Logging residues, 90-105 min. 
Longleafrestoration, 45-60 min. 
Pulpwood, 60-75 min. 
Logging residues, 105-120 min. 
Pulpwood, 75-90 min. 
Lodeafrestoration, 60-75 min. 

Urban wood, 60-75 min. 

Table 15. Results for scenario #6, “With competing demand, d o u s n g  dieselcosts” for the E A  
Brandy Branch facility. 

Dry tom 
recoverable 

5,617 
23,421 
28,870 
13,697 
10,096 
6,536 
6,407 
7,026 
2,855 

0 
130 
17 

1,160 
19,972 

695 
176 

1,944 
40,363 

982 
4,213 

10,545 
4,505 

42,788 
1,910 
2,782 

84,998 
3,281 
1,206 

37,594 
18 1,780 

8,277 
2,109 

1,630 
34,152 

195,478 
527 

1,075 
50,948 
7,780 

165,12 1 
51,108 

147,268 
6,784 

~. 

2,957 
3,645 
1,729 
1,275 

825 
809 
887 
219 
0 

10 
1 

88 
1,532 

52 
13 

147 
3,095 

74 
318 
71 1 
340 

3,281 
144 
210 

5,728 
248 
91 

2,883 
12,249 

625 
159 

123 
2,619 

13,172 
40 

81 
3,907 

587 
11,127 
3,919 
9,924 

512 

. 
recmerabIe 

0.08 

Cumulative 
TBMear TBhJvear Price 

Truckloads recoverable 
709 0.08 

0.35 
0.43 
0.20 
0.15 
0.10 
0.10 
0.10 
0.04 
0.00 
0.00 
0.00 
0.02 
0.3 1 
0.01 
0.00 
0.03 
0.63 
0.01 
0.06 
0.17 
0.07 
0.67 
0.03 
0.04 
1.37 
0.05 
0.02 
0.59 
2.94 
0.12 
0.03 

0.02 
0.53 
3.16 
0.01 

0.02 
0.79 
0.12 
2.67 
0.80 
2.38 
0.10 

0.43 
0.86 
1.07 
1.22 
1.32 
1.41 
1.52 
1.56 
1.56 
1.56 
1.56 
1.58 
1.89 
1.90 
1.91 
1.93 
2.56 
2.58 
2.64 
2.81 
2.88 
3.55 
3.57 
3.62 
4.99 
5.04 
5.06 
5.64 
8.58 
8.70 
8.73 

8.76 
9.29 

12.45 
12.46 

12.47 
13.27 
13.38 
16.05 
16.85 
1923 
19.33 

1.52 
1.76 
2.00 
2.24 
2.48 
2.72 
2.96 
3.32 
3.32 
3.32 
3.50 
3.50 
3.55 
3.62 
3.68 
3.68 
3.77 
3.86 
3.86 
3.92 
3.98 
4.00 
4.04 
4.04 
4.13 
4.22 
4.22 
4.22 
4.34 
4.34 
4.40 

4.40 
4.45 
4.54 
4.57 

4.57 
4.67 
4.69 
4.75 
4.89 
4.95 
5.05 
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Cumulative 
Diy tons TBMear TBMear Price 

Resourcehaul time cateaory recoverable Truckloads recoverable recoverable ($iUVBtu) 
Puluwood, 90-105 min. 221.766 14.944 3.58 22.9 1 5.16 
Pu$wood, 105-120 min. 220;596 141865 3.56 26.47 5.37 
Longleafrestoration, 75-90 min. 6,728 508 0.10 26.57 5.41 

Longleafrestoration, 105-120 min. 8,305 627 0.12 26.82 6.12 
Longleafrestoration, 90-105 min. 7,853 593 0.12 26.69 5.77 
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Figure 15. Results ofthe six scenarios for the E A  Brandy h 6 h  kility. 
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RMS-5 - 
2.43. TAL Hopldns facility 

Table 16. Results for scenario #1, 

Resource/haul time caknory 
Urban wood, 0-15 min. 
Urban wood, 15-30 min. 
Urban wood, 30-45 min. 

Urban wood, 60-75 min. 

Urban wood, 90-105 mia 
Urban wood, 105-120 min. 
Logging residues, 0-15 min. 
Longleafrestoration, 0-15 min. 
Overstocked natural, 0-15 min. 
Overstocked plantation, 0-15 min. 
Logging residues, 15-30 min. 
Longleafrestoration, 15-30 min. 
Overstocked natural, 15-30 min. 
Overstocked plantation, 15-30 min. 
Logging residues, 30-45 min. 
Longleafrestoration, 30-45 min. 
Overstocked natural, 3045 min. 
Overstocked plantation, 30-45 min. 
Logging residues, 45-60 min. 

