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FOREWORD

ENFOR is the acronym for the Canadian Government's ENergy from the
FORest (ENergie de la FOR&t) program of research and development aimed at
securing the knowledge and technical competence to facilitate in the medium
to long-term, a greatly increased contribution from forest biomass to our
nation's primary energy production. This program is part of a much larger
federal government initiative to promote the development and use of renew-
able energy as a means of reducing our dependance on petroleum and other
non-renewable energy sources.

The Canadian Forestry Service (CFS) administers the ENFOR Biomass
Production program component which deals with such forest—oriented subjects
as inventory, harvesting technology, silviculture, and environmental im—
pacts. (The other component, Biomass Conversion, deals with the technology
of converting biomass to energy or fuels, and is administered by the Renew-—
able Energy Branch of the Department of Energy, Mines and Resources). Most
Biomass Production projects, although developed by CFS scientists in the
light of ENFOR program objectives, are carried out under contract by
forestry consultants and research specialists. Contractors are selected in
accordance with science procurement tendering procedures of the Department
of Supply and Services. For further information on the ENFOR Biomass Pro—
duction program, contact...

ENFOR Secretariat

Canadian Forestry Service
Department of the Environment
Ottawa, Ontario

K1A 1G5

...0r a CFS research laboratory.

This report, a result of ENFOR project P-157, was prepared under
contract (DSS File No. 09SD-KL004-0-C-019) by Louis-Jean Lussier, For. Eng.,
Ph.D. and Jacques Maranda, For. Eng., M.Sc.A. Data found in this report
directly result from work carried out during the mandate and conclusions
formulated by the authors do not necessarily reflect the position of the
Canadian Forestry Service or the ENFOR Program.

This report is unique in that it appears to be the first time
all available forest statistics have been compiled and used to obtain an
overall picture of actual and future use of forest biomass in the province
of Quebec.
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ABSTRACT

In Quebec, the availability of forest biomass is assessed by man-
agement zones and administrative regions. This report examines current use
(1981) of forest biomass, as well as quantities of surplus biomass by bio-

mass source and product category.

The uses of surplus biomass over the next decade are forecasted

and possible conflicts between current and future uses are analyzed.

The total above-ground wood biomass available annually, in
Quebec's forests, is 35 million m3 or 15 million oven—-dry metric tonnes
under extensive management. Logging residues represent 107% of this quan-

tity, merchantable full trees 60%, and unmerchantable trees 307%.

RESUME

La disponibilité de biomasse forestidre, au Québec, est estimée
par zones d'aménagement et par régions administratives. Ce rapport examine
1'utilisation actuelle (1981) de cette biomasse, ainsi que les quantités de

biomasse excédentaire par source de biomasse et catégorie de produit.

L'utilisation de la biomasse excédentaire, au cours de la pro-
chaine décennie, fait 1'objet de prévisions et les conflits possibles entre

les utilisations actuelles et futures de biomasse sont analysés.

Le volume total de biomasse aérienne disponible annuellement, dans

les peuplements forestiers du Québec, se chiffre d 35 millions de 3 ou

encore 3 15 millions de tonnes métriques anhydres, sous aménagement ex-
tensif. Les rtrésidus de coupe représentent 10 7% de cette quantité&, les

arbres entiers marchands 60 % et les tiges non-marchandes 30 Z%.
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ix

SUMMARY

Note: All results presented in the summary are in round figures.
Exact figures are given in the body of the report.

The main objectives of this study were to assess the production poten-
tial of forest biomass in Quebec; determine the current use of this
potential; estimate surplus biomass by source and by product category;
forecast the use of surplus biomass over the next decade, quantify the
practical availability during the same period; examine possible con-
flicts between current and new uses of biomass; suggest, if necessary,
means of reducing these conflicts; and lastly, make general recommenda-
tions with regard to the use of surplus forest biomass over the next ten
years.

Since Quebec forests cover a vast area, about 500 000 kmg, the terri-
tory was divided into 26 separate study units. These wunits comprise the
nine administrative. regions officially recognized in Quebec and the four
large management zones recognized by the province's Forest Management
Service.

To obtain wniform results for all regions while taking into account the
specific goals of the study, a simple method was devised for calculating
the allowable cut. Among other things, it presumes that the allowable
cut for balsam fir, spruces, and jack pine equals the current harvest of
these species; that the allowable cut for other softwoods in predomi-
nantly softwood stands is a function of this harvest; that the allowable
cut for tolerant hardwoods in predominantly hardwood stands equals 1.1%
of the merchantable standing stock of these species; that the allowable
cut for intolerant hardwoods in predominantly hardwood stands equals
1.7% of the merchantable standing stock of these species; and lastly,
that the allowable cut for softwoods other than fir, spruces and Jjack
pine in predominantly hardwood stands is a function of the allowable cut
for hardwood species.

The data covering the annual harvest were obtained from the Quebec
Department of Energy and Resources for public forests and from the
Federation of Wood Producers of Quebec for private forests. The avail-
ability of merchantable volumes in a study wnit was caleulated as the
difference between the allowable cut and the current harvest.

The biomass factors used for estimating the volume of non-merchantable
trees and of branches and tops were taken mainly from a study conducted
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by the Quebec Department of Energy and Resources in 1978, entitled
"Volume Tables of Full Trees". For the purposes of this study, it was
assumed that the bark of merchantable boles, and stumps and roots repre-
sented respectively 12 and 15% of the merchantable volume inside bark.

The quantities of available biomass are expressed in volume ('000 md),
weight ('000 oven-dry tomnes), energy equivalent (millions of litres of
No. 2 o0il) and market value (S millions) .

In addition to estimating the quantities of biomass available in the
forest, volumes available in the form of mill wood residues (sawdust and
planing chips) were also evaluated. To this end, a survey was conducted
among all pulp and paper producers and among Llumber producers turning
out 15 million b.f. or more annually. In this survey, the current and
forecast production and consumption of mill residues for the years 1980
and 1985 were established.  Current and future volumes of standing
forest biomass used in industrial applications, such as pulp and paper,
particleboard and iron and steel manufacturing, were also determined.

The total allowable cut of Quebec's productive forests is 47 million
m3 under extensive management (about 16 million cunits). This corres-
ponds closely to Quebec's Department Energy and Resources data (about 16
million cunits). The allowable cut for private forests represents 20%
of the total, and this also agrees with Quebec's Department of Energy
and Resources data. The allowable cut for inhabited forests (both
private and public "commuter"* forests) represents 60% of the total.
dvailable volumes of merchantable boles amount to, for Quebec as a
whole, 15 million md, 80% of which consists of hardwood species.
About 70% of available volumes are in inhabited forests.

The total volume of above-ground forest biomass available annually in
the forest amounts to 35 million mS or 15 million oven-dry tonnes
(extensive management). Logging residues represent 10% of this quan-
tity, merchantable full trees 60% and non-merchantable stems 30%, on a
weight basis.

The energy equivalent of this available biomass is evaluated at 3.6 bil-
lion litres of No. 2 oil, which represents a market value of 1 billion
dollars per jyear.

The annual production of bark in pulp and paper mills and sawmills is
estimated at 1.65 million oven-dry tonnes (1980), and consumption at

Lussizr suggests this term to connote forest stretches to which workers
can commute on a daily basis (translator's note)
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0.95 million tonnes, giving a surplus of bark of 0.7 million tonnes.
The pulp and paper industry alone consumes, for energy purposes, 92% of
all bark used.

Annual production of sawdust and planing chips is evaluated at 1.37 mil-
lion tonnes, and consumption at 1.03 million tonnes, giving a surplus of
0.34 million tomne. Industrial consumption of these residues represents
65%, the rest is used for energy purposes.

Several regions are already experiencing shortages of mill wood resi-
dues. The St. Maurice region (04) is already importing 215 000 tonnes
of sawdust and planing chips (i.e. 80% of its requirements) from other
regions (Abitibi and Lac-St-Jean) .

Within five years, consumption of mill wood residues will equal produc-
tion, 1.e. 1.85 million tonnes of bark and 1.40 million tonnes of saw-
dust and planing chips.

