
SmP1NG COAL TO MVlb CASndE: ARE SNC PQPULkTS P PanONS A VII$Bm 

FIBER PRODULTON OmON FOR CEh1RAL H A m W W D S  EGION? 

Absmet: h&ucdorm costs for short mka~on, htensive cultwe (SRIC) PopteHw biomass were 
&velcsp& from c o m m e r c i a l - s  plmapions mdes investiga~on ~ o u g h o u e  the eastern U.S. 
Popeslm hybrid planted on g d  rguditgr 8 @ c d t ~ d  sites at a density of 850 cuhngsiame was 
prsjwted to yield an average of 7 o v e n e  (OD) torasbalyea. Discotiaxat& cash-blow 
analysis of multiple ro~doats show& pa-harasest pduction costs of $15/ton (OD). 
HarvesPing and transpostaaioaa expnses woiald inmeas the delivered cost to $'SaSIton (10). 
Although this total cost corrapwd favombly with the sgional mwket price for aspen (PophkZm 
bremtrloides), future invesments in $%PIC system will rqpake the &velopmnt of makets 
specific to this biomass output. 

Foreign msprictions of oil impofis to the U.S. d ~ n g  the 1970s result& in a mview of energy- 
use policies a d  an allied search for alternate energy sources. The pxeived energy crisis 
trro~lght about an accelerated expIora~on for Cpomesfic sources of fossil fuels and m 
investigation into the use of ssdw energy and dli& foms of remewable e n e r e  (OTA 1980). 

W d y  biomass was evarliuatd as a supplemntas. fuel sowce, bath in terns of exprendd 
supplies from domestic foxsts and from short m a ~ o n ,  inaensive cdane (SmC) energ" 
plmmtions. During the 1970s wood pmviderf a smdl p d o n  of U.S. enagy supplies, 
moundrag to 2% of annual energy needs (OTA 1980). Most of &is biomass was used far 
residenaial hearing. In terns sf the futm, m expiandd use of forest growth, mostality, md 
urban w d  waste, &ove c m n t  forest indusw usage, couM p v i &  about 8% of U.S. 
energy n d s  (Peterson 1983). An aat ional  66% of ow e n e r a  a d s  could be dweloped by 
comvedng one-tenth of the nation's pxivtate forest, rmge, md p a s m  lmds to SRIC 
plarmations (OTA 1980). However, one of the umesolvd quesaions is wheher w d y  
biomass could compete, cos t -~se ,  with other fuel sources. 

NBsst of the early proposals z g a r h g  the expanded use of w d  enera  were Pie$ to the 
a combustion of bicnass for electsic generation (Skeltara d d. 1982). H m v e r ,  uraa9er 
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systems cannot cowete  wiafi luge scale, coal- and oil-fimd systems (Smuss et ak 2988). 
W d y  biomass would have a ht ter  option as a fwdstwk fm eet;mmol P ~ U C ~ ~ Q Q .  Liquid 
fuels me in strafegic short supply withh the u.%., m&ng &is counw vulnemble to supply 
mdor  price disn~ptions (W~ght  1988)- The gMuction of e&moX fmm woody biomass has 
been pmpsed under severat praesss ,  with the find p r d w t  consider4 to be Gost 
compefitive under open- e situadons wpight md d9A&ncowrt 1984, Bergeron et d. 
1988). Biomass from SWC P o p u 6 ~  glmta~otss would be pdcu lmly  well suited to these 
conversion processes on the basis of makrid chaaac&siistics and supp]ly capabilitfes (Ranney 
et al. 1987, Snauss et d. 1988). 