Longleafrestoration, 45-60 min. 
Overstocked natural, 45-60 min. 
Overstocked plantation, 45-60 min. 
Logging residues, 60-75 min. 
Pulpwood, 15-30 min. 
Longleafrestoration, 60-75 min. 
Overstocked natural, 60-75 min. 
Overstocked plantation, 60-75 min. 
Logging residues, 75-90 min. 
pulpwood, 30-45 min. 
Longleafrestoration, 75-90 min. 
Overstocked natural, 75-90 min. 
Overstocked plantation, 75-90 min. 
Logging residues, 90- 105 min. 
Pulpwood, 45-60 min. 
Longleaf restoration, 90-105 min. 
Overstocked natural, 90-105 rnin. 
Overstocked plantation, 90-105 min. 
Logging residues, 105-120 min. 
Pulpwood, 60-75 min. 
Longleafrestoration, 105-120 min. 

Urban wood, 45-60 mia 

Urban Wood, 75-90 min. 

pulp~ood, 0-15 min. 

rithout competing demand" for the TAL Hopkins facility. 

Cumulative 
D v  tons TBUpar TBMear Price 

recoverable Tnrckloadr recovemble recoverable ($/=tu) 
1,778 224 0.03 0.03 0.62 
8,452 

10,057 
5,430 
5,324 
6,523 
8,813 

15,947 
2,408 
1,952 

352 
0 

13,279 
10,274 
2,194 

6 
28,628 

4,958 
3,389 

45,244 
12,010 
34,914 
6,006 
7,592 

70,437 
64,328 
33,176 
10,007 
10,016 
91,333 

127,047 
27,844 
10,343 
9,665 

99,374 
183,571 
27,069 
9,640 

21,979 
110,738 
297,265 

23,419 

1,067 
1,270 

686 
672 
824 

1,113 
2,014 

185 
147 
27 
0 

1,018 
775 
166 

0 
2,195 
1,767 

374 
256 

3,469 
809 

2,635 
453 
573 

5,401 
4,335 
2,504 

755 
756 

7,004 
8,561 
2,101 

78 1 
729 

7,620 
12,370 
2,043 

728 
1,659 
8,491 

20,03 1 

0.13 
0.15 
0.08 
0.08 
0.10 
0.13 
0.24 
0.04 
0.03 
0.01 
0.00 
0.21 
0.15 
0.03 
0.00 
0.45 
0.35 
0.07 
0.05 
0.70 
0.19 
0.52 
0.09 
0.11 
1.10 
1.04 
0.50 
0.15 
0.15 
1.42 
2.05 
0.42 
0.16 
0.14 
t .55 
2.97 
0.41 
0.14 
0.33 
1.73 
4.80 

0.15 
0.30 
0.38 
0.46 
0.56 
0.69 
0.93 
0.97 
1 .oo 
1 .oo 
1 .oo 
1.21 
1.36 
1.40 
1.40 
1.84 
2.19 
2.27 
2.32 
3.02 
3.22 
3.74 
3.83 
3.95 
5.04 
6.08 
6.58 
6.73 
6.88 
8.30 

10.36 
10.77 
10.93 
11.07 
12.62 
15.59 
15.99 
16.14 
16.47 
18.19 
22.99 

0.81 
0.99 
1.18 
1.36 
1.55 
1.73 
1.92 
2.60 
2.71 
2.71 
2.71 
2.77 
2.89 
2.89 
2.89 
2.94 
3.07 
3.07 
3.07 
3.12 
3.23 
3.25 
3.25 
3.25 
3.29 
3.39 
3.43 
3.43 
3.43 
3.46 
3.55 
3.60 
3.60 
3.60 
3.64 
3.71 
3.78 
3.18 
3.78 
3.81 
3.87 

33,583 2,535 0.50 23.50 3.96 
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Resourchaul time category 
Overstocked natural, 105-120 min. 
Overstocked plantation, 105-120 min. 
Pulpwood, 75-90 min. 
Pulpwood, 90-105 min. 
Pulpwood, 105-120 min. 

Cumulative 
Dty tons lBtuiyear Tstuiyear Price 

recoverable TmkIoadr recoverable recoverable (%/MMBtu) 
5,760 435 0.09 23.58 3.96 

34,417 2,598 0.52 24.10 3.96 
408,392 27,520 6.60 30.70 4.03 
461,662 31,109 7.46 38.16 4.19 
506,120 34,105 8.18 46.33 4.34 
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Table 17. Results for scenario #2, ‘ 

