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g Abstract

The fuelwood harvesting computer program (FHP) is written
in FORTRAN 60 and designed to select a collection of har-
vest units and systems from among alternatives to satisfy
specified energy requirements at a lowest cost per million
Btu's as recovered in a boiler, or thousand pounds of H,O
evaporative capacity kiln drying. Computed energy costs are
used as a criterion of economic viability. Sensitivities of en-
-, ergy costs and fuel requirements to changes in moisture
content are computed and provided in the printed output.
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Keywords: Wood/bark fuel, harvesting, economics, computer
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A Computer Program

for Analysis of
Fuelwood
Harvesting Costs

George B. Harpole, Research Forester
Forest Products Laboratory, Madison, WI
Giuseppe Rensi, Professor

Department of Economics and Marketing,
California State University, at Hayward
Hayward, CA

Introduction

Forest residues represent an abundant wood source often
unutilized because of the inability of market prices to sup-
port costs for harvesting. In some circumstances, however,
harvesting forest residues for fuel may be combined with
harvesting of wood-chip and cull-log products to offer eco-
nomic and environmentally desirable utilization of forest
residues. The fuel harvest analysis computer program
(FHP) is designed to select harvest units and harvest sys-
tems from a number of alternatives to satisfy specific en-
ergy requirements, at a lowest cost per million Btu's as re-
covered in a boiler (as exemplified in fig. 1), or per
thousand pounds of H,0 evaporative capacity for kiln dry-
ing (as exemplified in fig. 2). The energy costs so com-
puted can then be used as a criterion for economic viability
of various harvesting options.

The FHP computer program given in the appendix is writ-
ten in FORTRAN 60 for use by forestry planners, business
analysts. and utilization economists. The program is de-
signed for application to logging operations where the fol-
lowing conditions apply:

« year-round headquarters are maintained for business
management and equipment storage and repair,

* harvesting opportunities are available at different harvest
sites and wood supplies may collectively exceed fuel
product demand and harvesting capacities,

= prospective harvest units may have different cost re-
quirements for construction of roads and landings,

« alternative harvesting systems may be employed at any
harvest unit for production of different product mixes of
fuel and other marketable products.
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Structure of the FHP computer program follows standard
accounting practices. Computed energy costs are residual
costs, i.e. the net amount of costs and revenues from mar-
ketable products are a residual cost which may be nega-
tive in situations where revenues exceed all costs. Costs
for risk and/or requirements for profit on working capital
may be included. Marginal cost analyses may be accom-
plished by representing a harvest unit as a series of differ-
ent intensities of possible harvesting. For all analyses, sen-
sitivities of energy costs and fuel requirements to changes in
moisture content are computed and provided in the printed
oulput (figs. 1 and 2).
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Data Input Requirements

Use of the FHP computer program requires good estimates
of costs per hour for each operable harvesting system con-
sidered, and good estimates of the number of operating
hours required per acre of harvest area. The entries for gen-
eration of the problem specification and printed output of fig-
ures 1 and 2 are derived from data coding worksheets

(figs. 3 and 4). Input requirements for these worksheets are
described below:

Card Type 1: Title card (fig. 3} for captioning printed out-
put (first card in data deck).

Card Type 2: Program constants (fig. 3) (second card in
data deck).
Cols. 2-3: Number of Harvest Units. Enter number of
harvest units to be considered, up to 50 harvest units.

Cols. 7-10: Stack Temperature. Enter in degrees
Fahrenheit (at least 100°), for computation of costs per
million Btu's of steam. A stack temperature of 375°F is
typical. If no entry is made, the program computes
costs per thousand pounds of H,O evaporative capacity
of stack gases (1,700 Btu's per pound of water evapo-
rated as in a dry kiin). Boiler efficiency calculations as-
sume 40 percent excess air and 4 percent heat loss
from unburned fuel, radiation, and unaccounted heat
losses.! The equations used for computation of boiler
efficiencies are shown in table 1.

Table 1.—Equations used for computation of boiler effi-
ciencies

Range of  Boller efficiency (BE) versus

content Moisture content fraction, wet basis (MCW)
(wet basis) and Stack temperature in fahrenheit (°F) (ST)
From To
0 0.285 BE =0.9350 - (MCW * 0.18182) - (ST * 0.000310)
0.286 0.443 BE = 1.0019 - (MCW ° 0.35454) — (ST * 0.000345)
0444 0545 BE = 1.0920 - (MCW * 0.51232) - (ST * 0.000385)
0545 0614 BE =1.3128 - (MCW * 0.87770) - (ST " 0.000410)

0.615 greater BE = 1.4646 - (MCW * 1.09615) - (ST * 0.000445)

Cols. 11-20: Annual Heating Requirements. Enter in
millions of Btu's if stack temperature is specified, other-
wise in number of pounds (in thousands) of H,O to be
evaporated annually.

Cols. 23-30: Fixed Cost. Enter the annual costs for
headquarter operations. i.e. for business management,
equipment storage and repair, etc.

Cols. 34-35: Number of Weeks for Working Capital.
Enter average time in weeks, from actual payout for
wages, supplies, etc., until cash returns are realized
from sale of products and/or to time fuel is burned.

'Corder. S. F Wood and bark as fuel. School of Forestry Research Bul-
fen 14 Corvalhis. OR: Oregon State University; 1973.

Cols. 41-45: Risk-Profit Requirement. Enter a decimal
fraction amount to indicate desired or alternative rate-of-
return for investments.

Card Type 3: Harvest unit data card (fig. 3). One card
must be prepared for each harvest unit to be considered.
Harvest system data cards (card type 4) and harvest sys-
tem's product data cards (card type 5) will be assembled in
filing fashion following each corresponding harvest unit card
(card type 3).

Col. 1: Enter “U" to identify Card as a harvest unit data
card.

