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1 Resume pa dansk

Denne rapport erudarbejdet af Ea Energianalyse for Energistyretsan bag-
grundsmateriale for udarbejdelse hgsigtede fremskrivnirgy af breendsels-
priser til brug for samfundsgkonomiske analyser.

Der er udarbejdeprisfremskrivninger for fast biomasse (treepiller, treeflis og
halm) for perioden 2018 2050 med seerligt fokus pa perioden frem til 2035.
Priserne angivet i denne rapportadkortolkes som Cipriser ved en dansk
havn opgjort som faste priser (i 2012 EUR/GJ).

De er ikke tale om egentlige prisprognoser, men prisfremskrivninger. Hermed
menesmulige prisforlgbforudsaten raekke antagelser dgrudseetninger.

Forudsaetninger ognetodisk tilgang

Prisfremskrivningerne er for det farste baseret pa en antagelse af en regional

og global efterspgrgsel pa biomasse til energiformal som den er beskrevet |
WhSyg t2fA08Q AO0SYINASG L L9! Qa 22NIR
efterspagselsstruktur for 2020 og 2035 er fremskretieat fortsaette frem

mod 2050.

C2NJ RSG FyRSG F2NMzRandGdSa 5FyYEFENY i
for fast biomasseMed pristager menes, at sendringer i den danske efter-
spargsel ikke pavirker de glale priser. Denne antagelse ergrandeti Dan-
marksrelativt lave efterspgrgselsvolumen set i global skala.

For det tredje forudsaettes det, at delannes et effektivt marked faglobal
handel med fast biomasse i fremtiden

De konkrete prisfremskrivnirg hindeholder falgende hovedelementer:

1) Der simuleres en reekke langsigtede scenarggtanvendelse aQ Dt 2 1t
ot / KFy3S | &asaaMdlelen beredyieisen alad D/ | a
cepris i beregningsarene, ved i princippet at optimeet globale
langsigtede udbudg efterspgrgsel pa biomassdodellen indehol-
der en global database over arealanvendelse, og fremskriver udviklin-
gen i det globaleandbrug, skovbrugnarginaljorde, konverteringstek-
nologier samt efterspgrgsel efter skovprodukter, energi, fgdevarer fo-
der etc.

2) Der udveelges hereftatet scenarie sompa efterspargselssiden bedst
muligt kan sammenlignes madew Energy Policgcenariet World
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Varighed af den frem-
skrevne periode

Antagelser i rammerne
for GCAM modellering

Energy Outlook 201&cenarieoutput er i form af én samletisudvik-
ling pa et simuleret globalt marked fen ra utehandledebiomasse-
ressourceDennepris skal tolkes som alkav.

3) Herefter efterberegnes output for at emulere en CIF Danmark pris,
under antagelse om at Danmark er importlaidterbehandling er i
form af tilleeg for bearbejdning, samt lokal og internatibtransport.
Dette er bl.a. under antagelse om hvilke omrader der i fremtiden vil
fungere som eksportlande til Danmark.

Ovennaevnte modellering er under antagelse om, at den langsigtede lige-
vaegtspris er omkostningsbestemt, hvilket ventes at geelde forisaad trae-
piller. For halm anvendes derimod den antagelse, at halm til energiformal er
et mere besveerligt breendsehd flis, og pa den baggrund kan prisseettes med
udgangspunkt i flispriserBaseret pa historiske priser er det antaget, at halm
til energifomal i Danmark altid prisseettes.10 % under traefk, malt efter
energiindhold.

Baggrunden for valget &CAMer, at denne model regnes soem af de fo-

rende integreredenalysemodelled QLY G4 SINI 6 SR -84 88aV¥Sy
brugt til gkonomiske, teknogiske og samfundsmaessige analyafeilen glo-

bale arealanvendels&CAM blev lanceret i 1975 under navnet MiniCam (Mini
Climate Assessment Model) og er siden blevet brbgailL t t drb@jde.

Usikkerheder

| enlangsigtet prisfremskrivningr dernaturligvis betydeligeisikkerhedeii
valg afforudseetninger og antagelsaxogle af de vigtigste usikkerheder for-
bundet med dette studie er fremhaeveedenfor.

Varigheden af den fremskrevne periode, knapa#Oappelleretil forsigtig-
hed.Her kan saerlig naevnes forudseetninger global arealanvendels&pn-
kurrerende efterspgrgsel pa biomasse (fgdevarer, foder etc.) samighe-
derne for gget udbytte.

Som et hvert andet rammevaef&r modellering simplificerer GCAM virke-

ligheden, og antagelserne bag modelleringen kan flmetgdeligindflydelse

pa resultaterne. For det farste opererer GCAM i dens ligevaegtsberegninger

YSR Fyidl3StasSy 2Y RS{G QLIS NF SeligheSeny | NJ S
Ligeleas er der ikke modelleretubsidier Dog ereffekten af subsidide-

stemt efterspgrgsel indirekte er repraesenteret gennem modeltilpasning med
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WEO 2012 efterspgrgselsfremskrivninger). Der er ligeledes gjort antagelse om
et enkelt globalt mmassemarkedog et homogent biomasseprodukt.

Endelig modellerer den nuvaerende implementerede version af GCAM (GCAM
DTU) ikke specifikt omkostninger forbundet med aendringer i arealanvendel-
sen. Dette betyder at barrierer for eendretarealanvendelssandsyligvis un-
dervurderes. (Konsekvensen heraf vurderes ittaig at have signifikant betyd-
ning for det centrale scenario der anvendes i dette studie, Regional Policy sce-
nariet).

Estimering af danske CIF Der er i det ovenfor naevnte trin @nder den mebdiske tilgang gjort en raekke

priser antagelserSeerlig opmeerksomhed bgar rettes mod antagelser omkuihgk-
ling itransportafstand odhandteringsomkostninger, herunder ved fremstilling
af treepiller, dadisse parametre pavirker CIF prisemarkant.