Resourcehaul time categoly 
Urban wood, 0-15 min. 
Urban wood, 15-30 min. 
Urban wood, 30-45 min. 
Urban wood, 45-60 min. 
Urban wood, 60-75 min. 
urban wood, 75-90 min. 
Urban wood, 90-105 min. 
urban wood, 105-120 min. 
Logging residues, 0-15 min. 
Longleafrestoration, 0-15 min. 
Overstocked natural, 0-15 min. 
Overstocked plantation, 0-15 min. 
Logging residues, 15-30 min. 
Longleafrestoration, 15-30 min. 
Overskked natural, 15-30 min. 
Overstocked plantation, 15-30 min. 
Logging residues, 30-45 min. 
Longleafrestoration, 30-45 min. 
Overstocked natud, 30-45 min. 
Overstocked plantation, 30-45 min. 
Logging residues, 45-60 min. 
Pulpwood, 0-15 min. 
Longleafrestoration, 45-60 min. 
Overstocked natural, 45-60 min. 
Overstwked plantation, 45-60 min. 
Logging residues, 60-75 min. 
Pulpwood, 15-30 min. 
Longleafrestoration, 60-75 min. 
Overstocked natural, 60-75 min. 
Overstocked plantation, 60-75 min. 
Logging residues, 75-90 min. 
Pulpwood, 30-45 min. 
Longleafrestoration, 75-90 min. 
Overstocked natural, 75-90 min. 
Overstocked plantation, 75-90 min. 
Logging residues, 90-105 min. 
pulpwood, 45-60 min. 
Longleafrestoration, 90-105 min. 
Overstocked natural, 90-105 min. 
Overstocked plantation, 90-105 min. 
Logging residues, 105-120 min. 

Longleafrestoration, 105-120 min. 
Overstocked natud, 105-120 min. 
Overstocked plantafion, 105-120 min. 

Pulpwood, 60-75 min. 

GRU Biomass Economic Analysis 
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rith competing demand” for the TAL Hopkins facility. 

Cumulative 
Dry tom TBhJVear TBlw’year Price 

recoverable TmMoads recoverable recoverable (YMdl3tu) 
1,777 224 0.03 0.03 0.62 
8,459 

10,046 
5,435 
5,329 
6,524 
8,280 

12,010 
2,408 
1,950 

352 
0 

13,284 
10,281 
2,194 

6 
28,621 
23,409 
4,958 
3,388 

45,242 
12,006 
34,917 
6,006 
7,593 

70,465 
64,356 
33,289 
10,005 
10,018 
91,263 

127,007 
27,918 
10,355 
9,665 

92,653 
183,562 
26,874 
9,577 

19,803 
83,753 

297,376 
29,934 
4,726 

1,068 
1,268 

686 
673 
824 

1,045 
1,516 

185 
147 
27 
0 

1,019 
776 
166 

0 
2,195 
1,767 

374 
256 

3,469 
809 

2,635 
453 
573 

5,403 
4,337 
2,512 

755 
756 

6,998 
8,558 
2,107 

782 
729 

7,105 
12,369 
2,028 

723 
1,495 
6,422 

20,039 
2,259 

357 

0.13 
0.15 
0.08 
0.08 
0.10 
0.12 
0.18 
0.04 
0.03 
0.01 
0.00 
0.21 
0.15 
0.03 
0.00 
0.45 
0.35 
0.07 
0.05 
0.70 
0.19 
0.52 
0.09 
0.1 1 
1.10 
1.04 
0.50 
0.15 
0.15 
1.42 
2.05 
0.42 
0.16 
0.14 
1.44 
2.97 
0.40 
0.14 
0.30 
1.30 
4.80 
0.45 
0.07 

0.15 
0.30 
0.38 
0.46 
0.56 
0.68 
0.86 
0.90 
0.93 
0.94 
0.94 
1.14 
1.30 
1.33 
1.33 
1.78 
2.13 
2.20 
2.25 
2.96 
3.15 
3.67 
3.76 
3.88 
4.98 
6.02 
6.52 
6.67 
6.82 
8.24 

10.29 
10.71 
10.86 
11.01 
12.45 
15.42 
15.82 
15.96 
16.26 
17.57 
22.37 
22.82 
22.89 

0.81 
0.99 
1.18 
1.36 
1.55 
1.73 
1.92 
2.60 
2.71 
2.71 
2.71 
2.77 
2.89 
2.89 
2.89 
2.94 
3.07 
3.07 
3.07 
3.12 
3.23 
3.25 
3.25 
3.25 
3.29 
3.39 
3.43 
3.43 
3.43 
3.46 
3.55 
3.60 
3.60 
3.60 
3.64 
3.71 
3.78 
3.78 
3.78 
3.81 
3.87 
3.96 
3.96 

24,424 1,843 0.37 23.26 3.96 
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Resourcehaul time category 
Pulpwood, 75-90 min. 
Pulpwood, 90-105 min. 
Pulpwood, 105-120 min. 

Cumulative 
TBMear TBhdvear Price Diy tons 

recwerable Truckloa& reco&able recoverable ($/hMBh4 
408,036 27,496 6.59 29.85 4.03 
427,414 28,801 6.90 36.75 4.19 
378,360 25,496 6.11 42.86 4.34 
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I I I I I I I 
0.03 10.15 10.35 I 0.4 1 
0.04 10.21 I 0.45 I 0.70 I 
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Figure 16. Biomass use profile up to 3.55 TBtu/year (40 MW) for the TAL Hopkms facility 
under scenario #2, “With competing demand”. 