SRIC prduction is design& ts promote high biomss yields at a yomg stmd age. The most 
cost-effective cultural appmaches have inclukd the use sf improved clonal materid, intensive 
site preparation and weed control, ptr~ndng densities of 680 to 9600 trtees/acre, fertigza~on, 
coppice regeneration, and two to three hamest cycles of five to eight years each (Rmney et 
d. 1987). In order to facilitate these cultural designs md secure a mwimrrm output, most of 
the S N C  plantations have been placed on good agricultaurd lands. Hmdwocbdls have been 
preferred due to their rapid early growth, gocxl s@ess tolerance, and s m n g  coppicing ability. 
Major attention has been directed to the poplars (Popaltrs spp. and hybfi&), eucdypts 
(Egealyptus spp.), silver maple (Acer sacchrinm), swwtgum (fiqazidcr!mbars styraciflw), 
sycamore (Platancrs oecidentalis) and black locust (Robinia psedacacia) .  W2fows (Sala 
spp.) have been investigated in Canada md n o d e m  U.S., involving " w d  p s s "  strategies 
with over 10,000 stemsfacre and mlcra-shoa rotations of one to three years (Wright et al. 
1988). 

Resemh on SRIC technology in the U.S. was inifiated in the d- 1960s. with major 
improvements secured h u g h  numerous expemenaajl trials. Much haf this work was funded 
or 60-funded by the U.S. Department of Energy and cmdmaeiedl through its Short Rotafion 
Woody Crops Program (SRWCP) (Wright et al. 1989)- 

Ira order to encourage the commexidimbion of SlRIC programs, the w o n o ~ c s  of plantation 
systems are being evaluated under two general stages d research. These kclude feasibsity 
studies of proposed comercid-sized. systems (Perlack et al. 1986, Soauss ea al. 1988) and, 
more recently, the scale-up analysis of actual comehcid plarata~ofiis W~gBat, in press). This 
latter effort includes economic md viability trials of SO-acre or laager monmuHwe plantations 
established by several research institutions and private eompmies t b u g h  cost-shSKing 
programs, Much of the work in both stages was completd in the mrthcentrd and 
northeastern regions of the U.S. and has focused on various %"opulm h y b ~ d s  WHigHat, in 
press). 

This paper develops a genera8 p r d u c ~ o n  model from these 6;ombished =search effons; 
foeusing on the establishment ien%d maintenance of c o m e r c i d - s i z  Popuiw ~ B m ~ ; f ~ ~ n s .  
Unit costs for biomass are developed and c o m p d  to the cumnt market price of similar 
w d  supplies from domes~e f ~ e s t s .  



Research sponsored by SRWCP over the past decade provided a na~on-wide appraj,sal of 
vhoras silviculturd designs for SRIC biomass plmaarions. In arn effort to summ&ze the 
central findings of these hvesa-;gationas, a w d y  biomass production model was devdopd 
md evaluated under a diisccauntd cash-flow design. 

Plmatisn Design and @erations 

The design for the SNC system uses PopuIus hybrid plmted on good a@eulmd sites at a 
density of 850 @ees/acre. Rotaeon lien* was expect& to fall in the range of five to eight 
years, with two to three rotations anticipated fFB-om the initial planting. Selection of the 
optimum-lengrh rotation was dependent on a &scolan&d cash-flow malysis of pduct ion 
costs. 

The establishment of SRfC plantations is similar to the prwedms used for agricutmdl row 
mops, involving a fall preparation of the site and spring planting of the poplar cutxings 
(Perlack et al. 1986, Grads et aX. 1988). During the fall period, tihe site receives a totd- kill 
herbicide and mowing opemtiora to remove old field vegeta~on, followed by offset &slking to 
prepare the soil for planting. Lime may be added at this time, depen&ng on soil acidity. Im 
the spring, the soil is disk harrowed, with a pre-emergent herbicide applied to counter residud 
w e d  sources. In order to insure an adequate nutrient base for tree growth, a conrplete 
nitrogen-phosphorus-potassium fertilizer presertiption is applied prior to planting, with 
adlditional nitrogen supplemented h u g h o u b  the rotation (Table 1). Machine plmtiwg was 
assum& within the cost structure of the model, with 1Re poplar cuttings p r d u d  at a self- 
o w e d  nursery (Grado et d. 2988). 

Ad&tiond herbicide applications were scheQuleAt at the k&ning d the first and second 
summer periods to limit weed growth. Wrotection Esom insect and canker attack was provided 
through a biennial insecticide/fungicide spray grogrm. This rep~sented an inswmce cost in 
reducing the susceptibiliQ of monocultu~l= systems to infesb~ons, such as co~onw& leaf 
k t l e  (Chrysomela scripfa) and Septoria canker (Osay et ale 1988). 

