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Increas ing demands fo r  fuelwood and wood energy feedstocks has 
p l  aced severe pressures on f o r e s t  resources i n  many devel oped and 
devel opi ng countr ies. Energy p lan ta t i ons  a re  one concept under 
i n v e s t i g a t i o n  f o r  inc reas ing  t h e  s i z e  and p r o d u c t i v i t y  o f  t h e  wood 
resource base. The BIOCUT model described i n  t h i s  r e p o r t  I s  designed t o  
f a c i l i t a t e  t h e  systematic i n v e s t i g a t i o n  of a wide range o f  po ten t i a l  
wood energy p l a n t a t i o n  app l  i c a t i o n s  and t o  prov ide reasonable estimates 
o f  ne t  re tu rns  and minimum requi red product prices. There a r e  f i v e  
user-specif ied se ts  o f  i npu t  data i n  t h e  BIOCUT model: (1) p l a n t a t i o n  
scenarfo a c t i v i t i e s ,  (2) econmic parameters, ( 3 )  p l a n t a t i o n  
es tab l  ishment a c t i v i t i e s ,  ( 4 )  operat ion and maintenance a c t i v i t i e s ,  and 
(5 )  harvesting, processi ng, and t ranspor ta t ion .  The BIOCUT model 
repo r t s  y e a r l y  in farmat ion on t h e  economic s ta tus  o f  t h e  p lantat ion,  
cash-flows, and t h e  age d i s t r i b u t i o n  of t h e  standing bianass. The model 
ea1 cu l  a tes t h e  ne t  present va l  ue, t h e  d i  scounted average cost, i n t e r n a l  
r a t e  o f  return, and benef i t -cos t  r a t i o .  Because o f  t h e  h igh  degree o f  
uncer ta in ty  surrounding impor tant  b i o l o g i c a l  and economic re1 at ionships, 
t h e  model f a c i l  i t a t e s  extended s e n s i t i v i t y  analysis. Fur ther r  i f  upper 
and lower  bounds can be defined f o r  each impor tant  var iab le,  t h e  model 
can a l so  be used t o  conduct a r i s k  analysis, The  r i s k  ana lys i s  uses t h e  
parameters o f  t h e  probab i l  i t y  d i s t r i b u t i o n  r a t h e r  than t h e  d i s t r i b u t i o n  
i t s e l  f t o  cons t ruc t  t h e  mean and var iance o f  t h e  n e t  present value. 
With t h i s  in fo rmat ion  p r o b a b i l i t y  statements can be made about achiev ing 
var ious  l e v e l s  of n e t  present value. The BIOCUT model i s  coded i n  
PASCAL and operates on IBM personal computers and compatibles w i t h  256K 
memory us ing t 5 e  DOS 2.0 opera t ing  system. 

V 





1. INTRODUCTION 

Increasing demands f o r  fuelwood and wood energy feedstocks has 

placed severe pressures on f o r e s t  resources i n  many developed and 

devel opi ng countr i  es. Energy pl an t a t i  ons a r e  one approach t h a t  i s 

receiving considerable a t t en t ion  f o r  s ign i f i can t ly  increasing t h e  s i z e  

and p r o d u c t i v i t y  of the wood resource base (Ranney e t  a l .  1384). Fast- 

grewing trees, short-rotat ion (3  t o  10 years ) ,  dense tree spacings (1 t o  

6 square meters per tree, extensive weed control ,  (and i n  sane instances  

appl ica t ion  of f e r t f l  i z e r s  t o  fncrease productivfty and t o  replendsh 

so i l  n u t r i e n t ~ ) ~  charac te r ize  t h i s  wood production system. The  concept 

general l y  invol ves t h e  use o f  hardwood trees t h a t  coppice (1. e. , 
resprout) a f t e r  cu t t i ng  t o  regenerate succeeding biomass crops a t  l i t t l e  

o r  no additional costs.  

Potenti  a1 and exi s t i n g  appl i ca t ions  of t h i s  energy concept incl ude  

i n t e n s i v e l y  managed pl antat ion sys t ems  In moist temperate regions, 

systems w i t h  low l e v e l s  of management in a r id  and semi-arid zonesI and 

high productivity systems i n  t rop ica l  and semi-tropical areas. I n  each 

case the central  economic evaluation issues a r e  t h e  same. F i  rst8 how do 

t h e  economics change from one wood energy plantat ion s i te  t o  another. 

Second, w h i c h  specf es and management a1 t e r n a t i v e s  o f f e r  t h e  g rea t e s t  net 

return per hectare  i n  a spec i f i c  s e t t i n g .  And t h i r d ,  in which areas  of 

t h e  p l  an t a t i  on desi gn do exi sti ng uncerta? n t i  es about bi 07 ogi ca1 and 

economic re1 atfonships  1 ead t o  t h e  g rea t e s t  economic risks. 

To he1 p analyze s u c h  questions,  a cos t  s i m u l  a t1  on mode7 (FIRSTCUT) 

was developed (Barron e t  a1 . , 1983). The  FIRSTCUT model was d e s i g n e d  t o  

f a c i l  i t a t e  t h e  systematic inves t iga t ion  of a w i d e  range of potentla1 

1 
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wood energy p l  an ta t i on  appl i c a t l o n s  and t o  prsv i de  reassnabl 8 estimates 

o f  ne t  re tu rns  and minimum requi red output  prices. The model has been 

used t o  conduct economic eval ua t ians  of sho r t - ro ta t i on  i n tens l ve  c u l t u r e  

(SRIC) f o r  t h e  Shor t  Rota t ian  Gdoady Crops Program (e. g. Wanney e t  a1 e 

1984). A major l i m i t a t i o n  on t h e  use o f  FIRSTCUT model i s  t h a t  i t  

operates on a mainframe computer. To take advantage o f  t h e  f l e x i b i l i t y  

and convenience o f  microcomputers and t o  overcme t h e  inherent  

1 i m i t a t i o n s  o f  t h e  mainframe based model, t h e  FIRSTCUT computer code was 

reprogrammed and modif ied. The microcomputer based model BIOCUP, 

r e t a i n s  many o f  t h e  essent ia l  fea tures  o f  the  mainf ra e model, whi le  

being t r a n s f e r r a b l e  and f i e l d  ana lys is  oriented-a major advantage i n  

conducting on-s i te  econmic  eval ua t ians  o f  wood energy p lantat ions.  

BIOCUT i s  intended f a r  p re l  iminary ecsnmdc assessments I n  which 

t h e  p r i n c i p a l  ana ly t i ca l  ob jec t i ves  are: (1) t o  i d e n t i f y  t h e  most 

p r a n i s i  ng p l  an ta t i on  designs (e. g. 8 r o t a t i o n  ages, spaci rigs, etc. 1 and 

s i l v i c u l t u r a l  management a l te rna t ives ,  (2)  t o  i n d i c a t e  t h e  na ture  o f  

po ten t i a l  t radeof fs  i n  system design and operatiorat and (3 )  t o  

f a c i l i t a t e  extended s e n s i t i v i t y  and r i s k  analyses. 