60 



Table 18. Results for scenario #3, 

Resourcehaul time category 
Urban wood, 0-15 min. 
Urban wood, 15-30 min. 
Urban wood, 30-45 min. 
Urban wood, 45-60 min. 
Urban wood, 60-75 min 
urban wood, 75-90 min. 
Urban wood, 90-105 mia 
Urban wood, 105-120 min. 
Logging residues, 0-15 min. 
Longleafrestoration, 0-15 min. 
Overstocked natural, 0-15 min 
Overstocked plantation, 0-15 min. 
Logging residues, 15-30 min. 
Longleafrestoration, 15-30 min. 
Overstocked natura& 15-30 min. 
Overstocked plantation, 15-30 min. 
Logging residues, 30-45 min. 
Longleafrestoration, 30-45 min. 
Overstocked natural, 30-45 min. 
Overstocked plantation, 30-45 min. 
Logging residues, 45-60 min 
pulpwood, 0-15 min. 
Longleafre~torati~n, 45-60 mia 
Overstocked 45-60 min. 
Overstocked plantation, 45-60 min. 
Logging residues, 60-75 m i a  
pulpwood, 15-30 min. 
Longleafrestoration, 60-75 min. 
Overstocked natural, 60-75 min. 
Overstocked plantation, 60-75 min. 
Logging residues, 75-90 min. 
Pulpwood, 30-45 min. 
Longleafrestoration, 75-90 min. 
Overstocked natural, 75-90 min. 
Overstocked plantation, 75-90 min. 
Logging residues, 90-105 min. 
pulpwood, 45-60 min. 
Longleafrestoration, 90-105 min. 
Overstocked natural, 90-105 min. 
Overstocked plantation, 90-105 min. 
Logging residues, 105-120 min. 
Pulpwood, 60-75 min. 
Longleafrestoration, 105-120 min. 
Overstocked natural, 105-120 min. 
Overstocked ~lmt&on, 105-120 min. 
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iith price competition” for the TAL Hopkins facility. 

Cumulative 
Dty tom lBtu(year TBMear Price 

recoverable Truckloads recovemble recoverable (UWMBIU) 
1.777 224 0.03 0.03 0.62 
83459 

10,046 
5,435 
5,329 
6,524 
8,280 
12,010 
2,408 
1,950 
352 
0 

13,284 
10,281 
2,194 

6 
28,621 
23,409 
4,958 
3,388 
45,242 
12,006 
34,917 
6,006 
7,593 
70,465 
64,356 
33,289 
10,005 
10,018 
91,263 
127,007 
27,918 
10,355 
9,665 
92,653 
183,562 
26,874 
9,577 
19,803 
83,753 
297,376 
29,934 
4.726 

1,068 
1,268 
686 
673 
824 
,045 
,516 
185 
147 
27 
0 

,019 
776 
166 
0 

2,195 
1,767 
374 
256 

3,469 
809 

2,635 
453 
573 

5,403 
4,337 
2,512 
755 
756 

6,998 
8,558 
2,107 
782 
729 

7,105 
12,369 
2,028 
723 

1,495 
6,422 
20,039 
2,259 
357 

0.13 
0.15 
0.08 
0.08 
0.10 
0.12 
0.18 
0.04 
0.03 
0.01 
0.00 
0.21 
0.15 
0.03 
0.00 
0.45 
0.35 
0.07 
0.05 
0.70 
0.19 
0.52 
0.09 
0.11 
1.10 
1.04 
0.50 
0.15 
0.15 
1.42 
2.05 
0.42 
0.16 
0.14 
1.44 
2.97 
0.40 
0.14 
0.30 
1.30 
4.80 
0.45 
0.07 

0.15 
0.30 
0.38 
0.46 
0.56 
0.68 
0.86 
0.90 
0.93 
0.94 
0.94 
1.14 
1.30 
1.33 
1.33 
1.78 
2.13 
2.20 
2.25 
2.96 
3.15 
3.67 
3.76 
3.88 
4.98 
6.02 
6.52 
6.67 
6.82 
8.24 
10.29 
10.71 
10.86 
11.01 
12.45 
15.42 
15.82 
15.96 
16.26 
17.51 
22.37 
22.82 

0.81 
0.99 
1.18 
1.36 
1.55 
1.73 
1.92 
2.60 
2.71 
2.71 
2.71 
2.77 
2.89 
2.89 
2.89 
2.94 
3.07 
3.07 
3.07 
3.12 
3.25 
3.25 
3.25 
3.25 
3.29 
3.40 
3.43 
3.43 
3.43 
3.46 
3.56 
3.60 
3.60 
3.60 
3.64 
3.72 
3.78 
3.78 
3.78 
3.81 
3.88 
3.96 ~ . 

22.89 3.96 
24;424 1,843 0.37 23.26 3.96 
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Resource/haul time category 
pulpwood, 75-90 min. 
Pulpwood, 90-105 min. 
Pulpwood, 105-120 min. 

62 

. _- 
Cumulative 

Dry tom TBdyear TBtu/year Price 
recoverable TrucicIoads recoverable recoverable ($/X'&tu) 

408,036 27,496 6.59 29.85 4.04 
427,414 28,801 6.90 36.75 4.20 
378,360 25,496 6.11 42.86 4.36 
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Table 19. Results for scenario #4, "With price competition, 25% pulpwobd" for the TAL 
Hopkins facility. 