Annual charges were also assessed for land .rent, p taxes, and the aaamage~d 
supervision of the entire prduction effort. In this rnmner% land and management were 
identified as specific inputs to the pduct ion system. 



Table 1.--Establishment and m~ntenmce costs for SMC plarsQ~oans, 1987-88, 

*rations Cost Components $ / a m  

PALL ESTARl,lSHlVIEN1': 
Total kill herhicik machine and labor 

materids (11.3 Eb/a)* 
Mowinamshing machine and B a k  
Plowing machine and labor 
Liming machbe alad labor 

m a t e ~ d s  (1 tinla) 
Total 

SlPalMG ESTABLISHMWT: 
Disking machine and labor 5. 
Pre-emerg. herbicide machine and ldbor 2. 

materials (1.6 lb/a)* 36. 
Fertilization machine and labor: 6. 

materials (50 &/a each NP,K) 18. 
Planting planter and labor 9. 

mateRids (858 cuttingsfa) - 42. 
Total 118. 

S U M W R  ESTABLISHMENT: 
Herbicide- year 1 machine and labor 2. 

matenids (1.0 Ib/a)* 22. 
Herbicide-yew 2 machine: and labor 2. 

materids (1.0 1b/a)* - 22. 
Total 48. 

MAN'FENANCE: 
Inseckicide/fung. 

(years 2,4,6) 
Fertilization 

(years 3,5,7) 
Land rent 
Land taxes 
Managerial 

mchine and ladbur 1. 
materials (1 -4 Ibfa/appB.)** 9. 
machhe and I a b r  3. 
materids (1 10 Ib/dappl. sf  N) 11. 
(5.0% of $6W/a) 35. 
(0.75% of $6W/a) 5. 
labor and faciliGe:s 14. 



Plm&~on  Yields 

Growth and yield hncdons were developed from SRWJcrGP &ta sets. These hcl laM yield 
infomation from partial and First m&PToms of seveml Popul"s systems p fmtd  at 9W-14W 
mesfacre =and one double rolra~on system pIarete$ at 85W mes/ame. 

An estimated growth e w e  was developed fsr an 850 m s l a m e  plantation, h a ~ n g ,  as a 
targeted yield, 7 ovendry (OD) tons/xre/year. This proQocP:ow level was consistent wifh 
cwent  research results and was consider& a consemative esdmiltes of fettuar: SMC yields 
(Rmney et all. 1987). Raeaat sumaries d m o d  SRIC small-plot yields for Popalw hybfid 
have shown gmduct.iow levels in the range d 6-9 tons (OD)/x~6:/year (Hansaa 1988). 

Biomass Costs 

The unit cost of biomass was developed from a least-cost m0$6:1 for SREC plantations (S~auss  
et al. 1990): 

where, 
C = biomass cost, per unit d field 
R = annual land rent and taxes, per wit  ma 
2' = annual maintenanee costs, per unit area 
E = establishment costs, ]per unit m a  
Y, = yield, per unit area 
t = rotation age in years 
n = plantadon ]life expecmcy in yeam 

and i = real interest rate. 

Under this fornula, unit costs are a func~on of the discoantedl cash Bows originating from the 
esablishment and annual operations of the SEUC system and the &scomeecf $&:Ids of the 
plantation. Annual costs, including land rent, mes, md mee, wehe &sow%& 8s 
annual perpetual series. Estabfished c ~ s t s  were ccbrnpun& to end of the planahon's life 
exlpecmcy and then &scouted as pes idc  gerpetud series. It was assumed that the 
q&ements and costs of msablishing a new planaa~on would approxima& those follow& 
in the origind establishment phase. Yields were &s@ounted as pergempld g e r i d c  series 
specific to their in&viduaI rotspaion iengghs. Tlhe planation's Iife ex%>ectancy was based on the 
numkr and length sf mtations in any given malysis. 



A 5% real rate of return was used thoughout the analysis. This represented a comprondse 
Getween the 6% historic reat rate identified for c o ~ o r s t e  capital (Rlem~rer  1979) md the 
4% real rate expected on new long-tern investments (Row et d. 1981). 