Cols. 2-3: Harvest Unit Number. Enter the sequential
number of the harvest unit.

Cols. 5-10: Harvest Unit Name. Enter any alpha-
numeric captioning for the harvest unit.

Cols. 15-20: Unit's Unit Measure. Enter unit of measure
used for harvest area’s wood/bark materials, such as
“cubic feet,” “MBF,” “Scribner,” etc.

Cols. 24-30: Harvest Unit's Acres. Enter the total num-
ber of acres to be harvested in the harvest unit.

Cols. 34-40: Units per Acre. These units must corre-
spond to the unit of measure entered in Cols. 15-20.

Cols. 44-50: Unit's Fixed Cost. Enter the estimated
tixed cost for putting the harvest unit into condition suit-
able for harvesting operations. This amount should in-
clude costs for landings, roads, lump sum amounts for
stumpage, and the like.

Cols. 54-55: Number of Systems: Alternative harvesting
systems may be considered for each harvest unit, each
with different operating costs per hour and product mix.
Data for each system will follow. The number of alterna-
tive systems to be considered must be entered here.

Cols. 59-64: Cubic Feet per Unit. Enter the number of
cubic feet of solid wood/bark per unit of measure used.
If cubic feet is the unit of measure then 1.0 must be en-
tered. If MBF (thousand board feet) is entered, then an
appropriate figure somewhere between 160.0 and 225.0
should probably be entered—representing the number
of cubic feet of solid wood per MBF.

Card Type 4: Harvest system data (fig. 4). Prepare one
harvest system data card for each system considered for a
harvest unit.

Col. 1: Enter “S” to identify the card as a system card.

Cols. 2-3: System’s Number. Enter the sequential num-
ber for each system alternative.

Cols. 5-10: System’'s Name. Enter any alpha-numeric
captioning desired for the system.
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Cols. 14-15: Number of Products. Enter the number of
different kinds of product expected to be produced by
the system.

Cols. 16-20: Hours per Acre. Enter the average number
of operating hours required to harvest an acre of the
harvest unit.

Cols. 24-30: System's Variable Cost. Enter the cost per
hour of operating the system.

Cols. 31-50: Fuel Description. Enter any alpha-numeric
caption to describe the fuel type, e.g. chips, cordwood,
etc.

Cols. 61-65: Moisture Content. Enter in decimal fraction
the moisture content cf fuel, wet basis, as fired.

Cols. 66-70: Specific Gravity. Enter in decimal fraction
the specific gravity of the fuel product.

Cols. 71-75: Higher Heating Value. Enter the higher
heating value in thousands of Btu's per ovendry pound
of wood bark fuel type.

Card Type 5: Harvest system’s product data (fig. 4).
Use one card for each product. Up to 10 products, including
fuel. may be considered.

Col. 1: Enter “F" for identification of the first card in the
product list, which must have data for the fuel to be har-
vested.

Cols. 2-3: Fuel Product Number. Enter the sequential
number for each product.

Cols. 5-10: Fuel Name. Enter any alpha-numeric desig-
nation for captioning printed output.

Cols. 15-20: Fuel. Product Percentages. Enter the per-
cent of solid wood bark expected to be realized from
total harvest by each product. Percentages for all prod-
ucts, including fuel, must add to 100.0 percent.

Cols. 25-30: Product’s Unit. Enter any alpha-numeric
code for printed output captioning.

Cols. 34-40: Cubic Feet of Product, per Unit. Enter the
number of cubic feet of solid wood/bark per nominal
unit given to each product.

Cols. 44-50: Variable Cost. Enter cost in dollars per
unit, associated directly with production (stumpage,
chipping. etc.) and delivery of the product type to point
where no further product-associated costs will accrue.

Cols. 54-60: Market Value. Enter realization per unit

(selling price less all discounts, allowances, etc.) antici- |
pated from the product type. if product is intended for 9
sale. No value should be entered if the produc! is the k
fuel for which a cost is to be computed. :
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FUEL HARVEST PROGRaM
BY GEOQFGE MAWPULE
AND
GIUSEPPE REUSI
FOREST PRLNUCTS LARQRATQRY
P.0. ACX S130
MADISQN,wI S3705
COMMERCIAL PHONE: 608/26U~5701
FTS PrONE: J6u=ST761
OIMENSION PRME(1,10), PMNO(1,10), PP(1,10), PUNME(1,10),
. VUEG(1,10), PPVC(I,10), MV(1,10) , PUCF(1,10)
+,PUAV(1,10)
DIMENSION MCw(9,50),EHVU(9,50),VU(9,50),DPBT(9,S0),#MBTU(9,50),
. TYPE(4,50)
DIMENSION UR(S0),CFPU(SY),SG(S0),FHV(S0),HRX(S0),VAA(S0),VPU(SO),
+wRKC(9), wCST(9),
. CHECK (Q),TVRT(9),UTIL(9),AVYR(9),RENI(9),TITLE(14)
DIMENSION MC(9),wC(9),aLPHA(O) ,BETA(9),GaMMA(9),aTLEV(Q),PHYS(9),
+ SPECS(9),~0RK (u),FUEL(4),HYCF(9),PRCF (S0)
DIMENSION HUNO(SO),HUNME(SO),HYVUL(S)),ACRES(S0),VPA(SO0),HUFC(50),
+ HyOL(S0), IRANR(SO),TCF(S0)
DI”‘NSION nsno(:n),nswne(lo).HPA(loj.HSVC(1u) FNME(10),FPP(10),
* FPYC10),vPF)(10),FPVC(10),C0ST(10),ALFC10),CEVUCLIV),
* AENMCIQ)WERFUCIO)FMV(L0)
DaTe LEVS 7 4y
pAaTA WILI™ /7 0,65/
DATA EVRT / 1.7 7
0ATA MUGE /1000000000, 7
DATA NINK /7 o/
DATA ( Ccl), I=140) /7 S5,10¢20¢ =Ss=10s=20/
OATaA (WwTLEV (L), L=t,4) /0,268, 0,444, 0,546, 0,815 /
Datla (ALPHRACD), I=21,5) /7.935,1.,0019,1,0920,1.3128,1.464b/
DATA ( BETA(D),I=1,5) /7 ,.18182,.354u54,,51232,,87770,1,0961S/
DATA (GAMmarl), I=1,%) /,C0031,,00034S,,00038%S,,00041,,.,000445/
INTEGER  MUNO,HSNO,PNO,FPAD
REAL MCw, MMBTU,MV,QF ,MKT , MKV (SO0),MkTV(SD)
rae FORMAT STAVEMENTS, 1, INPUT
10 FOPMAT (13ap,482)
St0 FOKMAT (tx,12, 3x,Fd4,0, F10,0,2x,FB,0,3x,12,5%,F5,2)

