Modeling economic, social, and environmental issues
surrounding woody biomass

Biomass Site Assessment Tool

Timothy M. Young, PhD James H. Perdue

Xia Huang
University of Tennessee

Center for Renewable Carbon

U.S. Forest Service

Southern Research Station




Foote, C.L. and J.S. Little. 2011. Oil and the Macroeconomy in a Changing World:
A Conference Summary. Federal Reserve Bank.

B @9




Develop a web-based, economic decision tool with
periodic data updates to assist business planners
in the development of facilities that require
cellulosic feedstocks, e.g., biorefineries, biopower,
traditional biomass, etc.




Phase I: woody residues, agricultural residues, and

roundwood with geo-referenced aggregate supply
curves; also develop web-site - www.BioSAT.net

Phase Il: stochastic-based site selection, constraint
criteria's (e.g., competition, elasticity's, state
policies, some sustainability criteria)

Phase lll: integration with larger KDF



http://www.biosat.net/

1. Develop SQL database of resource datav’

»  Forest (roundwood) — USFS FIA
»  Mill Residues — USFS FIA

» Logging Residues — SRTS

»  Ag Residues - NASS

2. Develop wood resource costs v’

»  Timber Mart South/Timber Mart North
» Northern State Price Reporting Services

Develop truck transportation model v/

4. Develop harvesting cost models v/

»  FRCS for logging residues (Dennis Dykstra)
»  AHA for roundwood (Bob Rummer/Dale Greene)

w
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5. Develop web-based system in the public domain
www. BioSAT.net v’

6. Develop a web-based system with periodic update
capabilities, e.g., v
»  Diesel prices (US DOE EIA)
»  Resource costs (TMS, State Reports)
»  Road network (MapPoint 2009)
»  Resource data (USFS FIA, USDA NASS, SRTS)

Scope: 33 Eastern United States
Resolution: 25,044 Zip Code Tabulation Areas (ZCTA)
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Use Land Cover Data to Proportionally Allocate the biomass by ZCTA



Woody Residues &

Merchantable Wood Ag Residues
Logging Residues = Barley Straw
o Softwood/Hardwood = Corn Stover

o At the landing/In the woods " Oat Straw

= Sorghum Straw

Mill Residues = Wheat Straw (Winter)
o Softwood/Hardwood = Wheat Straw (All)

o Clean/Unclean

Roundwood “Pulpwood”

o Softwood/Hardwood

Roundwood “Sawtimber”

o Softwood/Hardwood



Low cost “biobasins” in southeast



Marginal Cost ($/dry ton)
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Marginal Cost ($/ dry ton)
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Annual Capacity £ 1.5 M Dry Tons/Year

/ T2. 38879 (Lee Co.)

> T2. 38864 (Pontotoc Co.)

> T2. 39094 (Leake Co.)

> 5. 39476 (Perry Co.)
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Marginal Cost ($idry tan)
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Annual Capacity < 1.5 M Dry Tons/Year

/ T2. 38879 (Lee Co.)

> T2. 38864 (Pontotoc Co.)

1. 38916 (Calhoun Co.)

= T2. 39094 (Leake Co.)

> 5. 39476 (Perry Co.)
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Marginal Cost Curve Development
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Marginal Cost Curve Development
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Marginal Cost Curve Development
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Marginal Cost Curve Development
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Marginal Cost ($/dry ton)

Competition (User Must Estimate Elasticity)
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Marginal Cost ($/dry ton)

Competition (User Must Estimate Elasticity)
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Marginal Cost ($/dry ton)

Competition (Phase | — User Must Estimate Elasticity)
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Marginal Cost ($/dry ton)
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Marginal Cost ($/dry ton)

Competition (User Must Estimate Elasticity)
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Low cost logging residues for “chipping at landing or hog fuel”

Annual
Quantity Average
Available Total Cost | Median MC
Rank | ZCTA County State City (dry tons) | Total Cost | ($/dry ton) | ($/dry ton)
1 27412 | Guilford NC | Gtreensboro 502,198 | $13,599,152 $26.93 $27.99
2 38501 Putnam TN Cookeville 511,366 | $13,719,978 $26.94 $27.21
3 27403 Guilford NC | Greensboro 502,663 | $13,656,959 $26.99 $28.02
4 30604 Clarke GA Athens 501,664 | $13,734,656 $27.27 $28.33
5 30602 Clatke GA Athens 501,809 [ $13,780,111 $27.34 $28.92
0 27498 Guilford NC | Greensboro 500,446 | $13,716,390 $27.41 $27.66
7 27419 Guilford NC | Greensboro 500,535 | $13,755,368 $27.45 $27.95
8 30606 Clarke GA Athens 500,382 | $13,782,215 $27.52 $28.41
New
9 37134 | Humphreys | TN [ Johnsonville 500,003 | $13,774,854 |  $27.54 $29.18
10 | 29471 | Dotchester | SC Reevesville 507,943 | $13,800,431 $27.59 $28.65




Low cost logging residues for “in-woods small tree harvesting & and logging residue collection”