Beerdygtighd Der er enighed om, at den biomasse der kan anvendes til energiformal skal
veere baeredygtig biomasse. Der er dog ikke bred enighed om hvordan dette
preecist defineres og hvad det vil betyder for det globale udbud. Emner med
seerlig betydning i denne forbintée er biodiversitet samEQ pavirkning fra
direkte og indirekte sendringer i arealanvendels&®t er det vigtigt at poin-
tere, atenegentligundersggelse af baeredygtigheden af fast biomasse ikke er
fokus for denne analyse

Formalet med denne rapport @t fremlaegge langsigtedeiomasse prisscena-
rier, under hensyn tibseredygtighedsspgargsnsdl | denne sammenhaeng er
det oplagt, at restriktioner pa udbudssidéeks.som falge af beeredygtig-
hedskriterier,vil pavirke prisen opad. Da der er usikkerhed cefirdtionen af
baeredygtig biomasse, er dsterdelesranskeligt at kvantificere effekten.

Det er dog vores vurdering, at fremtidige baeredygtighedskriteskaivaere
saerdeles restriktive og i betydeligt omfang sendre rammerne for skovdrift og
landbrug,hvis de skal pavirkprisfremskrivningemarkant.
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Samfundsgkonomiske prisfremskrivninger for biomassebraendsler

2013¢ 2050 (CIF dansk havn)

Nedenstaende tabel viser de danske CIF priser for halm, treeflis og treepiller for
tre forskellige scenarier. Bemaevknligst, at priserne for lokalt anvendte
halm- og treeflisressourcer kan ligge under CIF niveau. Halm antages at veere
et lokalt breendsel gennem hele perioden med priser bestemt af priserne pa

lokal treeflis (se diskussionen efter tabellen).

Euro/GJ
Year
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2040
2045
2050

Lav

50
50
50
50
51
51
51
51
52
52
52
52
52
53
53
53
53
53
53
53
53
53
53
53
53
53
53

Halm
Med
55
55
55
5,6
5,6
5,7
5,7
5,8
58
59
6,0
6,0
6,1
6,1
6,2
6,2
6,3
6,4
6,4
6,5
6,5
6,6
6,6
6,7
6,9
7,1
7,4

Hgj
59
6,0
6,0
6,1
6,2
6,2
6,3
6,3
6,4
6,4
6,5
6,6
6,7
6,8
6,9
7,0
71
7,1
7,2
7,3
74
7,5
7,6
7,7
8,2
8,6
91

Lav
5,6
5,6
5,6
5,6
5,6
5,7
57
5,7
57
5,8
5,8
5,8
5,8
5,9
59
5,9
59
59
59
59
59
59
59
59
59
59
59

Treeflis
Med Hoj
6,1 6,6
6,1 6,6
6,1 6,7
6,2 6,8
6,2 6,9
6,3 6,9
6,4 7,0
6,4 7,0
6,5 71
6,6 7,2
6,6 7,2
6,7 7,3
6,7 74
6,8 7,5
6,9 7,6
6,9 7,7
7,0 7.8
71 7,9
71 8,0
7.2 8,1
7.2 8,2
7,3 8,3
7.3 84
7.4 8,5
7,6 91
7,9 9,6
8,2 10,2

Lav
7,6
7,6
7,6
7,6
7,6
7,6
7,6
7,6
7,7
7,7
7,7
7,7
7,7
7,7
7,7
7,7
7,7
7,7
7,7
7,7
7,7
7,7
7,7
7,7
7,7
7,7
7,7

Treepiller
Med
8,3
8,3
8,3
8,4
8,4
8,4
8,5
8,5
8,5
8,6
8,6
8,6
8,7
8,7
8,7
8,8
8,8
8,9
8,9
8,9
9,0
9,0
9,0
91
9,2
9,4
9,6

Haj
8,8
8,8
8,9
8,9
8,9
9,0
9,0
9,0
9,0
9,1
91
9,2
9,2
9,2
9,3
94
9,4
9,5
9,5
9,6
9,7
9,7
9,8
9,9
10,2
10,6
110

Tabell: Fremskrevne biomassepriser CIF Dakrte givned OSy | NA SNJ 6 € Kk DWO @

Til trods for at nogle aktgrer har indikeret, at handel med traeflis vil vedblive at
veere et regionalt marked og ikke handles internationalt, er dette dog ikke til-

feeldet i dag, eftersom treeflis er blevet handlet internationalt gennem gean
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ar ¢ primeert til brug i papirindustrienOver de seneste ar er treeflis til energi-
formal imidlertid ogsa set importeret til Europa fra Afrika (ogsa til Danmark),
0g europeaeiske energiproducenter er begyndt at undersgge mulighederne for
at importere storemeengder af traeflisrh Nordamerika.

Brug af lokale ressourcer P& den anden side er det ikke realistisk at de danske CIF priser for treeflis og
halm praecist kan reflektere leveringsomkostningerne for treeflis eller halm til
et decentralt veerk i Danmark, sdnar adgang tilokale ressourced.denne
sammenhaeng fungerer de ovenfor listede priser som et prisloft, men det er
sandsynligt at de sammenlagte omkostninger til kab af lokal ressource + trans-
port til veerk vil veere ladl5 Sy R Q/ L C bDetiathifales deffoNI Q  LIN
at der anvendes en saerskilt prisseetningsmetode til at beregnerpador lo-
kalt halm og treeflis.