S10 Fﬂp“hf(llazea'xr‘ﬁnJX'A'::}(S,'F7.0)93X012,3X:F°.1)

Sen FORMAT(AL,12,1x,40,3%,12,F5,2,3x,F7,0,3406,42,5%,F5,0,2(FS5,4),F5,2)

S30 FORMAT (A1, 12,15e8m,dX,F6,2,4X086,3(3X,F7,0))

can FORMAT STATEMENTS, 2., OUTPyT

600 FORMAT (/7 10x,'PROBLEM SPECIFICATIONS'// 15X, 'NUMBEK OF ™MARVEST
+ UNITO',24x,12 7/ 152,'STACK GaS TEMPERATURE ',»8X%X, ' IDEGREES F)',6X,
¢ Fu,0/ ISX,*ANNUAL rEAT FEAUIREMENT',0X, ' ( MMRTU)'H,Flu.C/ 152
¢, 'OVERMELD FIXEC COSTS', 9%, ' ( DULLARS)',2%¢eFB840,7,15x, 'wWORKING
¢ CAPLYAL REQUIREMENT', 2x,'( wEEKS)',0x,13 7 1Sx, 'RISK=PFROFIT
¢PERPCENT RES T',22X,F5,2)

601 FUR™AT (/7 10%,°'PrOBLEM SPECIFICATIONS®'// 1Sx, 'NUMBEF OF HARVEST
+ UNITS',2ux,12 7/ 1Sx,'STACK GAS TEMPERATURE',8X, ' (CEGHEES F)',oX,
* FU,0/ 1Sx,'asNsl wEAT PEQUIREMENT',b0x,'( MBNZC)',Fl0,07 1Sx
¢, "OVEQMEAT FIXED COSTS', 9X,'( OQOLLAKS)',2x,F8,0,7/,15X, 'aQRKING
¢ CAPITAL FEQUIREMENT!,2x,* T WEEKS)',6x,13 7 15%, 'RISK=PROFIT
¢FERCENT REN,T',22X,FS,2)

602 FORMAT('n*, 9X,'NOTE: IF STACKk GAS TEMPERATURE ENTERED IS LESS TwHaA
#N 100, DEGHEES F,, COSTS PER THOUSAND PCUNDS OF m20 ', /,16X,'EVAPO
¢RATIVE CAPACITY wILL BE CALCULATED aS FOR DIRECT~FIRED KILN USE, A
SNNUAL MEAT RFAUIREMEMTS' ,/,16X, 'MUST BE ENTERED AS NUMBER OF THOQUS
+4ND POUNDS OF H20O TO BE FEMOVED FRCY LUMBER THROUGH ®ILN,')

610 FORMAT('1?,//7,' HMARVEST UNIT ',A6,2x,12,4X, 'ACRES',21X,FE,1,3Xx,'T0
oTAL CU, FT, AVAIL',1x,F10,1, MY/, INPUT SEQUENCE NO,',2x,13,4
*X,"VOLL/ACHE It ', a0,6X,F9,1,3%,'CU. FTes SOLINZUNIT',Filal,/,' NO
o, MERVESY SYSTE™S',Ix,13,uy,"'HARVEST UNIT FIXED COSTS',F9,0)
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62V FORMAT(///73X*SYSTEM ,4X, "HRS/',2X,'COST/',2x,'PRID",3X, 'PERCENT,
*2Xp "UNTT ", 3x, 'SOLIN",0X, *UNITS' ,4X,"PREP', 33X, "MKT*,3x, 'MOIS' X, '™
*MRTUY , 06X, *COST/',uX, " MEBTU/",3X, "VAR ', /, 13X, "ACRE " ,2X, 'HOUR',3X,'C
COPE* X, "TOTAL ', 3%, *NAME ', 3X,"CUFT,./*,2X, '"AVAILAFLE® ,2X,'COST/",2
ON VALY 22X, *CONT Y 2%, "AVATULABLE Y , 40X, "UNTIT,Sx,"UNIT? ,ux,'COST/*,/
®o3Ux, "RECOV 10X, *UNTIT ', 16X, "UNIT',3X, "UNIT',38x,'MMETU")

621 FORMAT(///73x'SYSTEM® ,8X, " WRS/",2X, 'COST/*,2X, 'PRO0O*,3x, *PERCENT?,
€2X "UNITY 3y, vSOLIDY ,6X, 'UNITS? 4%, 'PREPY, 3y, *MRT"*,3X, 'MOIS',dX, '™
SMATL "y X, 'COST/Z )X, "METU/ ' 43X, VAR, ', /7, 13X, "ACRE"¢2X, "HOUR',3Xx,'C
+CDE ", 4x, ' TOTAL Y, 3x, 'NAME® , 3x,'CUFT, /*,2x, *AVAILABLE®,2X,*COST/*,2
CXg VALY 2K, 'CONT ", 2%, "AVATLABLE ' yUX, "UNIT*,Sx,"UNIT*,4x,'CIST/",/
*o3Ux, 'RECOV , 1UX, "UNIT? , 1oX,*UNIT Y, 3x, YUNIT?, 38k, "MaK20")