Total available forest biomass (in the forest and at mills) is evaluated
at 17 million oven-dry tonnes, or the equivalent of 4 billion litres of
No. 2 oil, representing a value of one billion dollars.

Total surplus biomass in Quebec, under intensive management and inclu-
ding stumps and roots, i1s estimated at 30 million oven-dry tonnes,
representing 7 billion litres of No. 2 oil and a value of about two bil-
Lion dollars.

The practical and economical availability of biomass is estimated to be
30% of total surplus biomass, or about 10 million tomnes. Almost 80% of
this amount is located in inhabited forests, and of this, 80% is in the
form of both merchantable and non-merchantable full trees.

The pulp and paper industry in 1980 consumed about 1.62 million tonnes
of wood residues. It is expected to consume 2.75 million tonnes in 1985
and 4.0 millon tonnes in 1990. Total production of mill wood residues
was evaluated at 3.0 million tonnes in 1980, and is expected to reach
3.3 million in 1985 and 3.5 million in 1990. This means that, hefore
the end of the present decade, requirements in mill wood residues for
the pulp and paper industry alone will very likely exceed production of
these residues.

Total econsumption of mill wood residues was evaluated at 2.0 million
tonnes in 1980, and is expected to be 3.2 million tonnes in 1985 and 4.5
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million tomnes in 1990. We conclude that, according to the best possi-
ble forecasts, requirements for wood residues will, beginning in 1986,
exceed the production volume, and that we will then have to turn to
other sources of wood, in particular surplus biomass in the forests. A
rapid rise in wood residues prices can also be expected in the near
future; by 1985 wood residues should cost almost as much as their energy
equivalents, or about $40 per oven-dry tonne in 1980 dollars.

Total consumption of forest biomass (forest and mills) will rise from
2.3 million tonnes in 1980 to 4.9 million tonnes in 1990. The pulp and
paper industry will remain the principal consumer of surplus biomass,
i.e. 75% of total production.

In 1980, forest biomass cost prices were evaluated approximately as fol-
lows (average transportation distance, 50 km):

S/ oven-dry

___ tonmne
Mill residues Bark 11
Sawdust and planing chips 20
Residues in cut-over area 38
Residues at roadside 30
Logging residues  Processing of full trees
at pulp mill 10 (additional
eost)
Harvesting of full trees 40
Energy plantations 52

With the exception of full-tree processing at the pulp mill (additional
cost of $10), all other sources of biomass in the forest are more expen-
stve than mill wood residues. This explains the users' reluctance to
draw on these biomass sources. The strongest competition to available
biomass in the forest comes from surplus mill wood residues, rather than
oil. However, this surplus is rapidly dwindling, and it will not be
long before logging resides and full trees are used.

Energy plantations costs are currently too high for them to represent a
economically attractive biomass potential.

Among other sources of biomass, full-tree harvesting appears on the
surface to be the least attractive. However, this is not the case; 1in
fact we should be considering it as our main source of supply. The
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availability of other sources is rather low if we take into account the
transportation constraints (no river driving or public highway transpor-
tation possible for full trees processed at the mill, no river driving
for other logging wresidues). In addition, cost estimates are very
approximate and true costs might exceed those indicated in this report,
especially if we consider that in many cases the transportation distance
18 more than 50 km. Lastly, sources other than full trees are Located
in regions 02 and 08, in which considerable quantities of mill wood
residues will still be available in 1985. For these various reasons,
the harvesting of full trees becomes a priority, especially since this
source represents at least 80% of available biomass, and its locations
are in southern Quebec near wood-consuming mills.

For this harvest to be more economical, however, research and develop-
ment in a number of fields must be intensified: the development of
harvesting machinery and of work methods designed specifically for
harvesting degraded forest stands; the development of new markets and
new uses; the balanced integration of full-tree harvesting with the
reclamation of degraded forests; and the development of an appropriate
method of economic analysis which will take account of all the
socto-economic elements implicated in the use of forest biomass.

If we compare the biomass requirements forecast for 1990 (5 million ton~-
nes) with its total availability (30 million tomnes), there is no real
conflict in its use in purely practical terms. However, competition in
mill wood residues sectors will entail a large increase in prices and
will compel the industries that consume these products to look for al-
ternative sources of supply--of which the main one is the biomass avai-
lable in the forest.

In the short term, conflicts are foreseen in the sawdust and planing
chips sector, and in the medium term, strong competition is forecasted
in the demand for bark.

The St. Maurice (04) and Lower St.Lawrence-Gaspé (01) regions will suf-
fer from the negative effects of these conflicts more than other
regions, whereas the Lac St.Jean (02) and North-West (08) regions will
hardly be affected and should continue exporting wood residues.

Harvesting biomass in the forest constitutes the best means of counter-
acting the negative effects of these conflicts and this competition. To
start with, degraded forest stands should be harvested, but as they be-
gin to disappear, emphasis must shift to short-rotation plantations and

the harvesting of logging residues.
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Tn conclusion, the quantity of physically available forest biomass in
Quebec is enormous, but much remains to be done before it can be econo-
mically harvested. In addition to the research and development already
mentioned, biomass harvesting must be included in appropriate management
plans. Lastly, more research must be done on the problems arising out
of conflicts in use, by developing and implementing an appropriate eco-
nomie model of supply and demand for the various forest biomass product

categories.



1. INTRODUCTION

Since the beginning of the oil crisis, every country in the
Western world has intensified its search for new sources of energy. Al-
though Canada's petroleum resources are sizable, it must import large quan-
tities of hydrocarbons (about 65 million litres per day). Because of this,
like other Western countries, it too is working hard to find new sources of
energy. Since it possesses vast forest resources, some of its efforts are
naturally directed toward the use of forest biomass, espec{ally since more
than 75 per cent of the country's wood production potential is under-
utilized. Government research in this field is mainly the responsibility of
the Canadian Forestry Service, which has established the ENFOR program.

This study is part of that program.
2. OBJECTIVES

Determining the extent of the theoretical forest biomass potential
is a time-consuming but relatively easy undertaking. The task consists in
taking the annual allowable cut (calculated in the usual way), and applying
the appropriate biomass factors, so that on the basis of the merchantable
volume, oune can estimate additional wood fibre volumes available in the form
of non-merchantable full trees, as well as branches, tops, bark, and stumps.
These factors, as rough estimates, already exist for most Canadian forest

species and stands.

However, the problem becomes considerably more complicated when it
comes to establishing suitably precise estimates of surplus biomass, 1i.e.
the difference between the biomass production potential and the current and
projected consumption of wood pulp by the wood industry——if, that is, we
want to have these estimates in practical and economic terms, and if we want

to take a closer look at the possible conflicts between traditional and new

uses.



This study deals with these objectives. Specifically, we
established the following objectives with reference to Quebec's entire

forest area:

a. Estimate the forest biomass production potential and break down the
amounts obtained into species groups and product categories: non-
merchantable full trees, merchantable i.b. trunks, branches, tops, bark,
stumps, sawdust, planing chips.

b. Determine current and projected consumption of these products by the
forest industry.

c. On the basis of the preceding data, determine surplus biomass, by spe-
cies group and product category.

d. Determine surplus biomass by origin: harvesting residues, mill resi-
dues, biomass of non-harvested merchantable trees and non—merchantable
stems, and biomass of energy plantations.

e. Present the preceding estimates in relation to two different management
intensities: extensive and intensive.

f. Express this biomass potential in practical and economic terms.

g. Examine, by category and product, possible conflicts between current and
new uses of forest biomass, and if need be suggest means of reducing
these conflicts.

h. Make general recommendations concerning the use of surplus forest bio-

mass over the next ten years.
3. METHODOLOGY

With these various objectives in mind, the first step was to con-
sult the available documentation, obtained mainly from the Quebec government
and from wood producers associations and the forest industry. Next, on the
basis of this information, specific methods for attaining these objectives

were devised. These are summarized.

