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Abstract

Smee 2007, NCSU Extension Forestry bas conducted ower 30 detaled biomass supply
assessments supporting prospective projects on behalf of ho-enerzy mmdustmes and econocmuc
developers. These analvses leverage data from mumercus sources and secales for gross woody
bromass, dram, and net woody biomass distnbuted spatially across tmberland. Descnbed here are
details of MCSU FiberAnalyhes processing techmiques for two levels of woody biomass supply
assessment offered to clients. The first level results m state-wnde, coarse-resolubon, gradient
maps of net supply based on chent feedstock preferences. These are denved from net supply-
distance curve coefficients generated through a senes of peighborhood funchons performed on
net supply maps. Web-hosting inferactive assessment enables potental mdustnes, pobiey
developers or others to explore scenanos across the state. The second level of supply assessment
15 performed for clients with idenfified site locations. For each 1denfified site, supply areas are
developed for specified haul distances using road networks. All forms of potential woody blomass
are apphed to tmberland distibuted (derrved from satelbife mmagery) thronghout sach supply area
15 summed and used to develop supply corves. Estiimated demand from facility-specific demand
regions for existing and potential compettors are subfracted vielding accourately portrayed net
supply based on distance and feedstock type.

Eeywoods: Womass supply analysis, AreGIS, USFS FI4, USFS TPO, USDA NASS, spatial supply
modeling,

Introduction

Worth Carolina State University Extension Forestry has been a major plaver in woody biomass
promotion and policy mm NC. We provide oufreach and education to potental new biomiass
mdusines and economic developers across the state. Part of our efforts led to the development of
2 service center, FiberAnalvhics, which provides analviic support and resources for new blomass
mdusines scoping NC. Cur analyviic support 1= focused around biomass supply medels for both
woody and other biomass that uhbze our knowledge of the most accurate and cwrent iInformation
on bromass supply and demand (drzin}. This paper briefly outlines the data used, a course-level
state-wide model and our detailed model for site specific analysis. This may be useful for other
groups wishing to provide sinmlar services across the states.

Data

Diata sources used are bnefly desenbed below. All county-level tabular data are acqured for HNC,
VA, TH, GA, and 5C a= our analysis often crosses state hnes. Data not provided in green tons 1s
converted to keep the umits the same 1 owr analy=1s. Summary descniphons are of tabular publc
data sowrces and our derved usage are provided 1n Table 1.

| Extension Forestry, North Caroling State University, NC

* Comesponding author

241



Table 1. Sources of conmty-level data msed by NC5U Fiber Analytics for statewide and
site specific biomass analysis.

Source: USFS Forest Inventory and Analysis [FIA)
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USFS Forest Inventory and Analysis (FIA)? 1s a national program where each state conducts
anmual plot-level inventories of forest resources. We use their data summarized to the county
level. This nich dataset is used to estimate net? current inventory of hardwood and softwood
sawhmber, pulpwood, woody biomass from tops and non-merchantable stems, anmual zrowth

and removals by supply area’.

1 FIA inventories annually sample eoly a porden of a s@ie's plets. Complete inventory cycles span acmss different
years according to each state's inventory program. Cument MiC data spans from 20403-2011.

A et growth and net vobmmes estimates do oot nchade nahuoral moraling.
*We caution our clients on FIA imventory data having high variability (some over 30%:) at the county level making it

lzss reliable in smaller supply aeas.
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USFS Timber Products Output (TPO) provides summaries of bienmal surveys to forest industry
to estmate county-level timber removals by product class, logzmmg residues’, and “other
removals™. We use a nmning average of (cwrentlyl995-2009% TPO data to smooth market
fluctuations.

Countv-level potential for agnicultural residues {(1e., com stover) or hay produchon comes from
the Mational Apncultural Statistic Service (NASS)Y. Cumrently, com 1z the only NC crop with
residues large enough to be utilized Hay is used as a sumrogate for enerzy crops!! production
associated with margmal lands, reabhzing that epergy crops would have 2 to 3 fimes the yield.

Lzand cover comes from the 2006 Nahonzal Land Cover Databasze (MLCD) provided by the Mula-
Fesolution Land Class Consortinm!?. This is national 30m X 30m (223 acre) resolution raster
grid datzset clas=sified to 16-land uses. Preserved forest lands are removed from this dataset using
the Protected Area Database US 1.11 of private and public protected areas. Public forested lands
are not removed reahring harvest levels mav be lower than on prvate lands. This used to
determine spatial distribution and acreages of hardwood™®, softwoods!, crop land, and pasture/
hav land County acreage estimates for these four land cover grids are denved by assignment of
Federal Information Processing Standard (FIPS) county codes to each respective land cover!d

The Emvironmental System Resource Institute (ESRI) StreetMap Road Network!” data set
provides road networks used to buld supply areas nsimz ESEI Network Analv=t.

