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Wast amounts of energy are walting to be collected in the forest, most of which consist of
branchas and tops ram lelling operations.

Forest fuels
—green gold in the forest

Bl Wood fuel is nor so nieching that is BORE
1o happen sometime in the futare, it is here al
||'.|.|:.. Tewlay more than 100 muni ipalitics ob
tam considerable amounts of theis hear from
forest fuels.

Since the mad- 1980 wood Fuel abiai e direce-
Iy trom the foresr has steadily
share af the energy supply. This has contribuced
to strong reductons in the impoms of oil. To
day, wond fucls produce 43 TWh, largely m th
formn of hear. This exactly corresponds to cthe
AITERIANE Of CHECITIC | ,:-\.l;.\,l { [ '|\_l_||;|._l. |'|.|.L &
s black biguors from the
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fuel, also including the

;'.||:' |'|-.||:-.r':.. todday procduce mone than 15 pet
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Wood fuel is -.-'-'|-.|'r|.:'|1r':.' packaged salar ener
BY- |!1"\- i a renewable s roe ot CMETRY I_|'|_||
does mor damage the environment, The threat
seenarin that has been [ArCHSE o = thar the forest
will be vacuum<leaned of its contents it |-.'|||||!.1
residues are removed - does not hold, More

LFVEr, '\.'..-llul |.I'\.| 15 ATh ITH '\.|'\';,'I'|'H.|'|-:' .I|[|_ FaATivyT
with developmental GpFpariunitees
SVEBRICY estimates that by vear 2020 wood fu
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rimes s much energy as eoday.
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Sustainable
source of

energy
By comag! wse o wiod luel

We Can reduce emissions of
carbon Gimede ¥ 1he 3lmos-
piere and the nirodges |
m 1he fonest. e will slow

down the greenhouse ellect
and acicificaian. W will ax-
fack enengy ina manner hat
T3 eng-teim Susairaliity
and can be: both ecalngically
and ezomamically jssfied,

& (Carben diozide

im balasce

Many nesearchars consider
Ihal the preenhiousa etledd i
Ihe Grelest md amental
Ihweat fday. The eflect iz the
reciult o ot emissinns of
gases thal prevent he izl
from the sun (rom leawing the
Emasphens, wilh rasulling
gabal Fealing. The mos im-
partant gas thal farms this
Disarkes| eqmeeloging the wovld
is carbon dioxide formed dur-
in} enmiislion
‘Wihan we use lossil bl such
35 oil, coal end natural ges we
i e B ooncariralions ol
tarbon dioxide in the almos-
prese. Today, Sweden cannol
achiews s goal o educs the
emissions of carbon dnsdoe.
Howeser, By using wood lus
vt will il s e bedsing mam
car bon Goride Than whal will
b Euned in et during
thair growth.

# Less nitrogen
Remdreal of wood el also

hag ofhes emvirnnmental ad-
vanlages. [ counieracls the
pocoESs e aeiration of tonesl
land with nilogen, thal ads
in |machisg and ecidification.
Nirogen 8 an important plant
mudrient il & found bound in
e 50dl. Bt today large eee
Off Irofess Land recasive mone ni-
frogen thiugh aimospheric
tapasition han They can e
tin. This owerdose ton-
fribrates o the fores! growing
1asler in We Sho-1em per-
spectivie In a anger parspec-
4 Be nutniend imbalance
ks b Ihe peound Becoming
acidified. Tha soil will then
slart 1o leach cul suinenls
whith will kzad bo werter
courses being sutrophiceted
and changes in the Nl
‘Wiran (opes and banches are
1emoreed from The feling sie
B nitmgen bound i ihe

Availability of wood fuel

B More than half of Swe
den's land area is covered by
fowrest. Druring the last century
the standing  volumes  of
wond in Swedish foreses have
doubled. How much fuel can
we extract duning the early
part of the next century? We
are all in agreement about the
actual amount of wood fuel,
the gross volume, but how
much is actually available?
This mainly concerns  eco-
mamic assesaments and if the
ashes are remarned o the
lexresls or ol
SIMS

The Drepartment of Foress-In-
dustry-Marker Stsdies (SIM5)
at the Swedish University of
Agricultural Sciences has con-
ducted the maost detailed cal-
culation af the request of the
Er'll:.|'|.'.g.' Commission. The de-
mand for forest producss and
wood fuel, the requirements
for  mdustrial  round-wood,
felling calculanons and osdi
mary felling, felling residues,
forest growth and ecological
comsiderarion are some of the
many factors that affect the
availabiliry of fuel,
When bearing in mind the
Forest Act and the Board of
Farestry™s recommendations
on ecological consideration,
the tatal amount of available
wood  fuel is abour 130
TWhiyear. The condition is
thar the murmienrs  remaoved
with the fuel are recycled o
the forest in the form of ashes
together with compensation
termlisaion.