3.1 Division of the forest area
Quebec possesses an immense expanse of both productive and acces-

sible forest land; it covers some 500 000 kmz, or almost twice the area of



Sweden. To produce an economic analysis of biomass availability in

an area this size, it must be divided into study units. We selected Quebec

government's nine administrative regions, on which we superimposed the four
large socio—economic areas which are officially recognized by this
government:

. private forest land situated in southern Quebec;

. the so-called "commuter" public forests, adjacent to private forests and
with a boundary line some 60 kilometres from towns of 3 000 or more
inhabitants and 30 kilometres from the most remote villages. Private and
public "commuter” forest lands (known as 1inhabited forest lands) have
many advantages: the highest production potential in Quebec, proximity to
wood-consuming mills, excellent infrastructure, ample forest manpower,
the possibility for forest workers to enjoy a normal social and family
life, and the possibility also of checking the exodus from the
countryside through a rational forest management program, of training
sylviculturists, and of ensuring that enough qualified manpower will be
available in the future;

. public forest land in Quebec's main forest area, used for major lumber
and pulpwood operations;

. public forest land in the far north, which, because of the small size of

the trees, is harvested mainly for pulpwood.

The maps on the next two pages illustrate the 26 study units for

which precise forest biomass data are given.

3.2 Basic forest data
The basic forest data cover three main components:

. merchantable standing stocks by species group, on the basis of which each
study unit's allowable cut is calculated;

. current harvest by species group and study unit-—the difference between
the harvest and the allowable cut giving the availability of merchantable
volume;

. biomass factors which, applied to harvest volume and availability of

merchantable volume, make it possible to assess gross quantities (not
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including mill residues) of surplus biomass by study unit, species group and

product category.

Data on merchantable standing stocks and biomass factors were
obtained from. the Quebec Department of Energy and Resources (DER) which in
1978 had prepared full-tree volume tables covering the main hardwood and
softwood species found in the province of Quebec. These data were then
applied to the merchantable volumes of the province's productive forests
which had previously been divided into 112 compilation blocks. These data
were reorganized to make them correspond to the 26 study units selected for
the project. TIn the case of areas for which no data were available, (mainly
the south shore of the St.Lawreuce, upstream from Ste.Anne de la Pocatiére),
figures taken from the provincial forest inveutory were used. For the
allowable cut calculations the information was broken down into three main
types of stands, i.e.: softwood stands or mixed stands with a predominance
(50% or more) of softwoods (S + M(S)); tolerant hardwood stands and mixed
stands with a predominance of tolerant hardwood species (H1 + M(H1)); and
intolerant hardwood stands and mixed stands with a predominance of intol-
erant hardwoods species (H2 + M(H2)).

A computer program created specifically for this project was used.
Detailed results of the compilation are presented in Appendix 3. Page 7 is

an example of the data provided on each page of Appendix 3.

3.3 Allowable cut calculation
To calculate the allowable cut of each study unit, the merchant-
able stock was first determined for three main types of species:
s, = spruce, fir, and jack pine
S, other softwoods
h = hardwoods.
Then the calculations were made on the basis of the three main

types staands described in paragraph 3.2.
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i. Hardwood stands

For H1 + M(H1) stands, it was assumed that the net allowable cut was
1.1% of the merchantable stock, and for H2 + M(H2), 1.7%. The allowable cut
so obtained was apportioned by species groups, S15 S,, and h, in proportion

to these group's current merchantable stock.

ii. Softwood stands
For S + M(S) stands, it was first assumed that the allowable cut for
fir, spruce, and jack pine (s;) was the same as the harvest. Insofar as the
true allowable cut for the various study units is concerned, the assumption
may be debatable. In the present context, however, it is quite realistic,
because:
— 1in most units in southern Quebec, the true allowable cut of these species
is the same as the harvest.
- for these species the harvest——whether above or below the true allowable
cut in some wunits—-—is the basis for determining available logging

residues over the next five years.

The assumption would not have been valid in the case of hardwood
stands, because these are often large, degraded forest areas in southern
Quebec where biomass can be produced immediately. This is not true of the
unused allowable cut of softwoods in the northern units, where the biomass
potential (in the form of logging residues) will not be used until the
allowable cut 1is harvested for conventional products (pulp and paper,

lumber).

The allowable cut (AC) for the s, group was estimated as follows
in the three main types of stands:
- Allowable cut for s, in S1 + M(Sl) = AC;s; = 1.1% of the stock
: " " " """ 82 + M(S2) = AC282 = 1.7% of the stock
. " " " " " H+ M(H) = Harvest of 8, = (ACls1 + Aczsz)'

The allowable cut of the other softwoods (s, group) and of the
hardwoods (h group) in softwood stands and mixed stands with a predominance

of softwoods was determined as follows:



s, current stock

- Allowable cut s x s, allowable cut

2
s, current stock

h current stock

- Allowable cut h x 8 allowable cut

i

S, current stock

3.4 Curreat harvest
Information for estimating the current harvest was obtained from
the DER and the Federation of Wood Producers of Quebec. Data are available

for the three species groups selected (s;, s, and h).

3.5 Availability of merchantable volumes

The availability of merchantable volumes in each study unit is
calculated as the differeunce between allowable cut and harvest. It 1is
obvious that the availability of fir, spruce, aund jack pine is nil, since it

was assumed that the harvest was equal to the allowable cut.

3.6 Biomass factors and example of utilization

The biomass factors selected for this study were taken mainly from
the DER data, but they were broken down, reorganized, and completed in the
manner described in paragraph 3.2. The factors were established as shown on

page 10.
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FACTORS PURPOSE ASSESSMENT METHOD
Bl and B2 Fstimate, from the har- Bl = Softwood stock ¢ < 10 cm
vest and the availabi- Total stock ¢ > 10 cm, i.b.
lity of wmerchantable
trees, the volume of
non—merchantable stems B2 = Hardwood stock ¢ < 10 cm
(2.5 em <« dbh < 10 cm) Stock total ¢ > 10 cm, i.b.
B3 and B4 FEstimate, from the har- Volume of softwoods branches
vest and the availabi- p3 = 2and tops, o.b.
lity of merchantable Softwood merch. vol., i.b.
trees, the volume of
branches and tops of
these trees Volume of hardwoods branches
B4 = and tops, o.b. -
Hardwood merch. vol., i.b.
BS Estimate bark volume of B5 = 12% of wmerch. vol., i.b.

merchantable available
i.b. trunks

As an example of the utilization of these

region Ol, private forest area, are shown

various factors, the data for
on page 11.
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3.7 Species density
To express surplus biomass quantities in oven-dry tonnes, the

following average densities, by broad management area, were used:

SPECIES GROUPS

MANAGEMENT AREA SOFTWOODS HARDWOODS
Private <33 .54
Public, "commuter” .35 .56
Public, lumber -39 .52
Public, pulp .40 .50

3.8 Energy equivalent and market value

Expressing surplus biomass quantities in terms of energy equiva-
lents and market value gives an idea of their importance. An equivalent'of
225 L of No. 2 oil per oven-dry tonne was selected, assuming the wood's
moisture content to be 45%, the conversion rate of efficiency of biomass
65%, and that of o0il 85%. On the basis of a price of $0.25 per litre, an
oven—dry tonne of wood fibre has a market value, in terms of No. 2 oil, of

$56.25; this tallies with the results of previous studies on the subject.

3.9 Mill residues

The preceding calculations allow for the estimation of biomass
available in the forest only. 1In addition, there are mill residues in the
form of bark, sawdust, and planing chips. To find out what quantities were
currently being produced and used, and what quantities were expected to be
produced and used within the next five years, the appropriate officials in
every pulp and paper mill and every peeling mill or sawmill whose annual
production was 35 000 m3 (15 million b.f.) or more were consulted. Avail-
able volumes for smaller mills, which were not consulted, were obtained by
simple extrapolation. During this survey, the current and future volumes of
harvested forest biomass used for energy in industrial sectors such as pulp

and paper, particleboard and iron and steel mills were also determined.



13

These calculations and the results of the survey allow to deter—
mine, for each administrative region or, if applicable, management area, the
net current availability of forest biomass by origin (logging residues,
unharvested species aund stems, mill residues) and by product category in
each species group (merchantable trunks, unmerchantable stems, branches and

tops, bark, sawdust, and planing chips).