I n  BIOCUT t h e  biomass p l a n t a t i o n  i s  modeled on t h e  bas is  o f  a l a r g e  

number o f  user spec i f i ed  a c t i v i t i e s ,  These user spec i f i ed  a c t l v i t y  

values a r e  def ined so a s  t o  prov ide t h e  capabil  i t y  i o  t r a c k  separate ly  

t h e  imp1 i c a t i o n s  of  changes i n  major product ion cos t  componentsr wh i le  

keeping t h e  desc r ip t i on  o f  each a c t i v i t y  general enough t o  apply ts a 

w i de range of p l  a n t a t i  on desi gns. For exarnpl er through appropri a te  

s p e c i f i c a t i o n  o f  costsI t h e  model i s  u a l l y  appl i c a b l e  -Lo a h i g h l y  

c a p i t a l  i n tens i ve  operat ion i n  t h e  Uni ted Sta tes  and t o  a much more 

1 abor i ntensi  ve p l  a n l a t i  on i n a devel opi ng country. 
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The user specified a c t i v i t i e s  i n  BIOClsT a r e  grouped i n t o  f i v e  

general categories:  (1) plantat ion scenario a c t i v i t i e s ,  (2) economic 

parameters, ( 3 )  planta t ion  establ i s h m e n t  a c t i v i t i e s ,  ( 4 )  operation and 

maintenance a c t i v i t i e s ?  and ( 5 )  harvesting, processi ngl and 

t ransportat ion.  The l i s t  of user specif ied i n p u t s  i s  r e l a t ive ly  large, 

b u t  t h i s  f ea tu re  makes t h e  program hdGhly  f l e x i b l e  and easy t o  use. 

Model s whlch i n t e r n a l l y  specify many important i n p u t s  have more 1 imi ted 

app l i cab i l i t y ,  and a r e  l i k e l y  t o  be too  in f l ex ib l e  f o r  preliminary 

resource eval uations where t h e  imp1 icatdons of important uncer ta in t ies  

need t o  be  examined. BIOCUT provides a convenient framework f o r  

s t ruc tur ing  data requi rements and performs ca lcu la t ions  which would be  

time consuming i f  done external t o  t h e  model. 

The  model can be used  t o  analyze t h e  economics of woody bimtass 

production i n  two modes. The f i r s t  mode assumes t h a t  t h e  p lantat ion is  

designed t o  provide a continuous yearly flow of product once the  f i r s t  

harvest  i s  made. The model accompl ishes t h i s  by planting only a 

f r a c t i o n  of t he  to ta l  plantat ion i n  each of t he  establishment years. 

The f r ac t ion  i s  d e p e n d e n t  upon t h e  user specif led ro ta t ion  age. For 

exampl e, i f  a four year ro ta t ion  age is spec1 f led t h e n  one fourth of the  

plantat ion i s  planted I n  each of t h e  f i r s t  four years. The second 

production mode does not assume t h i s  continuous synchronized f o r e s t  b u t  

e s t ab l i shes  t h e  e n t l r e  plantat ion a t  t h e  outset .  T h e  BIOCUT model 

ca l cu la t e s  four summary econmic evaluation c r i t e r i a - - the  net present 

value,  t h e  discounted average cost, t h e  Internal ra te  of returno and the  

benef i t -cos t  ra t io .  

I n  economic evaluat ions of wood energy p lan ta t ions  a high degree of 

uncertainty of ten  e x l s t s  w i t h  regard t o  important biological and 
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econmic re1 at ionships. The BIOWT model i s  t h e r e f o r e  spec1 f i c a l  l y  

s t ruc tu red  t o  expedi te  s e n s i t i v i t y  analysis, permitting t h e  d e t a i l e d  

examination o f  t h e  e f f e c t s  o f  changes i n  user spec i f i ed  a c t t v i t i e s  an 

summary econmlc  c r l t e r i a .  I f  t h e  user i s  a b l e  t o  spec i fy  o r  describe 

t h e  range of uncer ta in ty  f o r  model cos t  and revenue a c t i v i t i e s  then t h e  

model can be used t o  carry out r i s k  analyses. 

As prev ious ly  noted, BLOCLIT i s  a psel frninary econwnic assessment 

model and no t  a h igh ly  de ta i ledr  f ' lnancial cash-fl accoutit i ng program. 

General l y ,  f o r  p re l  iminary assessments the  important economic question 

i s  whether t h e  ne t  present v a l u e  i s  p o s i t i v e r  accounting f o r  economic 

and b i o l o g l c a l  r i sk ,  Questions o f  t a x  and subsidy pal icy  t o  a l t e r  t h e  

Incidence of  f i n a n c i a l  r i s k  and re tu rns  t o  p r i v a t e  inves tors  a r e  more 

re1 evant i n 1 a t e r  stages o f  eval  u a t l  on when uncertad nty  has been 

reduced. I n  SIOCUT t h e r e  I s  no cons idera t ion  o f  taxes. 

The next sec t ion  o f  t h i s  r e p o r t  o u t l i n e s  in more d e t a i l  each of t h e  

i nd i v idua l  user spec i f i ed  op t i ons  i n  t h e  program. 

eva lua t ion  c r i t e r i a  and t h e  r i s k  ana lys is  op t i on  1s described i n  Sect ion 

three, Sect ion four  discusses t h e  operat ion sf t h e  BIOCtlT progrm. 

Same conclusions about t h e  model are  provided dn t h e  l a s t  sectlon. The 

Appendices conta in  a l i s t i n g  of t h e  campenter code and a sample of t h e  

computer output. 



2 .O USER- SPECIFIED IN 

The user s p e c i f i e d  i n p u t s  a r e  grouped I n t o  f i l vs  categories: (1) 

p l  an ta t fon  scenar lo  a c t i v i t i e s ,  (21 flnancd al/economic parameters, ( 3 )  

p l  a n t a t i  on establ  lshment a c t  i v  1 ti es, ( 4 )  o p e r a t i  on and m a i  ntenance 

a c t l v f t i e s B  and (51 harvesting, processing, and t ranspor ta t jon .  

There a r e  no d e f a u l t  va lues used i n  t h e  model. Further, t h e  model 

does n o t  d i s t i n g u i s h  between rea l  or naminal do l la rs .  It i s  t h e  

r e s p o n s i b i l i t y  of  t h e  user t o  spec i fy  i n p u t  values i n  e i t h e r  rea l  o r  

nominal terms. The rea l  d o l l a r  approach considers t h e  e f f e c t s  o f  t h e  

o v e r a l l  i n f l a t i o n  r a t e  i n  t h e  econmy. Since t h e  o b j e c t i v e  of t h e  model 

i s  economic, t h i s  approach i s  genera l ly  p re fe r red  because it a l lows t h e  

d i r e c t  comparison o f  costs and revenues from one year  t o  another w i thout  

t h e  need t o  compute t h e  r e l a t i v e  purchasing power of  a d o l l a r  i n  each 

year. 

GROUP 1 - PLANTATION SCENARIO ACTIVITIES 

Options: 

1.01 Speci fy  t h e  t o t a l  land  area of V. 
Penndssi b l  e Value: 

Any p o s i t i v e  number represent ing t h e  area of t h e  p l  an ta t i on  i n  
hectares. The area spec i f i ed  here represents t h e  t o t a l  land  
area requi red f o r  system operationp i. e. i n e l  udi ng t h a t  f o r  
roadsB bu i ld ingsr  etc. The va lue o f  t h e  I n p u t  i n  t h i s  op t i on  
r e f l e c t s  t h e  u l t i m a t e  s i z e  of t h e  p lantat ion.  

Pern iss i  b l  e Val ue: 
A nunber between 1 and 108 represent lng t h e  percentage of t h e  
t o t a l  area of t h e  p l a n t a t i o n  which w i l l  ac tua l l y  be planted. 
Th is  va l  ue should represent  t h e  user’s best  est imate o f  t he  
rea l  i s t i c  upper 1 i m i t  on t h e  p ropor t i on  o f  t h e  t o t a l  land  area 
i n  a g iven l o c a t i o n  which can a c t u a l l y  be planted. Thls value 
may be very h igh (near  100%) f o r  p lan ta t i ons  i n  f l a t  reg ions 
o f  re1 a t i v e l y  hmogeneous sol1 condi t ions.  In h i l l y  reg ions 
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i t h  re1 a t i v e l y  heterogeneous sot1 t h e  val ue shaul d 
probably be much 1 wer. 

