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The Swedish forest is an Important element towards a sustainable energy system.

Bioenergy

An alternative for today and tomorrow

[ ] | J'l.'-'|.'|-'-|1|1|-. it starked to move fasier dur
NI r:l-. ] SFRils |-.l-\.'.ll._ b ||r|_||_" 'H.I_||,I:_'.|l_'\-\. _|'|-|.'\.-\.|
one-fitth of the total amount of energy wsed in
Sweden. Bicduels not only contribure moee en-
erjty than the rowal hydroelectric peneratimg in
dustry but also o reductions m emissions of
carbon dioxide to the atmosphere and thereby
reducing a global environmental threat, the
greenhowse effect, The use of liofuel mayv also
lessen the rsk of eurrophication and acidifica
Til,

Sweden w stromgly import-de pendenr as regards
energy: | hree-tourths of all beels are imponted
from abroad. Half of all electricity is generated
WL I'II_"I:-rll'll LCA M | L5 |'|||,|||'||_'|,| li# |-_
contribute o global environmental problems
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non-rencwable, The ol reserves discovered o
|.|.I:| CTHTT HFII”II oniy [0 |||'||_'-r||'_|'||'| sl |,|‘||,'
amount of el consumed. In the long run, thes:
".ll.'.'\- TSt I'\-\. e |'\l|.i.'|'|| L |r|'| TEMEY '||" T CTCTEY.
If the Swedish CEIEY syslem i [0 become sus
taimable we must wse more bsoenergy, In order
b ensure that W'E | 1VE l\.|||'\'|'|| &8 O COCTEY liag
everybody, as well as provecting jobs, the do
meste sources af beafuels imply additional ad-
vantages, If, then, nuclear energy is o be closed
down we must find good alternatives o the ex
tensive use of electrical heating dhar hias been in-
troguced since the 19710k,

Basenergy is mot the entire soluton o the re-
1:|;'_|'||1'.-|'.r of the Swedish CICOEY SVSICm bt 15 2
generous contribution to the astainable wse of

CIHTRY.
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The biocycle
Burmning biofusts gives ami-
sions of carhon diceide. s-
phur dinride, rinogen mides
and haavy metals b e 8-
g, Howewer, (e
amaunts emitted are not lang-
&r Fan whai can be bowni
Again by This regrowdh, The
point ol using biokual is the
baoeyce. Wo new polluting el-
emens aie intoduced Io the
emilranment. Ashes from the
Inarring prrociss ane atso e
sowrce They serve as lertlis-
Br3 and (ourlea aodilics-
fi .

# Carbon digride

&l organic malerial conlains
cathon, Biomess & Buik up
wiffy carton from the carbon
dizxide in the smosphere
When Dinlusts aie bum the
s carhon is niheased (o e
aimipnate &S carhon dioe-
ide. The: amouni o Gailkn
dicida ramains constant
When fozsil lugls @2 bumi
the carton relearsed Fas baen
shared in e ground |or very
long periods. The caibin
ciowide concendralion in the
amnsphens increases. Tao
much carban dioxide in (e
dtmosphens has the result thal
SO0 Fezal emaing aicund ihe
surfaca of i globe - il be-
N WaSTEI,

The: dmisphee lusctons
mie o |ess bka 3 graen-
heauise: Ihis is @ condition fod
I on earth, bt i it gets boa
hiat in the preenhinese he en-
viranmeent becomes ifeeat-
eneil.

& Suliphur and nitregen
Acidilization of sod and water
i% anofed efriformental
thweat. Malwe bacomas dam-
aged when The pH 1 lowerad,
The acidiliclion is caused by
missaons of, mainy, selphu
digoeidi and nirogen (miges.,
This can b courneracied by
using biokseks,

Blagluels confain vy small
amounts of sulphur and onky
a part ol i goes. 1o the simos-
phena in he form of sulphur
i coxf o when (bt

The et nemaine in Fe ashes
bopethar with othes nulrienis.
The difesence bebwzen biofu-
ats and fossil fol s regands
acidilying sulphur is lound in
The: amaunls emitied, aad thal
binlueks do nol incrisse (he
ameunts of sulphur n the at-
rrsphen:

A Growing Market for
Bioheat and Bioelectricity

Bl The use of boenergy ©
increasing  strongly.  Each
year ofuels produce 3-4
TWh more entergy than m che
previous year, which corre-
5.'|'.-|:||||.'|5. to  the ]LE.EII.I:IH of
about 150 000 villas. Envie
rommental aspects, availabili-
iy, the low price, security in
energy supply, and the jobs
provided by the branch are
all pointing o the advantage
of bigenergy. Heating s the
main market for bsofuels but
there are also good oppormu-
nities for pn:-duc[i-::ll of elec-
micity with biofuel, In the fu-
mire it may also be necessary
Qb LsE h’H:IEIJL'I. LH1 &l IH.I'HL"ML.'
for production of bio-propel
lants.
HEATING

Dvistrice heating. S0 Far it has
mamly been the municipal

Use of biptuels in
= district haating
i

PELFPP PR

heating planes thar have dis-
covered the advantages of
baoenergy. During the past
five years the use of wood fu-
el in the district heating sector
has increased three-fold, and
i 159 4.3 per cent of districe
hearig, or 23 TWh, was pro-
duced by biofusls, More than
100 municapalities are today
heated by biofusls in the dis-
trict heating network., In year
2010, biofuel may supply us
with 40 T%h in the diseric
hearing system.

However, this requires a po-
litical decision not 1o ncro-
duce mamral gas on a large
scale. A narural gas pipeline
throwgh the forested parts of
somitleem ﬁwnl-l.'n. where bio-
fucls have their largest mar-
ket, would imply direct com-
petition with bicenergy, ac-
cording to a prognosis pre-
pared bw the Swedish Districe
Heanng  Association,  With
the inteoducrion of naoaral
gas, it is estimated that only
15 TWh of hear will be gener-
ated by biofucls,

Villag. For owmers of villas ie
is highly profitable to convert
from ail or glectricaty to bao-
fuel. The cosss for heating
will be much lower and the
investment i generally paid
for in a handful of vears.
"ﬂ;"q:ll.rd-lirlug.'. 14 ir'||.':|'|.':|.~|i|l,!.'.
strongly in Sweden and sup-
ples  walla-owners with 12
TWh heat ar present, Bur cthe

Terminology

An increasing number of
district heating plants are
fuelled by bioenergy. Today,
bigfuels are dominating the
district healing systems.
About 100 district heating
plants uliliss kicoluals.

really large potential for bio-
fusel in villas is found in con-
verting from ofl and electrc-
ty o pelles. Today, only
abonnt & 000 villas are heared
using pellets, but the actors in
the marker cstimare thar the
number will increase rapidly
to perhaps 20-25 TWh, in-
cluding wood-firimg, if natar-
al gas 1s not made more wide-
ly available. A namral gas
pi e comld redoce the wie
nir‘bhhxm:rg}' in villas by one-
fourth within the distribution
Arca, ..II,'I,'I:FTIJITIS Rik *I'H" ARSCRS-
ment of the Encrgy Comimis-
slom.,

Local heating, More than half
o Swedish mubi-family hous-

BE BIOFUEL is defined by Swedish Stan-
dard 55 187106, ed. 3, as “fuel where bio-
mass or peat i5 the starmng matenal, The fu-
els may have been subjecred o chemical pro-
cessing or conversion and may have passed
through other urilisation”™,

According to the same standard, biomass is
*material of hiological origin that has not, ar
only w a minor degree, been converned
chemically®, Bioenergy s defined as “enengy
from biomass or peat™.

The biofuels are divided into five sub-groups:
& Wond fuel 5 woody raw material from
the forest thar kas not been subjected o any

chemical priscess.

® Agricultural fuels, or arable fuel, come
from agriculture, Short-rotation energy plan-
rations, energy grass, straw amd gram for
production of ethanol are some examples,

& Biofuel from wastes is produced from or-
ganic refuse, Methane from the sewage
works and landfill gas are examples.