630 FORMAT(//7,1%080012,2XeF0e2sFTe0s2X080,2X,F0e2s1Xs36,F7,2,3%,FB8,0,F
*8,2,1x,F7,2,2x,F3,2,F10,0,3x,F7.2,F11,2,F5,2)

640 FORMAT(26x,46,2%¢,F0,2,1%,406,F7,2,2X,F9 0,F8,2,F8,2)

649 FORMAT ('0°',dx,'NGTE, MARVEST SYSTE™ ¢,46,12,' DISREGARDED, FUEL
¢ ,Abs "MAS MOISTURE CUNTENT AROVE THE SPECIFIED LIMIT',Fo,2)

650 FORMAT (//1SK,'enat, 1X,'LEAST COST HARVEST SYSTE~ ',a6,13,' ssn'/
425X, "HARVEST UNIT  ',486,13//15X%, "=FUEL="',20%, '"=ENERGY="//
*12x,'UNITS AvalIL',ux,F8,0,udx,"MMBTY AVAIL',1x,F10,0,/
+12x,'FIXED COST',uXx,F9 _0,4X, 'COST/MMBTU’,SX,F9,2/
+12%,'TOTAL COST/UNIT,2x,F8,2)

660 FORMAT(//1x,'0TE==eM IS5 THOUSANDS, MM IS MILLIONS.')

665 FORMAT(' ',uX,'=ee’t0'TOTAL COST/UNIT®*'? INCLUDES HARVEST UNIT FI
+xED COSY, BUT DOES NOT INCLUDE *'''OVERHEAC FIXED COST''*'', OR COS
*7 CINTENEST)',/,11%X, 'FOR WORKING CAPITAL ﬁEuuxREuENT ')

670 FORMAT(*1',1x,'END OF OyTPUT,.")

rae FUEL TYPE DATA AND ESTIMATES OF REQUIREMENTS AND COSTS

60 FORMAT ('11', //25x,1348,42/7/7)

o1 FOPMAT (19X, *wenwnnwnwe FUEL TYPE ASSUMPTIONS AND ESTIMATES OF
*+REQUIFEMEMTS  anD  COSTS wennrannwal//40x, wesee HEAT ENERGY
+ SOURCES AND COSTS wwew'//97X, 'e==HEATENERGY YALUESe==='/

. C7Xs"UNIT ', 60X, "UNITS AVAIL. ' edxs 'CUFT,',uX,'SPEC.',5X,
+'M C.',SX,'S CUST,SX, ' NIGHER VALUE',uX,'EFFECTIVE EVAPORATION')
62 FUkMAT (Sxy'weswnrnnanr FUEL TYPE ASSUMPTIONS AND ESTIMATES OF

¢REQUIREMENTS AND COSTS (*,FS,0,' DEG.F STACK TEMP,) wansansnant//
* 4ox,'wune HEAT ENEPGY
¢ SOURCES AMD COSTS «wee'//97X, 'eocaHEATENERGY VALURSeeeet/
+ 2TX, YUNIT ' p6X, "UNITS AVBIL.'y4X,'"CUFT,',d4X, "SPEC.",5%,
¢ "W .C.'ySx,'t COST',S5x,'HIGHER VALUE',8xX,'HEAT TO STEAM')
63 FORMAT (27X, 'RASISY,7X, *ANNUALLY',6X,'SOLIDY,Sx,'GRAV,*,4X,
4 Y(WET)',4x,'PER UNIT ',4dX,'MBTUZUNIT ',5x, 'MpTU/UNIT *,aX,
o TS/ MMBTY)
64 FOFMAT(27x, 'RASIS*»7X, "ANNUALLY',6X,'SOLID’,5X,'GRAVS",aX,
¢ V(WET)',dx,'PER UNIT *,ux,'™MBTU/UNIT *,5x,'sH20/UNIT ',dx,
+ 'S/M8M20')
70 ‘09“‘7(31'12'.) .'3‘00‘2'Ab'uxlFlo.“lbxIFOQZISXJFQQSstOFO-u'
+ Ux,'$',F7,2,6x,FB,0,5x,F10,2,4x,'S',F8,2)
80 FORMAT (s PROPOSED SNURCE(S)')

"en 'PROSPECTUS REQUIREMENTS!
108 FOPMAT(/16X, 'snax PROSPECTUS REUUIREMENTS (')Flie0elx,’ THOUSAND
¢ POUNDS OF EVAPORATED WATER/YEAR) AND AVERAGE COST/M H20 sane'y)
169 FORMAT(/16x,'swss PROSPECTUS REGQUIREMENTS (',F11,U.
¢ IX,"MILLIOY STEAM~mEAT B8TU S/YEAR) AND AVERAGE COST/MMRTY wswwn'/)
110 709"‘?(“31"--------ANNUAL VOLUMES REQUIRED AT vAhIOUS MOISTURE CU
INTENTS (WET BASIS)ewmmvacal// a—t
+4x, 'PROPNSED SOURCES',8x, 'UNIT',7X,
¢ AT GIVEN',11X,'AT HIGHER MOISTURE CONTENT®!,
+14x, 'AT LOWER MGISTURE CONTENTae?/27x,'HASIS',8x,'™ C,', 11X,
+ o5 PCT, ' ,dx,'+10 PCT ', uX,'+20 PCT, *,10Xx,'«S PCT,',d4x,
* TelQ PCT.',4x,'=20 PCT,'/)
160 FORMAT (4x,I2,')',1x,3A0,82,46,4X,F8,1,
* Gonﬂolaa(“l.FB.l)09X.F6.lv2(“l.F8.l))
190 FORMAT( ' weae wlTH MUISTURE CONTENT CHANGED ¢,I3,"' PCT, (WET B8aASI
¢S), THERE IS AN ANNUAL DEFICIT OF ',F11.,1,13H MMATU'S wewe)
191 FORMAT(' ¢,ux,'==eCUSTS INCLUDE **'*OVERMEAD CUST''*'' AND wWURKING
¢CAPITAL COST(INTEREST).")

