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Preface

The proportion of bioenergy used in the Svedish energy system has steadily
increased, from alittle over 10% in the 1980s to about 17% in 2003. With the
exception of acertain import contribution, the biofuds used in the Swedish energy
system areindigenous, consisting mainly of:

» Wood fuels

* Black and green liquors

* Pest

* Refuse

* Ethanol

Wood fue iswood raw materid that has not been submitted to any chemica
process: bark, needles, leaves, wood logs and fud raw materid from the forestry
and wood industry, e g shavings, cutter shavings, saw dust and dry wood chips.
Svebio ettimaes that atotd of 135 TWh energy from wood fuels can be extracted
from Swedish forests, as compared to today’'s 50 TWh.

When handling forest residues in Sveden 3 different methods are used. The
collecting of forest residues are mainly applied at find felling Sites.

Main factorsin the profitability of collecting forest resdues are;
0 Quantity of forest residues, ratios  WQH/SHUKHRABH
o Digtanceto buyer (heat digtributor, industry, refining factories etc.)
0 Fored terrain and availability
0 Landownerswill in sdling the forest residues dthough relatively poor

payment.
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The proportion of bioenergy used in the
Swedish energy system has steadily increased,
from alittle over 10% in the 1980s to about 17%
in 2003. Mogt of the increase has been by
industry and district heating plants.

With the exception of acertain import
contribution, the biofuels used in the Swvedish
energy system areindigenous, consisting mainly
of:

- Wood fuels

- Black and green liquors
- Peat

- Refuse

- Ethanol

They are used mainly in the forest products
industry, in district heating plants, the detached
house sector and for dectricity production.

Wood fuels

Wood fue iswood raw materid tha has not
been submitted to any chemicd process: bark,
needles, leaves, wood logs and fud raw materid
from the forestry and wood industry, e g
shavings, cutter shavings, saw dust and dry wood
chips. Thereis dso recycled wood fud, such as
demolition wood. Wood fuel can be processed
and refined into chips, briquettes, pdlets or
wood powder. Pellets and briquettes are dry
compressed fuels with good qudities for
transports, storage and combustion.

Annua forest growth in Sweden is 107-109
million m3 standing volume (stem volume over
bark from stump to tip excluding branches and
tops). During the 1990s, the feling rate was
around 70 percent of the country's annud forest
growth (65-70 million m3 gtanding volumes).
The more activities like cleaning and thinning
that take place, and the more timber that is being
extracted for pulp industry and sawmills the
more wood fue is made available in the form of
by-products and fdling residues.

Thus there is alarge wood fuel potentid that is
not being exploited and that could even become
lager in the future in step with technica

developments. But a physicd asset of wood fud
is not the same as a truly accessible wood fud
supply. Estimates of available wood fud involve
judgements of what is economicaly, ecologicaly
and technicdly possible and whether you expect
the ash to be returned to the forest lands or not.
The swedish bioenergy association, Svebio,
estimates that a totd of 135 TWh energy from
wood fuds can be extracted from Swedish
forests, as compared to today's 50 TWh. The
judgement is based on studies performed by the
Swedish University of Agricultura  Sciences
(SLV).

Swedish forest industry

Theforest industry is one of Sveden’s most
important industria sectors. The forest industry
plays amore important role in the Svedish
economy than it does in other EU countries,
with the exception of Finland. The forest
industry and forestry account for amost four
percent of Sveden's GDP.

The Swedish forest industry rests on the



Description of bioenergy trade in Mid Swveden
Prget: Bicsath

country'sforest raw materids, with recovered
fibre becoming an increasingly important
materid in pagper production. Globally, Sveden
isagreat power in theworld of forestry.

We are the world's fourth largest exporter of
pulp, the third largest of pgper and the second
largest exporter of sawn timber. Sweden's pulp
and paper industry is Europe'sthird largest after
Germany and Finland.

Producers of biofuels

Every year the Svedish Bioenergy magazine
carries out asurvey on Swveden’s producers of
biofuels on the open market. The results of
2004s survey shows on an increased turnover of
about 10 percent to about 5500 million SFEK
among the participating 40 companies on
bioenergy®list. All the companies on the top-
ten-list have increased ther turnover; most
prominent are R356, BE Brikettenergi and
Tdloil.