Rarource/haul time category 
Urban wood, 0-15 min. 
Urban wood, 15-30 min. 
Urban wood, 30-45 min. 
Urban wood, 45-60 min. 
Urban wood, 60-75 min. 
Urban wood, 75-90 min. 
Urban wood, 90-105 min. 
Urban wood, 105-120 min. 
Logging residues, 0-15 min. 
Longleafrestoration, 0-15 min. 
Overstocked plantation, 0-15 min. 
Overstocked natural, 0-15 min. 
Logging residues, 15-30 min. 
Longleaf restoration, 15-30 min. 
Overstocked plantation, 15-30 
min. 
Overstocked natural, 15-30 min. 
Logging residues, 30-45 min. 
Longleaf restoration, 30-45 min. 
Overstocked plantation, 30-45 
min. 
Overstocked natural, 30-45 min. 
Pulpwood, 0- 15 min. 
Pulpwood, 15-30 min. 
Pulpwood, 30-45 min. 
Longleaf restoration, 105-120 
min. 
Overstocked plantation, 105-120 
min. 
Overstocked natural, 105-120 min. 
Pulpwood, 45-60 min. 
Pulpwood, 60-75 min. 
Pulpwood, 75-90 min. 
Pulpwood, 90-105 min. 
Pulpwood, 105-120 min. 

Cumulative 
Dry tom TBhJVer TBt&ear Price 

recoverable TrucRoadv recoverable recoverable ( W t u )  
1.777 224 0.03 0.03 0.62 
Si459 
10,046 
5,435 
5,329 
6,524 
8,280 
12,010 
2,408 
1,950 
0 
352 
13,284 
10,281 
6 

2,194 
28,621 
23,409 
3,388 

4,958 
12,006 
64,356 
127,007 
29,934 

24,424 

4,726 
183,562 
297,376 
408,036 
427,414 

1,068 
1,268 
686 
673 
824 
1,045 
1,516 
185 
147 
0 
27 
1,019 
776 
0 

166 
2,195 
1,767 
256 

374 
809 
4,337 
8,558 
2,259 

1,843 

357 
12,369 
20,039 
27,496 
28,801 

0.13 0.15 
0.15 0.30 
0.08 0.38 
0.08 0.46 
0.10 0.56 
0.12 0.68 
0.18 0.86 
0.04 0.90 
0.03 0.93 
0.00 0.93 
0.01 0.94 
0.21 1.14 
0.15 1.30 
0.00 1.30 

0.03 
0.45 
0.35 
0.05 

0.07 
0.19 
1.04 
2.05 
0.45 

0.37 

0.07 
2.97 
4.80 
6.59 
6.90 

1.33 
1.78 
2.13 
2.18 

2.25 
2.45 
3.49 
5.54 
5.99 

6.35 

6.42 
9.39 
14.19 
20.78 
27.69 

0.81 
0.99 
1.18 
1.36 
1.55 
1.73 
1.92 
2.60 
2.71 
2.71 
2.71 
2.77 
2.89 
2.89 

2.89 
2.94 
3.07 
3.07 

3.07 
3.57 
3.73 
3.89 
3.96 

3.96 

3.96 
4.05 
4.21 
4.36 
4.52 

378,360 25,496 6.11 33.80 4.68 
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T; 
Hopkins facility. 

20. Results for scenario #5, "One-hour haul radius with price competition" for the TAL. 

Resourcehaul time category 
Urban wood, 0-15 min. 

Urban wood, 30-45 min. 
urban wood, 45-60 min. 
Logging residues, 0-15 min. 
Longleafrestoration, 0-15 min. 
Overstocked natural, 0-15 min. 
Overstockedplantation, 0-15 min. 
Logging residues, 15-30 min. 
Longleafrestoration, 15-30 min. 
Overstooked natml, 15-30 min. 
Overstocked plantation, 15-30 min. 
Logsing residues, 30-45 min. 
Longleafrestoration, 30-45 min. 
Overstocked natural, 30-45 min. 
Overstocked phtatiou, 30-45 min. 
Logging residues, 45-60 min. 

Overstocked natural, 45-60 min. 
Overstocked plantation, 45-60 min. 
Pulpwood, 0-15 m h  
Pulpwood, 15-30 min. 
Pulpwood, 30-45 min. 
Pulpwood, 45-60 min. 

Urban wood, 15-30 min. 

LmgleafrestoratioI& 45-60 min. 