Establishment and Annual mraiting Costs 

Estimard costs for the in&vidual operations were developed korn the SRWCP data base and 
m reported. in U.S. dollars for the 1987-1988 perid (Table 1). Conmet charges far the 
es~blishment and annuaI weratians of e xlcial-sized plantations cc*npared well to 
previous models of SRlC systems (Idthner et ail. 1985, Perlack et al. 1986, Graacfo et d. 
1988). V ~ a t i o n s  in costs were largely a t~bu ted  to the differences in quipment and 
prescribed materials used on dteraiibe sites. 'fbe find budget reflected the es~bl i shmnt  and 
annual operations of a site having g d  aspect and soil quality. 

EstraQlishment costs totaled $250/acre, inclu&ng the &scounted cost of the second-year 
herbicide operation (Table 1). Herbicide: oprdtions were 47% of establishment costs, with 
xnate~als constitilting over 90% d ahis expense. h d  preparation and planting were 31% of 
establishment costs, with 54% of this expense tied to the wplar cuttings (Grado et al. 1988). 
Fist-year liming and fertilization constiturd the final 21% of establishment costs. 

Annual rnai~ntenance included dditional fenilizarion on an alternate year basis 
($l4I.~cre/appli~ation) and the applicatbn af insecticides/fungicides on an alternate year 
schedule ($10/acre/appIication). In acrdirion, an mnud managerid cost of $l4/;r@re was 
assessed for adxninistra~ve and personnel requkments (Seauss ea, d, 1988). 

Annual rent was assessed at 5% of the land value, with annual property taxes esPimtd at 
0.75% of land value. Land was vdued at $69O/acre, =presenting the capidizd net return of 
a g d  corn prkduction site ((10 bu corda~re/yex). 'Phis was representative of tbe land 
vdrles fom several SRIC projects and was 20% above the 1988 U.S. average for farm real 
estate (USDA ERS 1988). 

Growth and Yield 

The projected growth of Poprslus hybrid represented am average function for first and second 
rorations (Table 2). Tgrpicdly, the above-pmd growth secured during the initid portion of 
&%me f i t  rotatian will be 20-4% lower than for csmpmab1e points in the second rotation due 
to the concumnt developmmt of m t  systems in the first ratation. 

Cment annual increment (CAI) was projected to xceIbeme during the fist  five years, 
reaching a maximurnr of 10.5 tons (blfd)/ac~ in the 5th growing season. As expect&, mean 
mnual increnner~r (MAII) increased at a m r e  gradual me,  attaining the targeted m 



7.0 tons (OD)/acre/year after the 6th m w h g  season. The nmow range of WI values in the 
5th to 8th years reflected the high CAHs in the 3rd to 6th go&.li.xag seasons. 

Table 2.--Yields and cost of biomass for SNC pilanmaions. 

Year Yields C o d  - 2 Rotarians C~sa" - d hZotations 
(tor~(OD)/ac~) Q$lton(ODjj ($/eon(OD)) 

" Discounted cash flow andysis at 5%. 

Unit Costs of Biomass 

The &scounted cash-flow andysis sf pre-harvest prducfion costs under a two rotation system 
placed the least-cost solution in the 6th y e a  at $$15.11/ton (Table 21,  mum rotation 
coincided with maximum lMAI due to the compression of the plantation's gmwth function 
into a ~latively short period. During this period, annual grow& changes were more volatile: 
than the respective increases in cost, with the short time span &so rducing she effects of 
discounting. Of further iintehest, extending the glanta~ons into the 7th growing season 
increased the output cost by less than 1%. This reflected the mtsdest decline of CAI in the 
7th yeas. 

The principal cost in the SaPC mock1 was land sent and taxes, amounting to 42% of the: total. 
Mmagerid costs, fertilizer and iim, and herbicides each =present& abut  1415% of the 
total. The composite s f  land prepwarion, plzpn~ng, aad insec~cide/fungicides was the final 
15% of expenses. 

K the plmtafions could suppoa a rttird rotation under the same yield pattern, the least-cost 
sdution would also wcw in rhe 6th yew, with tlae unit cost reducd to $$14.02Iton (Table 2). 
The 7% cost reduction resulted from the e x t e n d  prorate of the estabBishment costs over Phe 
a t i o n a l  rotation. 