SWEDISH FEDERATIOM

OF FOREST-0WNERS
Ar least 30 TWh in addition
to toclay's wse of wood fuel
wp to year 2020 provided thar
the ashes are recycled - thar is
the awmessment of the private

forest-owners. The Federa-
non estimanes thar the pro-
duction of wood fuel directly
from the forest could probab-
Iy be increased by about
2 TWh per vear dhering a 101
vear perind,

The forest-owners have based
their progeosis on the calou-
lavions made |'|:. SIMS (ois-
cussed above) bur the figures
have boen modibied on the
hasis of what is considered o
be economically reasonable,

In conrtrase to SIS, o vol-
urmes of mdustral by -prosd-
ucts or recyoled wood have
been taken into account.
SWEDISH FOREST
INDUSTRIES ASSOCIATION
Swedish Forest Industrics As-
sociation has used the Board
of Forestry's  recommenda-
coms to harvest only once per
mitation :-:|.|:n|'||'_ 1'|1.-e: ||h_' of 'r|'|.-e:-
trec) if the ashes are mor recy-
cled. They do ot consider
that there is any futwre in the

How much can be burnt? The availability of raw material is
unguestionable but there are different opinlons about how
msch wood Tuel that can be utilised,

| Thié_is wood fuel

Bl Wood fuel, isn't thar the same as fire-
I w2 OH course Arewood 5 a wodsd Fuel,
bhut firewood makes up only a fairly smeall
part of the total use of wood fuel.
Wissd fuel i defmed as a bwofuel consisting
of raw wood that has not been subjecred
any chemical process. The common factor for
all owr wond fuels s that they come from the
forests, They consist of felling residues, ie.

branches and bops that remain when the
sterms are removed i clear-fellings. There is
also the slash resulting from cleaning and
ﬂl.irlll:il1|:. And there 15 bark and l'l.n.'w\-cn:u_l.
Wood fuel also includes secondary products
from the forest- and furniture industry such
as hark, shavings and r|_-,::,':||,'|;| wind,

Wood powder, pellers and briquerss are
processed wood fueks.

B, A L, (R TE M L



use of thinming waste for
wond fuel.

The Association hases 1ts cal
culansons on what is oday
ceonomically available in the
forestz 70 per cent of the
felling residues on clearcuts
suitable for wood fuel can be
removed  and  of  these
clearcurs T per cent are con-
siclered suitahle,

If 90 million cubic metres are
felled annually this  would
give 17 TWh, With recycling
of the ashes and compensa-
Eman Fl'l'tlll.“lrll:l'll.. rI'II.' ]'l.'l,ll;"T,'I
pon's  calculations  suggest
that 1520 TWh felling
ressdues can be removed from
the forest during the early
years of the 215 century

SWEDISH ENVIRONMEMTAL
FROTECTION AGENCY
Having made an assessment
together with the Nartional
Board for  Induserial  and
Technscal Development and
the Board of Forestry char a
total of 140-160 TWh coald
be extracted from Swedish
forests, the Swedish EPA re-
vised thear opirions a couple
of times, Finally, the foresory
Report from the EPA's “Swe-
den 20217 propect armived an
a figure of 20-25 TWh. The
Forestry Report is bassd on

necdles amd leaves being lef
on the dearcuts before the
residues are  removed  and
does mor caleulate with recy-
climg of the ashes (which
would increase the volumes).
The ]"l:h:rl.':dr]: :q.ll.ld:r consid-
ered that it was oo difficulr
to assess the wood fuel poten-
tial from cleaning and thin-
ning, amd thus did mor ar-
temps to make any estimates,
On the other hand, the
Swedish EPA makes mose op-
mnuste  assessmients  than
SIMS with regard oo induseri-
al l'r}'-['-r\-::u.lm.'l:., rI.'L_'I.'\'L'IiI'IF; of
wosind and firewnod.
NATIONAL BOARD

OF FORESTRY
M i -::-I:‘rhr(' rhrrru'l:'hc..al poten-
mal for removal of wood fuel
i the form of branches and
tops can be urilised, This con-
clusion has been reached by a

group of ressarchers commis
sionod by the Board of
Forestry to conduct an envi-
ronmental impace  analysis
{E1AS of the removal of forest
fuel, recveling of ashes and
other nutrient compensation.
However, the removal moust
be compensated with nuri
ents, foremost ashes. The ELA
wleanbies the gaps 0 know-
bedpe and the research necds
in this secror. The Board of
Forestry 1 presently prepar
ing new regulations for re-
moval of forest fuel.
SVEBID

SWEBICY uses the SIMS report
Wi i energy  scenard, bui
with a certain degree of cau-
ton. SVEBID esnmares thar
120 T h of weood fuel com be
taken from the Swedish