Opsummering af prisfremskrivninger pa fast biomasse

| sammenhaeng med dette studies egen analyse af prisfremskrivninger, er der
ogsa bleveforetaget et revew af andre prisfremskrivningefabel2 og Tabel

3 herunder opsummerer nggletallene for prisestimater for treepiller og treeflis
fra central studier konverteret til en feelles enhed (EUR/fér at lette sam-
menligningenBemaerk venligst, at der er betydelige forskelligheder i form af
fokus og formal for de forskellige studier, hvorfor en sammenligning af de op-
summerede priser bar foretages med forsigtighed og med hensyn til de anta-
gelser ogspecifikke forhold, der liggeil grund for de enkelte studier.
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Prisvurde-
ring 2015 2020 2030 2050 Kommentarer

kilde

Treepillepriser, EUR/GJ

Sveaskog 6,98 to 55to Importerede pil-
8,05 6,71 ler
Hait pille efter-
Poyry 7,79 spgrgsels scena-
ro
Biomass Fu- Lilleskala.traebio-
tures - PRI- 15,30 | 19,46 | 20,13 | Masse:primer
piller. Reference
MES scenario
Industrielle tree-
DEA 2011 9,66 9,93 10,74 .
piller
IEA Task 40 8,19 ENDEX piller
UK varme sektor
E4tech 12,89 bulk-piller, lokal
oprindeke
UK varmesektor,
E4tech 13,96 bulk-piller, im-
porterede
AEA 13,96 15,17 15,17 Bulkpiller
Neervee- CIF priser ved
rende studie 8,4 8,5 8,9 9,6 | danskhavn
DEA 2013

Tabel2: Opsummering af resultater fra centrale treepille fremskrivningsstudier, EUR/GJ
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Prisvurdering

kilde

Sveaskog

Sveaskog

DEA 2011

E4tech

E4tech

AEA

2010

3,89 to
6,17

6,44 to
7,52

6,98

2015

Wood chip price, EUR/GJ

6,58

2020

2,82 to
4,97

6,17 to
7,52

6,98

8,19

11,68

6,98

2030

7,79

6,98

Kommentarer

Treeflis fra lokale
energiafgrader
Treeflis fra skandi-
naviske skowviug
(resttree)

UK varmesektqr
UKener-
giafgrader
UKvarmesektor
importeret bio-
mase

Industriel treeflis,
centraltscenario

Tabel3: Opsummering af resultater fra centrale treeflis prisfremskrivningsstudier, EUR/GJ

11| Analysis of biomagsrices ¥ dzii dzZNB 51 y A & K

-18-06-2013

LINK OS &

F2NJ &GN 63

g2 2R

(



2 Executive Summary

This study, carried out by Ea Energy Analylsas been commissioned by the

Danish Energy AgendggEnergy Analysas 59! 0 YR A& LI NI
odic publishing of long term projections of fuel pricies socio economic anal-

yses.

The key deliverables of this study are price projections for solid biomass fuels
(wood pellets, wood chips and stravey the period of 2013, 2050, with par-
ticular focus on the period until 2035. The prices hereby listamlild be inter-
preted asCIF prices at a Danish port denoted in real term&@it2EUR/GJ).

The socieeconomic fuel price projections set forth by tBEA are to be used,
among other things, in planning and economic evaluations of prospective pro-
jects in the Danish energy industry.

The solid biomass fuel price projections hereby set forth should not be re-
garded as forecasts; rather, as a possible dgyakent path of the respective
prices provided fulfilment of a certain set of assumptions andganeditions.

Assumptions and approach

The basis of the projection,ifirstly,an assumption of a regional and global
demand for biomass for energy as descriliethe New Policy scenario in the
IEA publication Worl&nergyOutlook 2012. This demand structure for 2020
and 2035 is projected to continue towards 2050.

Secondlf 5SYYI N] A& I &&EIdIYSNROoba yoid tdtrhss I¥ LINR
fuel market, withWrice-G I { SN Ay { KA &haagss/iBa®ishY S| y Ay
demanddo not affect theglobal prices. This assumption is based on Den-

Y I NJel&xigely small demand volumes on a global scale.

Thirdly,it is expected that global trade in solid biomass fueilsintensify in
the future, meaning, among other things, more liquidity in the market and
more competitive pricesetting.

For these reasons the price estimation apgch deployed in this study is
comprised of the following primary elements:

1) Global longerm biomass supply and demand dynamics are modelled
using the Global Change Assessment Model (GCAMg model de-
rives a global energy biomass price for the modkllears, in prioiple
by finding an equilibrium price between global letegm supply ad
demand for bionass. The model includes a global database of land

12 | Analysis of biomagwices ¥ dzi dzZNB 5F yAaK LINAOS& F2NJ AN} gz $22R (
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Duration of
projectionperiod

use, and projects developments in global agriculture, forestry, land
use, conversion technologiess well asiemand for forest products,
energy, food, feed, etc.

2) Thereafter the scenarioiglding a global biomass energy demand that
most closely resembles that from thorld EnergyOutlook2012
New Energy Policies pathwiyselected. The scenariotput is in he
form of a price path development foramulatedglobal market for an

unrefined biomass resource price thashodzf R 6 S Ay i S NLINES

F2NBad Qo

3) This price is thefurther adjusted and processdd emulate a CIF
Denmark pricainder the assumptiothat Denmark ia biomassm-
porting country. This adjustment incorporates cosissociated with
the treatment, processing and local and international transport of the
biomass, and reflects assumptions relatedhose regions that are
expected to export to Denmark in the future.

The above modelling imdertaken giverthe assumptiorthat the longterm
equilibrium price is costelated, which is expected toe the case fowood

chips and wood pellets. For straw, however, the assumption that straw for en-
ergy purposes is a more troublesome fuel than waodpplied On that basis
straw as starting point can be priced in accordamgth wood chip prices, but
always somewhat loweBased on historical prices, it is assumed that straw

for energy purposes in Denmavkll be pricedroughly10% lesghanwood

chips, as measured by energy camtte

The rationale for using the CAMmodelisthat it isone of the premier inte-
grated assessment models (IAMs) used for economic, technological, and pol-
icy analysisGCAMbegan in 1975 under the name MiniCAM (Mini Climate As-
sessment Model), and has singeen used irthe Intergovernmental Panel on
Climate Change @PCCpngoing work.