3.10 Forest biomass utilization forecasts

The results of this survey were used not only to determine current
biomass availability but also to forecast utilization over the next five
years and to 1identify some trends for the next decade. These predictions
allow to evaluate the extent to which surplus biomass be wutilized for
various purposes, aund to pinpoint any conflicting situations that may

arise.
4. RESULTS OF THE STUDY

Because the detailed results of the study are voluminous, they
appear as Appendix 3. In this part of the report, a complete summary of the
main findings will simply be provided. Allowable cut, harvest, and avail-

ability are always expressed on an annual basis.

4.1 Allowable cut, harvest, and availability of wmerchantable trunks i.b

Table 1 shows data on the allowable cut, harvest, and availability
of merchantable trunks i.b. These data, and the biomass factors determined
in the manner previously described, constitute the basic inputs for esti-
mating the annual available forest biomass quantities in relation with the

study units and the product categories selected.

The data in Table 1 show that:
- The allowable cut, under extensive management, for the whole of Quebec
was calculated as 47 099 000 m3 (about 16 million cunits); this figure

is fairly close to the official DER figure (about 15 million cunits).
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Table 1. Allowable cut, harvest,and availabi lity of merchantable trunks i.b.
PRIVATE COMMUTER LUMBER PULP ALL
REGION ( TOTAL %
SFTWD* HRDWD*| SFTWD* HRDWD*' SFTWD* | HRDWD* SFTWD* | HRDWS* SFTWD* HRDWD*
i | . ‘
ALLOWABLE CUT (1000 m>)
T ] T I [ i
01 1 042 523 3 140 562 - & = - 4 182 1 085 5 267 11.2
02 359 247 1 983 648 6 009 890 51 92 8 402 1877 10 279 21.8
03 1 262 922 939 355 - - - - 2 201 1277 3 478 7.4
04 446 557 571 327 1 804 1 065 - = 2 821 1 949 4 770 10. 1
05 462 429 > 42 - - - - 465 471 936 2.0
06 462 336 1 032 842 - - - - 1 494 1678 3 172 6.7
07 509 763 676 1 436 1 155 934 - - 2 340 3 133 5 473 11.6
08 60 118 2 926 1 588 4 570 1 208 26 40 7 582 2 954 10 536 22.4
09 139 44 572 205 1 808 228 27 65 2 646 542 3 188 6.8
TOTAL 4 741 4 439 11 942 6 005 |15 345 4 325 104 197 32 133 14 966 47 099 100.0
4 10.1 9.3 25.4 12.8 32.6 9.2 0.2 0.4 68.3 31.7 100.0
HARVE ST (1000 m>)
01 892 277 3 035 254 = - - - 3 927 531 4 458 13.3
02 331 60 1 979 61 5 992 68 = - 8 302 189 8 491 25 .4
03 1121 264 931 99 - - - - 2 052 363 2 415 7,2
04 315 88 565 106 1 786 86 = = 2 666 280 2 946 8.8
05 293 198 3 12 - = = - 296 210 506 1.5
06 236 382 916 223 - - - - 1 152 605 1757 5.2
07 250 354 525 496 1 112 91 - - 1887 941 2 828 8.5
08 58 30 2 447 218 4 516 107 = - 7 021 355 7 376 22.1
09 133 11 669 13 1 807 6 27 - 2 636 30 2 666 8.0
TOTAL 3 629 1 664 11 070 1482 [ 15 213 358 27 = 29 939 3 504 33 443 100.0
4 10.9 J 5.0 331 4.4 45 .4 1.1 0.1 - 89.5 10.5 100.0
AVAILABILITY (1000 m3)
01 150 246 105 308 = = - - 255 554 809 5.9
02 28 187 4 587 17 822 51 92 100 1 688 1 788 13.1
03 141 658 2] 256 ~ - - = 149 914 1 063 7.8
04 131 469 6 221 18 979 - - 155 1 669 1 824 13.4
05 169 231 - 30 - = - - 169 261 430 3.1
06 226 454 116 619 - - - - 342 1073 1 415 10.4
07 259 409 151 940 43 843 - - 453 2 192 2 645 19.4
08 2 88 479 1 370 54 1101 26 40 561 2 599 3 160 23.1
09 6 33 3 192 1 222 - 65 10 512 522 3.8
TOTAL 1112 2 775 872 4 523 133 3 967 77 197 2 194 11 462 13 656 100.0
% 8.1 20.3 6.4 3361 1.0 29.1 0.6 1.4 16.1 83.9 100.0
*SFTWD = Softwoods
*HRDWD = Hardwoods
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- The allowable cut in private forests is 9 180 000 m3, or 1972 of the

total; once again, this agrees with DER data.
- The allowable cut in inhabited forests (private and public “commuter”
forests) is almost 607 of the total; i.e. 27 127 000 m3.
- The availability of merchantable trunks for the whole of Quebec is

13 656 000 m>

, 84% of which are of hardwood species.

- Inhabited forests account for 68% of available merchantable trunks.
- Regions 07 and 08 alone account for 437% of all available merchantable

trunks.

4.2 Surplus biomass available in the forest

The data bank that was used to calculate the allowable cut and the
biomass factors for the various study units was also used for estimating
surplus biomass available in the forest in each unit (or management area).
Results are shown in Tables 2 to 6:
Table 2 - Volume of available biomass annually (1 000 m3)
Table 3 - Weight of available biomass annually (1 000 oven-dry tonnes)
Table 4 — Energy equivalent of available biomass annually

(millions liters of oil)
Table 5 - Market value of available biomass annually (millions of dollars)

Table 6 — Biomass factors

Since at present only small quantities of biomass are being used
in the form of full trees and fuelwood (approximately 300 000 tonnes per
year), we may consider that the data in these tables correspond to the net
surplus biomass available in the forest. To this will of course be added

mill residues available in the form of bark, sawdust, and planing chips.

Table 2, 3, 4, and 5 show that, for the whole of Quebec, the
oven-dry availability of biomass in the forest is about 34 million m”, or
16 million oven—-dry tonnes. This is the equivalent of 3.6 billion litres
of o0il or about one billion dollars. Logging residues amount to 127 of the
total weight, merchantable full trees 57% and unmerchantable stems 31%.
Hardwood species alone account for 90% of the weight of merchantable full

trees.
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It should also be noted that the inhabited forest area (composed
of private and public "commuter” forests), which is the most accessible in
terms of biomass harvest, contains about 65% of the total available weight,
mainly in regions 08, 01, and 07 (about 10% each), and in regions 06, 02,
04, and 03 (about 8% each).

Lastly, with regard to biomass factors as described 1in paragraph
3.6, the following (rounded) figures were obtained for all of Quebec:
Branches and tops of softwood species: 0.14 (all stands)
Branches and tops of hardwood species: 0.21 (all stands)
Unmerchantable stems of softwood species: 0.11 (softwood stands)
Unmerchantable stems of hardwood species: 0.07 (hardwood stands)

Bark: 0.12 (input data)

4.3 Current production and consumption of mill residues

Table 7 shows the curreut production and use of mill residues
(bark, sawdust, and planing chips). These data were obtained from the
survey already mentioned and their degree of precision is acceptable. It
should be noted that production is almost entirely within the inhabited

forest area.

The following facts emerge concerning production and use of mill
residues:

— Total annual bark production is 1 652 100 oven-dry tonnes, whereas con—
sumption is 959 300 tonnes; this gives an utilization rate of 58% and an
availability of 692 800 tonnes.

- The pulp and paper industry remains the largest consumer of bark,
accounting for 927% of total consumption. The remainder is used by the
lumber industry.

- Region 05 already has a shortage of bark and must import 18 800 tonnes

from other regions.
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- Regions 01, 04, 07, and 09 are wmoving toward a shortage, as they consume
about 70% of the regional bark production.

- Regions 02, 03, and 08 have the highest bark availability (525 100 tonnes
or 75% of total availability).

- Total sawdust and planing chips production is 1 368 500 tonnes, whereas
current consumption is 1 032 500 tonnes; this gives an utilization rate
of 75% and an availability of 336 000 tonnes.