& . ol - o] T

YW currently suggest using a 65% recovery rate logging residuss and other removals im Morth Carolina.

8 The growing-stock wolume of trees removed from the inventory by cultural operations such as

tmber stand improvement, land clearing, and other changes in land use, resulting in the removal of the frees
from

tmbedand” (Cooper et al. 2002).

¥ 2003 is the most recent TPO data as of the date of this paper

0 hitp: v nass. usda goy!
1t Currently there are is very little land in North Caroling growing energy crops.

12 hitp:wvew mirc. gowl
13 hitp-/idatabasin_org/protected-centerfeatures/PAD-LIS-CEI

¥ Hardwoods combines the NLCD classes "deciduous forest" and "woody wetlands®

B softwoods combines the NLCD classes "conifer forest™ and "mixed forast®

1 parformed using a zonal statistics tool in ArcGIS 1001




Onur FiberAnalytics drain database'® tracks cument and potential demand of five major feedstock
tvpes!® 1n NC and the four sumrounding states. These include pulpmills, pellet plants. chip malls
and chip export compames, 058 and fiberboard plants. power companies, combined heat and
power, and other process steam facibties. This dataset 15 updated regularly making it the most
reliable and complete data source for drain mn our region.

Oiher spatial datz used as requested by chents melude poultry and swine farms by size, parcels,
major powerlines, raill svstems and canals, cerbfied forestlands, deferred tax parcels, and
corporate lands (TIMOs and EEITs).

Statewide, Coarse Resolution Assessment

Clients have requested a statewnde view of potentzl biomass commodifies fo quekly ascertzin
potential "hot-spot=" m the state based on feedstock mux and travel cost critena. We provide thas
analy=1s through a spatial supply-distance model for each biomass resource fype outhned here.
The gross supply, dramm, and met supply models used for statewide analysis are provided for mm
Figure 1, using hardwood logzing residues and hardweood whole-tree chips as an example.
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Figure 1. Flow chart for statewide biomass analysis models wsed by NCSU FiberAnabytics. This flow chart
example shows the steps for the gros: hardwood koezing residoes supply, drain for whole-tree chips (from
logzing residues), and the net hardweed logzing residue gradient map produced. The net supply model
assumes the client wants to kmow the amount of bardwood leezing residoes at a Tl-mile radios search

These models are corrently developed for logging residuoe:, other removals, and pulpwood for hardwoeds
and softwoeds, and for corn stover and hay, but can be modified for mamy mses.

The NLCD grnid 15 resampled to 1-mi? resolution and reclassified into four bmary land cover grids
(hardwoods, softecods, crops, and bayv/pasture) where "1" 1= assigned to cells 1n that land nse and

1 we assume a conservative annual throughput of 90% of the boiler plate specifications, which may tend
to overastimate drain for a plant, but we would rather stay on the conservative side of our net supply
estimates

¥ These are hardwood pul pwood, softwood pulpwood, hardwood whole-tree chips, softwood whole-tree
chips, and fuel or “dirty™ chips
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"0” to all other cells. County biomass estimates (m gT/'om?)}*® are assigned to every "1” cell in the
assoclated land cover gnds. This equally disinbutes county-level zreen ton estmates fo every cell
in that land cover class and results in eight™ "biomass supply” lavers. Next, to each biomass
supply laver, we apply a senes of neighborhood funchons®Z, each desigmed to sum green ton
estimates at 10-mile to 70-mule radii circles around each cell in the layer. Combined®®, these green

ton values are used to develop supply curve coefficients for every cell in 2 given iomass supply
laver. The resulting supply curve data are fitted i Excel to the exponential model:

g = wd” [1]

where, T = the annual gT potential for each cell its own d-radius supply area

< = maximum travel distance around each cell
and a.b = fitted coefficients apply to each cell

This vields two raster grids (fom a and b, Eqn. 1) for each iomass resource that are the basis of
the spatizl model.

The demand gnd 15 developed by: 1) creating dram pely gons-' around each facility location: 2)
converting drain polygons to separate 1-mi® raster gnids, 3) assigning each cell in the grid™ that
facabity's feedstock fype and anomal throughput; and 4) addmg up all simular feedstock
requrement grids layers. This results in a statewide dram gnid®™® for each of the four major
feedstock types. acoummulating where drain areas overlap.

