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Foreword

ENFOR is the acronym for the Canadian
Government's ENergy from the FORest (ENcr·
gie de la FORet) program of research and devel·
opment aimed at securing the knowledge and
Icchnictll wmpctence 10 facilit:lte in the medium
to long term a greatly incrc:lsed contribution
from forest biomass to OUT nation's primary
energy production. This program is part of a
much larger federal go\crnmcnt initiative to pro
male the development and use of renewable
energy as a means of reducing dependence on pc
Iroleum lind olher non-renewable energy
SOLI TeeS.

The Carl:ldian Forestry Service (CFS) adminis·
ters lhe ENFOR Biomass Production program
componenl which deals with such forest-oriented
subjects liS inventory, harvesting technology. sil
vicullure .lIld environment:.!1 impacts. (The other
component. Biomass Conversion. deals with the
technology of converting biomass to energy or
fuels. and is administered by the Renewable
Energy Branch of the Department of Energy.

l"Iines and Resources). Most Biomass Production
projects. all hough developed by CFS scientists in
the light of ENFOI{ program objectives, are c:lr
ried out under contract br forestry consult'lIlts
and research specialists. Contr;lctors are selected
in accordance with science procurement tender
ing procedures of the Department of Supply and
Services. For further information on the ENFOR
Biomass Production program, cont:lct...

ENFOR Secretariat
Canadian Forestrr Service
Ollawa. Ontario
KIA lGS

This rcporl, on ENFOR project P-25J. was pro
duced under contract by Nawitka Renewable
Resource Consultants Ltd .. Victoria. B.C. (DSS
File No. 04SB.KH-60J-J-0022L The scientific
Authority W:IS G.I-I. r-,'Ianning, Pacific Forestry
Centre. 506 West Burnside Rd .. ViCioria. B.C.
V8Z IMS.



Abstract

The potential for a rcsiclu:11 wood fibre industry
on the H.C. coasl was investigated using (l simple
model. The model includes Ihe amount of residu
a� fibre :lvailable, the cOSt of extT;Jcling and pro
cessing the fibre using len different systems, the
expected demand for lh:ll fibre in light OfSC\Cfal

oil price scenarios up to the year 2000. transportil
lion COSIS. and olher economic factors.

ndcr the conditions assumed in this ::'Iud~_

there is a potential for a residual \\ ood fibre in
dustry on the B.C. coast. Such an industry could
employ 30010570 people and could provide be
Iween S9 and S 17 million in wages. The economic
impact of such 11 new industry on the region is
discllssed.
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Resume

La possibililC d'implanter une industrie de fibres
residuelles dc bois sur la cotc de la Colombie·
Britanniquc a Cle eludice .\ I"aide d'un modele
simple. clom les variable:, comprenncnt les fibres
residuelle5 disponibles. Ic coCtt d'extraclion Ct de
Ir:lilemcnl dcs fibres p:tr 10 proccdes different:"
1:1 dem:mdc prc\ ue de fibrc:, compte tenu de plu
sieurs :>ccnarios pour Ie prh: du pelrole ju:,qu'i\
ran 2000. les cauls de tr:tll:,port el d'autres f:lc
leurs economiques.

Si les hYPolheses a":lllCeCS 50rll \"Iables. il esl
possible d'implanler sur la cl)le de 1'1 Colombie·
Britannique une industrie de fibres residuelles de
bois qui elllploierait de 300 ,i 570 personnes dont
I'enveloppe de payc lotale pourrait varier entre 9
el 17 millions de dollars. L'imp<Jcl econorniquc
d'une industric de ce genre dans la region cst
disculc.

Preface

The analysis on which Ihis report is based was ini·
tiated in 1983 and the consultants' report
compleled in March, 1985. A number of Ihe as
sumptions used in Ihe analysis are probably no
longer valid, the 1110S1 conspicuous of which is
the range of oil prices specified in the various sce
narios. The recenl (1986) dramatic decline in Ihe
price of oil has made many price :lI1d economic
forecasts obsolclc overnighL

Whether Ihese low oil prices continue for any sig
nificant amount of lime, or whelher they are a
momentary anomaly on the upward spiral re
mains to be seen. The report should be re:ld in
light of these uncertainties.
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Introduction

Background

The Pacillc forests of Uriti::.h Columbia W.e.>
yield II \\ide r:mge of \\ood-ha:>cd products which
the cmtst forest induslTy ships as raw rlHl1crials.
semi-processed ~oods and Gnul products for long
distances over protected inland wntcrwars. Be
cause of Ihis resource diversity, and low-cosl
Iransport:l1ion systems. the industry is highly in
tegrated and many dirrerent products arc derived
from ea<:h hectare logged.

These product nO"::. h;l\c included by-product.)
and \\<lSleS from each stage of processing such as
slabs. edgings, sav.duSI. and shavings from sa\\
mills. clippings and sander dust from pl}lllilis.
dissohcd lignin from chemicnl pulp mills, and so
on. O\er time. wood "wastcs" from various op
erations have gradually become resources within
those oper:ll ions or for at her mills or induSI ries.

Historically. wood-based fuels havc playcd an im
portant role within the forestry sector and in the
economy of B.C. Fueh~ood fired all initial me
chanization of the logging industry from the turn
of the century through to the end of railroad log
ging in the 19~0s. Bark and other mill waStCS
generated steam for most of the mill po"er in the
industry. long before po",er grids and gas lines
were in pl:lce. In the cities. slabs. edgings and
sawdust ~~cre important horne fuels until the
early 1950s.

All of these energy by-prOducts werc delivered
and produced at practically no extra cost in Ihe
line of normal forest industry extraction and mill
ing oper:llions. Between 1930 and 1950. mill
operators reali7cd that clean. solid wood wastes
were suitable for chipping to make raw material
for chemical pulps. This ted to the introduction
of barkers at sa .... mil1s and the gradual withdrawal
of nearly all clean solid ",ood from the "waste"
or fuel stream into pulp production.

This development coincided with the widespread
introduction of industrial petro-fuels and the ex
pansion of hydroelectric generation and transmis·
sian in B.C. Steam power was gradually replllced
with electrical or diesel power in the forest indus
try. Sawdust was similarly displaced in the house
hold market by petroleum products and electrici
ty. The large accumulations of nonmarketable
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"oody by-products (s:mdusl. planer sha\ings.
unsound and other miscellaneous "ood and
bark) \~ere tmded or disposed of \\ ithin the in
duslr} as "hog fuel" to be burned for process
heat. or often burned simply as the cheapest
method of dispos:ll.

In the 1960s and 1970s concern over air pollution
caught up with disposal burncrs and Ihcy were
phased out of important forest industry centers.
Increasing quantities of hog fuel were consumed
in boilers in the pulp and paper industry for pro
cess heat. A price graduall} de\ eloped for this
material. liithough it is still \eq low in relation to
its full extmction cost.

As "orld mar"ct dem.and for forest products in
creased. the coast forest industry expanded its
capacity. Logging costs beg:lll to climb fllpidly.
The value of pulpwood. including chips. in
creased. This generated a new interest in some
kinds of sawdust as lJ pulp input in the coast
industry.

As the fully integrated use of all woody materials
(except po:::.sibly bark) appellred to be on the hori
zon in the mid 1970$. the petroleum crisis
struck. Escalating petroleum energy costs inject
ed an entircly new element into the \~oodlfibre

utilization patlerns on the B.C. coasl. Forecasts
of continually expanded demands for forest pro
ducts. together with forecasts for continually
rising prices for petroleum products. led to fore
casts of serious nellr-terrn fuellfibre scarcity on
the B.C. COlISt. This increased interest in new
sources of raw materials from the forest base.
Since there wcre few unallocated forest areas or
"greenfield" harvest rights. new material would
have to come from more intense utilization of
each heclllre logged.

Over the past five years. governments and the
forest industry have conducted extraction and
processing trials aimed at deri\ing fuel and fibre
from forest residuals. Their objective was to dc
\'elop ncw, cost-elTective systems to extract
material from the forest noor which. under I)revi
ous logging opcrations. had been left in place.

Most of this "ncw" l1latcriul conlained both
solid wood suitable for pulp libre and various
other woody materials (such as bark) suitable for
hog fuel. The type of material posed severallech
nological chullenges for extraction. processing
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and separation of the two ba3 ic product streams.
Not surprisingly, these trials did not discover a
lode of cheap raw materials for either energy or
pulp fibre. However they did clarify the new mar
gins and the new product mixes which might be
expected in future.

The COllll)lelion of a broad range of trials. togelh
er with lhe easing of the rises in petroleum
prices. provided an opportunity for an economic
study of lhe likely futures of residue-bilsed fuel
and fibre production on the 13.C. coast. This
report presents the results of that review nnd
analysis.

This nnalysis is from a SOCilll perspective. Subsi
dies. taxes. and the tax status of the particular
company are important considerations from the
priV,lIc perspective in determining financial feasi
bility. but because these arc transfers rather than
a relll claim on economic resources. they arc ex
cluded from this analysis. From lhe public policy
perspective this approach is justified because it is
the investment's imp:tct on the economy as a
whole that is important. rather than the firunci,tl
effects on a p:uticular entity.

Objccli\'es

The major objectives of the study were:

I. To describe the current wood-based fuel utili
zation pallerns of the B.C. coast forest
industries.

2. To describe the currenl pulp fibre utilizalion
pallerns of the coaSI forest industry including
exports of raw fibre or chips.

3. To identify the forest biomass available for
extraction.

4. To identify the marginal and average costs of
extraction and processing associated "ith
several systems of biomass extraction (sys
tems for fuel only :1I1d fuel/fibre extr:lction).

5. To analyze the microeconomics of e:lch
defined extraction system.

6. To evaluate sevenll regional supply/demand
scenarios and assess lhe regional economic
impact of various Icvels of incremental fuel!
fibre production on the B.C. coast.

Additional sources of fuel
and fibre

Logging residues

The portion of the stand left behind after normal
coast logging varies with a wide range of natural
faclors such as species. age of the stand. terrain
and stand density. Engineering design and equip
ment factors. while also governed by the natural
characteristics of the forest. :1150 affect the por
lions of the stand remaining after logging.
Figure I outlines the major primaT)' C:\Iraction
systcms used on Ihe H.C. Coast. The logging sys
tems used ha\e an impact on the proportion of
the stand left behind and "here the residuals arc
located.

Engineering design clements which affect forest
residuals include the spacing of roads (which pri
marily affects the average y:mling distance), the
size and local ion of Ian dings. lhe sh:lpe ofsellings
(a higher proportion of residuals is left in long
Y:lrding corners). and so on.

The H.C. Forest Service h:IS developed regu13
tions governing the allowable residuals after log
ging on public lands. Logging residuals arc mea
sured on each major logged arc:. and penalties
rna)' be assessed if these limits arc exceeded.
This regulatory effort provides the best available
data source on logging residuals on the coast of
B.C.

Min ist ry uf furests waste Sli T\'c)' systclIl

In order to estimate fibre residues that could be
used for hog fuel and/or pulp chips on coastal
B.C.. the computerized waste survey data base of
the B.C. Forest Service, Vancouver Forest
Region. was sampled and the data were analyzed.