- Industrial consumption of sawdust and planing chips accounts for 657% of
the total; the remainder, i.e. 363 700 tonnes, is used for energy pur-
poses by the lumber and pulp and paper sectors in almost equal propor-
tions.

- Regions 04, 05, and 07 already have a shortage of sawdust and planing
chips (293 600 tonnes). Region 04 alone must import 213 600 tonnes (i.e.
81% of its current consumption) from other regions.

- Region 08 shows a surplus of 249 300 tonnes of sawdust and planing chips,
and is therefore the main supplier for regions experiencing shortages,
especially region 04. Note that there are no plans to use these products
at the new Donohue-Normick mill at Amos, and they should remain available

for region 04.

4.4 TForecast production and consumption of mill residues
Survey participants were also asked to estimate their consumption
of mill vesidues over the next five years. Results are shown in Table 8.

The main facts are:

- Consumption of bark will equal production, i.e. about 1 854 000 tonnes
per year.

- Regions 01, 04, and 05 will be short of bark.

- Regions 08 and 02 will be the main exporters of bark.

- Production of sawdust and planing chips is expected to be 1 402 600
tonnes. Availability will be about 69 500 tonnes. 1In practical terms,

it will be nil.

- Regions Ol, 04, 05, and 07 will be short of sawdust and planing chips.
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- Regions 04 will have the greatest shortage of sawdust and planing chips
(268 600 tonnes) and will import these products mainly from regions 08

and 02.
4.5 Summary of net availability of forest biomass
On the basis of the preceding data (Tables 3, 7, and &), net

forest biomass availability for 1980 may be summarized as follows:

SUMMARY OF AVAILABLE FOREST BIOMASS IN QUEBEC

(extensive management)

(1000 oven—dry tonnes)

BIOMASS IN THE SAWDUST AND
REGION FOREST BARK PLANING CHIPS TOTAL %
01 1 616 4 28 1 688 9.9
02 2 821 186 231 3 238 19.0
03 1 241 111 85 1 437 8.4
04 1 875 47 (214) 1 708 10.0
05 339 (19) (11) 309 1.8
06 1 298 23 18 1 339 7.8
07 2 310 54 (70) 2 294 13.4
08 3 521 228 249 3 998 23.4
09 1 037 19 18 1 074 6.3
Total 16 058 693 334 17 085 100.0
% 94.0 4.1 1.9 100.0

The above table shows that, to a large extent, in Quebec available
biomass means biomass available in the forest, as it represents 94% of the
total. Thus the data in Tables 2 to 5 give a good estimation of forest
biomass availability, energy equivalent, market value, and regional
distribution.

It is evident that, as of today, regions 02 (Chibougamau-Lac
St.Jean) and 08 (Abitibi-Témiscamingue) have the highest quantity of

available biomass, i.e. 7.2 million oven-dry tonnes or 42% of the provincial

total.
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4.6 Total surplus biomass in Quebec

Until now, omnly above-ground biomass and extensive management
have been covered. What should be the total surplus biomass which might be
expected with more intensive management and with the harvesting of stumps

and roots?

First, the following assumptions were made:
Stumps and roots as a percentage of the weight of i.b. trunk: 15%

. Rate of increase of the allowable cut as a function of silvicultural
treatments (excluding energy plantations):

Private forest: 50%

Public forest - "commuter": 307
Public forest — lumber: 15%
Public forest - pulp: nil

. FEnergy plantations (see Table 9)
—- Plantation of 25% of abandoned agricultural 1land (Source: DER,
D. Langevin, For. Eng.)
- Yield of 9 oven-dry tonnes per hectare per year (Source: DER, Dr. G.

Vallée, Forest Eng.).

Table 9, dealing with energy plantations potential, clearly shows
that regions Ol, 03, and 05 have the highest potential of forest biomass

production if the energy plantation concept is implemented.

Table 10 (pages 32 and 33) shows the production potential
calculated on the basis of the various assumptions, current use (1980) and
total surplus biomass for the whole of Quebec. The latter is about 20
million tonnes under extensive management (including 3 million tonnes of
stumps and roots) and 30 million tonnes under intensive management. Under
intensive management, inhabited forest (private aund "commuter") biomass

represents /0% of total surplus biomass, or about 20 million tonnes.

4.7 Practical availability of biomass
Obviously, the biomass surplus shown in Table 10 is not physically

and economically available in its entirety. For instance, it is certain
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that no biomass will be harvested from energy plantations in the course of
the next five or ten years, and it is likewise very unlikely that, during
this same period, any substantial volume of stumps and roots will be

harvested.

Estimating the practical availability of forest biomass over the
next decade is a useful but complex task, whose scope is well beyond the
framework of this study. The estimate is based only on experience and
judgment. The following assumptions, with regard to forest biomass

practical availability during the eighties, are purely subjective:

Table 11. Practical availabhility of surplus forest biomass (1981)

SOURCE OF __AVAILABILITY IN %
BIOMASS PRIVATE "COMMUTER" LUMBER/PULP
(See Table 10) 1% 2% 1% 2% 1% 2%
1 - _ _ - _ -
2 100 - 100 - 100 -
3 100 - 100 - 100 -
4 25 - 50 - 30 -
5 75 15 80 10 30 5
6 75 15 80 10 30 5
7 75 15 80 10 30 5
8 25 - 35 - 15 -
9 —_ - - - s -
10 = = - - - "
11 - - - - " -

*1 Natural production; 2 Additional production due to silviculture
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Table 12 shows the results obtained with these assumptions. Prac-
tical availability is 9 million tonnes, or 307 of the total surplus biomass,
which seems to be an acceptable figure. Note also that 807 of this amount
comes from the inhabited forest and that 807 of it could be in the form of

full trees (the sum of biomass sources 5 to 8).

4.8 Forecast production and consumption of forest biomass, next five and
ten years

In this section, the production and consumption of forest biomass
in 1985 and 1990 is forecasted, on the basis of the survey of the main
users. Four main groups of wood consumers have been identified:
- the pulp and paper industry,
- the lumber and veneer industry,
- other industries (particleboard, iron, and steel),

- the fuelwood industry (residences and institutions).

i. The pulp and paper industry

The pulp and paper industry remains the main consumer of waill
residues, and it may be expected that, within a few years, it will consume a
large quantity of biomass available in the forest. 1In 1980, this industry
consuned, for energy purposes, 884 000 tonnes of bark, which represented 547%
of the bark produced and 927 of total bark consumption. In the same year it
also consumed 734 000 tonnes of sawdust and planing chips, or 54% of pro-
duction and 71% of total consumption. Of this, 22% was for energy pro-

duction and 78% for pulp and paper manufacturing.

The pulp and paper industry is one of the largest consumers of
energy in Quebec. It consumes the equivalent of 1.5 billion litres of No.2
0il annually, or $375 million at $0.25 a litre. As Quebec produces some 6.9
million tonnes of pulp and paper, the cost of energy comes to $55 a toune,
i.e. 15% of the total manufacturing cost. In 1985, this cost is expected to

be $80 a tonne, for a production of 8.0 million tonnes, hence a value of

$640 million.