" 1|R&6 Torv (7) |
2| SCA og, Norrbréande (1) |_||
3| Arizona Chemica (4) |_||
4| Naurbrénde (3) < B
5| SBE Brikettenergi (6) |_||
6| Sydved Energileveranser (2) (4187
7 SicraSogmag (6) 2L
8| Tdll Oil (9) -
9| Sveaskog (10) 1
10| SATAB (15) 140
Others e

The companies answer for the numbersin the
survey them sdlf and should for that reason be
Seen with certain wariness. There are aso severd
minor companies who aren't on the Bioenergy
magazines list. A complete list can be seen in the
agopendix.
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Forest residues and energy is arather new
product for the swedish forest sector, which has
along history of producing wood for pulp and
saw mills. Therefore the organisation for
bioenergy commonly are placed outside the
“man” forest adminigtration. One of the
domination forest companiesin northern
Sweden, has an organisation where the
bioenergy is administrated in aseparate daughter
company. Another examplein mid Sveden, isa
pure bioenergy company owned by the
association of private forest ownersand a
number of sawmills. These two companies will
be described later.

It can be any of the forest owner, the fdling
entrepreneur or the bioenergy company who
takestheinitid initiative to gather residues @ a
certan fdling ste. When aforest owner is about
to do afind feling larger than 05 ha, it hasto
be reported to the locd board of forestry. The
information will therefore be public. This hasto
be done two monthsin advance, and the board
decidesiif thefdling will be alowed. It is very
seldom the decision is any other than gpprovad,
but aforest owner may not clear cut morethan a
certain percentage of thetota owned area.

Forest owners have not aways a postive atitude
towards sdlling the residues. Ther arguments are
that sdling the residues will normadly increase
theincome for afind feling with in the best
case 2-3%, imply arisk of loosing nutrients and
give more damage to the soil surface and private
roads. On the other hand, There are advantages
for the forest owner with getting rid of the
residues. According to research, the cultivation
will beless costly and of better qudity, the
surviva of the plants seemsto improve and it is
possible to do the planting one year after felling
instead of two.

When the bioenergy company looks a asite
wherefdling is going to be made, ether by its
own initiative or after being contacted by the
landowner or the entrepreneur, the decide if they
areinterested in buying the residues. The
decision is based upon the following factors.

0 Estimated quantity of forest residues,
raios  \WQH/SHUKHRBHLY
preferable.

o Digtanceto buyer (heat digtributor,
industry, refining factories etc.)

0 Fored terrain and other availability
factors asterrain trangport distance.

Thefirst two ones are the most important.
Theimportance of the quantity implies that
admog dl objects for gathering forest residues
arefind feling sites. Thinning sites gives
commonly to low quantities, and the exceptions
for that isin the southernmost of Swveden. It
aso impliesthat forest resdues commonly are
taken from pure spruce forests or forests with at
least 50 % content of spruce.

Thereis an interaction between these factors, so
ashort distance can for example compensate a
lower quantity.

After deciding that an object is suitable for
gathering of residues, the biofud company make
aded with the entrepreneur who makesthe
forest fdling, that a“ fud adapted harvesting”
shdl be made. This meansthat the residues shall
be placesin hegps and that al topsin ahegp
shdl have the same direction. The hegps have
severad advantages, the biomass will dry better, it
iseader to collect the resdues without getting
any soil with it and findly that the gathering will
befagter. A part of the fud adapted harvest is
aso that the smdl bushes shdl be cut down in
advance, s0 these, including roots and soil, not is
following when the residues are loaded on the
forwarder. For the fdling entrepreneur, afuel
adapted harvest will imply alittle lower
productivity, which the bioenergy company has
to compensaefor.

Then it is up to the bioenergy company to gather
and forward the residues to theroadside. Thisis
ether done by themselves or by an entrepreneur.
When the forwarder picks up the resdues by a
crang, it is of bigimportance that the content of
stones and gravel are kept low. Such
contamination will cause wear and/ or damage of
the crushing equipment later.

Forwarding can be made immediately after
harvesting the timber, or after ayear or even
later. A reason to wait isthat the materid dries
farly wel in the smdl hegps and another that
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the needles partly will fdl off. The latter is
desirable both for the nutrient stuation in the
forest and the combustion propertiesfor the
fud. It is not dways possible to wait until the
needles have fdlen off. In northern Sveden for
example, long distances of forestry roads are
ploughed only for the forest fdlling, and it would
be expensive to plough once again just for
fetching theresidues. It is off course dso
desirable for the bioenergy company to gain an
income from the residues as soon as possible,
instead of 2gtoring? it in the forest.