@ Peat fuel is made out of peat, a bological
material that is incompletely  decomposed
and stored in bogs,

® Elack hiquor 15 a secondary product from
the pulp industry. It &= f-:vmﬂrwhrn wood
chips are bolled o produce pulp. Black
liquor comtains arganic compounds that can
be burne, and chemicals that can be recyeled.




es and public buildings are
heared by diserice heatmg. To-
gether with  local  hearing
plans for a smaller number of
premises, there ane stll possi-
bilities to convers 25-20 TWh
frowm oil and electmcity to bio-
fusel, withenut natural gas,
PRODUCTION OF
ELECTRICITY

Prowducrion of more chan 40
TW'h of electricity with biofu-
¢l is passible in municipal ¢o-
generation plants and in che
industry, but soaday only 3
T%h is entering the distribu-
|i|.|'I| I'IL'!'I'I":"k.. T-!IL-TL' iaTe fwi
main factors thar hinder the
cxpansion of the municipal
network: Frstly fosal fuels
arg niot subjected o the car-
bion dioxude gax moebectncrty
prosuction  and,  secondly
Sweden may sooner or later
invest i natural gas.
Municipal co-generation. A
maore effective way o utilse
fuel than conventional hear
production, is co-generation,

Co-peneration planes produce
not only heat bug also elec
tricity.

The Swedish disrict heating
plants could produce more
thann 10 TWh of electrcity
from biofuels in 2010, and
pessably 20 TWh after amoth-
er 10 wears, which corre-
:q.|!ﬂ.l|'||J:q. tor about one-third of
toclay's nuclear power gener-
artion. However, current lggis-
lagion prevents biofucks from
cnfering the clectrscity mar-
ker; emissions of  carbon
dioxide from combustion of
fossal fuel are not taxed when
sich fuels are used o gener-
ate electricity, This makes it
difticule for Biotuels to com-
pete in co-generation plants,
There are also possibilities 1o
use gasifed baomass for elec
rricity  gemeration bur there
will be a delay of 10-15 years
before the technology for chis
I'lul.'i I'H.'L'lll'l'".' L'Ell'l'll'l“.'l'l.'lu'll. TI'".'
industrial consultane compa-
Ny Angpanmefireningen  as-

sesecs the marker for natural
gas-hased co-generation o be
15 TWh, of which half is elec-
tricity, 7.5 TWh. Thar energy
coubd just as well be pro
duced using beofuels.
Induserial  back  pressure.
When hear and elecericity are
co-generated in the industry it
i5 called back pressure, It is
only within the forest indus-
ery that baofuels have played
a rode in this connectson, but
on the other hand heee these
are possibilities o produce
more chectricity than the 2
TWh ;L'nrrnhu_:l m 199, Mew
technalogy to gasify the pulp
industry's black liguor s be-
ing dewveloped, This could
provide 10 TWh,

Several small plants for pro-
duction of propellants have
been  built  during  recent
years. Further plants for bio-
gas and ethanol are being
planned,

A source of energy

Bl Sweden s lecky  as
there are good opportuni-
nics for Swedish sociery 1o
be self-suffwient with most
of the energy it requires.
Maore than half of Sweden is
covered by forests, During
the past century the stand-
il'lg wolume of wood has
more than doubled, Our
highly productive agricul-
ture creates ::-T:r.u:lrhmihunm
ErOW COEREY CIOPS O 50Mme
af the arable land.

Today we unlise only a mi-
nor part of the nanral re-
sources thar could be psed
to produce energy in a sus-
tainable manner. Ar the
same time, Parhament has
decided thar non-rencwable
SLILIFCES I:l'F E'.I'IEI'H&' KI'I:'I." .I'.E
gradually phased our of the
Swedish encrgy system.
Dunnﬁ 1996 a tatal of 7
TW'h was produced by bio-
fwele, of which 78 TWh
came from the forest, if we
include black liquor from
the borest mdustry, Tt s m
the forest thar opportunitics
lie o exiract considerably
more energy raw material,
foremost as residues from
fosrestry.