Uncertainties

In undertaking such an analysis, there is always a great deal of uncertainty re-
lated to the assumptions taken, models chosen, scenarios utilised, etc. Some
of the most relevanuncertaintiesrelating tothis study are highlighted below.

The projection period itseJfalmost 40 years, calls foaution, especially when
taking uncertainties about global land use, competing demdodbiomass
and prospects of yield increases into account.

13| Analysis of biomagwices ¥ dzi dzZNB 5F yAaK LINAOS&E F2NJ adN}gz g22R
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Assumptions in GCAM
modelling framework

Danish CIF price
estimation

Effect of sustainability
on prices

As any modelling framework, GCAM simplifies reality, and the assumptions
made can have significant impact on the resufisst of all, GCAM operates

underthel a & dzYLJGA2Y 2F WLISNFSOOG YINJSGaQ A

which is not the case in realitfhere are also no subsidies model{#tbugh
subsidyinduced demand effects are indirectly represented through model
alignment with WEO 2012 demand pegotions).

Lastly, the current version of GCAM deployed, GDANY, does not specifi-
cally model costs associated with land use change, making land use shifts
more drastic than could be expected in realijoweverthis does not appear
to have significanimpact on the central scenario employed in the study, the
Regional Policy scenario.

A number of assumptions have been madéhi@ above mentionedtep 3,

and the accuracy of the price projections are subject to the mateatadin of

the said assumptions. Particular attention should be paid to the assumptions
regardingtransportation distance and po@ssingcostsas variations in these
parameters significantly affect the final CIF prices.

Thee is general agreement that biomass to be used for energy purposes
should be sustainableHowever, there igiot yet a general consensus on how
this isprecisely definedand what it means for the globalipply Topics of
particuar importance in this caext arebiodiversity andhe CQ impactfrom
direct and indirect land use change. $timportant to state that ahorough in-
vestigation of solid biomasaistainabilityis not the focus of this analysis

The authors of this report have been taskedhwdteveloping a methodology

for estimating future biomass price scenarios, taking sustainability issues into
account. In this contextt is obvious that restrictions on the supply side, for
example as a mlt of sustainability criteriayill result in a pice increase

With the uncertaintyregardingthe definition ofwhat constitutessustainable
biomass, it is exemely difficult to quantify thigffect.

However, it is our evaluation that any restrictions on the production or sale of
international biomas brought about by the implementation of sustainability
criteria would have to be quite excessive in order to influence biomass prices
in a significant fashion.
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Socieeconomic price projections for biomass fuels 204 2050(CIF
Danish port)
The followng table displays the CIF Denmark prices for straw, wood chips and
wood pellets under 3 different scenarioPlease note thain the case ofo-

callyused stranwand wood chigresources the pricesanbe below Clprices

Straw is assumed to be a locaéfthroughout the period, with prices set by
the price oflocalwood chipqsee discussion below).

Euro/GJ
Year
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2040
2045
2050

Low

5.0
5.0
5.0
5.0
5.1
5.1
5.1
5.1
5.2
5.2
5.2
5.2
5.2
5.3
5.3
5.3
5.3
5.3
5.3
5.3
5.3
5.3
5.3
5.3
5.3
5.3
5.3

Straw
Med
55
5.3
55
5.6
5.6
5.7
5.7
5.8
5.8
5.9
6.0
6.0
6.1
6.1
6.2
6.2
6.3
6.4
6.4
6.5
6.5
6.6
6.6
6.7
6.9
7.1
7.4

High
5.9
6.0
6.0
6.1
6.2
6.2
6.3
6.3
6.4
6.4
6.5
6.6
6.7
6.8
6.9
7.0
7.1
7.1
7.2
7.3
7.4
7.5
7.6
7.7
8.2
8.6
9.1

Wood Chips
Low Med High
5.6 6.1 6.6
5.6 6.1 6.6
5.6 6.1 6.7
5.6 6.2 6.8
5.6 6.2 6.9
5.7 6.3 6.9
5.7 6.4 7.0
5.7 6.4 7.0
5.7 6.5 7.1
5.8 6.6 7.2
5.8 6.6 7.2
5.8 6.7 7.3
5.8 6.7 7.4
5.9 6.8 7.5
5.9 6.9 7.6
5.9 6.9 7.7
5.9 7.0 7.8
5.9 7.1 7.9
5.9 7.1 8.0
5.9 7.2 8.1
5.9 7.2 8.2
5.9 7.3 8.3
5.9 7.3 8.4
5.9 7.4 8.5
5.9 7.6 9.1
5.9 7.9 9.6
5.9 8.2 10.2

Wood Pellets
Low Med High
7.6 8.3 8.8
7.6 8.3 8.8
7.6 8.3 8.9
7.6 8.4 8.9
7.6 8.4 8.9
7.6 8.4 9.0
7.6 8.5 9.0
7.6 85 9.0
7.7 8.5 9.0
7.7 8.6 9.1
7.7 8.6 9.1
7.7 8.6 9.2
7.7 8.7 9.2
7.7 8.7 9.2
7.7 8.7 9.3
7.7 8.8 9.4
7.7 8.8 9.4
7.7 8.9 9.5
7.7 8.9 9.5
7.7 8.9 9.6
7.7 9.0 9.7
7.7 9.0 9.7
7.7 9.0 9.8
7.7 9.1 9.9
7.7 9.2 10.2
7.7 9.4 10.6
7.7 9.6 11.0

Table4: Projeced biomass prices CIF Denmargiiren three scenarios (k 0 W

While some actorbave indicated that wood chips will continue to be a re-
gional marketandnot be traded internationally His is however not the case
today, as wood chips have been traded internationatlyiumerous yearsa(-
beit primarily for ug in the pulp and paper indusixyMore recently, wood
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Use of local resources

chips for energy purposes have also been imported to Europe from Africa (in-
cluding to Denmark), and European utilities are starting to investigate the pos-
sibility of importing large amounts of wood gisifrom North America.