The waste survey data are based on sample plotS
taken in logged settings in the Timber Supply
Areas (TSA 's) and Tree Farm Licenses (TFL's)
in the region. These plots :Ire taken in the
"slash" lll,d at the landings (grapple and high
lead). In essence. lhe il1formation shows the
number of pieces and volume left after logging
by species, piece size. type of material (log, slab.
top. etc.>' and other charactcristics. The B.C.
Forest Service uses the informalion 10 establish



TERRAIN YARDING
SYSTEM

TYPES

Steel Spar

II

DESCRIPTION

Steel mast 10 120 It tall: running cllbles reach
500-750 It. In near CirCle around central spar (In
landing at roadside): logs grasped by chokers set
by chokermen in woods, cable lilted/dragged 10
landing

STEEP & ----CABLE ----+- Gllpple Yarder
BROKEN

Variants 01 above

FLAT & ----SKIDDER ---- Track or
ROLLING Wheel Skidders

Track mounled Shorl lower which walks along
road; runnmg cables can .each 300-500 II
depending on lellain and use 01 backhoe lor tail·
spar; logs grasped by large grapple controlled by
machine operator, cable lilted/dragged 10 .oadside

Various skylines, lowers using chokers Or grap·
pies: usually lOf long reaches, deep gullies

Machloe drives close 10 logs. short cable reach,
Wilh or without very short tower. chokers or grap·
pte used 10 grasll Jogs; machine drags to roadside
landings

Figure I, Primary cxtral'lioll systcm~ in lise on the B.C. COilSI.

unreco\'ered \\ood volumes for adjusting stum
p:lge charges related to uliliZ:l1ion and for cut con
trol purposes.

Addiliollalmalcrial from current log flows

Traditionally thc bulk of logs harvcsted frOIll
coastal forests in B.C. h:IVC been sorted and
storcd in waler at some stage en route to mills.
Rising logging COSIS and log values. together with
a higher proportion of "ris"" logs (small logs
and sinkers). led to rising concern with walcr
losses of logs. Increased concern regarding Ihe
cO\'ironmenlal impact of log storage and hundling
in m:lrine en\'ironments. including the COSIS and
risks of water-borne debris. have also contributed
to :l gradual reduction in the \O[lll sorting and
bundling operations executed in booming
grounds. particularly in the south coast. Many
sorting and bundling operations have shifted to
"drlland-sort" lards.

The wood and bark waste problem did not disap
pear with this change. but mcrely shifted 10 a
new location. In the typical sort yard. bark.
branches. and broken pieces of wood mix with

thc dirt and gravel on Ihe yard during mechanical
handling ofthc logs. This debris slcadily accumu
lates in the yard. crealing a serious disposal
problem.

A review of Ihe problem (Smith 1977) indicaled
that the rough equiwlent of 5 rn 3 of debris is
generated for cu(h 100 m 3 of solid wood log
volume handled in such yards, Assuming a
normal 50% solid contellt for such lllllterial. per
haps 2.5 m 3 of wood. bark and din is thus accu
mulated. The brea"down of piece sizes in Ihe
study indicates Ihat aboul JO"4l of the total debris
(not including din) is in pieces 15 cm and larger.
Assuming this male rial to be 60'l(1 reco\-erable
\\ood and 4lYlll unrecoverable \\0Dd and bark.
therc is 1.5 m 3 of recoverable fibre and I m3 of
hog fuel for each 100 m J passed through such II

yard. Although this volume might not justify a
processing facility. additional fuel and fibre from
incremental wooels operations could m:lke the
yard operation economic and cnable Ihe recovery
of this material. A similar sitU;lIion e"isls in all
currenl marine operations. Losses 10 the marine
environment continue. and a significant fraction
could be recovered if barge-borne incremenlal
recovery operations were in pln(e.



Residual resource summar)'

The waste survey data obtllined from the !l.c.
Forest Service W:1S used to estim:lte residual
volumes that had potential for use for cither hog
fuel or pulp chips under specified conditions.
Detailed results are reported separately (Nawitka
Renewable Resource Consultants I98..l). All the
TSA's and more than hllif of the TFL's in the
region were s:lmpled for the years 1981 :lnd 1982.
Sample size based on the number of plots taken
in anyone ye:lr for the five TSA's and the region·
al TFL's varied between 25 :lnd 50%. In total the
data analyzed renected 636 plots (lJ) landing
plots and 523 slash plOls) on 97 sellings or open·
ings representing 2815 ha of logged area. (For
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total Forest Service waste survey statistics. sec
Table I,)

In analyzing Ihe data. particular attention was
directed at the number of pieces and piece size.
where they were hx:ated, the type of material
(particularly "logs">' and species (i.e .. "white
wood'" indicating a potential for pulp). I)otential
volumes of residual fibre available by both size
and type for all TSA's and TFL"s arc given in
Table 2. This slLJdy concentrates on the large
pieces which would have the lowest extraction
costs.

In Table 3 the material which has the potentilll
for the lowest extraction costs has been identified

Table I. Summary by management unit of waste surveys in the Vancouver Forest Regional

Regional Net area Plots Landings Slash Landing TOlal
management unil logged measuredbl measured waSle waSle waste

(ha) ______ (m 3 per ha logged) -----,

1981

Noolka 722.9 99 16 43.7 2.2 45.9
Kingcomc 679.3 121 18 41.4 6.6 48.0
Soo 377.1 '3 11 26.9 3.0 29.9
Quadra 1113.3 251 J2 53.5 4.' 58.4
Fraser 1107.7 21' 51 39.4 3.4 42.8

Rcgiolllli TSA's 4000.3 789 128 43.3 4.1 47.4
Regional TFL's 3641.7 643 50 54.3 6.2 60.5

1982

Nootka 454.5 7J 14 34.5 1.8 36.3
Kingcome 893.4 151 24 40.4 3.1 43.6
Soo 262.9 44 7 33.4 2.5 35.9
Quadra 954.5 m 40 58.2 3.0 6U
Fraser 863.3 172 36 25.5 3.0 28.5

Regional TSA's 3428.6 663 121 40.3 2.9 43.2
Regional TFl's 3249.6 64' 97 62.1 7.' 70.0

" Una\'oidable plus :l\oidable .. a~IC; for trees ha,·ing a minimum 13 em bUll radius i.b at 0.3 metre
stump. 10 a lOP radius i.b. or8 em.

bl Slash and grapple lunding plots CqU;l] 0.04 ha. high lead landing plots uverage UPllrOX. O.t h;l.

Source: I\olinistry of Forests. VanCOl!\ cr Forest Region. Forest Waste Survey records. 1981 and 1982.



by supply regions (Figure 2). This '-ne!"' volume
omits badly broken or deformed wood, some
small pieces and some un:noidable waste O.e.•
m:llerial in a physic:II situation dangerous or \ery
diITicuh 10 remove). This table indicates the base
estimates of raw material available for extraction
:md processing in each region.

/\ppendi.'( I was used (0 derive arealvolutlle rela
tionships. These are summarized for both 1981
and 1982 in Appendix 2. which also reports :1

"general" \\aste figure (cUI control) for the
volume shO\\ n and an CSlim:lled species composi
tion. Table -I shows Ihe eSlim:lIed species compo
sition of residuals from each supply region from
old-gro\\Ih logging. in Ihe next decade.

13

Recover)' systems and costs

S~'stems selected ror analysis

Systems included in this study were used in
recent pilot trials under actu:II coast conditions.
Such trials yielded usable prOductivity and COSt
estimates for extension to regional supply esti
mates. Two basic product strellms were consid
ered. The first is hog fuel only. where resiclu:II
woody matcrillis and bark arc chipped or shred
ded without separation to form a fibrous fuel
mass which can be fed inlO exisling hog fuel boil
ers. The second major produci stream involves
removing the bark from the chipable wood frac-

Table 2. Brilish Columbia (0<1')1 logging waslea/ , eSlimated \'olume by piece size. TSA's lind TFL's

In logging slash
TFL's TS/\ 's

Piece Lenglh Tot:ll volume I)ieccs Piece Si7C TOlal volume Pieces Piece size
m m3/ha 111 3 m 3/ha m'

1.0-2.9 6.12 21.56 0.27 5.13 16.61 0-31
0.32 0.34

3.0-4.9 17,25 51.02 0.34 10.94 31.32 0.35

5.0-6.9 9.79 21.95 0.45 6.02 14.89 0'0
0.59 0.54

7.0+ 11.17 13.62 0.82 6.38 7.94 0.80

TOT/\L VOLUME 44.33 28.47

In landings
TFL 's TSI\ 's

Piece Length TOI<l1 \olume Pieces I)iece size TOlal \olume Piecc') Piece size
m m 3/h<l m' m3/ha m'

1.0-2.9 11.42 46.89 0.24 13.71 51.31 0.27
0.29 0.30

3.0-4.9 38.76 127.68 0.30 40.75 129.72 0.31

5.0-6.9 29.94 62.71 0.48 32.97 66.59 0.50
0.56 0.68

7.0+ 27.97 40, II 0.70 50.30 56.21 0.89

TOTAL VOLU/I:[E 108,09 137.73

al Volume of lop and slab~. do" nl,:d lrce~ 3nd treeIO!":>; U C I 'orcst Sen ice d;ll:l. Vancou\ er Region

Source ....;\"ith Rene"ablc Resource Con"ullanb
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OCI - a..",,, C ....IOU. t"
NCM _ Norlll Coall Malnlana
MCM - """ c.:..11 Ma,nland
SCJ,l - Soul" Coalt M.,..~n(l
EVl _ Enl VallQOUve. Is
WVI - West V."COllV&< I•

M,~' 0 '00 '00

Figure 2. Supply regions Oflhc H.C. coast.

Table 3. Estimatcs of cxtr:lclablc residual volume in regions of the H.C. Coastal

Region TS/\ 's
%

Slash volume
Landings Selling
(ma/ha) (m 3 /ha)

Queen Charloltc Islands 80 20 114 42

North Coast 1\binland 75 15 116 4l

:"'lid-CoaSI f\lainland 10 90 135 l6

South Coast ~Iainland 20 80 112 II

East Vancouver Island 80 20 114 4l

West V:tncQuver Island 85 15 III 4l

al Eslimllted extractable waStes ol1ly. Vancouver Region Plots QCI. NC~'1, MeM es
timated using like regions from Table I.

bl [kri\'W from B.C. Forest Sef\icc statistics on prodUl;Il\C forestland in TS,\'s and
TFL's
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Table 4. Est imalcd species distribul ion of residuals from old-grOlVth logging by regions of the 13.C. coasl during the
next dCC;ldc

REGION

QCI NC~1 1\10.'1 SCi\1 EVI WVI

SPECIES m'lha .. m'/ha .. m'/ha .. m'/ha " m'/ha '" m'/ha '"
Fir 0 0 0 0 16 J 78 II 318 49 29 3
Cedar 185 34 148 27 210 33 164 2J 60 9 '" ]I

Ilcmloc" 210 J9 2~3 45 m 36 252 ]; 216 33 388 45
Balsam 0 0 65 II 98 15 162 " ]I 5 133 15
Spruce 110 10 4' 8 Jl 5 8 I , 0 IJ ,
C} press JZ 6 40 1 50 8 51 8 5 I JZ 4
LodgepOle Pine 8 I 3 I 5 I 5 I 15 1 , 0

TOlal 545 100 543 100 638 100 115 100 W 100 865 100

Source: Nal'.ll~a Cl>l,matel> from H-C l-orCSI Sen ice In\cnlOrj :Ind 1981/82 rC!>lduab d:l1a

lion of the residuals in order 10 generale clean,
bark-free chips for pulp production, as well as a
hog fuel fraction made UI> of b:lTk and unsuitable
or inSCI);]mblc woody materials.

Technological progress in the utiliz:ltion of barky
chips in Imlp produclion, or in Ihe separation of
bHrk from chips <lncr primury processing. has nOl
bccn adcquatc lO change the conclusion Lhal a
product stream of mixed bark and chips was not
feasible for pulp purposes (Economics UniL.
PFRC 1977).

Foresl residulli processing equipment recenlly
tested on the B.C. coust includes mobile chipping
units which can process a wide range of material
sizes in woods-landings or log-yards and blow
hog fuel directly into lrucks or other transporters.
Without the ability to remove bark. all such units
are classified as hog chippers in this study. 1I0g
chippers may also be fixed to foundations in sort
yards or mill yards enabling less costly operation
and largcr capacities.