13

e ® o ®




»

RAPOLPRCI I Y S’ Al livin JOg . * b b SNt A

219 FORMAT (%09 ,3x,'AyG, COST/MeHR0',17x,"S"*,F9,2,6x,'5"',F9,2,2(2%,'S*,
0F9-Z)c7X.'S'nFa.Z.Z.'(ZX.‘S'.FQ.?))

220 FORMAT(*0",3x,°AVG, COST/MMATU®,20x ,'S$?,F7,2,8x,'$',F7,2,2(4x,

* 'SV, FT.2),9%, '8 ',F0,2,2(4X%,'8',F7,2))

230 FORMAT(/4x,'EST,D TOTAL COSTS',16x,°'$',F6,.1,"'M',BX," 'S ,Féb.1,
¢ 20°M,uxX, 'S, F6o,1), M ,9x, 'S ,Fo,1,2('M",ux, "8 ,F6,.1),'M'//)

234 FORMAT(/ax,'wORXKING CAPITAL REQ',16x,°'$',Fo,.1,'M*,8Xx,"'$"',Fo.l,

20 "M LaX 'Sy F0el) s ' M OX 'S iFbe1s2( MY, uX, 'S FE.1),'HM /)

233 FURMAT(' o wOOD FUEL CALCULATIONS ASSUME 40~PCT EXCESS AIR AND u=P
¢CT HEAT LOSS FROM UNBURNED '/' FUEL, RADIATION AND UUNACCOUNTED LOS
+SES, THE PROGRAM ALLOwS WOOD FUEL MQISTURE'/s* CONTENTS TU OROP BE
¢LOW 0=PCT BUT DISWUUALIFIES A FUEL TYPE WHEN MQISTURE CONTENT'/
+!' EXCEEDS o0S=FCT."')

232 FORMAT(' seewenws DUE TQ A BTy DEFICIYT, THIS CALCULATION IS NOT ME
¢ANINGFULL'?)

231 FORMAT(' & CALCULATIONS ASSUME A KILN EvAPORATIVE RATE OF °,
+FS, 3, M, !
+ BTyYS PER POUND'/' OF EVAPORATED wATER, EFFECTIVE EVAPORATIVE CAP
*ACITIES FOR wQOO/BARK FUELS ARE'/*®' ADJUSTED FoR FUEL MOISTURE CONT
+ENT, THE PROGRAM ALLOWS w0OD FUEL MUISTURE'/* CONTENT TO DROP BEL
+0w ZERQePCT BUT DISQUALIFIES A FUEL TYPE wHEN MQISTURE'/!' CONTENT
+EXCEEDS 65=PCY.*'7)

ar FORMAT STATEMENTS, 3., ERROR MESSAGES

SSS FORMAT ('0',10X,'ERROR, NUMBER OF MARVEST UNITS IS NOT SPECIFIED
+IN ThHE PROGRAM AND DATA CONTROL CARD,.')

S60 FORMAT('0',10Xx,'ERRGR, INCORPECT CARD TYPE CODE., SHOULD BE HAR',
¢ 'VEST UNIT CaRD., INPUT SEQUENCE NUMBER ',12)

S6S FORMAT('0*,10x,'ERROA, NUMBER OF HARVEST SYSTEMS NOT SPECIFIED IN
+ HARVEST UNIT CARD, INPUT SEQUENCE NUMBER ‘,12)

S70 FQPIAT('0?,10X,'ERROR, INCORRECT CARD TYPE COCE. SHOULD BE HAR!',
+ 'VEST SYSTEM CARD.INPUT SEQUENCE NUMBERS',I3,°',',11)

S75 FORMAT('0',10X,*ERROR, NUMBER OF PRODUCTS RECOVERED NOT SPECIFIED
+ IN HARVEST SvySTE CARD, INPUT SEQ, NUMBERS',[3,°'.',I1)

SR0 FORMAT('0',10x,'ERRNR, INCORRECT CARD TYPE CODE. SHOULD BE H.S.
+FUEL PRODYCT CAPD, INPUT SEQUENCE NUMBERS',13,°',',11)

S90 FORMAT('0',10x,'ERROR., FUEL PRODUCT RECOVERY PERCENT INCORRECTLY
+SPECIFIED, INPUT SEGUENCE NUMBERS',I3,',',11 )

S9S FORMAT('0',10%,'ERRNR, INCORRECT CARD TYPE CODE., SHOULD BE NON-'
+ ,'FUEL PROOUCT CARD, INPUT SEQ. NUMBERS',I3,'.'yItl,'.',11)

Ld
"I'I".l.l 'y

READ (5., 10) (TITLE(L), I=1,14)
wRITE (6,60) (TITLE(I),I=1,14)

READ IN PROGRAM AND DATA CONTROL CARD,

READ (5,500) NHU, STKT, AHR, FCO, NwC, RPR
IF  (NHU,GE,1) GO TO SOt

WRITE (6,555)

Go TO S99

CONTINUE

PRINT QUT PROBLEM™ SPECIFICATIONS

IF(STKT ,GE,100,n) WRITE(6,600) NHU,STKT,ANR,FCO,NwC,RPR
IF(STKTLTo100.0) WRITE (6,601) NHU,STKT,AHR,FCGsNwC,RPR
wRITE (6,602)