Theroadsdeis next possibility to storethe
materid. Hereit is commonly placed in bigger
hegps of 5m height, 5 m width and aslong as
necessary, and covered with strong waterproof
paper. Drying dso takes place in this stage of the
chain, though not so efficient asiin the smdl
hegps. The needles are dso fdling off, improving
the fud qudity, but in this case not the nutrient
situation in theforest. The issue of storing or get
the income as soon as possibleisthe samein
this stage, though here are two costs dready
taken instead of one.

In practise, these two are the actua storages
of biofud in the chain.

After the residues have been forwarded to
roadside, 3 different methods are used for the
further transport to the customer.

Method 1

Method oneis acommonly used method in
collecting forest residuesin Sveden. The chain
hasfour o cdled man steps and starts with
feling or thinning forest. Then you forward it to
the main road and transport it to the nearest
customer for refining and combustion.

This method has profitability when the distances
to the heat digtributor are between 0-60km and
the quantity of forest resduesis acceptable. It is
not possible for atruck to reach full weight with
not crushed forest residues, asthey are too
voluminous.

It is depending on that the customer has
equipment for crushing the fud. If the customer
have sufficient space and not have noise
restrictions, it is possible to gain avery efficient
crushing with high capacity driven on dectricity.

Method 2

Method number 2 is dso acommonly used
method in Swveden. This method hasits
difference from the first method when refining
theforest residues. I n this method the refining
takes place before the transport to the heat
distributor a atermina. When refining the
forest resdues before the transport, the
profitability of transporting the fud goes up to
100km instead of 60km.

This method is more expensive than the first
method at short distances, dueto that the
refining costs are higher. The crushing machines
must be smaller in order to be mobile, and are
using diesdl asfud. Thetrangport on the other
hand will be less costly, as atruck can reach the
maxima dlowed weight with chips. A
disadvantage with this solution isthat the
storability of chipped materid is lower than
unchipped, meaning that the system isless
flexible than the others.

Method 3

Method number threeis ardaively new method
in Swveden and isonly used in afew places a
present. This method uses the principle of
bundling the forest resduesinto large logs
which afterwards forwards to the main road for
transport to adistributor for refining and
combustion.

Bundling implies an extrarather costly moment
in the supply chain, but reduces the costsfor
other moments. Forwarding is for example more
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rationd if the residues are bundled. The same
machine and same gripper can be used asfor
forwarding timber, the loading and unloading is
faster and as the bundles are compact the loads
can be heavier. The efficiency of theroad
transports will be better compared to method 1
and equd to method 2. Nevertheless an
advantage is tha the same trucks can be used as
for timber transports, and it is possibleto store
the bundles anywhere in the chain.

A key factor for bundlesisthat the customers
are able to crush them. They demand abig
crusher tha will be noisy, and district hegting
plants are especidly in southern Sveden oftenly
located into or too closeto the cities.

Thismethod is il a the testing stadium but has
shown apostive effect in questions like the
drying process and trangport. But a present the
profitability of this method seemsto be
doubtable compared to method 1 and 2.

Transport

Thetrangport cost is of course depending on the
distance to the consumer, but commonly it isin
the same size as forwarding and crushing. A
Swedish study from 1998 [L nner et d] presents
following trangport costs:

Initia cost Codt per km

(SEK/ ton) (SEK/ ton)
Chips 25,2 0,58
Uncrushed 24,2 0,803
residues

Tadel, Trangat ads

For adistance of 50 km it implies 54,2 SEK/ ton
for chips and 64,35 SEK/ ton for uncrushed
residues.

There are continuous trids to reduce the
transport costs. Trucks can be equipped with
facilitiesfor compressing the residues, but in
practise this has not yet been successful. The
reason it that the residues do require strong
forces to be compressed, which will make the
equipment so heavy that the truck cannot load
so much more than without compressing.

A more common way to reduce the transport
costsisto use asystem with return freights.
There are of course not any return freight dl the

way out to theforest site, but to places rather
close, so the driving distance without load can be
minimised. I nstead of using specidised trucks
with compressors, such asystem will require
flexible trucks.

At the customer

At the customer, commonly adistrict heating
plant, measurement of the ddlivered fud tekes
place. Normally the truck passes ascde while
arriving and leaving the place, giving the weight
of the load. Then randomly samples of moisture
content istaken. If uncrushed forest resduesis
delivered, the moisture measurement is more
difficult. One way to decide the moisture
content istha experienced steff watch the
materid and make judgements. As backup,
samples can betaken after the materid is
crushed.

Then the energy content is cdculated, which will
be the base for find payment to dl participants
in the previous chain.

If the materid isnot crushed yet, crushing will
take place here. After crushing the storability of
the maerid decreases. Degradation sterts, and it
is advantageous to combust the fuel as soon as
possible. Mixing of different fuels accordingto a
arecipe® iscommon to do in theinlet bin to the
boiler.