Problems with handling. feeding and tmnsporting
"oads-run forest residues led to efforts to devel
op mobile and fixed shearing equipment which
"ould produce uniform piece sizes from the
jumble of forest residues for easier loading. trans·

portution and processing. Such shears can also be
located in the landing or in various Y:lrds. When
combined with a barker system (usually a drum
t)'J)e to handle this type of materia]). shears c.m
be uscd in the production of the fibre and fuel
product stream.

Various harkers h:lve been used in foresl rcsidtwl
trials on thc coast of B.C. Ring and screw barkers
may remove bark from uniform pieces by 1111

aClion 110t unlike thal of a pencil sharpener.
Drum barkers gradually beal bark off slllall
pieces lumbling inside the rOlating drum. A wide
range of processes and cquipment is used for this
purpose and each is described in the referenced
trials.

A \\ ide range of chippers is used to make uniform
sized pulp chips from cle:ln wood of v'lrious
sizes. 1\'lobilc units can no" handle whole logs up
to medium size. while fixed units in yards can
chip I:lrge pieces. The COSIS of \arious chipping
operations on the B.C. coasl arc \\ell established.

One ne\\ type of processor is included in the 'lllal
ysis. This is a "barge·mounled marine proces
sor." II "as designed and buill by Cro\\n Forest
Industries Limited to generalC chips and hog fuel
from forest residuals in remOle coaslal local ions.



The processor offers many of the <ldvanlages ofa
fixed yard system. while also ofTering mobility to
a large number of coast loc:ltions where proces
sors would likely be uneconomic as permanent
fixtures.

The ten systems (Figure 3) selected for inclusion
in this study were chosen on the basis of the pro
duci stream and on the location of the various
combinations of Ihe above types of proccssing
equipment. This arrayal' systems covers the
mOSI significant possibilities for the near-term
future.

Cosls of operal iOIl of H.C. coasl loggin g

The history of B.C. const logging shows increas
ing mechanization to handle large logs in steep
terrain. Road construction costs are high, due to
terrain, the high proportion of rock, and heavy
rains. The cost of heavy equipment increllsed
sharply in recent years. Crew accommodation
and transport in remote 10Clltions is extremely ex
pensive. Traditionally the high volumes and
values per hectare hllve justified the economic
reach farther and farther back into rugged coastal
te rrain. However, coast loggi ng costs are cu rren t
Iy assessed to be among the highest of any mujor
forest region in the world (e.g., Jaako Poyry
1983; Woodbridge Reed 1984).

Most coastal logging equipment must be de
signed for the largest logs in the forest (a large
Douglas-fir or spruce log Illay cont<lin 10-15 m3

HOGFUEL
ONLY
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of solid wood and weigh 8-12 tonncs). Equipment
which will handle such logs is very badly suited
to handle logs with less than 0.5 mJ .

Nonetheless average COilst log size has been
decfining gradually for two decades and Ihe
number of very large pieces has been declining
exponentially to where average piece size
handled is about 1.1 m J in 1985. Many new ma
chines are being designed to handle this new gen
eration of log size. Grapple y,lf(lers, for example,
are much better adapted to small piece size than
are sleel tower, high lead systems.

Also on the positive side. the protected inland
walerways of the B.C. coast permit movement of
logs and other forest products over long dis
tances. A truck haul of 400 kill (:1I say
SO.12lm J/km) would be impossible. But by log
boom or barge at SO.OI1-SO.OI8/m 3 /km on the
COllst waterway. such movements arc eminently
feasible. This enables greater regional integration
of the forest industry on the !l.c. coast than in
most other regions of the world of l'omparable
breadth.

Generalization is obviously risky when dealing
with such a diverse resource in such variable ter
rain over such grcilt distlll1ces. However in order
to estimate the costs of extracting incremental
fuel and fibre materials from the Pacific forest,
some baselines must be estimated for current op
erMions. Table 5 shows estimates of lotal extrnc
tion costs (for material delivered to the South
Coast) for each of the supply regions. The vari-

CHIPS I
HOGFUfL

LOCATION I
I

MlllYARD nog Ch,ppe, hog C~i""'" b.lr~er booker
Chjppe, <hippe,

bar~",
BARGE cnipper

SORTYARD hog <nippe, "hU'
b.lr~er 'hea,
<hippe,

LANDING

SYSTEM 1 SYSTEM 2

"h""r

SYSTEM 4 SYSTEM 6 SYSTE"'S 3"0 SYSTEM ~ SYSTEM r SYSTEMS 619

Figu re J. Type and location of processors used to extract fihre from logging operations.
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Table 5. Estimated IOlal eXlraetion costs (51m 3 ) of malcri,ll delivered 10 the Fraser River or I-lowe Sound
from each oflhe supply regionsoflhc ll.C. coast in 1983a/ , by Region (S/m 3 )

REGION Weighted

ACTIVITY QCI NCM r-.KM 50"1 EVI WVI average

FellinglBucking 4.15 4.15 4.15 4.15 4.15 4.15 4.15

Yarding 7.50 1.50 7.50 7.10 7.40 7.50 7.37

Loading 3.55 3.55 3.55 3.45 3.45 J50 3.49

Truck Haul 3.10 5.05 4.20 5.25 4.95 4.00 4.62

Raile! M,lintcn<lllCe 2. J5 2.00 2.00 0.75 !.30 1.50 1.38

SOft & Boom 5.20 5.20 5.20 5.20 5.20 5.20 5.20

Marine Trans & Mkl 5.50 5.00 4.00 2.50 2.50 2.50 3.01

ROllds & Engineering 6.00 5.00 5.00 2.00 4.00 4,00 3.79

Camp & Crew Transport 17.80 12.50 \2.50 3.15 5.55 5.55 7.00

Stumpage, Profit & Risk 11.60 10.90 10.90 8.90 10.30 10.30 10.1 J

TOTAL DEL COST/Ill J 67.15 60.85 59.00 42.45 411.80 48.20 50.10

:.1 Ovcrheads included 011 "II ;lettvil;cS excepl ,tum page, royall)'. profil and risk.

Source: Derived from B,C. Foresl Scrvil·c. FEK Ie. and N.m·ilha sllJ(hes,

ance shown, from 542/m 3 in the South Coast
Mainland region 10 S67/m J in the Queen Char
lotte Islands region. rellcct higher costs of main
taining crews and equipmcnt in increasingly
remote locations. Obviously these estimated
averages do not define the full range of logging
costs which is probably more like $25-$75/m 3 .

llowever, thc table shows that the cost of extract
ing residuals will depend on their location as well
as on the extraction and processing technology
used.

Since the prospective fuel and fibre operations
will be incremental in nature. not all of the costs
shown in Table 5 need HPI)ly to this extra
volume. Specifically, the COSI of"slumpage, roads
and engineering. road maintenance and felling
and bucking are largely inapplicable 10 the incre
mental sUPI)ly of forest residual malerials. Camp
and crew transport costs have been apportioned
to defined residual operations in relation to their
proportion of the total field operations. Specific

operating costs have been estimated for yarding.
loading. hauling. marine transport and processing
as outlined in the following section for eath of
the len residual supply systems.

Costs of ope rat ion of selected systems

Three principal types of activity arc involved in
each syslem: movement of the residual pieces 10
roadside. processing thc pieces inlo usable form
(one or Illore processes at various locationsL and
transportation activities from the landing in the
woods to a final utilization center. The cost of
each activity is governed by variables which can
be quantified for various conditions.

For example, in yarding to roadside onc of the
prime variables is piece size, given the normal
equipment mix for the regular logging operation.
The unit cOSts of processing depend on the
degree of LIt iIizatioll of the processi ng mach inery



(the proportion or its time that is spent in actual
processing work as opposed to waiting ror raw
materi:ll or moving rrom location to location).
II:mdling costs with dirrerent processors and the
type or power llvai1:lble lit each site c:m also eITect
these costs. Unit transport costs depend most
he:lvilyon whether the material is transported by
land or by wolter and the distance the material is
moved. Each or these costs will vary with the
region or source or the residuals and the region
ordestin:lIion or use.

Yarding to roadside

Hi'giona! I'lIrimioll- Table 6 shows the estimated
base yarding cost (roughly 1.1 m3 piece-size) ror
each supply region. The normal yarding cost ror
each region has had a camp cost ractor added to it
to cover the e'(tr:l costs or supporting the man
po\\er involved in these incremental operations.
These costs add only 10-15% to the production
yarding costs in the more accessible southern re
gions. but add 25-33% to costs in the upper coast
regions.

These YOlrding cost estimates provide a bOlse rrom
which to estimllie the impact or piece size on
yarding "ost ror :lclllal residual materials in each
region.

Variation lI'ith piece si=('- Using normal coast
cable logging equipment. the unit cost or yarding

18

rises very steel)ly as piece size declines. Since the
average costS pcr "turn" (return trip to the road
side or the bUll rigging or grapple) are relatively
lixed. the cost per unit or yarding is dependent
mainly on the volume or logs brought in with
each turn. The relationship has been studied in
many cable logging operations. and is typified by
that sho\\n in Withycombc (1979). The relation
ship established in that study has been updOltcd
Olnd tmnslated to D.C. coast conditions.

The average size or the largest residual pieces
under 1981/82 coaSt conditions as deri\ed in
Table 2 is also shown in the table. together with
the estimated cost oryarding such a piece to road
side in eOlch region. These estimates rorm the
basis ror the yarding costs as appropriate in each
simulated operation orsystems I to 10.

Figure ~ shows the relationship or yarding cost to
piece size and the spread bel\\cen the highest
cost region and the lowest-cost region.

Processing costs

The costs or proccssing in each relevant operation
- she:tring residual pieces. barking and chipping
(fibre or hog) - were estimated ror each system.
E,ICh unit processing cost estimate assumes an
erficient level Dr utilization or the particular ma
chine. The import~lI1cC or this ractor c:m be seen
in Figure 5 and Table 7. These particular ligures

Table 6. Estimated base residu;J1 }·,trding COSI by region (S/lll~;

Region

QCI NC!\'l M(M SCM EVI WVI

Logging ;Jctivity
costs only 537.75 537.45 535.60 530.40 532.95 532-J5

Yarding COSI share (1M.) 019.9 020.0 021.1 023.4 022.5 023.2

Yarding share
camp cost 53.54 52.50 52.63 50.74 51.25 51.29

Residual base
yarding COSI 51UH 510.00 510.13 57.84 58.65 58.79
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PIEce SIZE (m'l

1'1 _ AVERAGE SIZE OF INCREMENTAL PIECES TO GET
FROM MEDIUM TO HIGH RESIDUE UTILIZATION

m _ AVERAGE PIECE SIZE TO MEDIUM RESIDUE UTILIZATION

• - AVERAGE PIEce SIZE NORMAL LOGGING. 8 C COAST

Figure ..t RcI,llion~hq) of )Mdmg cost to piece ~IIC in
the Queen Ch;lrlOllc [sklnds Ihlgh,co~1

region) and the South Coast ~Iainland (10\\
cost region).

show the cost of chipping rclali\'el}' long. straight
pieces with one typC of nl:lchine. A similar rela
tionship exists for each of the defined systems 
the machine and labor costs are relatively fixed.
and the unit cost of Inoduction depends he:!"il}'
all annual output.

The range of the costs shown in Figure 5 approxi
mates the range of the estimlllCd processing costs
in the len sYSlel11s. Yard chippers ClIn process
residual materials for SI0·$ 12/111~, while landing
chippers generally cOSt morc than S25/tll~. The
principal differences between lhese operations
arc the moving and set,ul) costs of the mobile
landing chippers, the differing ability to feed the
machine in each landing, and other factors which
lend Lo depress annual output per machine.