1 .03 ? 

P e m i s s i  b l  e Val ue: 
P (purchase) o r  L ( lease)  

If Purchased E 
Specify t h e  cost  per hectare. 
Specify t h e  resale value per hectare. 

Permlssi b l  e Val ue: 
Any number represent ing t h e  average cost o f  each hectare 
purchased or sold. 

I n d i c a t e  t h e  1 and acqudsi t i o n  schedul e. 

P e m i s s i  bl e Val ue: 
Any nunber between 0 and 100 represent ing t h e  percentage of 
t h e  t o t a l  p l a n t a t i o n  area (1.011 acqui red i n  each 
es tab l  ishment year. 

If leased: 
Specify t h e  i n i t d a l  ren ta l  cos t  per hectare. 

Permissi bl e Val ue: 
Any number represent ing the  cast o f  a hectare of land  t h e  
f i r s t  year it i s  1 eased. 

Specify t h e  cost  escal a t ion  fac to r  as a percentage change I n  annual 
rent. 

Permissi b l  e Val ue: 
Any number (positlveb negativep or zero) represent ing t h e  
annual percentage change i n  lease cost. 

P e m i s s i  b l  e Val ue: 
Any whole number be e m  0 and 10. 

P e m i s s i  b l  e Val u~?: 
Any number represent ing t h e  y i e l d  a t  h a r v e s t  f o r  the seedl ing  
( f i  rst- r o t a t i o n )  and coppl ce ratati  ans. 

1.06 ..k. 

Permissi b l e  Val ue. 
Any p o s l t i v e  nu 
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1.07 Spec i f yAm-mmber  of coppire hamesjis. 

Permissi b l  e Val ue: 
Any p o s i t i v e  i ntager represent ing t h e  number o f  coppice 
harves ts  be fore  reestab? ishment of t h e  p l  an ta t i on  becomes 
necessary. 
i n p u t t i n g  a zero val  ue. 

A non-coppici ng spec1 es may be model ed by 

GROUP 2 - FINANCIAL/EGONOMIC PARAMETERS 

2.01 SDecifv. t h e  1 a s L y e a r  in t h e  waalua.tinn p a r  iad. 

Perm i s s i  b l  e V a1 ue. 
Any p o s l t i v e  i n t e g e r  between 1 and 35. 

2.02 Speci fy  t h e  annual dl'_sskclunt ra te.  

Permissib1 e Value: 
Any p o s i t i v e  number. The d iscount  r a t e  i s  t h e  conversion 
f a c t o r  t h a t  determines t h e  '"resent (equ iva len t )  valuev1 o f  
f u t u r e  cos ts  and revenues. 

2.03 3 p e c i f y  the i n i t i a l  eyeected sell l-for prn&ctai -- 
Permissi b l  e Value: 

Any number represent ing t h e  expected s e l l i n g  p r i c e  per dry 
megagram (d ry  tonne equ iva len t )  o f  production. The model 
assumes t h a t  t h i s  va lue  is t h e  i n l t i a l  p r i c e  a t  harvest. 

Specify t h e  annual percentage change i n  sell i ng  pr ice.  

Permissf b l  e Val ue: 
Any number (pos i t i ve ,  zeror or negative) r e f l e c t i n g  t h e  annual 
percentage change (compounded) i n  t h e  s e l l  ing  p r i c e  of 
p l  an ta t i on  ou tpu ts  over t h e  1 i f e  of t h e  mal ua t ion  period. 

GROUP 3 - PLANTATION ESTABLISHMENT ACTIVITIES 

3.01 ,Spa3f_v t h e  l n f m r e  develqment  clasts. 

Permissi b l e  Val ue: 
Any number represent ing t h l s  cost. Th is  op t i on  accounts for  
t h e  need t o  s e t  up t h e  physical support system f o r  p l a n t a t i o n  
opera t i  on (e. g. 8 roads, o f f  i ce  spacep e l  e c t r i c a l  systemsr 
t renching8 and o the r  landscaping t o  reduce eros ion) .  It i s  a 
o n e t i m e  cos t  i ncu r red  i n  t h e  f i r s t  year  o f  p r o j e c t  a c t j v i t y  
(year  1). 
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3.02 

P e m i s s i  b l  e Value: 
Any number represent ing t h e  cost  of preparing a hectare f o r  
f i r s t - t i m e  p lant ing.  S i t e  preparat ion t y p i c a l l y  inc ludes t h e  
cos ts  o f  land  c lear lng,  rakingr burninga and grading. The 
cos ts  o f  mower conditdoners, o f f s e t  d i s c s  d i s c  harrows, s i t e  
preparat ion labor, and operat ion and maintenance o f  t h e  s i t e  
p repara t ion  q u i  pment should be speci f l e d  here. 
speci f l e d  here should i ncl ude t h e  estimated cos ts  f o r  c l e a r i n g  
J and of prevlous vegeta t ion  and  poss ib le  1 andscaping 
a c t i v i t i e s  rnfnus any proceeds frcm t h e  sa le  o f  standing 
timber, Note: Prep1 an t ing  weed con t ro l  a f t e r  1 and c l  e a r i  ng 
i s  spec i f i ed  separately (Opt ion 3.049. 

The va l  ue 

Specify t h e  s i t e  preparat ion cost  for  rep lanted areas.  

Permissi b l  e Value; 
Any nunber represent ing t h e  cost of preparing a hectare o f  
l and  f o r  rep1 an t ing  o f  new seedl ings o r  cut t ings.  For 
coppic ing species t h i s  cost  i s  incur red  only  a f t e r  t h e  f i n a l  
coppice harvest. 

Permissi b l  e Value: 
Any number represent lng t h e  cost  per hectare f o r  seedl ings or 
cut t ings.  
p l  an t ing  density of t h e  b i  m a s s  pl antatlon. 

This  va lue i s  dependent an t h e  assumed spacing o r  

Permissi b l  e Val ue: 
Any nunber represent ing t h e  cos t  per hectare ~f prep1 ant weed 
cont ro l .  Th is  cos t  i s  only  appl icable  a t  t h e  t ime of 
p l  anting. Weed con t ro l  cos ts  occur ing a f t e r  p l  an t ing  a re  
accounted f o r  i n  O p t i o n  4,03, 

Permdssi b l  e Val ue: 
Any number represent ing t h e  cos t  of p l  an t ing  the Seedl ings or 
c u t t i  ngs per hectare. 
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GROUP 4 - OPERATION AND MAINTENANCE ACTIVITIES 

4.01 Specify the no-ial costs per - 
Permissible Val ue: 

Any nunber representing the cost of management efforts. This  
cost consists o f  management sal ari esr f le1 d foreman sal ari esr 
Overhead# mater1 a1 sr and any other ongoing re1 ated expenses. 

4.02 S o e c l f v t h e r  fertfli7er will be iqqdiai. 

Permissible Value: 
Y (yes) or  N (no) 

If yes. 
Speclfy the t y p e  of fert i l izer applied (N,P,K): 
Speci f y  the amount in k i1  ograms per hectare. 
Specify the cost per hectare. 

4.03 Specify t h e m e  o w e e d  contra'l. 

Perm issi bl e Val ue: 
A single number of s u b o p t i o n  choice. 

If mechanical : 
Specify the labor cost per hectare. 
Specify the material s cost per hectare. 

Permissible Value: 
Any number representing the labor and equipment rental costs 
per hectare for each seedl ing and  coppice graving year. 

If chanical: 
Specify t h e  appl  ication cost per hectare. 
Specify the a m o u n t  appl ied, 
S p e d  f y  the costs of herbici des. 

Permfssi bl  e Val ue: 
Any number representing the amount of herbicides appl ied and 
the costs of herbicides and appl ication for  each seedl ing and  
coppice growing year. 