Given a "prescmphion” by a clhient for anmual biomass feedstock requirements and a2 preferred
distance, we can apply the model using map algebra. An example may be a pellet mill requirnng
800,000 =T anoually of hardwrood pulpwood. They prefer to purchasze within 30-miles of their site
and want to account for cwrrent demand. The spatal supply model simply becomes:

el ,:_rT:,-ﬂ,,.mm] = [l:[ e zraz] = G0 mput }— :h'ur'_r!I_.,._.,. st [21

Where, gl pulp] = resulting hardwood pulpwood supply gradient znd
& e gt & [ putp] = =model coefficient grids for hardwood pulpwood

driiine suin] = = drain gnd for hardwoed pulpwood

I Bazad on the county acreage estimates for the four land cover types described sarlier

*! These are 1) hw logging residues, 2) hw other removals, 3) hw pulpwood, 4) sw logging residues, 5) sw
other remowals, §) sw palpwood, 7) com stover, and 8) hay

I performed using the Focal Statistics tool in ArcGIS 10.1
¥ Performed nsing the Multi-Value Point™ tool in ArcGIS 10.1

** Drescribed in the mext section of this document. Thess varving in sized based on the facility feedstock
thronghput from 30-mile to 100-mile wavel distances

& Performed nsing the "Polygon to Raster” tool in ArcGIS 1001

¥ Performed through Python script that performs adding multiple raster files (~85) for each feedstock
demand type
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The result 15 a gradient of net supply potential surounding every cell in the gnd that 1= modified by the
drain for that cell. The gross volume map generated m the parentheses of Eqn. 2 15 seen in Figure 3(3).
the drain map 15 seen m Figure 3(b). and resulting net volume map =15 seen in Figure 3(c).
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Figure 3. NC statewide biomass estimates for logging residues and other removals (whole-tree chips)
in gross supply (a), drain (b), and net supply (c) for a 50-mile reach around every 1-mi’ raster cell in
NC. This provides an overview across the state where the best locations for net HW whole-tree supply
exists.

This flexible procedure allows for numerous modifications. For one project we znalyzed supply
for 70-miles around rail hines to determine the locations of fiber sourcing along the lines (Fizure
4). Chients pught require a vanety of feedstock "recipes” (1.e. 50% com stover, 50% hardwood
logzmg residues) which can be accommodated by the model.

246



< | . ’ _ 'F,: :
*y b T, r A :
i ; - o i

: — - L

i, - = . e — ¥ ~ s

MNet HW whole-tree chip supply at 50-mile reach from railine (1,000 gT) - ke

[ .--\.'I ."l:-.'|"r ¥

B o-so0 : e
| R w L

. - o ke

\ 1 D001 500 = o T

- . | Sy —— W

Figure 4. A modification of the statewide analysis shows net whole-tree chip supply for a 50-mile
reach around selected NC rail lines, depicted inl-mi® raster cells. This shows poor supply near the
coast as a result of redoced bardood logringin that region.

Detailed, Site Specific Analysis

The majonty our analysis coocurs on remions swroundng predetermined sites. In the past 5 years,
we have performed roughly 30 site analv=es for chents. We have the ability to tailor any analysis
as per a client's needs and contmue to mmprove our methods and services; however, all projects
melude detalled resouwrce supplyv-draim analysiz descnbed below. The gross supply and draim
models for site specific analysis are depicted 1n Fizure 2, using hardwood land cover
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Figure I Flow chart for site specific biomass analysis wsed by NC5U FiberAnalytics. This flow chart
example shows the steps for how the analysis for gross hardweod biomass and drain wounld be for a
location provided by a client. Net hardwood biomass calcnlations are completed in the master
spreadsheet. Once the acreage data is imput inte the spreadsheet all data listed in Table 1 are
computed and summary reports and graphs are generated.
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Gross supply 15 developed m the following steps. In a master spreadshest for each chent, FIA,
TP, and MASS data are orgamized by 1n a counfy uwsing the umque FIPS mumber serving as the
lookup key. Chents provide us location(s) they are investigatmg which are loaded info Arcims
10.1 and have distance-based supply polvzons constructed around them wsmg road networks
which provide a more acowrate estmate of supply area based o road system response to
topography?’ (Figure 5). These are built according to chent specifications but we suggest a range
betwreen 20-mule to B0-mile ranges mn 10-mile imcrements, that provides enough data points to
build supply-distance curves. These supply polygons are used m extracting the four land cover
tvpes info each service area. If fouwr service areas area required (rangmg 20 to 50 mules), then
sixteen land cover supply grids are produced™® FEach resulting grid cell has its county FIPS
associated to 1t.® producing tables that summarizing acres of land cover the service area has in