Cumdative 
Dry tons TBUyear lBtu/year Price 

recoverable Ttucklm& recoverable recoverable ($/MMBhr) 
1,777 224 0.03 0.03 0.62 
8,459 1,068 0.13 0.15 0.81 

10,046 1,268 0.15 0.30 0.99 
5,435 686 0.08 0.38 1.18 
2,408 185 0.04 0.42 2.60 
1,950 147 0.03 0.45 2.7 1 

0 0 0.00 0.45 2.71 
352 2 1  0.01 0.46 2.11 

13,284 1,019 0.21 0.66 2.77 
10,281 176 0.15 0.82 2.89 

6 0 0.00 0.82 2.89 
2,194 166 0.03 0.85 2.89 

28,621 2,195 0.45 1.30 2.94 
23,409 1,767 0.35 1.65 3.07 
3,388 256 0.05 1 . IO 3.07 
4,958 374 0.07 1.77 3.07 

45,242 3,469 0.70 2.48 3.12 
34,917 2,635 0.52 3.00 3.25 
1,593 573 0.11 3.1 1 3.25 
6,006 453 0.09 3.20 3.25 

12,006 809 0.19 3.40 3.36 
64,356 4,337 1.04 4.44 3.52 

127,001 8,558 2.05 6.49 3.68 
183,562 12,369 2.97 9.46 3.84 
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Table 21. Results for scenario #6, “With competing demand, doublig diesel costs” for the TAL. 
Hopkins facility. 

Cumulative 
Dw tom TBtzhear TBtzhear Price 

Resourcehaul time categoty rec&rable TnrCRoadv recov&able recm&le ($/MUBtu) 
Urban wood, 0-15 min. 1,777 224 0.03 0.03 1.28 
Urban wood, 15-30 min. 
Urban wood, 30-45 min. 
Urban wood, 45-60 min. 
Urban wood, 60-75 min. 
Urban wood, 75-90 min. 
Urban wood, 90-105 min. 
Urban wood, 105-120 min. 
Logging residues, 0-15 min. 
Overstocked natural, 0- 15 min. 
Overstocked plantation, 0-1 5 min. 
Overstocked n&d, 15-30 min. 
Overstocked plantation, 15-30 min. 
Logging residues, 15-30 min. 
Longleafrestoration, 0-15 mia 
Overstocked natural, 30-45 min 
Overstocked plantation, 30-45 min 
Logging residues, 30-45 min 

Overstocked plantation, 45-60 min. 
Pulpwood, 0-15 min. 
Longleafrestoration, 15-30min 
Logging residues, 45-60 min. 
Overstocked natural, 60-75 min. 
Overstocked plantation, 60-75 min. 
Pulpwood, 15-30 min. 
Overstocked natural 75-90 min 
Overstocked plantation, 75-90 min. 
Logging residues, 60-75 min. 
Pulpwood, 30-45 min. 
Longleafrestoration, 30-45 min. 
Overstocked natural, 90-105 min. 
Overstocked plantation, 90-105 
min. 
Logging residues, 75-90 min. 
Pulpwood, 45-60 min 
Overstocked natural, 105-120 min. 
Overstocked plantation, 105-120 
min. 
Logging residues, 90-105 min. 
Longleafrestoration, 45-60 min. 
Pulpwood, 60-75 min. 
Logging residues, 105-120 min. 
Pulpwood, 75-90 min. 

Overstocked natural, 45-60 min. 

8,459 
10,046 
5,435 
5,329 
6,524 
8,280 
12,010 
2,408 
352 
0 

2,194 
6 

13,284 
1,950 
4,958 
3,388 
28,621 
6,006 
7,593 
12,006 
10,281 
45,242 
10,005 
10,018 
64,356 
10,355 
9,665 
70,465 
127,007 
23,409 
9,577 

19,803 
91,263 
183,562 
4,726 

24,424 
92,653 
34,917 
297,376 
83,753 
408,036 

1,068 
1,268 
686 
673 
824 

1,045 
1,516 
185 
27 
0 

166 
0 

1,019 
147 
374 
256 

2,195 
453 
573 
809 
776 

3,469 
755 
756 

4,337 
782 
729 

5,403 
8,558 
1,767 
723 

1,495 
6,998 
12,369 
357 

1,843 
7,105 
2,635 
20,039 
6,422 
27.496 

0.13 
0.15 
0.08 
0.08 
0.10 
0.12 
0.18 
0.04 
0.01 
0.00 
0.03 
0.00 
0.21 
0.03 
0.07 
0.05 
0.45 
0.09 
0.11 
0.19 
0.15 
0.70 
0.15 
0.15 
1.04 
0.16 
0.14 
1.10 
2.05 
0.35 
0.14 

0.30 
1.42 
2.97 
0.07 

0.37 
1.44 
0.52 
4.80 
1.30 
6.59 

0.15 
0.30 
0.38 
0.46 
0.56 
0.68 
0.86 
0.90 
0.91 
0.91 
0.94 
0.94 
1.15 
1.18 
1.25 
1.30 
1.75 
1.84 
1.95 
2.14 
2.30 
3.00 
3.15 
3.30 
4.34 
4.50 
4.64 
5.74 
7.79 
8.14 
8.29 

8.59 
10.01 
12.97 
13.04 

13.41 
14.85 
15.38 
20.18 
21.49 
28.08 

1.52 
1.76 
2.00 
2.24 
2.48 
2.72 
2.96 
3.32 
3.32 
3.32 
3.50 
3.50 
3.55 
3.62 
3.68 
3.68 
3.77 
3.86 
3.86 
3.92 
3.98 
4.00 
4.04 
4.04 
4.13 
4.22 
4.22 
4.22 
4.34 
4.34 
4.40 

4.40 
4.45 
4.54 
4.51 

4.57 
4.67 
4.69 
4.75 
4.89 
4.95 

Longleafrestoration, 60-75 min. 33,289 2;512 0.50 28.58 5.05 

65 



Dockt MO. 000451-EI 

Exhibit RMSd 
GRU Biomass Economic Analysis 

(Page 68 of 124) 

- CWnulatiVt? 
DN tons TBtdvear TEhJvenr Price 

~ . _. 