36

ssewo|q sn|duns |ejO} 4O 40§ S{USSPUAOY sy
sdjyc bujue|d pue ‘ysnpMmes 3ydeq epn|du| JOU SOOQ yx

94N |NDA||S Of &np uo|4onpodd |RUO|LIPPY Z

uo|4onpodd jednjeN |

0°00l 1°8 6°l6 - - Itz 6°0 ¢°0¢ zr6y  Z°¢ 0°9% 8°6c IV L°SC %
0°00l | 62 6 85L l¢& 8| - = GG | 8 ¢8| 966 ¥ ¥6C T9C v | 89L T 8L 98¢ ¢ VLOL ONVY9
¥* ¥
. = = - - - - - - - - - - - - ssewo|q punoJdb-mo|sq
‘|e4of-ans
- - - - - - - - = s - = - - - Aflllge|jeae ‘sdunis ||
- = = - = - - - - - = - - - - {S9AJRYy jusdund ‘sdunis Q|
0°00l | 6L 6 8SL 12¢a 8| - - GG6 | 78 €18 1| 965 ¥ ¥er T ¥ | 89L ¢ I8 98¢ ¢ ssewo|q punoub-eroqge
‘| ejo}-qng
- - - = = % = = = - - - - - - suo)jejue|d Abueuz ¢
vecl gal L - ¢al | = - 6LC - 6L 65 - 265 8e - I8 >+___nw__m>@ pue jseAJdey
Sweis o] qejueyodsuwun g
L °0l 8¢6 48 928 - - 9zl Ll Gl 1454 [4% (444 149 65 68¢ Soun |OA 8| ge||eae
Jo sdoy pue sayouedg [
£°9 L8S OL LG = = ¥8 8 9L 00¢ Lz ¢Le ¢0¢ 6 89l SOun |[CA &|qe|eAe 4O 3Jdeg 9
9°Cs 188 ¥ 9.6 &G0 ¥V | - = 869 §9 659 Gey ¢ Gz 0LZ T | 889 | 88C 00 | S»UNJL
*qel Jo Aplllgelleay g
G°L 169 - 165 - - oLz = Qle 449 - 1A% 68 - 68 {SeAJey jua.dund
40 sdoy pue seyouedg ¢
L*9 619 - 6!9 = - 00¢ - 00¢ 1444 = vee G6 - G hsnpmes pue sdjys bujue|q ¢
17287 oly - (6]87 - - 86l - 86l 6vl = 6vl €9 - €9 +S8AJRY JusJund JO ddeg 7
- - - - - - - - - = = - - - - wxtbS9AJRY JuoUun) |
wv1loL ¢ I vi0L ¢ V10l [4 | wvioL ¢ | WIOL  xxC x|
% d1nd dNd/d3anWNn" wd3LNWWOOu 308N0S SSWWO | &
V101 o178and JLVA I Yd

S3NNOL A¥Q-N3AO 000 |

(06-0861) SSewo|q 4seJoy sniduns 4o Af||lqGe||eAe [e@d|4drdg

*ZL ®lqeL




37

If in 1980 the pulp and paper industry had produced 100% of its
energy with forest biomass, it would be consuming 6.7 million oven-dry
tonnes of wood, rising to 7.8 tonmnes in 1985. Its current consumption of
wood residues is 1 618 000 tonnes, or only 16% of its energy requirements.
According to the survey, however, 2 143 000 tonnes are expected to be con-
sumed in 1985, or almost 30% of requirements. For 1990, total requirements
equivalent to 8.3 million tounnes of wood may be forecasted. 1If one assumes
that wood will make up 40% of energy production requirements, the wood fibre
demand for this specific goal will be 3 320 000 tonnes. Lastly, the indus-—
try is already wusing 60 000 tonnes of full-tree chips, and expects to
consume 80 000 tonnes in 1985 and 120 000 tonmnes in 1990.

As for sawdust and planing chips uses for pulp and paper manufac-
turing, the consumption was 570 000 tonnes in 1980. It is expected to be
603 000 tonnes 1in 1985. If the 1980-85 trend continues, it should be
630 000 tonnes in 1990.

In summary, in 1980 the pulp and paper industry consumed 1 618 000
tonnes of mill residues; in 1985 the figure is expected to be 2 746 000
tonnes and in 1990, 3 950 000 tonnes. The survey also showed that produc—
tion of these residues was 3 021 000 tonnes in 1980 and will be 3 256 000
and 3 455 000 tonnes respectively in 1985 and 1990. Therefore, before the
end of the decade, mill residues requirements for the pulp and paper
industry alone will exceed production.

Lastly, the pulp and paper industry currently consumes, in pro-
duct-manufacturing, about 60 000 oven—-dry tonunes of full-tree chips; this
consumption is expected to reach 80 000 tonnes in 1985 and 120 000 tonnes in

1990.

ii. The lumber and veneer industry

In 1980, this industry consumed, for energy purposes, 75 000
oven—-dry tonnes of bark, and 199 000 tonnes of sawdust and planing chips,
for a total of 274 000 tonnes. Consumption in 1985 is expected to be

334 000 tonnes and in 1990, 410 000 tonues.



38

4

4.0 A
o /
E /
S /’
>
S
T )
e

/

S 30 - /
o V4
o /
(o) //
2 ’
9 /
= ,’
= /

2.0 / Mill residues production,

,/ all industries
,
- == Mill residues requirements,
pulp and paper
1.0 T ] >
1980 1985 1990

Year
Total mill residues production and

pulp and paper mill residues requirements

iii. Other industries

This covers mostly the particleboard industry, which consumes
solely sawdust and planing chips. In 1980, consumption was 100 000 oven-dry
tonnes, and it is expected to be 106 000 tonnes in 1985 and 120 000 tonnes
in 1990. However, since the particleboard industry appears to be rapidly
developing, these are conservative forecasts.

The particleboard industry and other industries which consume wood
fibre utilized 50 000 tonnes of full-tree chips in 1980 and are expected to

consume 100 000 tonnes in 1985 and 200 000 in 1990.
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iv. Balance of requirements and industrial production

Mill residues requirements and production may therefore be

summarized as follows:

1980 1985 1990
REQUIR. PROD. REQUIR. PROD. REQUIR. PROD.
Pulp and paper 1 618 2 746 3 950
Lumber and veneer 274 334 410
Other industries 100 106 120 o
Total 1 992 3 021 3186 3 256 4 480 3 455

Total requirements

- == Pulp and paper
requirements

==e=sens Production

()]
[,
C
[ e
el
>
S
?
&
>
(@]
°
p= 7/
20y,
/
,
1.0
1980

Wood mill residues

| |

1985 1990
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supply and demand



40

We may conclude from preceding data that, according to the best
possible forecasts, from 1985 on, mill residues wood requirements will
exceed production, and that we will have to turn to other sources of wood ,
particularly surplus biomass in the forest. It may also be expected that
wood residues prices will rise quickly in the near future, becoming

comparable with oil prices by 1985 for the equivalent amount of energy.

v. The fuelwood industry

As a result of the energy crisis, the use of wood as fuel for
heating residences and institutions is rapidly increasing. Quebec
statistics on this subject are mnot very reliable, as they largely

underestimate consumption.

The following estimates of fuelwood consumption in Quebec are very

approximate and they should be considered only as a general indication.

Fuelwood consumption estimates made for 1980 and 1990:

TOTAL WOOD-CONSUMING | ANNUAL VOLUME TONNES/YEAR
YEAR HOUSEHOLDS HOUSEHOLDS PER CONSUMING KP/YEAR DENSITY
IN QUEBEC HOUSEHOLD
3
B Number % Cords 16" m 0.55
1980 1 625 000 162 500 10 3.0 2.4 390 000 214 500
1990 1 755 000 263 500 15 3.5 2.9 763 425 420 000

For this study, forest biomass consunption was evaluated at
200 000, 300 000, and 500 000 oven-dry tonnes for 1980, 1985, and 1990

respectively.
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vi. Summary of forecasts

Tables 13 and 14 summarize the forecasts of wood mill residues
and surplus forest biomass production and consunption in Quebec. Table 13
shows that the pulp and paper industry will, over the next decade, remain
the main consumer surplus of forest Dbiomass (about 7572 of total
consumption). Total consumption will increase from 2 302 000 oven-dry
tonnes in 1980 to 4 930 000 oven-dry tonunes in 1990. The use of available
biomass in the forest will increase from 310 000 tonues in 1980 to 1 475 000

tonnes in 1990. These forecasts are illustrated on page 42.

4.9 Cost price and production costs of forest biomass
As far as selling prices and production costs are concerned,
forest biomass has to be divided into two categories, mill residues and bio—

mass available in the forest, generally produced in the form of wood chips.

Bark produced by the lumber industry was sold, in 1981, for $2.00
per oven—-dry tonne, f.o.b. sawmill, whereas sawdust aand planing chips were
sold for $12 per tonne. To these prices are added transportation costs, as

shown in the following graph.