Hmesfinag costs were based on a fellefburacher unit design& for closely-sgracd, small- 
diameter trees (Stokes et d. 1986, n et d. 1988, Ssauss et att. 1988). The harvest4 



nraatehial would be chipped h the field, md transpond 25 miles with a?.d6:to~-@..ailer units, 
Under this design, harvesting and tnrmspomtion costs were esGm;%ted at $38/ton (OD). A 
End &jivered cost of $36iton (OD) was established %br the two rcftalion system on the basis 
of an 85% net delive~y sf glmtaaion yields. 

Markefing and Pricing Consideranions 

Given the financial profile for SRBC w d  p d u c ~ o n ,  same question remains as to whether 
this venture represents a viable option for northesesLm U.S. In terns of fiber prduction, our 
b d w d  forests are typically overstocked with respect to available m k e t s ,  S a f t w d s  are 
the principle force in pulpwood markets, with the shoe-fiber& h d w d s  wresenting a 
certain drudge on the market. On the basis of stumprage prices, s o f t w d s  Wicdly carry two 
to time times the value of h a r d w d s  (Peterson 1996)). 

An exception to this h w d w d  situation is pmvihied by aspen (Populus uemutoides) in the 
Lake States. This lighter weight and faster gowing species has generated a major ro l indwd  
market anaclng: thc pmicleboad and paper indus~es .  Cunent prices for delivered, unpeeled 
=pen in the Lake States are $38-4O/ton (OD) (Peterson 1990). Of interest, aspen shares 
many of the mechanicd and c h e ~ c a l  properties of the hybrid poplars, with both species 
gtoups adaptable to the praduction of ehano1. Several ethmol-conversion studies have 
estrablished feedstock prices in the rginge of $$38-$2/xon (OD) (Wright 1989, Begemn et al. 
1889). As such, SRBC biomass at $36/m (OD), deliver&, would be eomp&tive with 
domestic aspen and also mmt the expected fmdstsck prices for ethmol p r d u c ~ s n .  

In many respects, Populus biomass is a unique prduct. It is hom~gene~us in terns of either 
physic& or chemical properties and can be genetically engineeged for sensitive clmennical 
prwesses (Blankenhorn et al. 5984). Furthemore, SMC designs would permit a constant and 
sustained rate of produc~on. PPobabEy the best exmple of commercid SRPC Populm 
prducdonn in the U.S. is tfre 7000 a m s  of planata~ons developed by the J m e s  River 
Corporation along the Columbia River in Oregon. These plantations were initiated in 1984 in 
response to hardwod shosages m o n g  PacifiC WoMwest paper mills (Stanton 6987). Their 
genepal design and es~mated output levels pahdlel the SNC: m d e l  presented in this paper. 

Plmtadon and A i l i d  Wrduction Costs 

Sensitivity analysis was used to evduate the ten having the. greatest Impact on gre- 
harvest and delivexd costs. The p ~ - h m e s t  cast: was most sensitive to land costs md 
biomass yields, with hrwesfing arid t rmspmhon having the geatest effect on total detivexd 
cost. A further i i dhss  of these factors was considered. 



The general SRllC mode! inchxkd fmd rent and &;axes as specific cost rquhments.  These 
chages, represenbng 42% of pre-harvest costs, were a a reflection of h d ' s  value in 
other agHicemitmal pursuits, In order for the SNC pmposd to compete for this Rsomce, 
c~mpamble or higher net r e m s  will be q u i ~ d  f i x l  the biomass entery,r;lse. The option of 
using liower priced, margin& Imds for SRIC plmtafions would ~ d u c e  this cost impact but, in 
dl probabiliey, would also lower yield ptewtiails. Funtfier inves~ga~ons  of the esnorW:c 
niche of SWHC prcduction within the v a ~ o u s  $ra&ents of 1md may be r q u ~ .  