Annual
Quantity Average

Available Total Cost | Median MC

Rank | ZCTA County State City (dry tons) | Total Cost | ($/dry ton) | ($/dry ton)
1 31636 Lowndes GA Lake Park 1,508,464 | $257,769,437 | $169.47 $168.27
2 31648 Echols GA Statenville 1,503,001 | $256,495,423 $170.22 $170.97
3 31525 Glynn GA Brunswick | 1,511,098 | $260,849,639 $173.35 $169.54
4 31631 Echols GA Fargo 1,543,578 | $262,612,006 | $174.22 $168.89
5 31778 Thomas GA Pavo 1,504,400 | $263,082,933 | $174.96 $170.26
6 31568 Camden GA | White Oak | 1,540,318 | $270,216,219 | $175.02 $170.29
7 31331 Mclntosh GA Townsend 1,519,054 | $264,079,498 | $176.04 $175.27
8 31305 | Mclntosh GA Darien 1,540,998 | $267,272,628 | $177.74 $171.77
9 31537 Chatlton GA Folkston 1,572,056 | $268,987,024 | $179.31 $169.36
10 | 31404 Chatham GA Savannah 1,527,829 | $270,658,985 | $179.79 $183.39




Key Assumptions:
* 60% Recovery
* Yield/County = Tons Harvested/Acreage
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Exclusion Factors

Factor 1: Federal Land
Factor 2: Population Density
Factor 3: Slope

Factor 4: Ecoregions

Total 5-digit ZCTAs
excluded: 13,051
(13,051/25,307=51.6%)



Not Suitable
(6,295 ZCTAS)
(19,346/25,307=76.5%)

Factor 1: Income
Factor 2: G/R Ratio + Forest Area Land Ratio
Factor 3_: Ecoregions

Foctor 4: Road Density






Parameter Estimation Validation Data Set (y = Prediction Value | Actual Value

Method y=0]0 y=1]0 y=0|1 y=1|1 Specificity  Sensitivity

Maximum Likelihood 0 0
Estimation (MILE) 117 29 4 17 80.14% 80.95%

Uniform 117 29 2 19 80.14%  90.48%
Inference Gaussian 117 29 4 17 80.14% 90.48%













Marginal Cost Analysis for one Zip Code Tabulation Area (ZCTA)
Merchantable Trees

[ Biozhed Map ] [ Marginal Co=st E‘.ur'.fe]

{ |1 of4 bkl Select a format W Exp =
Demand Quantity is not met Showing Infeasible Quantty Table.
*'Digance’ belowshovweRound Trip Digdance.
CTA | Quantity |Distance | Rescurce Cost | Trudking Cost | Harvesting Cost Total Cost Curmulative Oty | Marginal Cost
[Ory Tons) | {Miles) [S/dry ton) (S/dry ton) (S/dry ton) (3 {Dry Tons) [S/dry ton)
30711 8918.6| 191.680 17.18 12.51 25.56 S0826.14 918.6 35.33
30755 1684.5| 224780 17.16 14.04 25.65 9353.47 1083.0 56.66
30705 4580.8 | 224.880 17.18 14.38 25.65 25153014 2663.6 2718
0739 2728 231.780 17.16 14.59 25.56 1566719 3936.7 3741
30707 18583.2| 241.580 17.18 15.31 25.65 110051.72 78299 38.13
3072 2111.4| 245.500 17.16 15.36 25.56 122841.25 §941.3 3018
30740 659.0 243.680 17.18 15.39 25.65 40883.79 106402 58.21
30720 855.0 | 253.080 17.18 15.69 25.66 S30025.05 114852 38.51
30728 2580.8| 251.780 17.18 15.79 2566 15126069 14075.0 55.61
30738 9450.3 | 250.080 17.18 16.14 25.66 35777928 23536.2 58.96
30734 G57.7 | 233,380 17.16 16.16 25.66 3579115 24193.% 0.93
30745 S0.5| 258.420 17.18 16.62 2566 3007 .65 24244 % 55.44







Microsoft Virtual Earth






"  BioSAT model provides decision tool for siting
woody and ag-residue biomass using facilities

=  Completed Peer Review (always on-going)

" www.BioSAT.net version 1.0 available

" www.BioSAT.net version 2.0 in development



http://www.biosat.net/
http://www.biosat.net/

= Competition Indicesv’
= “Opportunity Zones”v’

" Bayesian Logistic Regression Models for
Probabilistic-based Site Selectionv’

= Dedicated Energy Crops - SRWC Siting




= USDA Forest Service Southern Research Station and SRS FIA

= USDA Forest Service
®  Andy Hartsell, Dr. Dennis Dykstra, Dr. Bob Rummer, Bill Burkman

= US DOT Southeastern Sun Grant Center

= Genera Energy, LLC & UT-FWF
®  Dr. Sam Jackson & Dr. Don Hodges

= University of Tennessee - Center for Renewable Carbon
=  Dr. Nicolas Andre, Research Scientist
®  Bob Longmire, Graphic Design
®  Ms. Sachiko Hurst, former Programmer
"  Ms. Kerri Norris, Research Associate
®  Ms. Xia Huang, Research Associate
®  Dr. Zhimei Guo, Post-Doctoral Research Associate

= University of Tennessee College of Business (Dr. Frank Guess)
= North Carolina State University (Dr. Bob Abt)
= University of Georgia (Dr. Dale Greene and Shawn Baker)
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“All Models are Wrong, Some are Useful”

George Box (U of Wisconsin)

“I think you should be more explicit here in
step two.”
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