LA

Estimated availability of felling residues in
excess of those used in 1995:

SWEDISH FOREST INDUSTRIES ASSOCIATION + B=11 T
SWEDESH ENVIRONMENTAL PROTECTION AGEMCY + 1116 Tk
FEDERATION OF SWEDISH FOREST-DWNERS +  =HTHR
Sinas + -T2 T

No threat to biodiversity :

BN RBemoval of tops and branches after
felling dexes not affect biodiversity. There
seems o be agreement on this among experts
from different camps. Birds, plants, fungi,
lichens and micro-organisms are thus only
I'n:]]'g.il1:1||!|' disturbed. The r:1.1ﬂ|.|-|.;iL1| aysioms
in the forests are not affected by large re-
movals of wood fuel.

Fellings in the forest will not increase as a re-
sult of Sweden usmg more wood fuels, In-
stead, the nrmu:wa]rg wood fuel is 2 way of
ulilisl'lllp_, the rewsurces left |1-1. traditional
foressry.,

Swedish forests have becoame  poorer in
species and less varied, Features of deciduous
species and the presence of dving or dead
trees are examples of this deficiency, Birds,
butterflies and other insects are particulacly
dependent on this, as well as fungi, maosses
and lichens,

During recent years, however, there have been
dramaric changes in forestry; today there are
high levels of nature conservation ambirions,
as well as demands by the authorities,
Therebore, remowal of woosd fuel uires, as
i% also the case in forestry, that valuable envi-
ronmens are wot disturbed. Such environ-
ments, so-called key habigats, comprise wer

forests, ancient deciduous stands, cliffs, and
ravines, They are environments that are often
extremely rich in species and are the home of
many species under threar.

In places where foresery s recommended
save border zones along watercourses and
forest edges, 1o leave copses of deciduous
trees and old, large-dimension and dead trees
on the clearcuts, the same rules also apply for
remioval of wood fuel.

This places severe demands on those who are
to perform the work, Education of machine
Gperators is af vital T rTance. Consider-
able knowledge and awareness is needed if
damage to the ground s to be avoicded, if
dead trees and windthrows are not to be de-
stroyed, or scands of special valse and species
are 1o be saved.

In the environmental impace analysis recently
conducted ar the reguest of the Board of
Farestry, it was iposed that the needles
should always bt]lrmﬁ:-:mthnin:- just 1o be on
l'|1.l.‘ s.-aﬁ: sade. Even I!|'!||.|u|q|"| we know |:|1.|.'il:: a
lot after X5 years of research, our knowledge
of what happens below the surface of the soil
s limired. As to the long-term effects of re-
peated remaovals of wisod fuel, our knowledge
is very limiced.
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hiomass 5 also ramoved.
Dering comtustion, mest ol
e rilragen & reduced o in-
NOCLIOUS Nirogen gas which
i3 ol ks up by vegesilion,
The more wood kel thal is
hanasied, the mose Ihe
btgsds can ope with almios-
pheric dapestions of niro-
an.

In some places. particularly in
nortesn Sweden, i mey he
nagrssary o prrade Sompen-
safion fartiisation with nitro-
gen when wond lugl & -
moved. Howeer, itis in the
smuthesn parts ol fhe counry
bt mes] mdustrial rousd
waood i harvested and fhus
Whare most wood kel is ex-
fached 1 thene Bt the al-
maspheric depasition of ni-
Togen is highes! asd whise
acidificalion is most sipes.
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B Wood fuel is not only
considerate to the envirom
ment, it s alss inexpensive.
The price of wood fuel has re-
mamed unabered for 10
years. Due to inflation this
mcans that the price in real
terms has almost  halved.
During the past 15 vears the
use of wood fuel has in
creased almost two-fold, de-
spite the wood Fuel branch
sector not beng particularly
praoficable.
Heat correspondimg to one
kilowam-hour  (kWh)  pro-
duced using wood fuel costs
half as much as heat produced
using coal and less than half
when using odl. This is be
cause the fossil fuels have wo
pay taxes and envircmmental
tariffs o compensate for their
environmental beading. Wood
fusel, iy other waords, 1% 2 cns-
effective way  of  reducing
emissions of carbon disxide.
CONTINUED STABLE
PRICES
With increasing pressure o
supply customers inoan ex
panding market, it is in the
interests of the prodscers o
keep costs on a bow level,
Larger volumes may make
the activities more rational
ancl thus more profitable,
The rationalisations, but also
the availabality, contribute o
the prices remaining stable.
There is hardly a shortage of
wood fuel in a forest country
such as Sweden, even if there
is an increasmg demand. Ar
the same time, the general
apinsan is that the rate of in-
crease of biofuels of 3-4 TWhH