gach county. C-EII.I:I'.'I.T'-" FIPS and associated land cover acres are copied to a lookup table 1 master
spreadsheet. For each land cover type pr-:rpnrnum are caleulated for supply area acres in the
county to total county acres. This proportion 15 used to adjust the county-level biomass estimates
for all FIA, TPO, and NASS data for each county 1 all supply areas whach 15 then summanzed

for each supply area.
G-mile buffer
3.7 MhA hardwood forests

. | G0-mile travel distance supply area |
— —— 2.0 MMA hardwocd forests

.ED mile buffar I
2,28 MMA hardedod rﬂrFﬂtl

Eﬂ-mllc travel l:llstanr:l: supply arga
1.6 MM& hardwood forest
{72%)

Figure 5. This illnstrates the importance of generating hardwood acreage estimates wsing road
nefworks compared to buffer. Hardwood forests inside §0-mile buffers are in white and hardwood
forests imside 60-mile travel distances are in black. Travel distance, and thus supply area varies
according to topography, thus the mountain 60-mile sopply areas have only 55% of the hardwood
forest land as the 60-buffer does. Piedmont road networks are better distribuoted, buot 6l the §0-mile
travel distance based supply area only has T2%0 of the hardwood forests as the 60-mile buffer.

The spatal drain model 15 developed from our list of pulpwood and whele-tree chaps users. Drain
areas are developed using road nmetworks, the travel distance renging from 30-males to 100-mile

' parformed using the "Mew Service Area” tool in ArcG15 10.1. This gives a more realistic supply area than
using the Focal statistics, which only using circles, as in the statewide, coarse resolution analysis.

8 HW20, HW40, HW60, HWE0, SW20,._, SWE0, CROP20,.. .CROPED, PAST20,._PASTE0

' performed using the "Zonal Statistics as Table"™ using a county layer's FIPS code as the summarization
atiribute
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depending of the facility throughput® Al drain polyzons are then intersected?! wath the supply
area polvzons and the porfion of each facihity's dram area lving mside a service area 15
proporiioned to the facility's total dramm area. This proportion 15 used to estimate the amount of
drain each facility contnbutes to each supply area. These are summed o the spreadsheet for total
drain by supply area. MNet supply {(gross supply mmus drain) 15 thus estimated at the supply area
level. Figure 6{c) tllustrates supply curves generated from the supply region landeover in Figure &
() uzed with FIA and TPO data and FiberAnalvties drain model (Figure 6{c)). This 15 one of
many outputs provided by this service.
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Figmre §_ Site specific analysis for chents wishing for complete analysis of biomass resources for a
point (center dot). Map (a) shows the spatial distribution of hardwood (black) and softweod (white)
forests inside 20-mile to #0-mile travel distance supply areas. This is nsed in conconjoction with FIA

and TPO to determine analyze a wide variety of data on whole-free chip and pulpwood chip
potential Aap {b) is a representation of the Fiber Analyiic’s drain model after intersection with the

supply areas. This is used to derive the amonnt of drian within each supply region. Graph () iz a
representation of one form of supply curve generated from the analysis showing the gross volome of

logging residues and other removals (all species), drain for whole-free chips, and the pet volume

after drain. If a client is looking S00,000 £T/y1 feedstock, this anlaysis indicates the net volume
{dotted line) mests the plant needs at ronghly 35 miles.

¥ Performed nsing the "Mew Service Area” tool in ArcGIS 10,1
3 Performed nsing the "Intersaction” tool in AncGIS 10.1
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In effort to conbmue assisting our stakeholders, contmuously provide mprovements fo our
sarvices. For example, we are currently developing an miteractive online version of this analysis
tool that should be of great value to potentizl chents 1in and around NC. Another improvement 1s
the adjustment of forestland volumes found in streamside manazement zones across the state.

Successful Results

MNCSU Extension Forestry FiberAnalvhes has leveraged this use of woody bromass analysis m a
number of successful projects. We provided data necessary for the development of the southeast's
first EPS (Senate Bill 3 2007). One of our clients has two pellet plants in the final planming
stazes. Analvsis pronnded for regional economic developers resulted in one operating pellet plant
and one under construchion.

Analysis for another regional econcmuc developer has a major pellet plant and at least ome
biomass power plant under consideration. A wnrversity CHP facility now planming conversion
from coal to wood Two mubitary installatons now considenng a 25 MW hiomass power plant
from owr work and an energy company has developed several CHP projects and 15 planmng
others. These all lead to a stronz gZreen economy, job zrowth, and better manapemsent
opportumties for landowners across NC.
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