If b o t h  : 
Respond as above. 

4.04 a e c i  fy i&.&.&pe of pest e a 1  i shent  -. 
Permissl bl  e Val ue: 

A s-lngle number for subopt ion  choice. 

If mechanical : 
Sped fy  the 1 abor cost per hectare. 
Specify the materi a1 s cost par hectare. 
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i s s i  b l  t3 Val ue: 
Any number represent ing t h e  labor  and equipment ren ta l  costs 
per hectare fo r  each seed1 i ng  and cappic@ grwing year, 

Speci f y  t h e  appl i c a t l  on cost per hectare. 
Specify t h e  moun t  app1 led. 
Specl fy the casts of p e s t i c l  des. 

Permiss ib le  Value: 
Any number represent ing t h e  amount of pes t i c ides  app l led  and 
t h e  costs of pestlcfdes and appl i c a t i o n  fo r  each seedling and 
c ~ p p l  ce? grow i ng year. 

If both : 
Respond as above. 

P e m i s s i  bl e Val ue: 
Any desc r ip t i on  of t h e  type of a c t i v i t y  (e.g. t renching)  and 
t h e  annual cost  af these a c t i v l t i s s .  

Pemiss i  b l  e Value: 
Any nvnber represent ing t h e  annual cos t  i n  d o l l a r s  per hectare 
f o r  a c t i v i t i e s  n o t  cowered I n  the above Group 4 Options. 

GROUP 5 HARVESTINGr TRANSPORTATION, AND PRQGESSING, 

Pemlss i  b l  e Val ue: 
Any nmber  represent ing t h e  cost pes hectare sf t h i s  a c t i v i t y .  

5.02 

Permissib1 e Val ue: 
Any number represent ing t h e  cast  per megagram f o r  
t sanspor ta t i  on. . 

Permiss ib le  Val ue: 
Any number represent ing t h e  cost per megagram of preparing t h e  
b i  ana55 f a r  conversl on ( e .  9. d r y i n g ) .  



3.0 ECONOMIC EVALUATION CRITERIA AND THE RISK ANALYSIS OPTION 

3.1 The BIOCUT model ca l cu la tes  four  summary econonic eva lua t i on  

c r i t e r i a  -- t h e  n e t  present valuel t h e  discounted average cost, t h e  

i n t e r n a l  r a t e  o f  return, and t h e  benef i t -cos t  r a t i o .  These c r i t e r i a  a re  

summarized i n  Table 3.1. The n e t  present va lue i s  used t o  de f i ne  

economic e f f i c i e n c y  f o r  t h e  biomass p lan ta t ion .  The i n t e r n a l  r a t e  of 

r e t u r n  and benef i t - c o s t  r a t i o  a r e  provided as a l t e r n a t i v e  eva lua t ion  

c r i t e r i a  t o  t h e  n e t  present Val ue, The discounted average cos t  i s  t h e  

minlrnum s e l l i n g  p r i c e  requ i red  f o r  t h e  energy p l a n t a t i o n  t o  be v i a b l e  

Over i t s  economic l i f e .  While t h e r e  a r e  no s p e c i f i c  op t im iza t i on  

r o u t i n e s  i n  t h e  model, t h e  user may r e a d i l y  opt imize c e r t a i n  aspects 

(e.g., determining an optimal r o t a t i o n  age) o f  t h e  p l a n t a t i o n  design by 

using t h e  model I n  an i t e r a t i v e  context  and choosing t h e  p a r t i c u l a r  

scenario t h a t  maximizes t h e  ne t  present value. 

3.2 R I S K  ANALYSIS 

I n  economjc eva lua t ions  of wood energy p l a n t a t i o n s  t h e r e  i s  o f t e n  a 

h igh  degree o f  uncer ta in ty  surrounding impor tant  b i o l o g i c a l  and economic 

re1 at ionships. The BIOCUT model i s  t h e r e f o r e  s p e d  f i c a l  l y  s t ruc tu red  t o  

expedi te  s e n s i t i v i t y  analysis, p e r m i t t i n g  t h e  de ta i l ed  examination of 

t h e  e f f e c t s  of changes i n  user spec i f i ed  a c t i v i t i e s  on t h e  ne t  present 

value. If t h e  user i s  ab le  t o  speci fy  or describe t h e  range of 

uncer ta in ty  for  model cos t  a c t i v i t i e s  and revenue then t h e  model can be 

used t o  car ry  out an expedient r i s k  analysis. ?h is  i s  accompllshed i n  

BICPCUT us ing t h e  parameter method (Davidson and Cooper, 1%’6). 
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Tab1 e 3 .l Economi c eval u a t i  on c r i  teri a 

Net Present Val ue 

t<35 

t = O  
NPV :: ( P  Qt - C t )  ( l + d ) - t  

Discounted Average Cost 

I n te rna l  Rate o f  Return 

Bene f i t  - C o s t  R a t i o  

ldhere 

d = discount  ra te  

P =: s e l l i n g  p r i c e  

Ct  = cos ts  occur r ing  i n  year t 

Q, = q u a n t i t y  harvested i n  year t, 

t = any year i n  t h e  eva lua t ion  period 

T = f i n a l  year i n  the eva lua t ion  p e r i o d ,  Tmax = 35. 
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The r i s k  ana lys i s  computational procedure i n  t h e  model i s  

re1 a t i v e l y  s t ra ight forward.  It re1 5es on t h e  parameters (mean and 

var iance)  o f  each of t h e  cos t  and revenue a c t i v i t i e s  p r o b a b i l i t y  

d i s t r i b u t i o n .  The model requi res  t h a t  t h e  user speci fy  a l o w  ( a  Val ue 

such t h a t  t h e r e  i s  on ly  a 10% chance o f  a lower value) and a h igh  va lue  

( a  value such t h a t  t h e r e  i s  on l y  a lG% chance of a h igher  va lue)  f o r  

each uncer ta in  a c t i v i t y .  With t h e  i n d i v i d u a l  means and var iances f o r  

each unce r ta in  a c t i v i t y ,  a mean and var iance can be ca lcu la ted  f o r  t h e  

n e t  present value. The mean and var iance for each a c t i v i t y  i s  

ca l cu la ted  as: x = 1 / 4  ( L  f 2 M  f HI and s = (ti - L)/2.65, respect ive ly .  

These equations prov ide an 80% i n t e r v a l  est imate and a r e  accurate f o r  

most d i s t r i b u t i o n s  t h a t  e x h i b i t  cen t ra l  tendency (Davidson and Cooper, 

1976 and Moder and Rogers, 1%8). I f  t h e  Central L i m i t  Theorem i s  

invoked then  t h e  user can make p r o b a b i l i t y  statements about t h e  ne t  

present Val ue. 





4.0 BIOCUT PRGRAM OPERATION 

The BIOCUT model i s  coded i n  PASCAL and operates on IBM personal 

computers and compatibles having 256k memory us ing t h e  DOS 2.0 operat ing 

system. To operate t h e  model t h e  user must f i r s t  t ype  'BIOCUT' a f t e r  

boot ing  t h e  system. Once BIOCUT i s  accessed a l l  f u r t h e r  responses must 

be i n  cap i ta ls .  The user may wish t o  press 'caps lock '  a t  t h i s  po int .  

The model w i l l  then ask whether he lp i s  desired. Typing 'HELP' w i l l  

1 i s t  t h e  program operat ing commands, which are summarized 4n Table 4.1. 