R e s ~ u r c e h u l  time catezorv rec&erable TrucMmds recoverable recovirable ($/h4b4Btu) 
Pulpwood, 90-105 min. 427,414 28,801 6.90 35.48 5.16 
Pulpwood, 105-120 min 378,360 25,496 6.11 41.59 s.37 
Longleafrestoration, 75-90 min. 27,918 2,107 0.42 42.01- * 5.41 

Longleafrestoration, 105-120 min. 29,934 2,259 0.45 42.86 6.12 
Longleaf restoration, 90-105 min. 26,814 2,028 0.40 42.41 5.77 
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Figure 17. Results of the six scenarios for the TAL Hopkins facility. 
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General results 

It is difficult to predict exactly what quantities of biomass resources will be available at what 

price for a specific location. However, the least-cost biomass resources needed to provide 10.65 

TBtu/year (enough to generate three 40 MW facilities) in scenarios #2 and #3 would be 

comprised of about 35% urban wood waste, 42% logging residues, and about 20% from 

thinniigs of natural stands and plantations. About 3% of this least-cost supply of 10.65 

TBtdyear would be met with nearby pulpwood (Figure 18). The quantities of resources 

included in these scenarios are about loo%, 28%, 27%, 25%, IS%, and 0.4% of annually 

available urban wood waste, logging resides, thinnings fiom longleaf pine restoration, thmings 

from overstocked plantations, thinniigs from overstocked natural stands, and pulpwood, 

respectively, withi the two-hour one-way woodsheds, excluding overlap of adjacent woodsheds 

(Figure 19). 

Figure 18. Total woody biomass resource composition to produce 10.65 TBtdyear for three 
(GRU, JEA, and TAL) 40 MW facilities under scenarios #2: “With competing demand” and #3: 
“With price competition”. Values shown are TEhdyear, followed by percent of the 10.65 
TBtu/year supply. 
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Figure 19. A comparison of A) least-cost resources used to provide 10.65 TBhdyear (e.g, three 
40 MW facilities) under scenarios #2: “With competing demand” and #3: “With price 
competition”, and B) total availability of these resources within the three two-how woodsheds, 
excluding overlap of adjacent woodsheds. 

Though the data used in this report were provided in tons per county, rather than acreages per 
county, estimates of yields and a range of possible acreages needed to provide the resources 

identified in Figure 18 are shown in Table 22. It is dificult to say how many acres are required 

to support a 20 or 40 MW plant, because most of the resources used, urban wood waste and 

logging residues, require no additional land for production. However, based on scenario #2, it is 

eaimated that about 155,000 to 310,000 acres of might be accessed for 1.45 TBtu/year of 

logging residues for a 40 MW plant, and 77,000 to 155,000 acres might be used to produce 0.72 

TBhdyear of logging residues for a 20 MW plant. An additional 13,000 to 26,000 acres could be 
used to produce 0.85 TBWyear from forest thinnings or pulpwood for a 40 MW plant, or 7,000 

to 13,000 acres could be used to produce 0.425 TBtdyear for a 20 MW plant. The remaining 

1.25 TBtu/year for a 40 MW plant, or 0.63 TBhdyear for a 20 MW plant, would likely be 

derived from urban wood waste, requiring no additional land. 
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Table 22. Yield, acreage required, available acreage, heat content, % water, and % ash for 
biomass resources. 

Acreage 

required Acreage 
available 40 MW 

Percent %ash(dry Heat 
content 

@wdry lb) 

Biomass Yieldper 
water weight basis) Resource Ye= 

plants 

0.122 

tondperson 
green NIA NIA 8,200 40% 5% Urban 

wood 

460,000- 
0.3-0‘6 dry 930,000 1 1,387,469b 8,200 residues tondacre 37% 5% 

Thiiings 39,000- 
and 2‘04*o dry 79,000 1 1,387,469b 8,200 47% 2% tondacre pulpwood acresc 

8Estimated acres required to produce 4.34 TBtu/year of logging residues identified in Figure 18. 
keported privately owned timberland in Florida, USDA FS Mapmaker, September 2007. 
‘Estimated acreage required to produce 2.55 TBWyear of thinning and pulpwood identified in 
Figure 18. 

2.5. Economic itupacts (by Drs. Alan Hodges and Mohammad Rahmani) 

Developing bioenergy facilities will impact local economies through the construction of 

facilities, purchasing locally available biomass, and operation and maintenance expenditures. 