Transport of incremental residual materials

British Columbia coast loggers have been on the
technological frontier of truck·hauling of logs
since the I 950·s. Larger morc powerful trucks
with improved brukes have been continuously
developed throughout the period. Improved
tires, more fuel·efficiellt engines, improved load·
ing :md unloading systems and many other devel·

ANNUAL PRODUCTION (000 mJl

Figure 5. Relationship of (hipping cost to marhinc
ulilizaLion.

opments have been de\lcloped or have had their
first trials on the B.C. cO:tSt. Although much of
Ihe technology is directly relcvant LO transporting
residual materials. signific:llll variation and
modifications are also essential. The loading and
h:llldling of these smaller. generally more varia·
ble sized materials creates special problems. The
normal long bunks used to transport full length
logs are not well suited to residual transport.
except in cases where residual materials can be
added to the top of normal log loads.

Each of the described trials which form the basis
for the selected sysLems used slightly different
Lruck hauling melhods. Chip vans, garbage bin
vans. large gTtlvcl trucks and OIher similar can·
figurations were used. Figure 6 shows Lhe gcneral
range of these costs by lype of system and
clistance.

Tugbo:1t and marine transport opcrators in B.C.
havc also been among the leading innovators of
the logging world for decades. A wide range of
technologies varying from p:lrticular types of log
raft and connectors to frcighter·sized self·loading
and self·dumping log barges have been dc\'el·
oped in H.C. 10 twnsport logs up to 500 miles on
Ihe inland sea.

Residual materials create serious problems in
normal log boom traffic. The rate of loss is high.
and the problems in h:mdling the normal logs arc
increased. Thercfore only the allached residual
material or the largest pieces can be transported
in this manner. In general. containment within
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The base case assumes that 80% of the logged
area was harvested using field tower cable sys
tems, and 20% usi ng grapple yarder systems. The
base cases also assume residual volumes and
transport distances equivalent to a roughly equal
merger of South Coast Mainland and East Van
couver Island conditions. Figures 8 through 17
show the expecte(l marginal and average cost of
extraction and processing of the residuals for
each system.

TOI:t1 owning and opcfitling ('OSb of land
transportation systems for residual materials.

rigurc 6.

'"
QISTANCE (~m)

'" '" These simulated "suppliers" of fibre and hog
fuel from forest residuals form the basis of the reo
gional supply estimates developed later. llowev
cr. before that stage. the lin:mcialllnd economic
viability of each potential supplier must be inves
tigated. This. of course, requires an analysis of
projected demand and price for each product
stream.

Fuel and fibre demand

018TANCE Ikml

Figure 7. Tolal o\\ning and opcr,lling costs or marine
IWIlSpOrl,llion S}SlcmS for residual mlilcriais.

barges or scows is required for most residual
materials. Figure 7 shows the range of marine
transport costs estimated for diO'erent types of
residual materials on dirrerent marine transporl
systems.

Summary cost analysis - system base cases

In order to develop a picture of each residual fuel
and integrated fuel/fibre system as a "supplier,"
a base case has been developed for each as
though an owner-operator held all rights to
residual harvesting on 1000 ha of normal COllsl
logging activity.

The coastal forest industry of 13.C. is entering a
period of dynamic change. Some of the more im
porUmt factors are high and rising raw material
(Jog) cost, rapidly changing mill technology, in
creasing production of lumber in other areas
closer 10 the traditional markets, the possibility
of U.S. restrictions on forest product imports
from Canada. and economic uncertainty through
out North Americ:l. Several recent reviews have
attempted to deal with some of the more impor
tunt issues (e.g., Woodbridge Reed and Associ
utes Ltd. 1984: Ni lsson 1985).

Although many of the problems and issues pre
sent serious chullcnges to the coast forest indus
Ify. we do not expect drastic shifts in the coast in
dustry or its utilization pallern in the next
decade. Many of the problems are not new. Most
of the important problems are market-related
and beyond the control of the industry. Change
will likely be incremental and very much in line
with traditional pallerns. During the last peak
period (1978-79) the disposition of the wood har
vest on the B.C. coast resembled that shown in
Table 8.

In 1978/79 both the pulp and paper and wood
product segments of the industry were working
at close 10 capacity. The coast industry at thHl
time produced over 4800 million Ibm of lumber
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Table 7. Iln::ak-c\ en cost of" hole-t fCC chil)l)ing ;11 differenl Ie, cis
ofmuth;nc ulili7,lIioll

Annual Costal Annu:lI Cos,bl

produclion31 1979 US S production 1985 Can S
WOO Green n per green T WOO m1J per m 1

61 5.00 6. lOAD
'6 7.50 52 15.60
35 10.00 '0 10.80
26.5 12.50 30 26.00
11.5 15.00 " JUO
17.3 17.50 20 36.40
IS 10.00 17 "1.60
Il 11.50 IS "6.79

" 15.00 12 51.99

al Uni,,~r~il\ orWashinglOn. 1919
bl ...3.... ;11.3 ~pd:llC'd eSlimate

Table 8. Disposition of the total round wood han'cst on the H.C.
coast during 1978/79

Product Volume I'rOl>orlion
(OOOSolid m3 ) Or101al

Lumbcrand limbers 8400 0.268

Plywood 1030 0.03)

Shingles :md Shakes 660 0.021

Groundwood blocks 2560 0.082

I'ulpchips 10400 0.332

lIog fuel 8300 0.265
(sawdust. planer shavings.
misc. wood. bark)

TOTAL 31350
(lncl. bark)

Source: 1'11:11'0111.3 estimalCS
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per annum, 3.5 million squares of ted'IT shakes!
shingles. about 1.4 million sq. fl. (3/8) of ply
,"ood. and about I..,) million lannes of market
pulps. All of this .... as produced at prices "hich
\\cre generally profiluble to the industry. Before
turning to forecast balances :lnd prices. it will be
useful 10 review the situation in 1985.

CurrCllt (1985) fuel and fibre balanc{'s and
pril'es

Fibre

A reduction in output in the wood products in
dustry or the coasl due to \\eak markets ror

Figure 17. l\\er:lgc and nl"rgin;ll cosb of ~rslcm 10
(barker and chipl~r in ~Orlprd) inaccc~~i·

ble rcgion~,

lumber and plywood has led to a decline in the
tolal production or chips and hog rucl availubte
rrom this segment or the industry in \984/85.
The tOlal coast harvest has declined 13% rrom
the peak or 1978. A higher proportion orthc 101al
log harvest is being b'lrked and chipped directly
in round wood rorm. Log ex pons are up, panic
ularly to Japan and China.

The coastal fibre b:llance has been largely nHlin·
wined by imports or whitewood chips rrom the
booming sawmill industry or interior R.C. Some
or these chips are :llso being exported to ofT·shore
markets. The currenl (1985) price or whitewood
chips in coastal markets is about S58 per
volumetric unit. or S28.50 per solid cubic metre



of wood, Douglas-fir chips usually bring about
$2.50 less per volumetric unit or about $27.25
per solid cubic metre. On the export market,
whitewood chips bring US 585 per bone elry unit,
or about $43.40 per cubic metre of solid wood.

Production of other fibre products is almost insig
nificant in the H.C. coast industry. F1akeboard, fi
breboard and other wood-based panels used an
insignificant fraction of tile IOlal available fibre.

110g fuel

Although wood waste burner capacity has been
rising in the B.C. coasl forest industry in recent
years (McDaniels 1982~ Robinson 1985). The
current supply/demand balance is depressing
hog fuel prices. Large volumes Can currently
(1985) be purchased for 53.50 per volumetric
unit. or ubout $1.75 per cubic metre of solid
material (miscellaneous wood. sawdust, shavings
and bark). A more normal price level for this
material is about SIO per volumetric unit. During
various shorl-run imbalances on the supply side
the price can rise significantly. For example,
during the period of construction of the major llP
proaches to a new bridge in Vancouver, large
volumes of hog fuel were demanded for fill. Spot
prices at times rose $20 per volumetric unit. The
following section is an economic analysis of hog
fuel values in terms of energy replacement cost
and a forecast of these values.

Forecast fuel and fibre balances and prices

Energy consumption in the forest industry

The forest industry in B.C. accounts for approxi
mately 80% of total industrial energy consump
tion (BritiSh Columbia, Ministry of Energy,
Mines and Petroleum Resources, 1980). The
pulp and paper sector accounts for most of this.
Pulp and paper mills are able to generate a sub
stantial proportion of their energy internally by
burning waste liquors. However, the mills collec
tively are the ltlrgest consumers of fossil fuels in
C. Heavy fuel oil (HFO) is the major fossil fuel
lllilized by the coastal forest industry. McDaniels
(\ 982) estimated that the total pulp tlml paper in
dustry could usc an additional 5 million m~ of
hog fuel annually to replace HFO by 1990. This
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rate of growth in consumption would creale local
scarcities on the B.C. COlISt.

Energy equivalent value of hog fuel - i\ forecast

The energy equivalent value of hog fuel is
defined here as the maximum imputed value of
hog fuel assuming it is displacing heavy fuel oil
after laking into account differences in boiler effi
ciencies and capital charges. The first step in es
timating the energy equivllient value of hog fuel
is to forecast the price of HFO.

The price of heavy fuel oil delivered to the mill
avcraged SI70/m'~ ($27.00/BBLJ during 1983.
The fuel is purchased from lower mainland refin
ers. The price nucluates in relation to gencral
market conditions, the volume of the sale, and
the cost of crude oil. The demand for HFO on the
Coast has declined in recent years with the con
version to hog fuel by the coastal pulp mills and
Ihe closure of the cement pltlnt at Bamberton on
Vancouver Island. Local refiners have reduced
their HFO production in response. For lhe pur
poses of this study. we have adopted a low and
high HFO price forecast. For a sensitivity analy
sis. a forecast Ihllt llssumes a short-term supply
disruption is also formulated, In the low price
forecast, Ihe price of HFO delivered to the mill
remains constant in real lerms at $170/m~ 10

1986, then escalatcs al 0.50111, per year to 2004. In
the higher price forecaSI, a constant price to 1986
is again assumed with real price escalation of 2%
per year thereafter.

The sensitivity scenario has no real growth to
1986 and then real price escalation of 20% in onc
year. This price shock is similar in magnitudc 10
the price shock of 1979/80 in which thc world
crude price jumped from US S28.50/BBL 10 US
S36.50/BBL. Following the price shock, the HFO
price declines at an annual llverage rate of 2%
until it equals the high price forecast. The three
price forecasts are presented in Table 9.

The energy equivalent value of hog fuel is related
to the COSI of HFO, the moisture content and
energy content of the wood, the respective boiler
efficiencies, and the cost of utilizing the hog fuel.
We have eSlimated the energy equivalent value
of hog fuel from two perspectives. The first as
sumes no incremental costs of using lldditional
hog fuel. This value would be relevant to relative-
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Table 9. J lell\ y fuel oil price force,lsls (con- T,lblc 10. Encrg) cquh alent \ :tlue ($/\ 01 umctric
Slant 1984 Cltnadi,lll dollars) unit) of hog fuel Icon~lanl 198.J

Canadian dollaf~1

Prwc scenario

liFO Pnce scenario
Lo. Iligh Shod..

Ycar (S/m 3 ) (51m 3 ) (51m 3 ) Yc,tr Low lligh Shod

1984 170.00 170.00 110.00 1984 45.B 45.73 45.7J
1985 170.00 170.00 170.00 1985 45.73 45.73 ·H.B
1986 170.85 173.040 lO-HlO 1986 4596 46.64 5-1.88
1987 171.70 176.90 199.90 1987 46.19 47.59 53.77
1988 112.60 180.040 195.90 1988 46.43 48.53 52.70
1989 \13AO 184.00 192.00 1989 46.64 49,50 51.65
1990 174.30 187.70 188.20 1990 46.89 50A9 50.63
1991 175.20 19UO 191.40 1991 47.1 J 51.049 51.049
1992 176.00 195.30 195.30 1992 ·H.J4 52.5-.. 52.54
1993 176.90 199.20 199.20 1993 47.59 53.59 53.59
1994 177.80 203.20 203.20 1994 47.83 54.66 54.66
1995 178.70 207.20 207.20 1995 48.07 55.74 55.14
19% 179.60 211.40 211.40 1996 48.31 56.87 56.87
1997 180.50 215.60 215.60 1997 48.55 58.00 58.00
1998 181.40 219.90 219.90 1998 48.80 59.15 59.15
1999 182.30 224.30 nuo 1999 ~9.04 60.34 60.34
2000 183.20 228.80 228.80 2000 49.28 61.55 61.55
2001 184.10 233.40 133.40 2001 ~9.52 62.78 62.78
2002 185.00 238.00 238.00 2002 ~9.77 64.02 64.02
2003 186.00 142.80 242.80 2003 50.03 65.31 65.3 I
2004 186.90 247.70 247.70 2004 50.28 66.63 66.63

I)' small volumes of hog fuel used to displace
II FO assuming no incremental capilal cOSt is re
quired. The second mcthod expresses the energy
equivalcnt v;llue of hog fuel assuming the con
slruction ofa new boiler.