Nz=0

CONTINUE

N 2N+

READ IN WaRVEST UNIT ‘HEADER CARD,

READ(S+510) CARD, HUNO(N), HUNME(N), HYVU(N), ACRES(N), VvPA(N),
¢ MUFC(N), NKWS, HYCF(N)

IF(RYCF(N),LT, 0,5) HYCF(N) = 1,0

TCF(HY = (ACRES(N) o vPA(M) » HYCF(N))/ZINQO,

IF  (CARD,EQ.'y') GO TO S04

WRITE (6,5060) N

6o TC S99

CONT IPIE

IF (nMS GE_ 1) GO TO So6

wRITE (6,5065) W~

GO TD §99
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?00.
2u?.,
208&.
209,
210.
ll.
212.
et3.
2i4,
21s,
216,
217.
218,
219,
220,
221,
222.
223,
224,
22%.,
226.
227.
228,
229,
230.
231,
232.
2313,
23u,
23S,
230,
237,
238.
239,
240,
241,
2ue.,
243,
24y,
zus.
2ub.
247,
2us,
249,
259,
2S1.
2S5e.
253.
2Seu,
255.
250,
257,

2s9.

26!,
262.
263,
264,
265,
260,
2e7,
2068,
209,
270.
2.
e72.
273,
274,
27S.
2le,

[aXaXgl

(N aNal

[sNaNal

So6

and

s507
s08

S11

St12

L A &4

S14

si1e

*eR

522

[ 2 2 )

524

CONTTNUE
1F  (HUNO(HM) EQ,0)
IF  (HYVU(N) Eu,' ")

HUNJ(N) = M
HYVU(N) = ‘Cu.fFT,’
PRINT QUT MARVEST UNIT CONSTANTS

WRITE (6,610)HUNME (N),HUNQ(N) ,ACRESIN),TCF(N),N,HYVU(N),VPA(N],

*HYCF (M) 4NHS,HUFC (N)

PRINT OUT rHaARVEST SYSTEM HEADINGS

IF(STKT ,GE,100,) WRITE(6,620)
IF(STKY LT, 100,) ~RITE(6,021)
HVOL(N) 3 ACRES(N) * VPa(N),

M =0
MEESY = 0
BEST = WUGE

00 S07 I=t,e

SPECS(1) = o,

CONTINUE

[ S R |

READ IN WARVEST SYSTEM DATA CARD,
READ(S,S20)CARDHSNQ (M) ,HSNME (M) ,NPR,PA(M) ,HSVC (M), (WDBK(]I), 121,48
*), (PRYS(I),[=21,4)

IF (CARD,ER,*'S'Y GO TO S11
wRITE (&,570) N, ®

GO To S99

CONTINUE

IF (NPR,GE_,1) GO TO Si2

wRITE (6,575) N, ™

GO T0O S99

CONTINUE

IF  (HSNO(™),EJ.0) HSNO(M) = M

READ IN MARVEST SYSTE~ FUEL PRODUCT CARD,
READ (S,539) CARD, FPNO, FNME(M), FPP(M),
¢ FPVC(M), Fuy (M)

IF(PRCF(1),LT,0,5) PRCF (1) =

IF(PHYS(1),LT,0,S) PHYS(]) =
VPFU(M) = PRCF(%)/HYCF(N)

If (CARD.EQ,*F') GO TO Siu4
WRITE (6,580) N, %

GO TQ S99

CUNTINUE

IF  (FPNO.LE.OD) FPNO = |
MFPP = IFIX(FPP(™))

FPU(M), PRCF (M),

72,0
PRCF (1)

IF  (MFPP_GT,0) GO. TC 518
WRITE (6,590) N, M

GO TO 599

CUNTINUE

PRPCST = FPVC (M)
QF = (FPP(M)/100,) 7 VPFU(M)
JJ = NPR =« 1

TEST FOR MORE PRODUCTS OTHER THAN FUEL
IF (JJ.,EQ,0) GO TO 8S27

J 2090

CONTINUE

J=J e+

QEAD IN NONeFyEL PRUCYCT CARD

READ(S,530) CARD, PNO(1,J), PNME(1,J)y PP(1,J)s PUNME(L,J),
. PHCF (1,13, PEVC(1,Jd), Mv(1,J)

VUESQ(1,J) 8 PUCFU1,J)/HYCF(N)

PUAv(i,J) = ((TCF(N) &« PP(1,J))7 PUCF(1,J))*10.0

IF  (CARCEN,'P'} GO TO S2u
JP s J + 1

wRITE (&6,%595) N, 4, JP

GO TO S99

CONTINUE

IF(PNUC1,J),EQ.0) PNOCL,J)204)

IF(FUNME(1,J).E0, ')y PUNME(L,J)= 'Cu.FT,.’