20
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=
C
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>
e
b
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Thus, a pulp and paper mill owner obtaining his bark supply from a

distance of 100 km will pay about $14 per tonne, whereas, for the same dis-

tance, sawdust and planing chips will cost him $24 per tonne.
first choice will be to burn bark, which he does.
prices are well below the real value of the product

which ranges between $45 and $55 per tonne.

As can be seen, both

Naturally his

as a source of energy,

On the basis of the preceding

forecasts, one may expect that residues prices will reach this level within

five to seven years (in 1980 dollars).

Table 14. Forecasted consumption of wood mill residues and surplus forest
biomass by consumer category
SAWDUST AND FOREST

BARK PLANING CHIPS BIOMASS TOTAL %
YEAR 1980
Pulp and paper 884 734 60 1 678 72.9
Lumber and veneer 75 199 - 274 11.9
Other industries - 100 50 150 6.5
Heating = - 200 200 Be7
Total 959 1 033 310 2 302 100.0
% 41.7 44.9 13.4 100.0 i
YEAR 1985
Pulp and paper 1 743 1 003 380 3 126 78.8
Lumber and veneer 110 224 = 334 8.4
Other industries - 106 100 206 5.2
Heating - - 300 300 7.6
Total 1 853 1 333 780 3 966 100.0
% 46.7 33.6 19.7 100.0 -
YEAR 1990
Pulp and paper 1 855 1 070 775 3 700 7561
Lumber and veneer 160 250 = 410 8.3
Other industries = 120 200 320 6.5
Heating - - 500 500 10.1
Total 2 015 1 440 1 475 4 930 100.0
% 40.9 29.2 29.9 100.0 -

S . _ I RN S —

As far as harvesting available biomass in the forest is concerned, there are

two sub-categories of products, chips from full trees and logging residues.
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The cost of felling full trees, hauling, and chipping them at road-
side varies with their average diameter and the terrain conditions, ranging
between $25 and $35 per oven—-dry tonne. Transportation to the mill costs
about $0.20 per tonne per kilometre for distances exceeding 50 km. For an
average distance of 50 km, therefore, the cost price of full-tree chips is
about $40 per tonne. This cost is close to that already established as the
energy—equivalent cost. Since a surplus of low-cost mill residues still
exists, and since in any case, the cost price of available biomass in the
forest is hardly competitive with that of oil (1980), one can easily under-
stand the mill owners' current reticence to use this biomass to produce

energy.

Data on the cost price of logging residues are scanty; however, on

the basis of a aumber of theoretical studies, it may be estimated as

follows:

Options for collecting logging Approximate cost price

residues (softwoods) (oven—-dry tonne) 50 km
distance

Collecting logging residues

in cutovers, crushing thenm $38

at roadside

Collecting and crushing logging

residues (after full-tree delimbing), $30

at roadside ]

Transporting full trees to the $10

mill, processing branches (additional cost for trans-—

and tops at the mill portation of full trees
and processing of residues)




If estimates of the cost price of logging residues obtained
through the full-tree transportation option are found to be accurate, this
source of biomass might, in some cases, become very attractive within a few
years. Of course without an operational experiment, no definite conclusion

can be drawn.

Although roadside residues collecting is a much more expensive
option, it is still attractive because large biomass volumes are already
being produced by this logging method (300 000 to 500 000 oven—dry tounes
annually in Quebec) and because the cost price estimate 1is more reliable

than the previous one.

As for collecting logging residues in the cutovers, this option
does not appear to be very attractive at present, but it must be pointed out
that experience in this sector is limited, and that the use of highly effi-
cient collecting equipment currently under development may result in an

appreciable reduction in collecting costs.

Expectations for the production of full-tree chips from non—
utilized species and unmerchantable stems are fairly pessimistic because,
although this source of biomass represents about 80% of surplus biomass, its
high cost price (about $40 per o.d.t. for an average transportation distance
of 50 km) is a deterrent to the user. It should be pointed out, however,
that full-tree chips may become very attractive for industry and may consti-
tute an important source of supply for the manufacture of traditional pro-~
ducts and for energy production, if research and development in the follow-
ing areas are intensified:

- Development of harvesting equipment, and of tools and work methods
designed especially for harvesting smaller trees;

- Densification of biomass before transportation to the mill (compression,
pelletization, etc...);

- Separation of fibre from bark after chipping;

- Sorting chips to increase quality (sorting chips for pulp, particle-

board, energy);
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- Development of new markets such as dimension lumber, waferboard
(oriented or laminated), laminated veneer lumber, and composite panels
or particleboard;

= Increased efficiency of wood pyrolysis, hydrolysis, and gasification;

- Integration of full-tree harvesting with degraded forests reclamation;

- Design and development of industrial forest projects which will combine
the production of several different goods harmoniously;

- Development of an adequate economic analysis method covering all socio-—

economic factors involved in forest biomass use.

This 1list is not exhaustive, but it contains the most important
areas of research. It should be added that, at the same time, the knowledge

of the ecological impacts of forest hiomass harvesting has to be increased.

4.10 Conflicts in forest biomass use

If the expected requirements in forest biomass for 1990 (5.0 mil-
lion oven—dry tonnes) are compared with its availability (30.0 million
oven—dry tonnes), there does not seem to be any reason to worry about con-
flicts in use since, at first glance, the supply will meet the demand. This
is true on a purely physical availability base. However, the competition
expected to arise in the mill wood residues sector will result in a price
hike and will force the users of these residues to seek alternative sources
of energy supply. In Quebec, since increased consumption of traditional
sources of energy such as o0il and hydro-electricity is prohibitive from the

point of view of the national economy, the main alternmative is forest

biomass.

In the short term, conflicts in the sawdust and planing chips sec-—
tor may be expected. While the pulp and paper industry will increase its
consunption of these residues in the manufacture of traditional products,
the particleboard industry, which uses the same type of residues, will no
doubt expand, as its future seems promising. This will lead to an increase

in prices which will make biomass harvesting in the forest more economical.
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Furthermore, the increasing scarcity of sawdust and planing chips
will in turn result in a shortage of bark. The price of this product will
therefore probably also rise quite sharply, inciting current users to turn

once again to biomass harvesting in the forest.

The map on page 49 shows the regional distribution of mill resi-

dues forecast for 1985.

Regions 04, 05, and 07 will be short more than 500 000 tonnes;
this should be offset by similar surpluses from regions 02 and 08. However,
any sizable industrial development using sawmill residues in these two
regions will create serious problems of supply in the regions experiencing
shortages, especially in region 04, whose expected shortfall is 425 000

tonunes.

In 1985, region 01 will probably be short of about 125 000 tonnes
of residues; this shortfall may increase as a result of the rapid industrial
development this region appears to be undergoing. Contrary to preceding
regions showing a shortage, however, the possibility of compensating the

shortage of region 0Ol through imports from other regions remains slight.

A large part of the mill residues in regions 03 and 05, comes from
sawnills supplied by the United States. TIf that country were to set limits
to the harvested volumes that can be exported to Canada, major problems of
supply would arise in these regions, to the extent that some mills might
have to shut down. As there is no short—term solution to this problem, let
us hope that this will not happen. However, the governments might be well

advised to seek, as soon as possible, long—term alternative solutions.

In summary, only regions 02 and 08 are in a strong position where
mill residues are concerned. Regions 04 and 0l remain the most vulnerable,
and will soon have to turn to biomass available in the forest. Research and
development in this area should therefore be implemented as a priority in

these two regions.
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From the above cost estimates, it may be concluded that efforts
should first be directed to collecting logging residues ($14 to 38 per
tonne) rather than harvesting degraded stands, stands containing non—commer-—
cial species, or unmerchantable stands with low potential ($40 per tonmne).
However, such is not the case. First, the lowest cost price, 1i.e. that
which covers transportation of full trees to the mill ($10 per tonne) is
approximate, and it must be proven before definite conclusions can be
drawned. Furthermore, with this method it would be difficult to use public
roads, and yet biomass would have to be transported over these roads in
regions experiencing shortages. Lastly, the cost price of the other two
options for «collecting residues ($30 and $38 per tonne) are also
approximate, and in any case, they are comparable to the cost of harvesting
forest stands. In addition, roadside residues (cost price of $30 per tonne)
are found mainly in regions 02 and 08, both of which presently have, and

will still have in 1985, large surpluses of mill residues.