Plmtatisn yields had the p a t e s t  impact an px-hmest unit costs. If9 for example, yields 
wen= reduced by 25%, plantration costs wouM increase by 32%. In con&ast, a 25% incre~se 
in output would d e c ~ a s e  pre-hawest costs by over 20%- A cornpaison of =cod 
expefimentitt yields to actual field yields mong a@cemltura9. crops and for SRIC Po~ulus 
plmti~eions (BIansen 1988) suggestd that the ime&ate  field ptelatial for commercid SW%g: 
plmtations may only be within the range d 4.5 - 5.5 toMac~/yem. F~uhaher inmeases were 
considered possible, with the redization of future gains dependent on cultural and breeding 
research. More recent es~wxates of growth in comexcid-si~aQ pfoplelw planueons by 
WHight (in press) point to the 7 - 9 tonlacrelyear range as arm a t ~ n a b l e  obj~t ive.  This range 
has also been verified by results from co rnex id - s i zd  field trials in no~cerntral U.S. 

The particular design of a S R K  pfmtation is p m m u n t  in &te&niag prducsion success. 
'Fhis involves a careful matching of clonal hybfids to the pareiculw p w i n g  site anand a 
successful implementation of the prescrikd cultwd strategy. Agdenfion to these design 
prerequisites will, in large measwe, enhance the degree of success in SMC ventures. 

In order to move SRHC biomass to the market, major hmesting and mnspsmei.on costs have 
to be met. Tkaese costs, plus hose assmiaEe68 with m t e ~ d  loss, mere than doubtd the find 
deliver& cost of biomass in the SRgC model. Clarrendy, most SRIC hmesting systems: 
represent either developing technob@es or adaptations of existing systems used in native 
forests. Cost reductions can be m~cipated, as h w e s h g  q u i p m n t  is better &signed for the 
needs of biomass plmta~ons (Stokes et J. 1986, W M P ~  a ad, f 988). Howevea, a current 
stdernate exists in the development prmess swing to the lack of invesments in SWPC 
plmtations and allied conversion techobaes,  In all i ikel ihd,  the feasibility of energy and 
fiber technologies need te, be first aewfvl=$ before f h e r  atten~on is placed on %me 
hwesting quipment. 

SUMWRY AND CONmUfSIONS 

A general d e l  of a comercid-sized SWC b i o m ~ s  planbation was developed from a series 
of ~ s e m h  programs c w ~ n a t e d  by the U.S. Depmenb of Energy's Shes R ~ t a ~ o n  W d y  
Crops Program. The model centered on the use s f  Popdm hybrid, plarnted on g d  quality 
a&riculturd sites at a density of 850 cuttingslaae. Establishment costs mount% to 
$250/8cre, with weed consrd md p l m ~ n g  ~ p r e s e n ~ n g  47% and 21% hespec~vefy, of &is 
tobd expense. Average annual m$ntewmce, irsclu&ng the prorated cost of land, anaouatd to 
$66/acre/year. 



Ratation yields were projected to reach a mmirnum MA1 of 7 tons (OD)/acx/yea by eke 
sixth year. Discounted cash-flow maiysis of cost md  gsawth pmmeters in&cated that; two 6- 
year rotagons would achieve a pre-hwest unit cost of $15/ton. Land was the dornlinant cast 
factor, representing 42% of the unit cost. Mastagefial costs, fedlizd:~ and lime, and herbiciks 
each contributed about 15% to the unit cost. Addi~ond harvest and wdqsponugion 
rqukemenas placed the delivered cost of Bopulm biomass at $36/8sn, 

In its proposed operarionrel form, SNC biomass would be compe~tive with aspen from 
domes~c  forests and also hBfill the cost q u k m e n t s  of a feedstock for ethanol prsdeactim. 
The major cost of land withk the financial model suggests the n e d  for evaluating less 
expensive and lower quality land resources. However, the linkage between site rqladity and 
yields represents a critical baltfnce in the cost equa~an. Although linaprovements in harvesting 
md Gmsportation technalogies could provide major cost rduc~ons ,  further developments will 
probably depend on some f m  of i n d u s ~ d  c o m ~ m e n t  to biomas production. 

This research was suppsned by fun&ng f m  the U.S. Department of Energy Subc(~nwdct No. 
19X-07928 with M a i n  Marietta Energy Systems, lfnc., Environmers~d Sciences Division, O&. 
Ridge Na~onal Labor'dtory. 
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