Many digtrict heating plants are located closeto
the citys and settlements (they were built when
the fudl was oil or peat), and in such places
crushing will betoo noisy. A common solution
for thisisto have atermind outside the city, or
buy fudl that dready are crushed.

Commonly there are no bigger fuel Sorages at
the heating plants. They rather have control of
the arrivd of thetrucks, so they makether
ddiveriesin aregular way. Asthe fud demand is
depending of the temperaure, the trucks haveto
do morefrequent deliveriesin cold weather. For
the economy of the trangporter, it is harmful if
queues occurs while delivering.
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Beow isabrief description of two bioenergy
companies working in the mid Sveden area
They have different owner structures which have
influence of their acting.

The customers of biofud arethe district hegting
suppliersin theregion, and for refined materid
as pelet and briquettes dl from private
households to distant powder fudled heeting
plants.

The heating plants using unrefined fud (bark,
saw dugt, forest resdues, pest, wood chips) have
commonly rather detaled specifications of the
fue qudity, such as size distribution, moisture
content, ash content. It isimportant for the fud
supplier to follow these specifications and it is
commonly done by mixing different materids.
Mixes of bark and saw dust are for examplea
very common fud in district heating boilers.
Forest residues are dso oftenly mixed with for
example various parts of bark in order to control
the moisture content. The larger digtrict heeting
plants commonly buy the fuels separated and do
the mixing by themsdlves. Forest residues are
very sdldom used without any addition.

Astransport costs are an important part of the
economy in bioenergy trade, the biofuel
companies are very urgent to reducethis asfar
as possible. Thisis done by taking as heavy loads
as possible on the trucks, reduce the distance for
ddliveries, find return freights etc.

Bioenergy company 1

In the mid Sweden areg, thereis one dominating
forest company with an ownership of 2.6 million
hectares of forest. They deliver wood to their
own pulp mills and sawmills. Except from ther
own forest, they dso buy rightsto do find
cuttings from other forest owners. The industry
is not self-supplied by their own forestry, so
certain amounts of round wood is bought. Pulp
and paper products are their most profitable
segment.

The bioenergy businessis organised in a
daughter company, which is deding with the
waste products from both own saw mills and
pulp mills and other suppliers. The waste

productsis bark, saw dust, wood chips, but aso
theforest residues from own forestry aswell as
from others.

Thetotd ddivered fudlsin 2004 was about 3.7
TWh, of which 60% is sawdust and bark, 20% is
fue pellets, 8% wood chips, 8% forest resdues
and 4% s pedt.

The saw dust that are going to be pelletised, is
transported to any of their 4 pellet factories.
Together, their annud capacity is 300.000 tons.
The pdlet is ddivered in different ways, by sea
transport to distant customers, in the shape of
bulk directly by truck to private cusomers, and
in bagsto retalers. The pdlet isused in dl kind
of furnaces, from stovesto powder fuelled
district heeting boilers.

Ther customersfor unrefined fuds are mainly
district hegting plantsin the region in various
sizesfrom lessthan 1 MW up to severd 100
MW. Some of them, oftenly the smdler plants,
buy mixed fud, while the bigger customers
commonly does their own mixes.

Thereisdso an internd transfer of biomass, as
some of the pulp mills are not satisfied with its
own bark amount, or if they find it advantageous
to use of the bark anywhere dse.

Theforest resdues are gathered by their own
entrepreneurs, a sites from the mother company
forestry aswell as from others. They areusing dl
of the three methods mentioned earlier, though
bundling only on experimentd level. Which one
is depending on the customer and the transport
distance, customers who have own crushing
equipment buys uncrushed materid, while others
want dready crushed.

Asthe pulp products are the most beneficid
segment for this company, and they are not sdif-
supplied, they have an interest in keeping the
pricefor pulpwood low. Thereisareation
between the pulp wood price and the fud price,
and by keeping the supply of fud high, this
might act as apressure aso on the pulp wood
price.
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Bioenergy company 2
Bioenrgy company 2 isowned by aprivate
forest owners association and 6 private sawmills.

The business concept isto make use of the rest-
products from the sawmills and in recent years
aso forest resdues. In totd, the annud traded
amount is about 800 GWh, shared on bark,
forest residues and wood chips as biofud to
heeting plants, and sawdust as raw materid to
the chipboard industry.