The energy equivalenl value of hog fucl, assum
ing no incremental capital costs, is presented in
Table 10 for the three price scenarios. Given the
low I-IFQ price forecast, the energy equivllleni
value of hog fuel remains in the order of $45-$50
per volumetric unit over the forecast period. The
high I-IFQ price forecast implies an energy
equiv,llent value of S..5 per volumetric unit in
1984 increasing to nearly S67 per volumetric unit
by 2004. Given the shock forecast, the v'llue of
hog fuel reaches nearly S55 per volumctric unit
in 1986, then declines slowly through 1990
before rising again.

The energy equivalent \alue of hog fuel. assum-

ing the construction of new boilers. is less than
the imputed valuc presented above. This is be
cause of the significanl capital costs involved in
constructing the new facilities. The encrgy
equivalent value of hog fuel for the three price
scenarios is presented in Table II for a range of
discount rates. Long·range bond yields. and
recenl proposals for innation~indexedmortgages.
suggest a rcal discount rate from the privatc per
s!)cclive of aboul 4%. In this case, the maximum
energy equivalent value of hog fuel could reach
516 per volumetric unit.

One or the major uncertainties in forecasting the
future petroleum replacemcnt values of hog fuel
and the rcgional economic impacts is government
policy regarding the supply of natural gas to Vall
cou vcr Island and other coast forcst indust ry cen
lers. An aggressive policy of construction subsidy
and gas pricing could significantly alter the
energy blliances of the coast forest induslry and



Table II, [ncrg~ equi\alcnl \alue (S/\olumetric
unlll of hog fucl al "lriousdl:.(·ounl rales
(con.,1.ml 198..\ Can;ldl;m dollan,)

liFO Pnce ,>een:lrio
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Financial viability of residue
operations

OpC'fator rel'elllU'S \'ersus COSfS

Pulp and raw material b:llances and prices

likely make lhe incremental usc of forest-based
residuals unc('onornic liS fuels for the foreseeable
future.

The coast pulp and paper industry may be on the
verge of major Slructural ch:mge. Some :lllalysls
(e.g. Nilsson 1985) have forecast the closing of
some facilities. Some mills have already reduced
production. [I is beyond the scope oflhis study 10

attempl 10 forccasl the outcome of lhese events
in detail. It seems unlikely thai any decline in
demand for pulp chips in relation to supply \\oill
occur. In Scandinavia and parts of the U.S. "here
supply/demand has tightened over time, the
price of chips from any source comes to approxi
mate the cost of round pulpwood. Woodbridge.
Reed and Associ,lles Ltd. (\984) have forecast
that Ihe real cost of softwood residuals in B.C.
wilt continue 10 rise, and that by 1990 chips will
command a price of 540 per solid cubic metre.

Keill
dl'>Counl rule

o
0.01
0.02
0.03
0.0..\
0.05
0.06
0.07
008
0.09
0.10

25.26
23...\9
21.62
19.66
17.60
15...\7
13.25
10.95
8.57
6.13
3.62

lligh

.B.25
31.21
29.09
26.88
2·U8
22.21
19.76
17.13
1..\.64
11.98
9.28

Shock

3..\.3..\
32...\0
.10..17
28.25
26.05
23.77
21...\2
18.9')
16.50
13.95
I !.J.J

Using lhe base produclion cases. the mil'fO
economics of such operations can be analyzed
under diITerent price sccnario:!o for fuel and fibre.
E'I(:h operator "ould be unable to aITeel the
n1.lrket price foreilher fuel or fibre, and therefore
a horizontal price line \\ould represent the
market supply and demand faced in any period.
The level of the line would reflect the price of
fuel and of ribre products in Ihe period, and Ihe
proportion of each \\hich this system coulcl
produce.

The proportion offucl and fibre likely \\oould vary
\Iilh Ihe degree of residue uliliZ:llion. With smal
ler pieces (rcco\ered at the high end of the utili
zation spectrum) the fraction of rcco\emble
clean chips \Iould probably be [ower. and there
fore lhe average revenue from Ihis pOri ion oflhe
im:remental material would be lower. lhan thaI
from Ihe larger I)ieces (recovered allhe medium
utilizalion level). Table 12 shows the estimaled
marginal and average revenues at each level of
utilization for each of the 3y~tems eXllmined
using a combined East Vancou\er Island :md
South CoaSI Mainland region species
:ornposition.

A few examples of the likely financial viability of
different operations will clarify the approach
taken in developing regional supply estimates.

System 1 (hog chipper in the I:lOding) is unlikely
to be economic at any probable value of hog fuel
(Figure 18), The base average revenue line
sho"n is that implied by a 4% nile of return being
adequate for all inveslments in wood energy utili
zation equipment. The nHlXlmum average
revenue line shows the value to a user wilh a
burner system in plaee (paid for or sunk cost)
under oil-shock conditions.

For the purposes of analysis of the prospects of
individual forest residue chip suppliers and a re
gional industry of this sort. a value of S40/m~ is
trealed as a maximum and S30/m~ as a working
minimum price for the clean chip fraction of the
production.

System 2 (hog chipper in sortYllrd) is also only
marginally economic. sho"ing a loss even on its
lowest cost outputS, at S13/m3 (Figure 19>' If a
lower cost of capital were appropriate or if the
purchasing company already h3d a boiler paid for
3nd in place, Ihe price could be driven up as high
as S25 in a short-run energy shock (Table 10L
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Figure 19. Marginal :lIld average costs and maximum
and base revenue,> of system 2 (hog chipper
in sOrl)':Jrdl.

depending on the bargaining power of the
residuesupply industry.

System 3 (barl..er :lnd chipper in a sortyard)
(Figure 20) produces bOlh chips for pulp and hog
fuel. If the price of chips \\crc S-lOlmJ nnd the
\ alue of hog fuel SI J/m3 • and the product pro
portions chips:hog was 70:30. the average pro
duct price faced by Ihis operator would be
531.90/013 • Such II price \\Quld give operators of
Ihis system some latitude for proril:lblC
production.

Figure 21 portmys :l similar situation for :l

Figure 21. Marginal lInd :1vaage COSh and base aver
,lgC rcvcnues of ~)"lel11 8 (marine bar"cr
and chipper),

marine-based system producing chips and hog
fuel under the same price conditions.

I'olential for a residue illduslr~ on the B.C.
coast

Using the criterion thai a successful industry is
made up of profitable firms, there is potential for
a new type of industry all the D.C. coasl to pro
duce fuel and fibre products from logging residu
als. Although currelll prices do not provide much
encouragement, price forecasts for the early
1990s indicate that it is not 100 early to begin
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Table 12. Estimated nlMginal and average revenues for each system al difTcrcnl levels of utilization

SYSTF:1\l I SYSTEM 2

Ulilizmion Level L,n<Jin~ Low Medium Itigh Landing Low Medium High
l'reporl;on Chip Rcco\'cry 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

VALUE
Fir Chips 537.50 0 0 0 0 0 0 0 0
Whitewood Chips 40.00 0 0 0 0 0 0 0 0
CcdarChips 19.00 0 0 0 0 0 0 0 0
HW Chips 19.00 0 0 0 0 0 0 0 0
lO1al Chips 0 0 0 0 0 0 0 0

Hog Fuel VallIe 513.00 $3,392 0 S18.H2 $16.527 53,392 52.911 $16.527 515,555
Seen'lrio 1+2 I 10 J I 10"

Marginal Revenue $13.00 50.00 $13.00 $13.00 $13.00 $13,00 $13.00 513.00
,'vcrage Rc,'cnuc 513,00 $\3.00 $13.00 $13.00 $13.00 $13.00

Gross Revenue/Lt'"el $44.091 0 $240.1 JJ $214.586 $44.091 537.916 $214.856 $101.2\8
TOlal Rev All Levels $499.080 $499.080

SYSn:M J SYSn:i\I "

Utililation Level Landing Low Medium High LHlding Low Medium Iligh
PropQrli"n Chip ]{CCOVerl' 0.65 0.90 0,65 0,40 0.00 0.00 000 000

VALUE
Fir Chips 537.50 661 781 J22J 1867 0 0 0 0
While .....ood Chips 40.00 1168 1391 5694 3298 0 0 0 0
Ced~rCh;ps 19,00 3SJ '20 1719 '196 0 0 0 0
IIW Chips \9,00 11 " 101 62 0 0 0 0
TOlal Chips 2205 2625 10]43 6222 0 0 0 0

110g Fuel Value 513.00 SI,187 S292 55.785 59.3D S3.392 0 518.472 SI6,527

Marginall{e"Cnlle S27.24 $33.41 $27.74 522.07 $13.00 SO.OO $13.00 $13.00
Avcragc Re,'cnlle $30.36 528,47 $25.88 $13.00 $13.00 $1300

Gross RcvenlJc/lcvel 594.090 $97.449 $458.503 $34.U.14 S44,091 0 $240,1.H $214.856
TOlal Rev All levels $993.377 $4~,080

SYSTEM 5 SYSn:l\l I>

Utilization Level Lallding Low ~kdium lIigh L:lI1ding Lo..... Mediulll High
PrOllOrlion Chip Recovery 0.65 090 0t.5 0,40 0.00 0.00 0.00 000

VALUE
Fir Chips $37.50 661 0 .1f>(l2 198.1 0 0 0 0
White.....ood Chips 40.00 1168 0 6364 35001 0 0 0 0
Cedar Chips 19.00 J53 0 1921 1058 0 0 0 0
HW Chips 19,00 11 0 120 66
Total Chips 2205 0 12007 (,I, I I

Hog Fuel Value $13.00 51.187 0 $6,1>45 $9.'116 $-'.J'i2 52.'117 $16.527 $15.555

I\larginaJ Revenue 527. 74 $000 $27.74 $22.07 $1.1.00 $13.00 51-'.00 513.00
Average Revenue $27.74 $27.74 $25.3n 5lJ.OO $1.'.00 $1-'.00

Gross Revenue/Le"el $94,909 0 $512,445 $364.7'1.' $44,091 $.l7.'116 $214,856 $202,218
Total Rev All Levels $971.327 S499 ,080
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SYSTEM' SYSTEM 8

Utiliulion level Landini Low Medium lIillh landing Lo..' Medium High
Proponion Chip Recovery 0.65 0.90 0.65 0.'" 0.65 090 0.65 0.'"