Large opportunities
evelopment

per vear,  wherg
wond bl makes
up the largest part,
15 what the branch
can mamsage with-
Gt Growing pains.
The system can be
made more effective
by integratmg prosdc:
tion af round wood and
fuel. Logistics and technobo
gy can be developed. In pace
with the activines increasmme-
Iy becoming established, the
mransaction  oosts  will  de-
crease. 5o far we are only ag
the start of this development,
BETTER TEGCHNOLOGY

A new felling head designed
tov whilise forest fuel in thin
standds has been described as a
breakthrowgh and a revaolo-
mon in cleaning work, The
felling head, mounted on a
small forest machine, can cur
and collect 5-10 spems at a
mme. The cleaning  cost,
which normally is very high,
can be reduced or converted
b an meome, Interest in the
new curter head has  been
|.'|:!.u.', both in Sweden and
ahroad

Another example of method
and  technological  develop
ment for making wse of wood
fuel is  baling of felling
ressdues, 1.e. branches and
tops. Whereas in agriculiure
bales are wrapped in plastic,
in forestry the bundles are
'|'.'|:'.'|]‘~|'-'.1.i. m a met b l-c-e've'rl
them together, In this way, a
iruck can carry up o three
timies as much fuel m compar.
ison with unwrapped materi-
al. Using this method, the

a0

II-._!Izi"llll: price far fual chigs delivered 1o hesting plasts and the indesiry

| Price in real lerms

1
by
| Kominal price I
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1584 1985 1086 1087 1088 1980 1560 1991 1992 1993 1594

The neminal price of wood fuel has largely remained constant
during the past decade. This maans that the real price has
decraased by 40 per cent. 10 dre/kWhs 100 SEK/RWh
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Wihaen clear cul residues are
baled thres times as much
fual can be transporied in
omne lerry.

F:I'IH.II,IL'I;1||I1 COElS '-I.'II. |'|-;,' Tc-
duced by 20 oo 30 SEK per
MWh comparsd with chip
ping in the forest.
POLITICAL CONTROL
Hewever it 15 not only rafio-
nalisation thar affects the de-
velopment of wood fuels, Po
hitwcal decisions on taxes and
rarifls are of great impos-
tamce, When tariffs were i
troduced on cmissions of ni-
trogen oxides and  sulphur
dioxide the wood fuels were
benefired, as well as when the
deciason was reached to 1m
POsE 4 Tax am cmissions af
carbon dioxide.
I:'-::-l'.'.'rr't.-:'|'p'I taxation r{'I!_l'|||.1-
ticns for co-generation have a
negative effect om wood fuels.
Co-generation plants produce
barh hear and -L'||.'L'.:riq.'il:|'. Tt
the electricity production in
these plants is exempt from
carbon dioxade Eaxatman,
which has the result char hio-
fucls, mainly those from the
forest, have difficulty m be
coming established.
EMPLOYMENT
Highly mechanised handling
of wood fuel will generare
120 year-jobs for each addi-
tional TWh produced., With
rradirional mechanmisation,
each addional TWh pro
duced using wood fuel will
give 400 new jobs, More em-
ploviment  opportunites  in
one particular branch will si-
multaneously lead o new
jobs being created in ather
branches, For thar reason
aloave, the polmicians should
find reasom o encourage a
shitt im the enerey system o
renewahle sources of enengy,
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& Recircubation

of the ashes.

The ashes contin al the mtri-
iz, aept nikogan, thal were
reroved when the biomass wes
teben Irom the keest Sustsinahle
use of wood hel is basad on the
2shes being recyclad 30 thal e
btesd land does not become im-
pewenishad. H the nutrients in the
Ieshs decredse then he 500 wil
bt i acidic and fhe for-
-ast's-.ﬂallmllmm
Thiere e 53155 (hal Sermon-
=iratu that e fores! fland has lost
rall ol = Faailahbe fesanag of
impoilan] sutiients during
last S0 years

The ashes, beig basic, comler-
act acadilication. Eoological dis-
ruptions are seided by hasdern-
i e deshes blone: Thay are
speead - the sshes will Ten di-
a0k sl

Srrall i comeniant forest vahi-
clas can spray ool e ashes Ina
simple, inexperdive ind cosside
iatn mannar. Retum of the ashes
will incregsa e price for he
Fisal-praducing custamen by anly
a few per cant. The cost ol weal-
g and spreading e ashes (e
also be compared with what i
wiou i Cot o dump hem in
liasadlilks, mol easd when consid-
ating the plannes Landil il ol
250 SEXNorne ol ashes,

Other hindrances ane fhat the
ashas may confain environmen-
Ly hasardeus subslances ad
that it is not fully clear wha iz in
be reaponsihle for achually
spreading or desgosing of tha
gshes. These peoblems can be
soived hy iy ges Eratinng
ard agrmmants bebesen prochic-
&5 ol Eshes and lusl suppliers,
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