They have atermind that is ableto treat
materid, which earlier has been an environ-
mentd problem, for example cleening materid
from the sawmills. Earlier it was taken to the
refuse tip, but today it can berevised into
biofud

Materid comesto the termind by lorry, is
weighed, qudity checked and registered. The
materid consists mainly of rest-products from
the sawmills, that is bark, spill and cleaning
materid, but aso rotten pulpwood of spruce are
part of the assortment, which is handled. The
raw maerid isrevised in thelines of the
establishment and the finished fue is mixed and
stored depending on the buyer's demands

In order to reduce the transport cods, avery
minute ddiverance plan is made between
ddivering sawvmills, stocks and the customer.

Forest residues do not passthetermind, but is
ddlivered directly to customers according to
method 1 or 2. According to the ownership,
forest residues are mostly taken from fdlings on
private owned forests. Thisimplies smdler
felling sitesin average. They are dso depending
on severd smdl forest owners different ways of
administrating their forest, which is complicating
the planning for the biocenergy company. On the
other hand, this company is acting purely
commercid, and only trying to satisfy the
demand with as good profit as possible.



Description of bioenergy trade in Mid Swveden
Prget: Bicsath

. H IDARW IRULP SGP HQ
VIMRQ RI 26 VRFN RIILFH

Demand and supply isthe two mgor conditions
for the design of astock office.

Demand

When doing the initid market survey, the
important issues are the annualy requested
amountsin the areawhere the stock officeis
supposed to operate, and the qudity eech
potentid customer is requesting.

It shall dso beincluded in the survey
goproximaely which price each customer are
ready to pay for the qudity they are requesting, if
they are prepared to pay ahigher pricefor a
better qudity and if they are prepared to buy a
lower qudity to alower price.

But there are dso other conditions that are of
interest, such as;

the distribution over the year ( how big is
the demand winter- respectively
summertime?)

The maximum demand (maxima day, week
and month)

A question is whether the stock office shdl have
the responsibility to have the capacity to ddliver
the max demand or if the customer shal have a
storage. If the stock office take that
responsibility they must have accessto a
transport system that are able to fulfil the
maximd demand deliveries, which can be
expensive because it means that the capacity is
unnecessarily big most of thetime.

The digance to the customers must be
investigated, as well asthe possibilitiesto return
freights.

Supply

Pardld to the demand, the supply must be
investigated. |mportant propertiesfor each raw
materid are:

10

Amount (how much is available & which
time)

gudity (isit good enough for the customer
or isthere need for refinement)

Price

Location (distance to customer or refining
Ste)

Refinement cost (estimation of the cost for
refining up to requested qudlity)

The raw materids can be ranked in the order
they shdl betaken into account., asin thefigure
below.

otal cost
SEK/MWh)

Amount
Mwh>

By thisway, it is possible to see how big
amountsthat can be traded by the stock office,
until the cost reechesthe leve the customers pay
for the fud. By multiplying the amount of each
fue with the difference between the cost and the
sdling price, the profitability for each fud is
ganed. Thetotd incomefor the stock officeis
cdculated by adding the different fuels to each
other.

Design

By comparing the supply and the demand, it is
possible to see the demand for refinement of the
fud. Theresult can be anything between no
refinement at dl and refinement into pdlets (if
not taking ethanol or gasification into account).
If thereisademand for refinement, the capacity
shdl be caculated. Examples of refining
activitiesare:

Crushing or shipping

Tearing (bark)

Removad of pollution ( ex. sand and stones)
Mixing

Drying

Compacting (pelletising/ briquetting)
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D epending on the capacity, but dso the
geographicd disgtribution of both theraw
materid and the customers, the refinement
equipment can be ether mobile or non mobile.
Non mobile machinery gives normdly lower
costs and can be driven by dectricity instead of
diesd.

A chipper gives commonly better size
distribution of the fud than crushing (i.eless
fines), but is much more sensitive for sand and
stones in the materid.

Organisation

The ownership of astock office can be ether
from the suppliers side, afree sanding company
or from the buyers side. The most common way
in Sveden isthat it isforest owners, saw mills
etc. (like the two companies describes earlier)
who take the initiative to creste avaue of their
resdues. If thereis ademand for morefue than
these can supply, free sanding companies
commonly fill up. They do not have access to
any own raw materid, but are therefore more
active in finding other sources for raw materid.
Findly, if the consumers of fud still don’t get
the volumes they are demanding, they have to
take the responsibility themsdves for producing
fud. It can dso be away to have impact of the
price level. An example of adistrict heating
company which produces fud for themsdf is
aENA Energi® in thetown of Enk ping. They
arerenting agriculturd land for growing short
rotation coppicein large scae.

11
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