The use of wood fuels coobd
be increased almost three-
fold wp oo yvear 2020 With
120 TW'h woesd fuel and 34
TWh black liquor from the
fosrest imlml‘r:r'h. '|'.|1.|.||1- -
cessing, it would be possible
for forest fuels o supply
Sweden with more energy
than that supplied by oil to-
day.  Alvogether, biofuels
could contribute more than
200 TWh by year 2020,

The actually available am-
ounts are one thing, where-
a8 the assessment of what

Sweden's energy supply
1906 in TWh

may be realistically wsed in
20 years time i another.
Here there are a number of
factors thar influence the
situation, ©.g., prce and
pn:ﬁtnhi]in', '|:.|n|:|||rii;a| i]nﬂ;i-
sions, whar happens eclse-
where i the waorld.
SVEBID assesses that we
can use 154 TWh bicenergy
in 2120, Thereby, husener-
gy will be able to supply
30% of the Swedsh energy
reqquirement within a couple
of decades.

Biohee! potential in
2020 in TWh

Arable fual 20
=)

Alrmady today biofusls contribute a considerable part of
Sweden's energy supply, SVEBID estimates that in year
2020 it will be economically and ecologically possible to

axtract 201 TWh from biofuels.
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Wit ogen {5 & nurient. Too
rroech nilingin leads o the
£oil imaching nirogen inko
lake3 and malEc o3, which
become sulraphicatied and -
nally dia. The process makes
Ihee S0l more atadic and lisidd
i lmaching of olher nuiriant
sulsiances:. Yegetalion sul-
fers, e lora changas and the
soils bacome impoveriched.
Hir igen ouitles: are dormisd in
&l formes of combustion. |n
aidd fion, aiher acidifying ni-
rogen compoends are re-
leagad info the aimoaphers
andl are seoner o ke ge-
posied. In large pars of Swe-
ten T CiinirySice receives
miang relragen Fan il can cope
wit By using bicfuels we e-
ligwez the imeiranimesi of -
cesssive nivogen, By using
medenn cieaning bechnlogy,
micesi ol T8 nilogen in th
biomass can e made fo leaee
ffe chimney & nifrgen s,
I alrmcsphene’s main con-
stituent, which i Langedy bio-
Ingically inacine, The ashis
coniain no nitrogen.

& Heavy metals

Heary merals also participata
in e biocycle. Biomass ton-
tains heavy metals thal te
plants pequire. 'When biomess
i% burerd hesh metals will be
emitiad with the llee gasaz.
The mefals e [en up agin
by 11 new wegetasian.
Sharl-rotation enengy planta-
liges can funclion a8 puritics-
lice factories for cadmium.
Cadmium is a towic: subslance
thal aasily becomes bound ta
DTGENIC mafer and accums-
Iakess in fhe Aulrien] chain
Enargy foeests take up cadmi-
um from arable Land where it
has been deposited partly in
fertilizer and partly through
Em N teposiion. How-
e, T fochralogy far re-
minding cadmism foem fhe
et readlt 9 be dewvelnped.

» Ashes

The ashes from combuslion
ae & rescence frat conlaing all
the: nulrients, mecepl nilrogen,
raquirad by nalure for growth.
sans ey ae fasic, shes al-
50 mounbizact the acidificalion
that threalens our eminn-
mel, It i% ienponanl hal s
&5 from fuel that is remied
from raiure are recycied so i
iy ek Ths Bipeyca,



Large gains
for society

B Sweden can gain greatly
bv realigning the energy sys-
tem towards biofuels, By far
the largest part of the hiofuel
price s made up of cosrs for
labour and vehicle aperason
thar give large tax revenues.
H:.-' Creating new in::-hs, 5n;i|:1.-_|.'
abtaing money throwsh salary
raxes and emplover raxes.
The cmes of unemplovment
support will decrease sinule-
neously. '|'|'|ﬂ'lrﬂ'il.':]"}|'., SOE-
ety could gam almose 65 mal-
lion 5EK annually for each
amld EVETY NEwW TW'h 'p-rm.'id:\..]
by  bioenengy, o 0.0k
SEREN of the full price of
011 SEEWh.