On the other handthe CIF Denmark price for wood chigosd straw is not

likely to adequately reflect the delivered cost of wood chips or straw at a de-
centralised inland power plant in Denmark that has acte$scal resources.

In this regard, the above prices, plus a transport cost, would act as price cap,

odzi AdG A& ftA1Ste GKIFG F G201t Wt 20! f

fSaa G(KIy (GKS W/ LC b GN}yaLReNh@ 02500

ternative pricing approache utilised to calculate a local straw and wood chip
price.

Summary of solid biomass future prigarojections

In conjunction withthe price projection analysis presented in this reparte-

view of other projectiors wasundertaken.Table5 and Table6 below summa-

rise key price estimates for wood pellets and wood chips from prior studies re-
spectivelyconverted to a common unit (EURJ) for ease of comparison.

Please notehat there are substantial differences in terms of the scope and
purpose of each of the studies reviewed, henoeparison of the values
summarigd should be done with caution and with reference to the key as-
sumptions and specifications of each respectitualy.
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Price
estimate 2015 2020 2030 2050 Comments

source

Wood pellet price, EURSJ

6.98 to 55to
Sveaskog Imported pellets
8.05 6.71
.. High pellet de-
Poyry 779 mand scenario
Smaliscale
Biomass Fu- woodybiomass:
tures- 15.30 19.46 | 20.13 | mainly pellets.
PRIMES Reference sce-
nario
Industrial wood
DEA 2011 9.66 9.93 10.74
pellets
IEA Task 40 8.19 ENDEX pellets
UK heat sector,
E4tech 12.89 bulk pellets, local
origin
UK heat sector,
E4tech 13.96 bulk pellets, im-
ported
AEA 13.96 15.17 15.17 Bulk wood pellets
CURRENT CIF prices at Dan
STUDY 8.4 8.5 8.9 9.6 ish port
DEA 2013

Table5: Summary of key wood pelletipe projectionsstudy results, EURJ
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Price
estimate
source

Sveaskog

Sveaskog

DEA 2011

E4tech

E4tech

AEA

3.89to
6.17

6.44 to
7.52

6.98

2015 2020 2030 2050 Comments

Wood chip priceEURGJ
Wood chips from

28210 local ener
4.97 ay
crops
6.17 to Uiz dlifjgs
Scandinavian for-
7.52

est residues
6.58 6.98 7.79
UK heat sector,
UKenergy crops
UK heat sector,
11.68 imported bio-
mass

Industrial wood
6.98 6.98 chips, Central
scenario

8.19

Table6: Summary of key wood chip geprojectionstudy resultsEURGJ
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3 Global biomass overview

This chaptempresentsan overview of global biomass production and main uti-
lisation streams

3.1 Global land use and biomass production

The total surface of the planet earth is approximately &@ilion km?, or 50
billion ha(Gha) With land areabeing29%of the total surfacelandsums to
145 GhaWhen ice sheets are deductelderesultinglandarearepresentsl3
Gha(The Geological Society of America n.d.)

In Figurel the distribution of this land between the major global regions and

the way it was being used in 2009 is shown. Overall, approximately 10%
(1.5Gha) was dedicated to producing arable crops, over 25% (3.5Gha) was
used for pasture (to produce meat, milk and wool), and 30% was forestry
(4Gha). The remaining ~30% (4Gha) is a broad category that includes all other
uses, including barren land and builb areas(Slade, et al. 2011)

Global land area: ~13Gha Country areas
(on same scale)
North South
Asia Africa Europe  America America Oceania

-
Q
o

90
80
70
China (960Mha)
60

50
40

India (328Mha)
30

France (54Mha)

Land use in each region: % of regional area

Germany (35Mha)

0 20 40 60 80 100

Major global regions: % of total area UK (24Mha)
(inset figure: Mha)

. Arable

Figurel: The global distribution of land by region and uSeurce(Slade, et al. 2011)

Other
(Total: 4Gha)

The figure draws a picture where human life has a substantial influence on
global land use. Basically all arable laand to some extent also pasture and
forestry isaffected byhuman activities.
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The Net Primary Production (NPP) is a term expressing the production of plant
material based on the photosynthesis process. Different sources estimate a
global NPP from lanbiomass to be around 55 Gton Carbon/yé48 GT¢ 69

GT in the table below)Vith 45% carborontentin biomass ané lower heat-

ing value ofL8 GJ/ton biomass the calorific value of the gldkalestrial

above groundNPP is 200 EJ/year.

Biomass Global NPP(PG C yi)

Tropical forest 16.0c23.1
Temperate forest 4.6¢9.1
Boreal forest 2.6¢4.6
Tropical savannah and grasslands 14.%¢19.2
Temperate grasslands astirub lands 3.4¢7.0
Deserts 0.5¢3.5
Tundra 0.5¢1.0
Croplands 4.1¢8.0
TOTAL 48.0¢69.0

TaHe 7: Estimates of Global NPP, BasedCtmistopheM. Gough, Virginia Commonwealth Uni-
versity) © 2012 Nature Education

Since thel970s there have been concernsicedabout the human use of
NPP Based on data frolRAOSTAAand other sourcesthe annual human har-
vest of global biomass can be approximassdshowrbelow.

Biomass EJ
Global cereals 40
Crop residues 60
Pasture 75
Roundwood + energy 25
Forest residues 20
TOTAL 220

Table8: Estimateof global human harvet of biomass (Own evaluation based on FAOSTAT and
other sources).