Fol lowing t h e  prompt tOpt ion?v  t h e  user can speci fy  a word 

opera t ing  command (Table 4 .1 )  o r  a number of  t h e  form #.## (where # i s  

any in teger ) .  

spec i f i ed  basecase scenar io f i l e .  ( A  DOS f i l e  s p e c f f i c a t i o n  cons is ts  o f  

any combination o f  up t o  e f g h t  alphanumeric characters  fo l lowed by a 

perdod and up t o  t h r e e  add i t i ona l  a1 phanmer ic  characters. 1 A f t e r  

r e t r i e v i n g  a f i l e  t h e  user may e l e c t  t o  use the  'LISTq command t o  

examine the  parameter values for t he  f i v e  groups o f  options. Responding 

w i t h  #.## a l lows t h e  user t o  change t h a t  p a r t l c u l a r  parameter value. 

The 'SAVE' command can be used t o  s t o r e  a newly created scenario. 

The command 'GET' can be used t o  r e t r f e v e  a prev ious ly  

The 'RUN' command w i l l  execute the  cu r ren t  scenario. The program 

responds with, 'Is t h i s  noncontinuous product ion? '  A !NOt respanse w t l l  

i n d i c a t e  continuous product ion and t h e  program w i l l  compute the  summary 

economic c r i t e r i a  based on t h e  establ ishment of a r o t a t i o n  age f r a c t i o n  

of t h e  p lantat ion.  For example, i f  a four-year r o t a t i o n  age f s  

specif ied, t h e  program w i l l  p l a n t  one-fourth of t h e  t o t a l  p lan tab le  area 

15 



16 

Tab? e 4.1 BIOCUT program opera t i  ng commands 

HUP - Provides a summary l i s t  sf optians. 

SAVE - Saves t h e  cu r ren t  scenario as a basecase f i l e .  

RUN - Executes t h e  c u r r e n t l y  spec i f i ed  f i l  e. 

GET - Retr ieves an e x i s t i n g  basecase scenario f i l e ,  

L IST - L i s t s  t h e  cur ren t  scenario parameter values. 

TITLE - Labels t h e  cu r ren t  scenario f i l e .  

STOP - Ends execution of  t h e  program. 

RISK - C a l l s  t h e  r i s k  ana lys ts  option. 

OUTWT - Opens a f i l e  t o  rece lve  t h e  cu r ren t  1 i s t i n g  o f  
scenario p a r m e t e r  Val ues and execut ion output. 

BIOCUT program modules a r e  described i n  Appendix A. 
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i n  each o f  t h e  f i r s t  f o u r  years of p l a n t a t i o n  operation. A 'YES' 

response denotes noncontinuous production. Here, t h e  program w i l l  

compute the  summary economic c r i t e r i a  on t h e  basis of es tab l i sh ing  t h e  

e n t l  r e  p l  antabl e 1 and area i n  t h e  f i r e t  year. Responses t o  t h e  next two 

program quer ies  will fnd ica te  the degree of  d e t a i l  desired i n  the 

program output. 

If a user se lec ts  an op t i on  t h a t  has suboptions ( e . g e P  opt ion  4.03, 

post-establ ishment weed c o n t r o l )  t h e  user must go through a l l  pranpts 

before re tu rn ing  t o  t h e  op t i on  request l eve l .  By ho ld ing  down t h e  

cont ro l  key (CTRL) and press ing t h e  C key oncer t h e  user can e x i t  fran 

t h e  programs. 





5.0 SUMMARY 

Th is  r e p o r t  has described a microcomputer model f o r  eva lua t ing  t h e  

econmics  of wood energy p l a n t a t i o n s  and t h e  mo t i va t i on  behind i t s  

development. The model was designed f o r  p re l  iminary anergy assessments 

i n  which t h e  bas ic  economic ques t ion  i s  whether and under what 

condi t l o n s  wood energy p l  an ta t i ons  can prov ide feedstocks a t  acceptable 

costs. BIOCUT i s  n o t  designed, nor i s  it sui tab le,  f o r  d e t a i l e d  

f i n a n c i  a1 analyses. I n  general # such analyses a r e  only  appropr ia te  

a f t e r  re1 i a b l e  i n fo rma t ion  e x i s t s  on t h e  most e f f i c i e n t  p l a n t a t i o n  

design, on t h e  costs and r e t u r n s  t o  f a c t o r s  o f  production, and on t h e  

probabi 1 i t y  d i  s t r i  b u t i  on o f  unce r ta in  o r  i nherent l  y vard ab1 e cos t  and 

ou tpu t  parameters. The BIOWT model ing  e f f o r t  invo lved d i f f i c u l t  

choices between f l e x i b i l i t y  o f  appl i c a t i o n  and inco rpo ra t i on  o f  d e t a i l .  

Here, f l e x i b i l i t y  and ease o f  use were considered t h e  more impor tant  

a t t r i b u t e s  o f  a microcomputer model. The model was designed so t h a t  a l l  

I npu t  r e q u i r m e n t s  a r e  t h e  r e s p o n s i b i l i t y  of t h e  user. The h lgh 

f 1 ex i  b i  1 i t y  of BIOCUT thus  p l  aces consi derabl e responsi b i  1 i t y  on t h e  

user, s ince he must i n s u r e  t h a t  i n p u t s  a r e  reasonable I n  t h e  l i g h t  o f  

a v a l l a b l e  data and t h a t  I npu t  values a r e  i n t e r n a l l y  cons is ten t  w i t h  each 

other. 
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APPENDIX A 

BIOCUT Program Modules 

BIOCUT This  i s  t h e  main program u n i t  and conta ins  several subroutines 
besides t h e  main program. I t s  primary func t i on  i s  t o  query 
t h e  user f o r  d i f f e r e n t  program opera t ing  commands. Th is  u n i t  
a1 so conta ins  t h e  c m p u t a t i  onal and repor t -generat ion 
subroutines. EIOCUT performs several func t ions  t o  make 
program operat ion eas ie r  f o r  t h e  user. These inc lude 

1. 

2. 

3 .  

4. 

5. 

6. 

7. 

8 .  

prov id ing  an on- l ine HELP system o f  summary canmand 
descr i p t i  onsI 

e x i t i n g  t h e  program, 

s p e c i f i c a t i o n  of a scenario t i t l e  t o  appear on outputs, 

saving and subsequent1 y r e t r i  ev i ng  f il es conta i  n i  ng t h e  
scenar io  parameters spec i f i ed  by t h e  user, 

d i sp lay ing  t h e  scenar io  parameters and t h e  output  of ti 
sce n a r i  0, 

opening a f i l e  t o  rece ive  t h e  output  of a scenario, 

simul a t i  ng a scenario, 

and conducting a r i s k  analysis. 

CALLS: COMFIJTp HELP-WE, LIST, OPTION1 9 OPTIONZ, OPTION3 9 OPIION4r 
OPTION5r PLANT, PRINT9 RISK 

CONTAINS: COMWTI LIST, PRINT, PLANT. 

HELP T h i s  i s  t h e  only  module c a l l e d  MODULE ONE, and i s  1 inked along 
w i t h  t h e  main program un i t .  I t s  primary func t i on  i s  t o  query 
t h e  user f o r  i npu t  parameters and s imulates t h e  r i s k  ana lys i s  
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fo r  project  no t  present value. l’his has s i x  d i f f e ren t  
procedures f o r  the f i v e  groups o f  avai lab le  options and 
s i  mu1 a t i  ng the  r i sk  anal ysl s. 

Contad ns; OPTION1 OPTION2, OPTION3 OQTION~P OPTION5r 
OP43-44s R I S K  

Called by: E3IOCUlr  MAIN PROGRAM UNIT. 

H E  P-ME 

OPTION1 

OPT ION2 

OPT ION3 

OPTION4 

This procedure 1 l s t s  the  commands and opt ions ava i lab le  t o  the 
user 

Call e d  by: BIOCUT 

Call s :  (none) 

ThSs procedure handles t h e  input que r i e s  and data input f o r  
t h e  p lantat ion scenario op t l sns  ( i . e . p  1.01 - 1.07). 