VALUE
FirChips 537.50 "" 187 3223 1867 6" '" 3223 0
Whitewood Chips "'.00 1168 139l 5694 3298 1168 lJ91 5694 0
Cedar Chips 19.00 J5J no 1719 '" 3SJ 420 1719 0
IlWChips 111.00 II " 107 " II " 107 0
TOlal Chips 2205 2625 10743 6222 2205 2625 1074) 0

1101 Fuel Value SO 00 SU87 5292 55.785 59.33) 51.187 5292 55.785 0

MarailUlJ Revenue 527.24 53)AI 5Z7. 74 522 07 527. 74 533.41 527. 7'- 50.00
A,-co.,.,c Rc\-cnue SJO.J6 528.41 S2S 88 530.36 528.47 50.00

Gross Re\cnue/Lc\el $94.090 591.449 s.lSI\.SOJ SHJ.JH 594.090 S97.·U9 $458.503 0
TOlal Rev All Le...:ls S9'lJ.J17 S6SO.042

SYSTEM ') SYSTEM III

Uhhullon Lc\e1 Landonl L.> Medium 'loSh L:Ul(hnl L.> Medium llip
Proportion Chip Rc«/H'f) 0.65 0.90 '" 0'" 0.65 0.90 0.65 0.40

VALUE
Fir ChiPS SlUO "" '" HB 0 6" '" J12J 0
Whlle ..·OC)d Chips "'00 1168 lJ91 5694 0 "" 1391 569-1 0
Ced'lI Chips 1900 m 410 1719 0 m ~20 1719 0
IIW ChIJlS 1900 12 " 107 0 11 16 107 0
TOlal Chips nos 2625 10743 0 220' 2625 t074) 0

1101 Fuel Value 513.00 51.187 5291 $5.7115 0 $1.187 5292 55.785 0

Marginal Re.cnue 521.2.1 SJJAI 527.74 527. 74 SJJAI $17.74
A,cmlle Re\cnue 530.36 52847 30.36 $1847

Gross Revenue/Lt_ ..! $94,090 S'l7.'1.i9 $.158.503 0 $94,000 S97A49 5458.503 0
TOlal Rev An Le>els S6S0,O·n S6S0,1}l2

detailed considcrHtion of the shape and viability
of such an industry.

This will require development of al leasl H crude
definition of regional supply potential, including
a rough supply curve (qu<lIlIities which could be
made available al dirrerenl fibre and fuel price
levels) for major supply zones. Figure 22 outlines
the basic steps of the study and a model to devel
op these supply estimates.

Other requirements include a forecast of logged
area, sal\Jgable proportion of the area, residu•• 1
\olume by species. estimates of weighted trans
pOflation distances from regional supply centers
to various regional demand centers. and the
Iikcly structure of a regional residual supply in
dustry (in terms of the len systems e\aluated
here). given local conditions in each major
region.

Regional supply estimates

Regionul harvest and transportation patterns

The allowuble annual cuI (AAC) of the defined
regions of the 13,C. coast is presented in Table 13.
The most impoflllnt regions are the most accessi
ble ones - the South Coast of the Mainland. the
East COllSI of Vllncouver Island. and the West
Coasl of Vancouver IsI'lnd. In lotal they account
for over 75% of the medium-term wood supply
polential of the B.C. CO:lSI.

Using the average old-growth volume per heclare
from 13.C. Forest Service inventory estimates for
cach rcgion (Appendix ]>. the AAC Ic\el is
translatcd into an estimated total area logged in
each rcgion for the medium term (Table 13).
Each of the large southern regions will harvcsi
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Figure 22. Process noV. for dcvc!opmcni of regional Ii brc su I'ply cunes.

9000 to 10000 ha each year for the next 20 years,
while lhe three northern zones in IOlal will har
vest 10000 10 12 000 ha per year. These areas
define the maximum residue supply area poten
tial ofcaeh region.

The volume harvested in euch supply region
nows in vurying proportions to Olher regions as
well as to internul mill centers. Most pulp :tnd
paper mills on Ihe coast are in the three southern
regions (Figure 23).

Estimate of the wood requirements of each major
center are presented in Table 14. Based on
known tenure arrangements and broad regional
information, a rough source/destination table
has becn dcveloped (Table IS). Only four of the
six regions have significant demtlnd centers: the
South Coast Mainland, East Vancouver Island,
Western Vancouver Island, and the North Coast
of the Mainland.

A weighted average land and water distance trav
elled by raw material feeding the mills of each
region is shown in Table IS. The IOta I estimate
for the B.C. coast shows a weighted land diSlance
of 31 km and a weighted average water diSlancc
of 183 kill (to weighted regional import ccnters
for raw materials as shown in Figure 24). In re·
gional residual supply estimates it is aSSllmed
thai the incremental materials will follow basical
ly the same paths as the llormallog flows.

Defining regional residual fuel and fibre supply
industries

The largest regions of supply and demand are
East Vancouver Island and the South Coast of
the Mainland. These regions are also among the
mOSI closely linked of the regions by well
established water transport systems. Therefore.
in terms of supply potential, these two regions
are considered as one large zone. The western
portion of Vancouver Island is also a distinct sup
ply/demand lOne, although linked to the inland
waterway region by many forest product move
ments. A third nHljor region for supply is the
North Coast zone made up of North Coast Main~

land, Queen Charlolle Islands and the Mid Coast
Mainland. This zone has the highest cost of sup
port for logging crews, and higher overall trans
port costs to major demand centers.

In order to define regional residue supply indus
tries, the total area logged in each zone was
netted down as shown in Table 16, Further, the
most profitable systems were selected as shown
on the right side of Table 16, according to general
local conditions in each zone. These coefficients,
together with Ihe detailed cost estimates for each
type of supplier, defined the supply pallerns of
the residual supply industry in each of the three
major zones.

Figure 25 illustrates how the residual fuel and
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T,lblc 13. Anllu,ll 311Q1·\Jble cut in c:lch region of the D.C. coast

Region A\C Vol Estim:llcd
WOO Ill!) pcrha TOial arca

(Ill!) logged (hal

Queen CharlOllC Islands 2550 545 4679
North Coa!>l ~1ainland 2521 543 4643
\Iid Coast ~l:lin1and 1575 638 2469
South Coa:.l J\,f:tinland 7651 125 10553
Ea..., \'ancou\cr bland 6373 647 9850
\\est \'ancou\cr bLmd 7076 865 9150

TOTAL· 28546 41299

Wcighled :L\crage 691

for Jllland... fCIlUL:IlC'd b) the MIM1"lf) of lore... l~
ITS \.TrL.CTI ') a.c. Forest Sen ire 1984

Table 14. Loc.uion. capacill. products ;lnd round" ood rcquircmenls of pulp and p;lI'CT mills on the BC Coo:.l

Mill
LOt:,llion

,\noual Capacity
((lOO tonnes)

Pulp Paper

Roundwood
Requiremenl

Belkin Packaging Lid.
H.C. Forest Products LId.
Canadian For Products Ltd.
Crov.n Foresllnd Lid.
Eurocan P & P Co. Lid.
Island Paper Mills Lid.
MacMillan-Bloedel Lid.
MacMilliln-Bloedel Ltd.
MllcMilian-Blocdel Ltd,
SCOl! Paper Co, Ltd.
Tahsis Padfic Co. Ltd.
Westar Timber Ltd.
Western Pulp Ltd
W~tern Pulp Lid.

Burnaby
Crofton
Port Mellon
Duncan lla)
Kilim.l1
Annacisis
Ilarmac
Port Alberni
Powell River
New Westminster
Gold Rher
Prince Ruper!
Squamish
Port Aliee

o
651
180
110
300

o
340
452
610

26
230
369
150
140

150
436

o
510
300
111

o
382
620

90
o
o
o
o

recycled pbd
news, ilK P, gwd spec pap
BKP
news. BKP. K pap
liner. K pap
line pap
OKP
news. scmi-BKP. gwd spec PilP
news. semi-BKP. gwd spec P,lP
tissue. samt pap
ilKI'
OKP
OKP
sulphite pulps

o
1600
810

1820
ISOO

o
1350
1020
1600

15
1200
1600
150
100

at ~eC)'cled pbd _ recycled p.1perboard
UKI' - bleJchcd Kraft pulp
K pap - Krafl paper
fine: pap - fine paper
II»Ue - lissue
sulphlle pulp:, - sulphite pulps

nc .... s - nc .... sprintr
g"d spec pap - ground .... ood specialt) paper
liner - hnerboord
seml·OKP - seml·bleached Kraft pulp
saOlI pap - sanllary paper
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o Coast Pulp Mills

o With Paper Mill

British Columbia

O:"_~"~O=~200,..

Area of outside circle
proporlionallo
roundwood requirement
lor pulp capacity

H)'or Sl JO~N

Figure 23. Location and rclali\c wood requirements of ]lull' and paper mills on the B.c. coast.

fibre industry might develop on the South Coast
over time. if the least expensive systems were
introduced first. However, Ihis is not necess<lrily
the plltlern which would emerge, depending on
which companies were purchasing fuel and fibre,
which companies had access to sorty,m!s, mill
yards, booming grounds and so on. It will be
more meaningful 10 describe the regionnl incre
mental production possibilities in ascending
order of increased cosl and derive an industry
average cost curve from this data.

This average cost function for the industry will

approximate the industry supply curve over
time, assuming relatively free entry/exit and
WIding putlerns (Baumol 1963). An element of
profit and risk should be added, since this hus
been excluded from our cost estimates.

Suppl y estim ates for three major zones of the
R.C. coast

The R.C. Forest Service's normal allowance for
profit and risk in B.C. Coast logging operations is
about 16-18%. Although discussion about its rea-
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Table 1$. Destin,llion of pulpwood on the B.C. masi. by region of origin. volume. and
distance travelled b}' mode of I ransportalion.

Destination

NC~I QCI MCM 50.'1 EVI WVI Total
Sources \olumc

NCM
0.34 0.0\ 0.0.1 0

VOLUME WOO m 3 ) 1165 0 0 '0 189 0 1494
Land distance (k01) 30 30 30 30
Water distance (km) '0 700 660 5..10

QCI.. 0.15 0.09 0.07 0.01
VOLU~IE (OOOm3 ) 596 0 0 J63 440 67 1465
Land distance (km) 12 12 22 12
Waler distance (kmJ 160 710 680 520

~ICM.. 0.26 0.Q.l 0.Q.l 0.01
VOLUME (OOOm3 ) 968 0 0 161 251 H 1414
Land dist.mee (km) '6 '6 '6 '6
Walcrdisl:mcc (km) 210 450 410 380

SCM.. 0.24 OA8 0.3
VOLUfI.'IE (OOOm3 ) 893 0 0 19JJ 1886 0 4712
Land dislant'C (k01) '0 '0 40 40
Waler distant'c (km) 700 60 240 240

EVI.. 0 0.27 0.35 0.11
VOLUME (000 rna) 0 0 0 1088 1200 )70 3658
Land distance (km) l5 15 )5 )5
Waler distance (k111) 660 120 10 270

WVI.. 0 0.11 0.21 0.86
VGlUM E (000 m 3J 0 0 0 443 1320 2896 4659
Land distance (km) 24 24 24 24
Wulcr dislllnCe (km) 380 240 270 60

Average
Distances
WTD Land (km) )0 35 )) ,- WTDAVGLANDkm Jl-,
WTD Waler (km) 262 177 187 96 WTD AVG WATER km 183



•• •
I- . ." ",

He.. __TH COAST ""'tfLAND
QCl _ CUEEN Cl<Al'l.OTTE IS
ue.. - Mil) COAST .....lMLAoND
SCM _ SOUll< COAST ou.lHl.AHD
EVI _ U.S1 VANCOUV(Il IS
WVI _ WEST V.....couvEA IS

.....·£I(;"'EO A[GIONAl.
_, C(NTIlf.S
FOl'I .....W lotATEAIAl.S
ICO<TR£S OF GRAV,'''l

Figure 24 location of ",cighlcd regionallmlx>r! centre", for re..idu:tl fibre on the R.C. coas!.

Table 16. AtlOC"Jlion ofsal\agc area by system and region on the B.C. coast

SUPPLY Total NO! Sal\ age areas allocated 10 systems by region

ZONE Annual Av<titabitity SYSTJ SYST7 SYST8 SYST9
ha Logged Factor (4l 31 ( 5) (J)

South coast. Mainland lmd
Easl Vancouver Island 20400 0.75 0.30 0.25 0.20

6120 5100 4080

West ValleQu\cr Island 9100 0.60 0.20 0.40
1820 3640

North masl mainland, Mid·
coast Mainland and Queen 11800 OAO 0.10 0.20 0.80

Charlotte Islands 1180 2596 944

TOTAL 41300 7940 9920 6676 94.