The table shows that the total human inflicted harvest of biomass for all pur-
poses is approximately 10% of terrestrial NFIBwever, according tagen-

eral definition of theterm Human Appropriated Net Primary Production
(HANPP) the percentage is somewhat larger, 20986. By this definition
HANPP measures the combined effecalbhumanland use inducedhanges

in NPP(Erb, et al. 2009)
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3.2 Agriculture and forestry

World average per capitidod available for direct consumption (aftalowing
for waste, aninatfeed and noAfood useswas2,770Kcal/day (1156
MJ/per/day)(Alexandratos og Bruinsma 201¥Yith 7 billionpeople on the
planet, the direct food consumptioseems to equah 2 y 29.6 EJ/year

2005/07 2050

Population Mio. 6,584 9,306
Cereals, food Kg/capita 158 160
Cereals, all uses Kg/capita 314 330
Meat, food Kg/capita 387 494
Oilcrops, food Kg/capia 121 16.2
Oilcrops all uses Kg/capita 219 305
Cereals production  Mio. tonnes 2,068 3,009
Meat production Mio. tonnes 258 455
Cereals yield Tonnes/ha 3.32 43
Arable land Mio. ha 1,592 1,661

Table9: Development of key viebles towards 205QAlexandratos og Bruinsma 2012)

Table9 shows that the average human diet consists of 18% meaweight
basis. The annual global production of fishoisghly145million tonnes(not
included in the table)with 85% used for direct food purpos&ased on these
figures, he average human diefan be calculated to consist approximately
23% meatandfish.

The tablealso shows that FAO projects average cereal yields toaeevdth
more than 40% over the period, corresponding t6% p.a. Totalerealspro-
duction will growby 45% and meat production by 76% over the period.

With the simple assumption that 1 energy unit of meat demands 10 energy
units of biomass, the NPPlua ofthe cereals oilseedsand meatproduction

is 65 EJ in 2005/07 and 106 EJ in 2050. When including residues left in the
field and wastes, this figure could probably be doubled to 130 EJ in 2005/07
and above 200 EJ in 2050. These assumptions yieldagmopliance with the
figures inTable8.

In the publication Agricultural outlook 2022021, OECIBAO has analysed,
among other things, price drivers and price trends for agricultural products.
The figure below shows that cerease expected to experience a very moder-
ate growth in prices in spite of growing demand. Note that growth is shown in
nominal terms.
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Figure2: Price trends in nominal termtewards 2021. Sourc®@ ECEFAO, Agricultural Outlook
20122021

Forestry

According to FAO and other sourc&sests coved billion hectares of land,
more than 30% of total global land ase(excludingpermanentice covered
land). Primary forestg forests of native species in which there are no clearly
visiblesigns ofpast or present human activityare estimated to occupy 36

per centof the total forest area. Other naturally regenerated forests make up
some 57 pecent, while planted forests account for an estimated 7 pent,

of the total forest area(Global Forest Resourcse Assessment 2010)

The rate of deforestation shows signs of decreasing. Around 13 million hec-
tares of forest were converted to other usesargely agriculture; or lost

through natural causes each yeattlire last decade. Both Brazil and Indone-

sia, which had the highest net loss of forest in the 1990s, have significantly re-
duced their rate of losAfforestation and natural expansion of forests in

some countries haveontributed toreduced net loss of forésrea at the

global levelThe net change in forest area in therjpel 200%;2010 is esti-

mated at5.2 million hectareper year(0.13% of total forest areajGlobal

Forest Resourcse Assessment 2010)
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Figure3 showsthe global production of forestry products in tHire main re-
gions in the worldn 2011. The production is split into wood for energy and
wood for industriapurposeg(Faostat n.d.)
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Figure3: Production of forestry products 20fdww.faostat.fao.org

In the figure below the production from forestry is converted to energy units
(EJ). The total production has been quite &atver the past 10 years with a
decline in output for industrial purposes as a consequence of the financial cri-
sis in 2008. The decline was mainly observed in America.

30
25
i B
EJ15 I B Other
I B Energy
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Figure4: Global forestry outpu2001-2011 (vww.faostat.fao.org.
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Global bioenergy usage

4 Biomass for energy

The following chapter willeview biomass used for energy, presenting the dif-
ferent types of biomass fuels and their key characteris#iosoverview of
standardigtion and sustainabilitissueawill be given, as well as a review of
solid biomass markets.

According to the 2012 World Energy Outlook, global bioenergy usage was
roughly 53 EJ in 201@ith nearly 60% being classified as traditional biomass
(IEA 2012) Bioenergy usage according to sectori@tlisplayed irfrigures.

m Traditional biomass
® Industry

m Power

m Transport

m Buildings

m Other

Figure5: Global bioenergy usage by sector and for traditional usag¢/24)202)

Traditional biomasdemandis primarilyfrom developing countriesand in-
volves rather inefficient usage fornfey exampledirect meal preparation and
heating. Meanwhile,bioenergyusagein OECD countridsto a larger extent
attributed to power pants, industry, and transparPerhaps it is not surprising
then that o the 53 B of global bioenergy, only 11 GJ were utilised in OECD
countries, while the rest was utilised in n@ECD countries. This is reflected
in Figure6 where the global dispersion according to selectegions/ coun-
tries (EJ) is displayed.
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Figure6: Global bioenergy usage for selected countries/regiong|E92012)

Bioenergy types Bioenergycanlargely be broken down into:

Solid biomass from forestry
Sold biomass from agriculture
Liquid biomass

Traditional biomass

Biomass portion of MSW

= =4 4 -4

The task of this study is to provide future prim®jections for wood pellets,
wood chips, and straw, and asch the primary focus is on woody biomass
and straw. Woody biomass and straw céwowever not be seen in isolation,
andtherefore themodel used will also factdhe other forms of biomass into
account.