The construction impacts of the project would be a one-time event that is assumed to occur 

withiin a year, while the impacts of plant operations continue each year. Fuel costs were 

calculated f b m  the supply analysis results for GRU, E A ,  and TAL, Erom scenario #2: “With 

competing demand”, and economic impacts were estimated using a s o h a r e  program called 
IMF’LAN together with regional databases for Alachua, Duval, and Leon Counties. Results 

include outpub (the total revenue generated by an industry, including sales, plus changes in 

business inventories),jobs generated by sector, and value-added impacts (total personal and 

business net income). Capital construction impacts for 20 MW and 40 MW facilities are shown 

in Table 23. Annual (first year) impacts for 20 MW and 40 MW facilities are show in Table 24. 

Capital construction output impacts by industry for 20 MW and 40 MW plants are shown in 
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Table 25 and Table 26, respectively. All of the impact analysi<results are for a single 20 or 40 
MW plant built in each county. Each project is considered independently, and it was assumed 

that there is no constraint on supply of construction labor or professional services to accomplish 

these projects, even if they were done simultaneously. 

Regarding the impacts of capital construction (Table 22), the impacts in Duval county are 

much larger than for Alachua and Leon Counties because the Jacksonville area has a 

significantly more well developed industrial infulstructure and manufacturing base that is 

capable of providing key equipment such as boilers and turbines. It was assumed that this 

equipment would be purchased locally if available. A few other counties in our analysis, such as 

Sank Rosa (Pensacola), also had similar magnitude of greater capital impacts for this reason. For 

Alachua and Leon counties, these items must be purchased h m  outside the counties, thus 

representing a leakage of money from the local economy. 

Table 23. Capital construction total impacts h m  20 MW and 40 MW facilities in Alachua, 
Duval, and Leon Counties, including output, employment, and value-added generation. 

ALACHUA DUVAL LEON 
COUNTY COUNTY COUNTY 

output, 20 Mw Plant ($) 7,827,716 51,802,373 7,442,908 
Employment, 20 MW Plant (Jobs) 76 321 66 
Value-added, 20 MW Plant ($) 4,030,846 23,101,574 3,896,926 
Output, 40 MW Plant ($) 10,427,833 89,886,686 10,154,594 
Employment, 40 MW Plant (Jobs) 98 545 87 
Value-added, 40 MW Plant ($) 5,048,256 39,442,061 5,047,405 

Table 24. Operating expenditure total impacts (first year) from 20 MW and 40 MW facilities in 
Alachua, Duval, and Leon Counties, including output, employment, and value-added generation. 

ALACHUA DWAL LEON 
COUNTY COUNTY COUNTY 

Output,20 Mw Plant ($) 13,336,340 13,143,123 13,067,940 
Employment, 20 MW Plant (Jobs) 156 150 139 
value-added, 20 M w  Plant ($) 7,741,232 7,547,302 7,398,046 
output, 40 MW Plant ($) 25,437,424 25,937,143 24,131,245 
Employment, 40 MW Plant (Jobs 300 311 257 
Value-added, 40 MW Plant ($) 14,653,770 14,668,627 13,554,570 
Fuel Costs, 20 MW Plant ($) 1,906,901 1,579,580 2,289,998 
Fuel Costs, 40 MW Plant ($) 4,192,177 3,896,102 4,691,268 
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, (Page 74 of 124) 
Table 25. Capital construction output impacts for 20 MW plants, by industry. 

COUNTY COUNTY COUNTY 
1 1  A 5  Forestry, Fish & Hunting 7,033 8.918 984 

Industry ALACHUA DWAL LEON 

- 
21 Mining 
22 Utilities 
23 Constnu% ‘on 

42 Wholesale Trade 
44-45 Retail trade 
48-49 Transportation & 
Warehousing 
51 Information 
52 Finance & insurance 
53 Real estate & rental 
54 Professional- scientific & 
technical services 
55 Management of companies 
56 Administrative & waste services 
61 Educational svcs 
62 Health & social services 
71 Arts- entertainment & recreation 
72 Accomodation & food services 
8 1 Other services 
92 Government & non NAICs 

31-33 Manufacturing 

3,430 
34,536 

1,124,835 
60,606 
137,526 
279,074 
390,709 

114,364 
1,924,597 
1,222,540 
817,494 

23,870 
150,774 
16,146 

292,957 
19,420 
142,404 
136,982 
928.421 

17,439 64 
245,150 6,240 

3,235,462 1,009,202 
24,930,690 27,347 
1,798,179 100,832 
1,453,730 237,174 
1,322,470 3882 13 

741,263 131,042 
4,034,789 2,156,702 
2,159,424 1,204,149 
2,631,828 845,889 

900,482 55,440 
830,444 125,4f5 
123,896 11,789 

1,523,683 224,323 
168,729 18,162 
792,819 121,726 
843,636 102,869 

4,039,345 675,295 ~. ~. 

Grand Total 7,827i7i6 51,802,373 7,442,908 
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