Call ed by : I3 IOCUT 

Call s:  (nons) 

ThSs procedure handles the input quer ies  and data input f a r  
economic options ( i . e .  2.01 - 2.03). 

Call e d  by : B IOCUT 

Call s: (none) 

This procedul-e handles t h e  i n p u t  queries and data i n p u t  f a r  
t h e  plantat ion es-kahl l sh rnen t  options (i.6, 

Called by: BIOCUT 

C a l l s :  (none) 

3.01 - 3.05). 

T h i s  procedure handles t h e  j n p u t  que r i e s  and data i n p u t  f o r  
operation and maintenance opt ions ( i . e .  

Called by: BIOCUT 

Call s: OP43-4 4 

4.01 - 4.06). 



27 

OPTION5 Th is  procedure handles t h e  i n p u t  que r ies  and data i n p u t  f o r  
harves t ing  dec is ion  op t i ons  (1.e. 5.01 - 5.03). 

C a l l  ed by : BIOCUT 

Ca l l  s: (none) 

OP43-44 This procedure handles t h e  i npu t  que r ies  and data i n p u t  i n  
d e t a i l  f o r  Options 4.03 and 4.04 o f  BIOWT. 

Ca l led  by:  OPTION4 

C a l l  s (none) 

PUTATIONAl SUBROUTIN FS 

C O W T  This  procedure ca l cu la tes  yea r l y  in fo rmat ion  on t h e  f i n a n c i a l  
s ta tus  o f  t h e  p lan ta t ion ,  cash f lows? t h e  n e t  present value, 
t h e  discounted average cost, t h e  i n t e r n a l  r a t e  o f  return, and 
t h e  benef i t - c o s t  r a t i o .  

Ca l l  ed by : B IOCUT 

Ca l l  s: (none) 

PLANT Thts procedure computes t h e  p l  a n t a t l o n  1 i f e  c y c l e  and a1 so 
w r i t e s  output  t o  both t h e  user and t h e  output  f i l e .  

Cal l e d  by: BIOCUT? PRINT 

C a l l  s: (none) 

R ISK Th is  procedures performs t h e  r i s k  ana lys i s  f o r  n e t  present 
value. 
sce na r i 0. 

This  a l s o  d i sp lays  t h e  output  o f  a r l s k  ana lys i s  f o r  a 

C a l l  ed by : BIOCUT 

Ca l l  s: (none) 
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LIST T h i s  procedure wr i t e s  out t h e  yearly financi a1 r e s u l t s  over 
the eval uati  on period. 

Call e d  by : BIOCUT 

Calls :  (none) 

PRINT This procedure wr i t e s  the  scenario parameters t o  t h e  output 
f i l e  and t o  t h e  iiser. T h i s  a l so  writes the  yearly information 
on the  f inanci a1 s t a t u s  o f  pl antat ion and  proj ect-summary 
r e s u l t s  over t h e  evaluation period t o  t h e  output f i l e .  

Gal 1 e d  by : B IOCUT 

Call s: RANT 

DATA STRUCTURES 

slRuc1,. . . # smuc5 
These f i v e  record blocks represent the  f i v e  di f f e ren t  groups 
o f  scenario parameters f o r  t h e  ava i lab le  f i v e  groups o f  
d i f f e ren t  options i n  BIOCUT. These record blocks pass the  
scenario parameters among COMPUT, PRINT, OPTION1, OPTIONZ, 
OPTION3 OPTION.$, OPTIONS and  RISK. 
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E61 

EO1 := 0,0 ; 

16% := 0.0 ; 
I O 1  := 8.0 i 

(01 := w i 
t03 := 0.0 ; 
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IF CIlFki 0 'Y' MEN 
=IN 
FOR Y := 1 TO MEi W 
FWI U := 1 TO WRBL2.YERR W 
FOR X:a 1 TO Wl W 
BEGIN 
scYctw,x3 := 0 ; 
ccYCIW,XJ := 0 ; 
W I Y , W , X I  := 0 ; 
PCcYtY,W'X1 := 0 i STFIGECW,X1 := 0 

ENtl ; I+ FOR Y LDDP RJDS HERE *I 
(* INITIRLIZRTION ENDS M E  *) 
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I4 FOR COPPICE CYCLE *) 
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(t INITIRLIZE THE G E T S  +I 

loo: SPRPIII := 0.0 ; wCsT13 ;= 0.0 ; 
~ R V C I I  := 0.0 ; w113 := 0.0 ; 
FCSTL'II := 0.0 ; PCSTEIl := 0.0 ; 
WCSTtII := 0.0 ; HmlIl := 0,0 i 
SSlCIl  := 0.0 ; TCSTEIY := 0.0 ; 

KSTI13 := WRBL4.sl)JGR * # ~ 1 . W f l  * vARBtl.PtlMI * 0.01 ; 
RCSTClI := WRR4.FlllML * WI#ELl.MEFl MRBL1,RW * 0.01 ; 
ECSTEII := WIR3L4.ENVR ii WFR1.RREcI * WRBLI.PLFIN * 0.01 ; 

DEVLCII := 0.0 ; REVNCII := 0.0 ; 
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EplD ; (* FOR LOOP 1 TO WcLRBL2.yEAR ENDS HERE ?I  

IA := -0.05 ; R := 1.0 ; SWI := 990.0 j 
CRIILE WOT (su1 { 50.0) DO 
E6IN 

R := 1.0 ; IRR := IRR + 0.06 ; SUM := 0.0 ; 
I F  I R R  ) 99.0 THEN 6oTO 2 ; 
m I := 0 To vaRBL2.YEAR 00 
E6iN 

Sun := SM t ((REVNlIJ-WSTCII)/R~ ; 
R : =  ( l + I R R t O . . 0 1  1 * R  

€Id0 (* FOR I 0 TO WRBL2,YEllR LWIP ENDS HERE *I 
RYD ; Ot WILE NOT UIOP EMIS HERE *I 
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IF W B R B L ~ . S C ~ W T ~ ~ ~  = 0.0 
THEN 

ELSE 
WRITRN(TX,'4,02 No Fertilizer is @plied.') 

EXiIN 
W1TELN(TX,94.02 Type of Fertilizer : ',VC)RBLCFTYP) i 

FOR I := 1 TO REI. W 
URITELNITX, 'Seedling Year1, I:4, : 9 ,  WJBl.4. WTCII: :2, * &/ha;?, 

MRITEM(TX, Rpplicat ion k t  ' 1 ;  

wIREL4.SCST111::2,1 $/ha'); 



FOR I := 1 TO RRE2 w 
ar 1 : q  :', WIIRBL4. 