Wood Pellets

The global demand for wood pelletdasgely dominated by the EU, while pro-
duction of wood pellets is concentrated in both North America and Europe.
Figure7 below displays the individual country production and consumption of
wood pellets for 2010.
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Figure7: Individual country 2010 wood pellet production and consumgt@mtchi, et al. 2011)

Wood chips

The global demand for wood chips for enepgyposes is currentlgrimarily
usead in smallerdecentralisecheatand electricity plants, however large dedi-
catedplants that utilise wood chips are becoming a viable alternaive sev-
eral plants are in the planning or construction stage in the Nordic countries

Straw

Denmark is one of the very few countries that sk a substantial amount of
straw for energy purposes. Annual usage varies, but in 2011 the figure was
just under 20 PJ. With a heating value of 14.5 GJ/tonne, this corresponds to a
little less than 1.4 million tonnes of straw.

4.1 Biomass trade

Relative toother commodities the volumes of lorAtjstance biomass trade for
non-food purposes have traditionally been quite limited, with the major im-
porters being Japan (wood chips for use in pulp and paper), and the EU for use
in pulp and paper, but also, to a growg extent, for energy purposes (primar-

ily wood pellets, but also some wood chips).
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Figure8: 2011 Biomass trade flowfArgus 2012)PKS = Palm kernel shells

The above figure displays some of the migjtwbal flows of biomass in 2011
many of which are expected to grow in the upcoming years.

Trade in Wood pellets

While still quite limited relative to other commodities, the international trade
in wood pellets is increasing, and whiligure8 gave a picture of the general
global biomass flowssigure9 below gives more detailed figures for interna-
tional wood pellet trade alone.
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Figure9: Global Wood pellet flows for 2011 ktonnegPelkmans, et al. 2013)

As can be seen from the previous figure, the EU is the primary destination for
the vast majority of international wood pellet trade. The major pellet demand
destinations within the EU are B@im, Denmark, Italy, the Netherlands, the
UK, and Sweden.
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Global

Trade in wood chips

While international trade of wood chips for use in the pulp and paper industry
has been orgoing for some time, trade in wood chips for energy purposes has
until recertly been quite limited as it was regarded as more of a local re-

source.

In June of 201ZEABIoenergy TaskO released @ublicationon the global
trade inwood chips, and the tablieelow displays its figures for production,
import and exportLamers, et al. 2012l is estimatedhat approx.10%of
the annual trade ofvood chipds designatedor energy purposewhile the
remainingtrade is primarily for paper andoulp production The study indi-

cates thattrade with wood chipsfor energypurposesprimarily involves Euro-

pean countries

Country Production

Canada 20,725
Australia 4,968
Sweden 4,263
South Africa 3,561
China 3,536
Chle 2,293
Russia 2,035
Brazil 1921
USA 1,650
Finland 1,596
Japan 1,556
Austria 964
Germany 860
Latvia 783
Thailand 572
Uruguay 315
Turkey 234
Italy 116
South Korea -
Norway -
Other 7,429
World 59,374

Data inconsistency

Import
1,312
1
1,345

2,766

2

57
1,908
10,478
1,007
395

7

6
1,542
691
741
619
3,429
26,305
1,111

Export

443
4,759
293
2,122
7
3,695
1,377
1,025
2,849
227
166
1,278
1,449
1,253
860

9

77
3,307
25194

Table10: 2009 Wood chip production, import, and export (1,000 ton(iesners, et al. 2012)

The largestvood chip-producing countriesn 2009were Canadg37%),Aus-
tralia (8%),Sweden7%),Russig6%),Chinaand Finland(each5%) All of
thesecountriesare alsoproducers ofpulp and paperas islapanwhichwas
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by far the largesimporter ofwood chipsn 2009.Thereis currentlya clear
trend in the paper industryo moveproductionfrom the northern to south-
ern hemisphereAs a result, in the future it is expected that wood chips for
the paper industry will increasingly come fré@outh Americge.g.Brazi) and
Southeast Asiée.g.Vietnam) (Lamers, et al. 2012)

Within Europet is possible talistinguishbetweentwo markets forwood
chips The firstis comprised othe countriesborderingthe Baltic Seavhere
Denmarkand Swedenand to a certairextent, Finlandand Germany have
beenthe main importers ofvood chips primarily from the Baltic States and
RussiaThe second markes concentrated aroundtaly, whichimportsfrom
neighbouringcountries particularlythe Balkancountries(Lamers, et al. 2012)

In recentyearsthere hasbeen a1 increasdn the Europearrade ofwood

chips Insteadof usinglocally producedvood chips, the Scandinavian coun-
tries haveincreasinglymportedwood chipsrom the Baltic States and Russia
Another more recenmanifestation has been the impoof wood chipsacross
the Atlanticfrom North Americaand South America, as well &&s:m West Af-
rica toEurope.

Trade in straw and other agricultural residues

Today straw is primarily a local or national resource, and has not traditionally
been transportedong distances for energy purposes. Meanwhile, some agri-
cultural residues are already transported long distances today for use in the
energy sector, for example palm kernel shells.

Relative to woody biomass it is more difficult for most power plants tigsat
agricultural residues, and therefore the total raw material input cost +
transport cost of straw or other input will have to be lower than the equiva-
lent cost for woody biomass. If this is the case, then there is a substantial
global potential that ould eventually be traded.

4.2 Future potential biomass areas

Woody biomass

The Nordic, Baltic and remaining European countries are not expected to be
able to export large amounts of woody biomass for energy production in the
coming years as any increased gwation is likely to be utilised to satisfy in-
creasing domestic/regional demand. While some Nordic countries do have
ample forest resources, the remoteness and slow growth of the resource
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make it difficult to compete pricavise with imports from other rgionson the
global market

With its significant resources, but challenges related to logistics and invest-
ment risk, Russia remains a wildcard.