Kt 0 A

Lo




277, IF(VUEQ(1,J)Y LE N N) VUEG(1,J)=1,0
278. c
279, C »ax TEST FOR ANDTHER NOn=FUEL PRODUCT
280, c
b1, IF  (J.LT,JJ) GO 70 S22
282. 0O S2¢ J = 1,JJ
283, GJ = (PPL1,J)7100,) /7 VUENR(1,J)
284, GJF = QJ /7 GF
285, »KkT & MKT ¢ MV(1,J) o PUAV(I.J)
280, PRPCST = PRPCST + (PPVC(1,J) = MV(1,J)) » QJF
287, 526 CONTINUE
208, S27 COUNTINUE
289, c
290, C sa» COMPUTE MARVEST SYSTEM COST AND BTU'S PER UNIT
291, d
292. AAF (M) = MVOL(N) » QF
293, HRVEST = ACRES(N) * mPA(M) % HSVC(M) / AAF (M)
294, COST(M) = NAVCST + PRPCST
295, PKTV(M) = MKT
296, CALL BOILERC STKT, EVRT, LEVS, ®wTLEV, wTLIM, PHYS, ALPHA, HBETA,
.. 297. ¢+ GAMMA, MFLAG)
s 296, IF (MFLAG.EQR,0) GO TO S28
y 299, WRITE (b,649) HSNME(M), HSNO(M), FNME(M), WTLIM
300, GO T0 533
301. S28 CONTINUE
3o2. ENGY = PHYS(6)
303, CEU(M) = 1000, = COST(M) s ENGY
3ou, AEN(M) = (AAF (M) « ENGY) /7 1000,
305, EEFU(M)IZENGY
- 306. IF  (CEuU(v),GE.PEST) GU TO S32
- 307. BESY = CEU(M)
g 308, MREST = M
309, DO S29 1I=1,4
310, 529 FUFL(I) = wDHX(I)
311, on 331 [ = 1,6
312, 6§31 SPECS(1) = PHYS(I)
3113, 532 CONTINUE
314, 533 CONTINUE
315. c
316, C #+» PRINT OUT SYSTEM vALUES FQR FUE| AND MARVEST SYSTEM RESULTS
317, C
318, WRITE(6,630)HSNME (M), HSNO (M), HPA (M) ,HSVC (M) ,FNME (M), FPP(M),FPU(M),
310, SPRYS(1) pAAF (M) o FPYC (M) ,FMY (M) PRYS(2),AEN(M)»COST(M),EEFU(M),CEU(M
3en., *)
321, c
322. C »an WRITE NON=FUEL PRODUCT VALUE
323, c
324, IF (NPR _EG, 1) GO TO S35
312%5. DO S3u J=1,JJ
326, S34 wRITE(b,640) PNME(1,J), PP(1,J), PUNME(1,J), PUCF(1,J), PUAV(1,J),
327. +PPVC(1,d),MVI1,d)
328, c
329. C 2xe VEST FOR ANOTHER HARVEST SYSTE™ DATA CARD
330, c
331, c
332, S35 IF (M,LT ,NHS) GO TO S08
333, $36 CONTINUE
334, 00O S37 1=1,4
335, 537 TYPE(I,N) = FUEL(ID)
33s, My (N) = MKTV(MHEST)
337. UR(N) = FPU(MIEST)
338, CFPU(N) = SPECS(1)
339, MCa(1,N) = SPECS(2)
340, SG(r) = SPECS(Y)
ut, FHV(N) = SPECS(4)
342, HHx (N) 2 SPECS(S)
3Jul, Ervi(i,N) = SPECS(0)
Juu, VAAIN) = AAF (MREST)
3uS, VPU(N) = COST(MAEST) ¢ HUFC(N) 7/ AAF(MBEST)
Jue, MMATUCL,N) 2 AEN(MBEST)
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347, DPBT(1,N) = (VPU(N)} / EEFU(MBEST)) = 1000,

348, c DPBT(1,N) = CEU(MREST) ¢ MUFC(N) 7/ AEN(MBEST)
a9, C aee PRINT OUT LEAST COST HARVEST SYSTEM

350. [

3s1. WRITE(6,050) HSNME (MBEST),HSNC (MREST ), HUNME (N) ,HUNO(N),VAA(N),
3s52. . MMBTU(L,N) ,HUFC(N),DPBT (1sN),VPU(N)
3153, WRITE(6,600)

354, wR1ITE (6,0065)

355, IF  (NLT,NRY) GO TO 502

356, c

357, C ewe DEFINE MOISTURE INCREMEMNTS FOR SENSITIVITY ANALYSIS
358, DC 48 I=z1,NINK

359, wC(I) s MC(])

360, 48 wC(I) = wC(1) /7 100,

LT3 I C

362, c

3s3, C »x+ COMPUTE EFFECTIVE MEATING VALUE AND MMRTU'S AVAJLABLE ANNUALLY
304, C wex PER STANDARD UNIT

3p5., DO SO0 Nz ,NHy

o0, PHYS(1) = CFPU(N)

307, PHYS(3) = SG(N)

368, PHYS(4) = RMV(N)

369, DO S1 K=1,NINK

370, J =z K ¢ 1

373. MCWw(JpN) = MCW(1,N) * &C(K)

372. PHYS(2) = MCW(J,N)

373, CALL BOILERC STXT, EvRT, LEVS, WTLEV, wTLIM, PHYS, ALPHA, BETaA,
374, ¢ GAMMA, MFELAG)

37s. EMVU(J,N) = PHYS(6)

376, IF  (MFLAG.,ED,1) GO TD S2

377, DPBY(J,N) = (VPU(N)ZEMVU(JI,N)) = 1000,0

378, 52 MMBTU(J,N) = (EHVUCJ,N)#*VAA(N))/1000,0

379. S) CONTINUE

380, S0 CONTINUE

381. c

382, C e« RANKING SEGQGUENCE (70 RANK OPTIONS IN TER™MS OF LEAST COST PER
383, C #»* FFFECTIVE MMHTU'S AT GIVEN MOJSTURE CONMTENT)
384, c

385, IF  (NHU,LE,1) GO0 10 133

386, LIMIT 2 MHU «

387, DO 120 N31,NHU

368, IKANK(N) = N

389, 120 CONTINUE

390, DO 125 INDEX=1,LIvIT

391, IBEST = IRANK (INDEX)

392, JPLUS = INDEX ¢ 1

393, ISTAR = 0

394, 00 130 I=IPLUS,NHU

39S. Il = IRANK(I)