WRITRN (TX, 'Mechanical Labcnl" cost', ' kterial Cost' 1 ; 
FOR I:= 1 TO mi Da 
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URI'IELNiTX,'Saedling Yeary* 124,' :9 , ~ l ~ l : r 2 , 1 4 / h a ; ~ , ~ C 1 3 : : 2 , *  $/ha* 1 ; 
FOR l:= 1 TO RE2 W 
URJl€LN(TX, *Coppice Year', 1:4%* :* , K U t  11 : :2, * $/ha;', PIMCII : :2, * $/ha* 1 ; 
IF p7yP.1 THEN 6oTO 90 ; 

2O:LJRITELN(TX,~Cheuical Hethod Bpplic. Cat*, 
'I mea#k3t cheg rat'); 

M R I : = 1 M M 1 D O  
WR I EL.N ( TX I ' Seed 1 i np Year' I : 4, ' : ' , E S T  t I 1 : 9 : 2, $/ha' , SST3 E I 3 : 9 : 2, 

Folt I:= 1 TO Iw 
WRIXUU(TX,*Coppice Year 1:4*' :',CESTIII :9:2, $/ha* ,CSTJfI3:9:2, 

9 Kg/ha', W C I I  :9:2, * $/Kg7 1 ; 

9 Kg/ha',CM2111:9:2,y WKg'); 

90:WRITWJITX,s4.W Envirmwntal Protection ktivities:'); 
WRITEWITX, * 
WRIELN(TX,' Annual Cost o f  These ktivities: *, 
URIEl.N(TX,*4.06 Cost of Other Recurring Rctivities: $ ,  

WRITEW(TX1; 
WRITELN(TX) ; 

*, WRBL4. WPI ; 

WRBL4. WR: :2, ' $/ha* 1 ; 

WIRBl4.RM)L::2, $/ha1); 

t* WRITE OPTION 5 I . )  

URI'fELN(TXq7HIWET'Iffi DECISIOH ISCTIVITIES' 1 ; 

URITR#(TX,95.01 Harvesting Costs: *,WHllfLS. W: :2,' $/ha7 1 ; 
YRiTEYItTX,'5.02 Rnn, Harvested Wterial Transp. Cost:* ,W.TWt:2, '  $/I%'); 
WRITELMTX,f5.03 hn. Harvested Material Prep. Cost: 7,wIRBw.PREP::2q* $.W); 
IF TERH = 'Y THEN GOTO 100 ; 

WRITELNITX, '1; 

(* Now WRITE YUIRLY F I W I R L  RESULTS *I 
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E6IN 
URITELNPBI[ICUT Emnosic Evaluation P~ograr for Bic#ass I ,  

WRITELN ; 
URITRHVOak Ridge National Laboratory ' 1  ; 

'1  ; 

1% REslATS OF PLRNTRTIW FOR Y E W ,  P:4) ; 
URIrnN(' ' 1  i 
HImN i 
WBITELNP 1. Land Cost $' , LAMDCPI: :2) ; 
MXIITEUJI' 2. Infrastructure Developsent Cost %I ,DEVLWl: :2) ; 
UffI'TEuI((* 3, Site hpavation Cast %9,SPRPtPI::2) i 
URITELNI' 4. Pw-Planting weed Control Cost ?I' , m t P I  : :21; 
URITELN(' 5, Seedling Cost V I  S T  tP3 : :2) 
WRITRN(' 6. Planting Cost %' , FJLrntPI : :2) ; 
URI'6RNP 7. Haagerial CEKt Of ,  =TIPI : :2) ; 
wRIT€LN(' 8, Fertilization Cost $* ,FETEPI : :2) ; 
wRIELN(' 9, Post Establishumt weed Control k t  %',ESTtP1::2); 
WRI'IMIV 10. Post Establishment Pest bntral Cost t1,PmCP3::2); 

WRITELNP 12. Transportation Cost V , TCSTIPI : :2) ; 
LIRITELNP 13. Special Dngoing Environ#ental Cost $',EBTtP1::2); 

WITELNP 11. Harvesting Cost $'1rntP1::2); 

WRIW(' 14. CWditianal C a t  %',rnEPI::;2); 
wRIffiJJ(' 15. Total Costs $9, m r p i  t re) ; 
UR1lEt.W 16. Harvest k g a p r a d , ~ W f P l : : 2 ) ;  
WRITELN(' 17. I m n #  fm Harvest %',RE\I#tP1::2); 
WIm#(' 18. Current 'fear Cash Flow %', ~RNNCPI- 

WITELNP 19. Net Pwsent Value to Date $9,W[P3::2) ; 
URITELN ; 
NfwELN i 

M3fTtP3) : :2) ; 

Pianta t  ions 

WR 
N ,  0 RM,P : INTEGER ; 
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RE6IN 
(* MRITE THE ERDING *) 

5:URRITELWB B x o  n c c u  u 
6:WRITMPB B I 0 0 C u u  
7:WRITELNPE B I O  o c  u u  
0:URITELNPB BB I O  o c  u L 1  
FI:URRITELN('B B I O  O C  u u  
lOnWAITElN('B 3 I 0 0 C u u  
Il:WRITElJd('B 3 I O  0 c c u  U 
12:L#(ITELN('BBBBE3 1 0 0 0 0 0  ccccw 
17rURITELNP EwNo1IIC 1IIoDEL OF 8ICWS PUWTRTItllJs 
18 :URITELN (*  MRSION 1.0 
19:WRITELNP ow( RIM MTIohy1L LfWltQTORY 
~ O O : W R I E L N ( ~  oIy( RIDGE, EWSSEEE 37031 
UWRLIISE 
URITELN ; 

m; (*cFLsEIoFEIIDsHERE *) 
w) ; (* FOR I := 1 TO 22 LWP ENDS HERE t) 

URITEUJ ; KEY := CHR(10) ; 

FOR I := i m a w 
URITEPHIT WY KEY RND llRuRM W REwlY ........ ');REw#)((KMl; 

M I T U  ; 

(f INITIWIZCITIM *) 

WILE NOT IDPTIO1YL11 = 'It') W 
BEGIN 

CRSE OPTION113 OF 
'H' : HELP-ECOPTION) ; 
ISB : B E H N  
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"4.04" WIN') 
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END. 
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puwTl4TIffl S C B M I U  XTIVITIES 
--__--------...--- 
1.01 Total Land h a  of Plantation: 
1.02 Planted portion of Plantation: 
1.03 Land is Leased at :  

1.04 plantation Harvesting Period: 
1.05 Projected Bimss Yield for seedling: 

Prajected BioUBS Yield far Coppice: 
1.06 Energy Content of Bi0ll;rss: 
1.07 Coppice Cyclers; Befare Return to Seedling: 

Xncwasing R t  Real h u a l  Rate of: 

FIWIRt/E(XIMMIC PRRQHEERS 

Calcu1,atirm Will Be i n  Real Dollars. 

2.01 Last Year i n  Evaluation Period: 
2.02 Discount Rate: 
2.03 Initial ha] .  Selling Price: 

lhrmal Change i n  Real Selling Price: 

3.01 Infrastructure Developplent Costs: 
3.02 Site Prep for h l y  Planted h a s :  

Site Prep for Replanted clwas: 
3.05 Cmt of Sg#lllngS: 
3.0) be-Planting weed Control: 

3.05 hnual Planting Casts: 
Tillage is #ot Practiced. Rnnual Cost: 

1.00 ha 
90.00 % 
80.00 $/ha 
0.00 % 
5 Y E  

60.00 %/ha 
72.00 W h a  
13.70 Wdry V6 

3 

23 
4.00 % 

0.50 ;r 
50.00 )/dry WG 

75.00 d 
50.00 $ h a  

100.00 %/ha 
550.00 $/ha 

200.00 $/ha 
50.00 %/ha 

4.01 Xanager Expenses: 
4.02 Type of Fertilizer : NPK 

Seedling Year 1: 200.00 Kglha; 
Seedling Year 2: 0.00 Kg/ha; 
Seedling Year 3: 2fM.00 Kglha; 
Seedling Year 4: 0.00 Kg/ha; 
Seedling Year 5: 0.00 Kg/ha; 
Cappice Year 1: 200.00 Kglha; 
Coppice Year 2: 0.00 Kgfha; 
Coppice Year 3: 0.00 Kg/ha; 
Coppice Year 4: 0.00 Kg/ha; 
Coppice Year 5: 0.00 Ky/ha; 
4.03 Postfstablishment W Control: 
Chemical Mthod Rpplic. Cost Chm lbst 
seedling Year I: 90.00 $/ha 1.00 Kg/ha 
Seedling Year 2: 90.00 %/ha 0.00 Kg/ha 
Seedling Year 3: 0.00 $/ha 0.00 Kg/ha 