TAX OM BIOFUELS
Algs binfusls are taxed, The
propomion of tax i the price
of bicfuel is negligibly lower
thin the -::11r.r|.'xr.l11n|.||r|;|.|| pre
portion in, eg., omal. As re-
gards production of ebecrrici-
¥, the proportion of tax for

hiofuels 15 even higher com-
pared with coal.

ince biofuels are work-inten-
SIWE ITN COMT R ST with Fossil
I‘IJL'h, b-l::l\.'il.'l}' will receive
maore revenoes from  labous
taxatuan than from fossal fusl
U the ather Bamd, bioduels
are not liable to the environ-
mental taxes that fossl fuels
have to pay - at beast when
they produce heat.
Calculations made by S5WVE-
BICY shiow thar 67 percent of
the price of a MWh of hear
from biofuel consists of ax.
In producton of electmciny,
the motal tax is B1 percent of
the production price.
THOUSANDS OF NEW JOBS
[ni places where we exteact fu-
el it grows up again in a nov-
er-endning bocycle. 1f this
to function  properly  then
work muast be done, Binfuels
create jobs - permanent jobs,
Mew opportunities in place of

those that disappeared. There
will be many employment op-
portunities if biofucks become
used on a large scale,
Increased remowal of ofuel
may create new jobs in rthe
forest in the same arcas as
where mcreasing mechansa
tion in silviculture has earlier
led to unemployment. The
raw forest material has oo be
processed  and  transported,
equipment must be manufac-
tured, Biofuels creare a chain
ol activibies  that gonerans
work.

If 300 people for cach newly
prosluced  terawarc-hour  of
|:lil:|-|.1|.cr|.'.;:.' I.'H.'L'I:H'I'II.' 1!|'|'|'|'.III'I-}'-I_'I_‘|..
which is assumed by re-
searchers to be a reasonable
figure, then SWEBICOYs prog-
noais on development of the
biofuel marker suggests thar
mowe than 20 (KK new pobs
can be created within the next
few decades. Manufacture of
combustion cquipment may
provide jobs for an addinional
8 DO persons,

In comparison, it may be
mengioned thar the forese in-
dustry employs 100 000 per-
SO0,

Fact Sheets on the following subjects have been published

1/98 2/98 398 4/98

Bioenergy in Waood Foels Bioenergy and Bioluil for villas

Sweden # [itlareni fossil fuels

LENE T F Eniments ® & Companson

il )| & Lsspds

994 G/98 7/98 848

Biofuel from Peat Biafuel fram Biotuel from the

agricaltural land # Asspls and ek domastic and farest industry
industrial waste (noi aweikabée i English)
® A, presaniaian of

e hingses

998 10/98 11,98 12498

The binfugl marked Bio-propellanis Taxation and Good examples

(not wailable in Englisk) inal avatabie in English) othar palitical

» Small and b sl instruments

production of haat and
laciicity
® Hicepropeltants

(a0 @valabie in Engish|

SRS o 0

@ Biological diversity
Thare is concen hat e re-
mcveal o laclug] will wacuum:
ciean the lonests 50 that they
will be impivees shed ol e
biclogical contint. However,
this opinion has na support In
soience, Memawal of lelling
15 i from conifers does
niot effecs Ihe foresl's ecology,
The deshe Bachor is Ban
Smedish foresiry is conducted
in an envircnmeanially congi-
erdle manner 50 thal biodear-
Sity can be guarardssd, The
Taradling ol bioke utiises
esacues fram faresiy znd
TRy does nol incigse e
fereszene ion the fonests nalwr-
al valuas.

® Enorgy officiency
There s a common miscoa-
caepifion 1R bioheds yald a
rminoe amount of mel seegy;
Tt enerpy Congimed in ac-
aquiring the fusl represants a
lange part of he enargy il pro-
widesg,

With a life cycle analysis of
pelles condusied o
Linkiiping University, it could
be demonsiraled Ma he &n-
ey it for prodecion and
distribution coeresponds o d
percen| of Fe eresgy conlesl,
With Betier bachrology and
coardination, fie enengy inpui
e carlEinky b raduced fur-
ther.
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