TotaI3"ailabilil} 25 -180
WTO Factor
R.C. COasl 0.62

af Numbers in parcnthcses arc the CSlimatcd numbers of muchlncs.



,
•

'"
T, Tille

MARGINAL

COST

\

AVERAGE
COST

, H ....e PERIOD :l

35

,
••o•>
•g
o

~

"

"

'00

1000 ",'I
vOLu....e AVAILABLE

'00

1000 ml)
VOLUME AVAILABLE

I igllre 25, Dc\cloPIllClll ofa rC~ldll;l1 fuel and fihre 111

dU~lry on lhe south I:O,,,t o\cr time.

'"

Hgurc 27, E~linlillcd ~upply of fucl ami fibre from a
rc"idu,lh inuu,>lry 1Il the We:.l Coa:.l V:In
\:OU\ cr bl,InU lone of Il C

'"
•,
•
~
"•>

I• "

'00 300

1'000 m3)
VOLUMe AVAILABLE

'0

20 __

10 30 SO 70 90 110 130 ISO 110 190 210

('000 m:Jt
VOLUME AVAILABLE

I-igurc 26. EslJnWlcd supply of fuel ;lI1d flbr..:: from a
rcsidual~ industry in Ihe SOUlh ('oa~l lonc
ofBC

sonableness. basis for measuremenl and other
issues have gone on for decades. it will serve as
an acceptable measure of profit and risk for these
supply estimates.

In Figure 26 the b,ured line is the expected
supply of fuel and fibre residuals in the South
CoaSt zone through the defined residue-based in
dustry. This line represents the average cost
cune of the industry plus 181 1 for profit and risk.

Figure 27 shows the supply function (barred
line) for the residuals from the West Coast of
Vancouver Island. and Figure 28 shows the

Figure 28. Estinwlcd ~upply of fuel and fihre from ;[
residua).., industry on the Nonh Coa~l/one

ofllC

supply potential (barred line) defined for the
North Coast lone. Such supply estimates can be
used for analysis of a number of public polky
questions.

Regional economic considerations

Efficien. use or roresl resources

The "waste" left behind in logging each hectare
on the coast of B.C. has been the subject of much
forest policy discussion for se\ er:ll decades (c.g.•



Sloan 19~5, 1956: Pearse 1976). Foresters from
I:urope and Japan e:\press shock al the amount
of material remaining on the ground after logging
in a typical R.C. COlISt logging setting. S1rISh burn
ing is still practiced in man) "reas 10 reduce the
long-term fire hazard of this rnateriallying on the
ground.

In fact. an increasing proportion of the material
has been remo\ed from e:lch hectare logged on
the n.c. C0.1st since the turn of the cenlUf}. The
economic process described in this report fmcre
menial re\enllC = incremental cost) has been
gradually movin!:: the margin of reco\ery up each
Iree in stands with large trees, out into stands
with less desirable species and smaller average
tree size. and down into Ihe slllaller understory
trees \\hich lraditionally were broken or lefl in
norm:.l coast logging practices. Re\erses, such as
the recent re!a.'(ation of ulilization st:llldards
(R.C. Foresl Sef\ice public announcements in
1984). are only tempor:lry and are due to short
term market constraints.

It is the ups and downs of residual economics
which have inhibited Ihe development of an in
dustry. Being at the margin, all nucluations affect
this portion of Ihe resource more severely th:1ll
the bulk oflhe normal \\ood nO\\s. Nonetheless.
present trends indicate Ihat il \~ill be economical
ly feasible in the laiC 1980s and 1990s 10 harvest
up to one million m3 of fuel and fiber material
frolll within the normal logged area of Ihe B.C.
coast.

If feasible, this will make beller use of the lotal
forest estale which underlies the regional econo·
my. Costs of forest prolection. roading, adminis·
tration and reseMch arc all fixed. Further
economic output from this b••sic set of inputs in
creases Ihe efficienq of the most important
sector of the economy.

Further, the value of old·growth forest in other
uses, such as wilderness and ellvironmentul pro
lection. continues to increase. Obtaining more
economic fibre from eHch hectare logged, togeth·
er with more intensive management of the most
productive sites. may permit the relegation of a
larger fraction of the old-gro\\ th resource to \\il
dcrness and environmental protection o\er
several decades.

The removal of the malerial analyzed in these es-
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timates "auld probabl} not degrade the forest
site. The remo\al of all material. including
branches needles and topS, could have an eITecl
over several rot:ttions. Further research is
needed in Ihis area, bUi if removal of further
woody material reduces the need for slash burn
ing., there cOlild be 11 posilive effeci on the re
maining forest site under certain specific condi
tions such as shullo\\ soils or steep slopes.

In general. although difficult to quantify in man)
dimensions. an incremental fuel and fibre indus
try would impro\e the efficiency orthe usc oflhe
B.C. coast forest estate, as long as Ihe remo\al
COStS were offset by the revenues.

Economic prices and coslS

"-larl... ct prices in Ihe short run do not ah\ays accu
r:lIel)' reneci real economic costs. A most signifi
cant example has already been discussed in
which the oil rcpl:lcement v:.lue of wood fuel \\3S
compared with the current n\:lrket value of hog
fuel on the 13.C. coas!.

A relatively sophisticated calculation of Ihe ex
pected frequency of oil shocks ;lnd Ihe eXI>ccted
cost to a company being caught in a pelfoleum
squeeze would be required to analyze the capital
imeslment and extra burning COSts required 10

use wood fuels. Different companies ha\e come
to different conclusions in Ihe course of such
analysis: some elect 10 gamble on relatively
stable petro-energy supplies: some eleci 10 pro
vide stralegic defenses through hog fuel burners.

For the B.C. economy, there is no doubt th:lt the
petroleum energy \alue of the hog fuel burned is
the economic gain from the process of using
Ihese wood-based fuels in the coast forCSI
industry.

A second major departure of market prices from
economic values may occur in Ihe current III bar
murket of B.C. With uneml>loymcnI approaching
15% lit limes and disturbingly stable al high
levels. the opportunity COSI of an unemployed
laborer on the R.C. coast is not likely to be
SI6/hour. which is \\hat a B.C. company would
have to pay a \\orker (under current forest indus
Ir)' contracts) hired in an incremental fuel/fibre
operation.
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the cxpccl:lIions of the residue-based fuel/fibre
industry. Chips are valued at 530 per solid cubic
metre. hog fuel at 55 per solid cubic metre.
These le\els renect normal market prices on the
B.C. CO:bt over the past five years 0980-85).
Figure 29 illustrates the range of likely output
from the residual fuel and fibre industry under
the two basil: scenanos for the major supply zone
- the South Coast. Table 17 sho\\s the \olumes
available from this analysis and for a similar an:ll
ysis of the West Coast Vancouver Island and

orth Coast supply zones. At the minimum (e.g.
South Coast LOne ani)'. minimum case) J55 000
m J of residual fuel and fibre material could be ob
tained. Atthe base case le\'el .... ith all zones in op
eration. about I I million m 3 of additional mate
rial could be produced from salvage operations in
normal logging.

A thlfd ~jgndlcan( departure of market values
from economic values can occur in exchange
ntlc~. If central government interventions arc
suslUining ariHieially high or anificially low rales
of e,<change bel",cen the Canadian dollar and
other major currencies. this effect should be con
sidered in an economic analysis. In general. the
high export COnient of the pulp and paper indus
try, and the import replacement value of the hog
fucl, \\ould make a residual fuel and fibre indus
lry a dcsimble addition 10 the regional economy
in terms of foreign exchange effecl.

Potential impact ill Ihe economy of the coast
rc\;iull

No body of data exi::,ts. under comparable condi
tions. for the normal measure of industrial acti\<i
t) \\ithin a residue-based fuel and fibrc industry.
Ilowc\<er. using Stat istics Canada data for the log
ging segment of the B.C. coast. IOgcther with
manpower and equipment estimates for various
system trials. a set of estimates have been devel
oped of the employment. wages and salaries.
value added ,1IId gross value of shipments for
residue-based fuel and fibre operations on the
B.C. coasl. Appcndix 4 ::,hows the derivation of
these estimates for c:lch cubic metre processed
through such an industry. Economic impacts of
residual fuellfibrc production within the coast
economy are summarized in Table 18. These esti-

T,lhll,l17, I.xpel:led opcraling k\eb ofa rcsldual fuel
,tnt! fibre Illduslry on the coaSI. 1986-1000

655 355
317 183
1.3 70

1115 608

Two b:lsic scenarios are used to define the likely
residual supply industry on the B.C. coast. The
first (b:lse case) assumes a pulp chip price equivu
lent to the export price (US S85 per volumetric
unin. ASSuming a re:llistic exchange rate for the
Cunadian dollar is US 50.75. the equivalent price
per solid cubic metre is $40 Canadian. In our
view. this represents a realistic pulp fibre value
for the a.c. coast in the late 19805 and 1990~.

The base c:lse assumes a petro-energy equivalent
value of 526 per \olumetric unit. or 5IJ per solid
cubic metre. This could be equated to a 41 1 real
relUrn on boiler investmenl. or to an industry
where perhaps one-half of the necessary boiler
capacity is already in place.

The second major case should pro\'ide a noor for

OUIPUt U)(X) III ')

South Coasl lone
\\ e-;t Coa::,llone
....orth ('oa-;l/on('

Potential Suppl}

Base
C,lse

531.90

t\·tiOimum
case

522.50



mates show the potential for an industry with
S 19-536 million of lmnual shipment values.
paying S9-$17 million in total wages and salaries
for 300 to 570 jobs and generating value added of
SII-2lmil1ion dollars.

Under conditions of serious scarcity of ruw mate
rials for coast pulp mills. the provision of chips
from forest residuals would defend existing in
dustry values and employment. Similarly if
demand were rising against scarce raw muterial.
the residual fibre could be II necessary key 10 in
dustrial expansion. Although the manufacturing
value-lidded should not be attributed to the wood
in an economic sense. the presence or absence of

.18

the wood could control feasibility of a total re
gional benefit now.

In this sense, 250 to 470 manufacturing jobs and
S17-32 million in manufacturing value-added
tould be strategically defended by an effective
residue-based fuel and fibre supply industry (Ap
pendix ~).

In IOwl. residual fuel and tibre production repre
sents a significant industrial opportunity for the
H.C. coast. More detailed policy and feasibility
studies will likely be necessary to investigate
ways to facilitate its cstublishmenl.

Tublc 18. Annu,t] economic imp<lci ofa residual fuel and fibre industry on the B.C. coast.
1986-2000

1'01<11 value
TOlal Johs Wages & salaries Value added shipments

(all zones) (Person years) (000$) (OOOS) (OooS)

Base case 569 J7265 20635 35569

Min. c<tsc 310 94 [4 11 252 19395

Regional Distribution of Impacls
(Percent)

South Coast Wcsl Coast North Coasl
Vancouver Island

Base case

Min. case

0.59

058

0.28

030

o. t3

0.12
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Appendix 1: Waste for cut control by managemenr unit, Vancouver Region

Table A\-I. \\:ISle for Cui Control b) ~l:lnagemcnt Unit. \\a:.l(' Sune)s. \"aneou\cr Forc:>! Region. 1981
and 198i11

Region;11 Net WaSle Production Tolal cut 'l', Waste of Waste p..::r

management <trca left cui charged production unit area
unit (Ita) (000 m 3 ) (000 1113) (000 m 3 ) CUI (Ol3/h:!)