39e, IF  (OPHT(1,I1) = DPAT(1,IBEST)) 129, 1390, 130
397, 129 ISTAR = 1

393, IKEST = 1

393, 130 CONTINUF

4n0. IF  (ISTAR.GT,.0) [IRANK(ISTAR) = IRANK(INDEX)
U0l IRANK(INDEX) = [BEST

w2, 125 CONTINUE

403, 133 CONTINUE

404, c

405, C »eae COMPUTE VOLUMES OF RESOURCES REQUIRED

408, C

uo7, 00 151 J=1,7

uoh, CHECK(J) = AMR

w4y, D0 150 x=t,NHY

410, N £ [RANK(K)

w1y, CHECK(J) = CHECK(J) = MMBTU(J,N)

w12, IF(CHECK (J) ,GT.0.0) VU(JI,N) = VAA(N)

ats, IF(CHECK(J) LT ,0,0) VU(JI,N) = ((CHECK(J)eMMBTU(J,N))®1000,0) 7/
414, * EMVULI M)

@15, IF(MCA(IoN) ,GT mTLIM) VU(JI,N) = 0,0

4lo, IF(VU(J NI LT ,0,0) VU(J,N) = 0,0

17
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417,
4le,
u‘QI
420,
a1,
422,
423,
44,
42s.
420,
“27.
428.
429,
430,
431,
ul2,
433,
w34,
43S,
436,
437,
ule,
439,
440,
dat,
4“2.
443,
q““'
a44s,
4de,
4a7,
4uf,
449,
450,
451,
452,
453,
d4s4a,
4SS,
4So,
4s7.
4sSA,
459,
460,
4el,
MDZ.
463,
dpd,
4eS,
4,
do7,
4o8,
489,
470,
“71.
472,
473,
474,
w75,
47e,
477,
ar8,
479,
480,
udi,
482,
483,
48a,
48s,
480,

[aNzXal

o0n

[z Xz Nal

150 CONTINUE
151 CONTINUE

wes COMPUTE AVERAGE VCOST/MMBTU'S (AVMB) AND TOTAL COST (BENI)

J =1
200 TVAT(J)=FCO

utiL(Jizo,

DO 210 K=t,MNHY

N 2 [RANK(K)

TVBT(J) 3 (VU(J,NI*VPU(IN)) ¢ TyBT(J)

WRKC(J)= C(INWC*VUCJI¢N))/7(52.,0%VAAIN))I#(TVBT(J)*MKV(N)))*nRKC(J)

UTIL(J) 3 ((ERVUCJI,NI*VU(JI,N))I/1000,0) ¢ yTIL(J)
210 CONTINYE

WCST(J)=nRKC (J) 2RPR

TvaT(J) 2 TvBT(J) ¢ wlST(J)

wPKC(J) = WRKC(J) /1000,0

BENI(J) = TVET(J)/1000,0

AVHB(J) = TVAT(J)Y/UTILC(J)

J=2J e+

1IF(J.LT,8) GO TO 200

wos FUEL TYPE DATA FOR €ACH HARVEST UNIT

nRITE  (6,60) (TITLEC(I),121,14)

IF(STKT LE.100,0) wWRITE(b,01)

IF(STRY GT,100,0) WwRITE(bL,62) STKY

IF(STAT GT,99,9) wRITE(b,063)

IF(STKT ,LT.100.0) wRITE(6,04)

aRITE(6,B0)

DO 90 x=1,NMU

N 3 [RANK(R)

WRITE(6,70) X, (TYPE(I,N),131,4),UB(N)Y,VAA(N),CFPU(N),

* SG(N) MCH(1,N),VPU(N) HHX(N),ENVU(1,N),DPBT(1,N)
90 CONTINUE

WwRITE(&6,06060)

*xe 'PROSPECTUS REQUIREMENMTS!

wRITE (0,60) (TITLECI), 1s1,14)

IF(STKT LE.100,0) WRITE (6,108) AMR

IF(STKT GT,.99,9) WRITE (6,109) AMR

wRITE(®,110)

DO 171 x=21,nMU

N = JRANK(K)

WRITE(6,160) Ko (TYPE(I,N),I121,4),UBIN),(VUCJIN),J=1,T7)
171 CONTINUE

IF(STKT L 7.100.0) wRITE(6,219) (AVMB(J), J=1,7)

IF(STKT ,GT, 99.9) wRITE (6,220)(AVMR(J), J=1,T7)

JJ = 0

DO 172 Jsi,7

IF(CHECK(J) ,LE.0,0) GO TO 172

JJ = 1

SENI(J) = mUGE
172 CONTINUE

WRITE(6,230) (BENIC(J),J=1,7)

wRITE(0,234) (wRKXC(J),J=3,T)

IF(STKT LT,100,0) wRIVE(6,231)s EVRT

IF(ST*T, 6T, 99,9) WRITE(6,233)

1F(JIJ,EG,1) wRITE(s,232)

00 180 J=it,7

IF(CHECKR(J) ,GT,0,0) WRITE(6,190) MC(J),CHECK(J)
180 CONTINUE

“RITE(D,500)

wRITE (6,191)
599 CUNTINUE

wRITE(6,670)

sSTOP

End
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The Forest Products
Laboratory (USDA Forest
Service) has served as the
national center for wood
utilization research since
1910. The Laboratory, on the
University of Wisconsin-
Madison campus, has
achieved worldwide
recognition for its
contribution to the knowledge
and better use of wood.

Early research at the
Laboratory helped establish
U.S. industries that produce
pulp and paper, lumber,
structural beams, plywood,
particleboard and wood
furniture, and other wood
products. Studies now in
progress provide a basis for
more effective management
and use of our timber
resource by answering critical
questions on its basic
characteristics and on its
conversion for use in a variety
of consumer applications.

Unanswered questions remain
and new ones will arise
because of changes in the
timber resource and
increased use of wood
products. As we approach the
21st Century, scientists at the
Forest Products Laboratory
will continue to meet the
challenge posed by these
questions.
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