Rpplicat ion 

30.00 %/ha 

Cost 
75.00 $/ha 
0.00 Sfha 

75.00 $/ha 
0.00 $/ha 
0.00 $/ha 
75.00 %/ha 
0.00 $/ha 
0.00 $/ha 
0.00 $/ha 
0.00 $/ha 

Gher Gost 
0.00 $/Kg 
0.00 $/Kg 
0.00 $/Kg 
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ling Year 4: 0.00 $/ha 0.00 Kg/Ra 
ling Year 5: 0.00 $/ha 0.00 Kg/ha 

Coppice Yeas 1: 0.00 $/ha 0.00 Kq/Ra 
Coppice Year 2: 0.00 %/ha 0.00 Kyfha 
Coppice Y e w  3: 0.80 $/ha 0-00 Kglha 
Coppice Yeay 4: 0.00 '$/ha 0.00 Ky/ha 
Coppice Year 5: 0.00 $/ha 0.00 Kgiha 
4.04 Pwtdstablishnent k t  Control: 

Rpplic. Cost Chesl Rt, 
1: 0.00 $/ha 0.00 Kg/ha 

ling Year 2: 90.00 $/ha 0.00 Kg/ha 
Seedling Yew 3: 0.00 $/ha 0.00 Kg/ha 
F e d l i n g  Year 4:  90.08 $/ha 0.00 Kg/ha 
Bedling Year 5: 0.00 $/ha 0,W Kg/ha 
Cappim Year 1: 0.00 $/ha 0.00 Kg/ha 
Coppice Year 2: 90.00 $/ha 0.00 Kg/ha 
Coppic@ Year 3: 0.00 $/ha 0.00 Kglha 
Coppice Year 4: 90.00 $/ha 0.00 Kg/ha 
Coppice Year 5: 0.00 $/ha 0.00 Kg/ha 
4.05 E n v i r s m n t a l  Protect ion k t i v i t i e s :  

h n u a l  Cost of These R c t i v i t i e s :  
4.05 Cast o f  Other Recurring k t i v i t i e s :  

0.00 $/Kp 

0.00 $/Yy 
0.00 $/Kg 

0.00 $/Kg 
0,OO WKg 
0.00 $/KJ 
0.00 $/Kg 

Chew C a t  
0.00 $/Ky 
0.00 $/Kg 

0.00 $/Kg 
0.00 $ /Kg  
0.00 $/Kg 
0.00 $/Kg 

0.00 $/Kg 

0.00 %/Kg 

0.00 $/K5 

0.00 $ / K g  

0.00 $/ha 
0.00 $/ha 

--.-.~_--__ l___ll_- 

5.01 Harvesting k t s :  1300.00 $/ha 
terial Transc. Cost: 
terial Prep. Cost: 

4.00 %/dry MG 
0.00 $/dry c1G 

( l k 5 u l t 5  for years 5, 10, and 201 

BIDCUT E c o m i c  Evaluation b g r a  for Biaraa~iis Plantat ions  

1. 
2. 
3. 
4. 
5. 
5. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
15. 
17. 

50. rn 
0. 00 
P. 00 
36- m 
99. 
9.00 
27.60 
27.00 
8 .40  
32" 40 

270.00 
43.20 
0.00 
0.00 

665.00 
10.80 
%53,64 
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18. C u m t  Year Cash Flow $ -111.36 
19. k t  Prosent Value to Date $ -1143.95 

DESCRIPTIDAl W W T Q T l t M  RT EM) W YEAR 5 

Plot h a t h a )  Stage Rge dry ffi Said 
1 0. la 1 5  10.80 
2 0.18 1 4  0.00 
3 0.18 1 3  0.00 
4 0. ia 1 2  0.00 
5 0.18 1 1  0.00 

-- I----- 

Number of Separate Plots: 5 
Rwa Under Cultivation: 0.90 ha 
Eiolk~s Production: 10.80 dry rl6 

BIOCOT Emit Evaluation Program far Biolaass Plantat ions 

Oak Rndge National Laboratory 
FIWICY.  RESULTS OF PlWflTIDN FDR ERR t #  

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
10. 
19. 

Land bst c 
Infrastructure Development b i t  9 
Site Preparation kist $ 
Pre-Planting weed Control Cost $ 
Seedling &Et $ 
Planting Cost $ 
Managerial Cwt $ 
Fertilization Cost 9 
k t  Establishrent weed Control Cost L 
Wt Esitablishment Pest Gmtml Gost L 
Harvesting Cost $ 
Transportat ion k t  $ 
Special Ongoing Envimmaental Cost 5 
Mditional Cost 9 
Total Costs % 
Harvest dry ff 
Incwe f m  Harvest $ 
Curwnt Year Cash Flow 4 
Net Present Value to Date c 

BO. OC, 
0.00 
0.00 
0.00 
0.00 
0.00 

27.00 
13.50 
0.00 
32.40 

270.00 
51.84 
0.00 
0.00 

474.74 
12, % 

681.14 
206.40 
-756.74 

DESCRIPTIM OF PLRNTIlTION AT END #F YERR 10 

-1---1---1- 

Plot Clwd(ha) Stage h e  
1 0. la 2 5  
2 0.18 2 4  
3 0.18 2 3  
4 0.18 2 2  
5 0.18 2 1  

Number o f  Separate Plots: 
k e a  Under Cultivation: 
Bicwsaiis W u c t  ion: 

dry 1(6 Sold 
12.96 
0.00 
0.00 
0.00 
0.00 

5 
0.94 ha 

12.% dry H6 



74 

B I W  Emnaic Evaluation P1.ogi-a for Biegass Plantatiom 

Oak Ridge National Laboratory 
TRTIMU FOR WR 20 

1. 
2. 
3“ 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 

Land Cost $ 
Infrastructure Dgvelopment Cost I 
S i t e  Preparation Cost 9 
Pre-Planting &@d Control h t  s 

ling Cost $ 
Planting Cost $ 
Xanagerial Cost % 
Fert i l izat ion Cost $ 
Post Establ ishwnt  Control Cost B 
Post Establishment Pest Control Cost S 
HarvEting Gost s 
Tramportat ion Cost s 
Special Ongoing Environmental Cost $ 
Wditional Cgst s 
Total  Cast5 J 
Harvest dry  w6 
1- from Harvest s 
Cuvrent Year Cash Flw s 
Net Present, Value t o  Date $ 

DESCRIPTION OF PLANT!ATION RT END CIF YEFIR 20 

Plot Ilrea(ha1 Stage Rge 
1 0.18 2 5  
E! 0.18 2 4  
3 o.ie 2 3  
4 0.18 2 2  

Nuarher of Seeparate Plots: 
Aea Under Cultivation: 
Biamass Product ion:: 

64.00 
0.09 
0.00 
0.00 
0.00 
0. Q@ 

21.60 
0.00 
0.00 
32.40 

270.00 
51.M 
0.00 
0.00 

439.34 
12.96 
715.37 
276.13 
488.15 

dry i% Soid 
12. % 
0.00 
0.00 
0.00 

4. 
0.72 ha 

!2.% dry E 

Internal. Rate of Return 
k t  k e n $  Value 
BenefitlCost Rat io  

2.37 SlG3 
8.70 % 

927.45 8 
1.14 
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-5.00 
0.00 
0.00 
0.00 

-15.00 
0.00 

-10.00 
0.00 
0.00 

-10.00 
0.00 

-30.00 
0. OQ 
0.00 

-2s. 00 

972.94 
73.00 
40.07 

160.27 
40.07 

320.37 
232.07 
141.47 
440.73 
393.74 

0.00 
3031.26 

0.00 
549.13 

7333.36 

10.00 
0.00 
0.00 
0. co 
5.00 
0.00 
15.00 
0.00 
0.00 
a. 00 
0. frg 

10.00 
0.00 
0. m 

10.00 
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