1981

Fraser 912.9 'J 662 70S 6 46.1
Kingcomc 1071.3 58 818 876 7 5-l.0
Noolka 1083.5 69 893 962 8 63.5
Quadra I~J6.9 86 1095 1180 8 59.7
Soo 701.0 " '13 434 5 29.7

Regional 5116.1 277 3881 4151 7 51.9
TSA's

1981

Fraser 1539.5 50 891 9·t! 6 32.3
Kingcornc 1209.1 56 1021 1018 5 46.1
Nootka 1632.1 80 1050 , 130 8 49,1
Quadra 1667.9 112 1041 1153 II 61.2
Soo 548.4 15 452 468 3 27.9

Regional 6591.0 Jl3 445fl 4771 7 47.5
TSA 's

Rcgional bl 9619.6 694 8966 9661 8 72.2
TFL's

Region
Total 16116.6 1007 13421 14431 7.5 62.1

./ Una\oidable plU) a\otdable lOaS1;:: for lre~ ha\ln. a nllmmum 13 em bUll radiu.) ib al 0.3 metre Slump. 10 a lOP radius
Lb. of8 em

bl Data lOere a\'ail:lble onl) for 1982.
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Appendix 2: Per hectare volumes and species, average coast logging operation

Table 1\2-1. Per IIcl:larC Volumes and Species Average, Coa~t logging Operation 1981-sill

Timber supply Total volume CUI cOlllrol Waste by species ('Yo,lel
<lrea (m"/ha) waste (mJ/hal hl r " C B Cy Olhl.'r

Nootka 110 55 0 44 39 12 5 0
Kingrome 857 50 0 29 50 10 9 2
500 m 29 4 49 10 17 0 0
Quadra 751 64 12 " 43 15 I 0
Fr;lscr (E:tsl half)

669 37 13 J4 " JO 6 6
(West half) " 24 35 10 0 2

All TS.A.·s 756 50
5 34 2Regional T.F.L.'s \004 72 41 15 J

<II l'tilil"l;on slam!;,rd- 1.1 ern ~11,mp [<Illil" in,idc Il"r~ ;lr1d 8,nI lop wdius inside bark

hi Waste for nl\ control purposes by definition is nOI c"IClly the same as "astc for 1Ilililaiion puq'~,sc"

Sourl:c: \\ 'lsi I.' Sun cy ,rnd C\ll Control Rc\"onb. V"ncou'cr ['orcst Region. 19R 1 and 1982.
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Appendix 3: A\'erage mature \'olumes per hectare, B.C. coast, by species mix
and supply area
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TableA3~1. - Queen CharloHc l5,\
/\'!;Il\.lfC VOlume per IICClllrc, by
Major Foresl T) pes & SI>CCic:.'
(01 3 per hal

Forest I} I)CS

$pcdc:. CC)' C}C eye ell Crll lie 5 511 Weighted A\ erage
e eyPley CS C)'$ II Hey 115 SC) 5e alll~pes

e 176 292 I; 180 " I 110 185
II Jl 116 562 354 '90 67 340 110
5 7 36 J; '0 195 '" 522 110
e,. 88 25 Jl 10 10 .,,-
PI " 12 I I 8

TOlal 312 482 613 607 Jl2 901 '" 546

Type Ill,'· 20 40 2 10 15 10 "
- 1J;,!>C )"car 1967; 7.1· do~ Ulili~alion . "" lOp. gro~. nOI including hardlOoolh. applil-Jb1c 10100% of the TS,\ and

9 I oflhc mawrc :areas in the TSA.

•• - The IlCr<:t:nl the respecl,'" lype group is oflhe IOlal mature forest area In the T5,\.

Sourl'C Dcri'cd from Forest [n,enIOf) Slatistics of ItC.. 1910. the 1967 Un II Sunc} oflhe Queen Charlolle PSYU.
an'l ForCSllndusLr} Di"Sioll. UCFS. Unofficial7onal D,:lmCICrConH:rslon helOrs. 1974



T,jblc '\3-1. - North Coast (lieratc) T51\
Maturc Volume per I kClarc. by

Major ForC5t T) pes & S,>el'ies"
Im.llX'rh.11

ForcsttYIJeS

Species CII IIC PICCy Weightcd a\era~\C

CCy c) II II IIC)' lIB liS In-I S SI-I Sil Pili lilltrpcs

C 154 266 7 178 12J 19 66 10 56 7 36 1"
II 44 110 433 280 387 '" 147 55 312 144 16 143
Il 7 29 21 41 218 2S 404 13 4S 215 65
S 6 27 21 24 J4 159 11 76J 495 '67 1 "Cl' 78 " 12 59 8 8 5 lJ '0
PI 12 2 2 1 1 " J

Towl Joo 481 495 582 771 659 728 850 914 894 12' 543

Type %"" 17 21 8 22 18 8 1.5 .2 2 .J 1.5 99.5

- Base lear 1965; 7.'" clo..e utihzation. ~" lOp. ,ross. nOI ,"cludin, haTd"'oods: based on Il«:lte psy '" hid! OOOlpnscs
1110S1 orthc TSA and isappliC3blc 10 o\er W ,of the mature area.) in the TSA

•• - The p,crccrlI thc rcsllCctivc type Ilroup is oflhe lotal m;tl\1re fOTest :,rC:1 in the TSA,

Sourcc: IJcri\cd from Foresi In\l,:nlOr)' StatiSIll:S of B.C.. 1970. the 1965 Unit Suncy of Ihe lleC3te rSyu. and Forest In-
\ enlOry Dh ision. Bel'S. Unofficial Zonal Diameter Con\er.)lon FaCiors. 1974.
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Appendix 4: Regional economic impact slatistics

REGIONAL ECONO~IIC IMPt\CT
!l:J",c Ca",c and i\lin Case

NORTH COt\S'1 lONE

INCI{EMENTAL FUEL &
FIBRE VOLUJl,'IE (m") JOIlS (Pcrs,Yr) \V AG ES & S/\LAH.IES (OOOS)

Iiasc Case Min C:lse Base Ca,c ,\Iin Case Base Ca;,c Min Case

Logging 143000 70 ()()() 61 .10 1746 855
Jlogfucl Mfr 41900 21 ()()() 2 I 90 44
Chip 1\lfr 100 100 '9 ()()() 10 5 378 185
Pulll & Paper ~Irr 100 100 49000 60 29 1781 872

TOlall'roduction F&F 73 36 2214 1084 Production
Total Mill Defense 60 29 1781 812 i\1i11 Ddcnse

" !\L E .\DDEI) WOOS) TOTAL VAL I'. OF SllIPMENTS WOOS)

RaseCa~ 1\lio Ca",c 1l.1~ Ca3C "lin Case

Loggmg 1886 923
Ilogfucl Mfr 159 78 558 m
Chip 1\lff 602 m 4()().j 1990
Pulp& Papcr "'Ifr 4043 1979 11 512 5835

Total Production F&F 2647 1295 4562 2233 Production
Total ",,1 ill Defense 404] 1979 II 512 5835 Mill Defense
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REGIONAL ECONOi·...lIC 11'-1I'ACT
B;lsc Case and fo.'lin Case
SOUTH COAST lONE

INCREMENTAL FUEL&
FIlIRE VOLUi\·IE (m"' JOBS (Pers.Yrl WI\GES & S,\LARIES WOOS)

Base Case Min Case Bas..:: Case MinClw fill;;C Case Min Case

Logging 655000 355000 278 151 799!l 4JJ-I

JJogfucl Mfr 196 500 106 500 II " 413 224
Chip tl-Hr 458500 248500 4(, 25 1733 939
I'ulp& Pilpcr Mfr 458500 248500 275 149 8157 4-121

TOlal Production F& F JJ4 lSI 10142 5497 Production
TOlal ['dill Defense 275 lJ9 8157 4421 Mill Defense

VALUE ADDED WOOS) TOTAL VALUE OF SIlIPM ENTS (OOOS)

Base Case Min Case Base Case Min Case

Logging 8639 4682 2555 1395
lIogfucl Mfr 727 m t 8 340 9940
Chip i\Hr 2756 1493 52728 28578
Pulp & Pnpcr i\Hr 18519 10037 52728 20578

Tolall'roduclion F&F 12 122 6570 20 895 11325 Production
TOlal 1I:lill Defense 18519 10037 52728 28578 Mill Defense

REGIONAL ECONOlvlle Hvll'ACT
Bil~e Case and Min Cas~

WEST COAST ZONE

INCREMENTAL FUEL &.
FIBRE VOLUME (m') JOBS (l'ers.Yr) \V /\G ES & SALAR lES (0005)

Base Case Min Case lIase Clse !\'1in Case Base Case Min Case

Logging 317000 i8J 000 134 78 3970 n34
Ilogfucl i\lfr 95100 54900 5 J 200 115
Chip Mfr 221 900 128100 22 IJ 839 484
Pulp & Paper Mfr 221 900 128 100 133 77 3948 2279

TOlili Production r&F 162 9J 4908 2834 Production
Total Mill Dercnse IJJ 77 3948 2219 Mill Defense

VALUE ADDED (OOOS) TOT/\L VALUE OF Sl-!lPfvlENTS (0005)

Base Case Min Case Base Case Min Clse

Logging 4181 2414
lIogfuel Mfr 352 203 1236 714
Chip r-H"r 1334 770 8876 5124
Pulp &. Paper Mfr 8963 5174 25519 14732

Tolal Production F&F 5867 3387 10112 5838 Production

Total Mill Defense 8963 5174 25519 14732 Mill Defense
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REGIO'''L lCQ;>.O;>.IIC 11>1 P,\C1
B~~c Ca~c and Mill (':I.e

"10TAL,\LL70Nl S

TOlall'roduClion F&:l
Total M,lI11efense

TOlJll'rodn I r
TOlall>hll Dercn~'

INCR 1·,1>11 NTAL FUEL &;

'llllt! VOLU1'o1 F (m')

LOIlIlIllIl
HOllfud "Hr
Chip Mfr
Pulp & I'ap.:r Mfr

JOilS (I'er,"r) W ,,(iLS & <';,\1 A R Irs (ooos)

Ila,c ('a,e \lm CaM' nJ,,: Ca~c "'Ito CaM'

'" 158 IJ 611 7422
18 '0 70' 383
78 " 2950 '60'>

"8 255 lJ 885 7571

'" JlO 172M 9-114 ProduclIon

'" 2551 13885 7571 ;\Iill Defensc

\ ,\ LL. [,\ DI)!:I) (OOOS) TOT". "ALULOI SIlIPMrNT.!lIOOOS)

Ba_c ('a,e 1\1m ('a,e Ba,e (':I,,:: Mm Ca,e

14707 8020 n.;1 11.:1.

1238 675 4349 1371
4691 2558 J 1 220 17 ON

31 524 89758 489H

20635 II 252 35569 19395 ProduChOIl
31 524 17190 89758 48944 iIolilll)cfen)C

608000
182400
425600
.l]; 600

I 115000
3).:1500
780500
780500

Loggmll
Ilogfucl \lfr
Chip Mfr
I'ulp &. Paper \Ifr"

Source Ix-n\ cd from Stall,llC!> Canada. 1'-0. 25-201 and 36-204. J Dob,e, Stalls-lies Canad.. , \anCOU\l:r: Cro.. n Fore"t Indu"tnC1>.
\ancou,er: 1'-a..... lla Consullant". Victoria

2. 1'-otlOc!udlOg hog fucl or chIp manufacture,
3. Under rondillons of ""riUIl" srurcity of ra ... malerial for Coa"l pulp nllib. the prO\lSlOn of chl~ from forest resIdue" ... ould defend

t.:.\I"lllllllOduSlr) production \alues and emplo)ment Similarl). iF demand ... ere rismg againsl SC'.lfce fa'" malerial, the rc"idual fibr...
could Dc a nereSS:H)' kCj' to el<Pll11sion. AhhoUllh the manufacturing ,alue "hould nOl be allnbuled 10 lhe ... ('l()(l In an ~'~'tJnomic

SClbe. the Ilrescncc/ab"cncc of the ,",ood could eonlrollhe Feasibility of a 10lal rCIl,onal bem'fit flow,