For all these reasons, it seems that biomass harvesting in the
forest should be directed first to merchantable and unmerchantable degraded
stands in southern Quebec. This action is all the more positive since it
can be appropriately integrated with the redevelopment of the best sites in
Quebec, which are occupied by biomass of 1little value for traditional

products.

To ensure continuity of supply for mills consuming biomass, one
must, as current logging areas are gradually redeveloped, turn to the use of
logging residues and to plantations of fast—growing species such as hybrid
poplar. In the latter case, however, means of reducing the cost price,
which is currently too high to be competitive, must be found. This price
is, for hybrid poplar as an example, determined as follows:

- Expected yield: 9 oven—dry tonnes/ha/year;
- Cutting cycle: 5 years;
- Number of harvests: 5;

- 1Initial investment: $2 200/ha;
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- Harvest cost: $15/oven—-dry tonne;

- Transportation cost: $0.20/tonne/km;
— Average distance: 50 km;

- JInterest rate: 107%;

- Amortization of initial capital: 25 years.

Cost ($/oven—dry tonne)

a. Amortization (capital and interest) $27
b. Harvest 15
c. Transportation (50 km @ $0.20) 10
$52

CONCLUSION

From this study it may be concluded that Quebec possesses an
enormous quantity of physically available forest biomass, especially in the
inhabited forest area (70% of the total poteantial), but that much remains to
be done before it can be economically harvested. The total volume of
available biomass in the forest, under extensive management amounts to 35
million m3 annually, or about 15 million oven—dry tounnes. The energy
equivalent of this biomass represents annually 3.6 billion litres of oil,
i.e. a market value around $1 billion. Sixty percent of the biomass in the
forest is composed of full trees of available merchantable size. Therefore
research and development efforts must be directed toward this particular

biomass source.

In addition to research and development efforts, biomass harvesi-
ing has to be included in appropriate development and management plans. At

present, such plans do not exist in Quebec.

Lastly, better method of dealing with the problems caused by con-—
flicts in use should be found. One method is development and use of an ap-—
propriate economic model of supply and demand for the various categories of

forest biomass products.
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APPENDIX 1

Harvest, allowable cut, and availability

of gross merchantable volumes i.b.
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APPENDIX 2

Production and use of wood residues,
by administrative region, type of residues,

and industrial sector






2.1

Production and utilization of wood residues

Type of residues: Bark and rejects
Industrial sector: Pulp and paper
ADMINISTRATIVE CURRENT SITUATION EXPECTED SITUATION
REG ION PRODUCT ION ENERGY PURCHA SE PRODUCTION ENERGY PURCHASE
USE (SALE) USE (SALE)
(o.d.+.)(1) (o.det.) (0edets) (0.det.) (oedete.) (o.det.)
01 71 111 126 111 55 000 116 111 325 066 208 955
02 81 126 179 746 98 620 85 098 279 860 194 762
03 102 345 82 096 13 605 109 148 174 508 65 360
04 156 301 131 824 10 896 156 301 333 9717 177 676
05 36 280 79 816 43 536 45 350 107 479 62 129
06 5 454 - - 5 454 5 454 -
07 125 782 130 317 4 535 222 945 241 085 18 140
08 59 434 113 839 54 405 59 434 213 839 154 405
09 27 210 40 815 13 605 27 210 63 490 36 280
TOTAL 665 043 884 564 294 202 827 051 1 744 758 917 707

(1) Oven-dry tonnes
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Production and utilization of wood residues

Type of residues: Sawdust and planing chips
Industrial sector: Pulp and paper
ADMINISTRATIVE CURRENT SITUATION EXPECTED SITUATION
REGION PRODUCTION ENERGY PURCHASE PRODUCTION ENERGY PURCHASE
USE (SALE) USE (SALE
(o.d.f.)(l) (0edete) (0edete) (0edete) (0edete) (0edete)
01 - 31 200 31 200 - 73 405 73 405
02 = 43 512 43 512 . 102 188 102 188
03 - - = = 36 525 36 525
04 - 3 540 3 540 - 58 506 58 506
05 = 22 675 22 675 = 29 931 29 931
06 - - = = = =
07 4 082 8 617 4 535 4 082 17 687 13 605
08 - 36 280 36 280 = 36 280 36 280
09 - 22 675 22 675 = 49 885 49 885
TOTAL 4 082 168 499 164 417 4 082 404 407 400 325

(1) Oven-dry tonnes




2.3

Production and utilization of wood residues

Type of residues:

Bark and rejects

Industrial sector: Sawmills
ADMINISTRAT I VE CURRENT SITUATION EXPECTED SITUATION
REGION PRODUCT ION ENERGY PURCHASE PRODUCTION ENERGY PURCHASE
USE (SALE) USE (SALE)
(o.d.T.)(t) (0edete) (0edet.) (o0edete) (0edete) (0edete)
01 84 463 11 156 (26 600) 84 918 10 884 (26 600)
02 274 433 = (127 646) 274 433 - (196 578)
03 37 920 6 525 - 37 920 6 525 -
04 20 826 5 814 - 20 826 7 064 (13 762)
05 30 032 5 262 (17 967) 30 032 5 262 (17 967)
06 7 082 3 000 - 7 082 3 000 -
07 8 175 6 359 - 8 175 6 359 -
08 337 448 36 678 (7 500) 337 448 36 678 (28 135)
09 32 442 = = 40 605 = (27 000)
TOTAL 832 821 74 794 (179 713) 841 439 75 772 (310 042)

(1) Oven-dry tonnes



2.4

Production and utilization of wood residues

Type of residues:

Sawdust and planing chips

Industrial sector: Sawmills

ADMINISTRAT I VE CURRENT SITUATION EXPECTED SITUATION
REGION PRODUCT ION ENERGY PURCHA SE PRODUCTION ENERGY PURCHA SE
USE (SALE) USE (SALE)
(o.d.+.)(1)(o.d.+.) (0edets) (0edete) (0edate) (0edets)
01 129 655 1 814 (72 060) 129 655 1 814 (72 060)
02 324 680 35 781 (121 072) 324 680 37 595 (177 306)
03 114 912 42 246 (17 685) 114 912 44 816 (17 685)
04 24 489 7 256 (17 233) 24 489 7 256 (17 233)
05 49 810 5 4453 (43 035) 49 810 5 4453 (43 035)
06 17 966 12 977 (4 082) 17 966 12 977 (4 082)
07 59 075 40 899 (10 908) 69 075 50 899 (10 908)
08 433 776 45 909 (374 292) 433 776 46 816 (373 385)
09 44 384 = (33 500) 60 710 5 442 (33 500)
TOTAL 198 747 192 325 (693 867) 225 073 213 058 (749 194)

(1) Oven-dry tonnes




Production and utilization of wood residues
Type of residues: Unbarked chips
Industrial sector: Pulp and paper
ADMINISTRAT I VE CURRENT SITUATION EXPECTED SITUATION
REGION PRODUCTION ENERGY PURCHASE PRODUCTION ENERGY PURCHASE
USE (SALE) USE (SALE)
(o.d.f.)(,) (0edete) (0oedet.) (0edete) (0edete) (0edets)
01 7 200 7 200 - 22 200 22 200 -
02 # - - - - -
03 3 628 3 628 - 45 350 45 3590 =
04 - - - - - -
05 = - - - - -
06 = - - - = -
07 - - - - - -
08 - - - = 16 320 16 320
09 - - - - - -~
TOTAL 10 828 10 828 = 67 550 83 870 16 320

(1) Oven-dry tonnes







APPENDIX 3

Biomass volumes by compilation blocks

and study units

Appendix 3 is available, by written request, from:

ENFOR Program

Laurentian Forest Research Centre
1080, Route du Vallon, P.0O. Box 3800
Sainte-Foy, Que.

G1V 4C7

This appendix is composed of 204 pages of computer printouts. An example can
be found on page 7. It contains basic data and calculations used for this

work and is mainly of local interest.