In speaking with various market actors, the eastern US and Brazil are touted
as those areas that can supyrope with the largest amount of secure sus-
tainable woody biomass in the near future. It is estimated that these two re-
gions ould supply between 120 million tonnes of woody biomass per year.
While more risky, estimates for West Africa are in the hieaurhood of 35
million tonnes. Theseexpectations are reflected in forecasts from for exam-
ple RWE which igpredictingover 13 million tonnes of wood pellets alone to

be imported by Europe by 2015 (see below).

i A
| 0.65 “"\_. N

|
'QﬂuQm Total Asian
Rkl demand served
<0.1 /
West Africa I //
2-0 1 0

Brazi Australia

FigurelO: Expeted world trade flow of wood pellets for 2015 in millions of tonAegus
2012}

Torrefaction

Torrefaction is a partial pyrolysis process which transforms the bioprags
ertiesinto a more dense and water repelling substascéted for transport

and open air storagdlorrefied and pelletisd biomass is sometimes referred
to as black pelletsA major benefit with black pellets is their ability to replace
coal in existing coal fired power plants with only minor refurbishmentscos
Thebenefits mentioned above might mutweighed by the energy loss and
other costsand challenges the production procesHack pelletshavenot

yet made a significanhroad on the market but good deal of discussias

1 Strictly wood pellets to plants with 100 MW capacity or greater. Asia may have raorardl for other
types of biomass due to dedicated plants coming online
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Wood chips and pellets

Straw

taking place regarding théuture role ofthe torrefaction process.A more de-
tailed description is provided in appendi.2

If the challenges in the production processes are solved, black pellets might
take its share on the global biomass markepeaxsally where long distance
transports are involved, or if more difficult feedstocks (than woody biomass)
can be utilied in advanced power plants. In this case, torrefaction céead

to a lower price of biopellets in the long term than anticipatedhis report.

4.3 Standardisation

There is a wide array of different types of solid biofuels, ranging from woody
biomass (wood chips, pellets, briquettes, firewood) and herbaceous biomass
6AGNY g AN AAE YAAOlIyYylUKdza SGO@ G2
(Kofman 201Q)Moreover, there is great variability across a number of critical
features within each of the solid biomass sypes. Historically this problem
has been solved on an dmbc basis, by buyers setting forth a lidtspecifica-
tions required for their particular application. However, with solid biomass
fuels gaining importance and expectations of increasing international trade in
certain types of solid biomass fuelse standardiation issue has become in-
creasinglyelevant.

As far as wooduels are concerned, the critical parameters tlaa¢ commonly
definedin the specifications list of a standard are as folldBgmass Energy
Centre 2012)(Kofman 2010Q)

1) Moisture content

2) Dimensions

3) Origin

4) Ash content and properties
5) Calorific value

Please sedppendix for more information on thekeystandardisation param-
eters.

Currently there does not appear to lsecommon set of standards for straw,
yet a straw supplier might need to meet certain requirements set by individ-
ual buyes (power plans). Some of the basic parameters would include
(DONG Energy 2012)

1) Dimensions of the strawdbes
2) Moisture content

TN
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Current standards

Other features specific to strathhat should be considereishclude ash content
(cereal straw in particular hasvery high ash content), ash melting tempera-
ture (some types of straw have a low ash melting point, giving rise to clinke
formation and potentially damaging the boiler) as weltrase elements (rela-
tively high content of potassium and chlorine which can be problematic).

Several notable standardigon initiatives have been taking place, among

which thestandards set forth by theufopean Committee for Standar@ison

(CEN) should be noted. CEN has established Technical Committe &3ab
Biofuels, which covers a wide range of woody biomass. TC 335 first set forth
technical standards (TS) definingrténology, specifications, fuel quality as-
surance and sampling methodology, which were later revised and imple-
mented as Euro Norms (ENSs) displacing all previous national standards across
the EU. The new EN would also be used as a basis for the new IS&dsand
(Biomass Energy Centre 2012)

A relatively recent initiative in the US by the Pellet Fuels Institute and the
American Lumber Standard Institute entails the possibility for pellet mills to
certify their products via a thikparty verification systenfGeiver 2012)
ENplus in Europe is a similar certification schemigich is based on fulfilment
of the EN 14962 provisions, yet requires even stricter quality critgEBlplus
2013)

An example of a set of standarfts industrial wood pellets as commodities
presented inTablell (a set of standards in line with Initiative Wood Pellet
Buyers Group Industrial 2 specifications used by Argudidffer their wood
pellet international bulk spot market analysis) afablel?2 for wood chips
(Argus Media 2013 he presented set of standards is also consistent with the
wood pellet standards usdaly the ENDEX wood pellets biomass exchange
(Endex 2012)
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Wood pellets specifications

Parameters and rejection limits Units 12 industrial
Physical parameters Limit Tolerance
Diameter mm | 6to 10 within range
[ Sy 3dmm Xp n weight %| 99.9% within range
[ SYy3dK Xnn YY weight %| 99.9% within range
Water content weight% ar| XX MJ 0.5% absolute
Bulk (apparent) density kg/m3 X C 2% of limit
Maximum bulk temperature °C Koo 1°C
Net calorific value at constant pres- Glonar| X ™ 0
sure

Ash content weight% DM| XX M 10% of limit
Particle size distribution (square hole sieves)

% < 3.15 mm weight %| >98% 1% absolute
% < 2.0 mm weight %| >90% 2% absolute
% < 1.0 mm weight %| >50% 5% absolute

Tablell: Argus Biomass Wood pellets product specification. Source: Argus Bi@Dh3%

Wood chip specifications

Energy content lower heating value/net calorific value in GJ
Ash content 3-4%

Chlorine 0.05%

Sulphur 0.09%

Size 97% of chips to be max size of 50x50x20mm

Tablel2: Argus Biomass Wood chips product specification. Source: Argus B{@6ERs

4.4 Effect of sistainability on prices

Major concerns regardg the sustainability of extensive use of biomass for
energy have been raised over the yea®oncerns have traditionally been fo-
cused on direct land management issues and adverse effectsamiv&sity,
land fertility, loss of original forest, humangfits and the rights of indigenous

peaples.

In recent years more global issues halggained focus, namely competition
with food and the Cgeffect from direct and indirect land use changes. The
food competition issue gained special focagonnection with the pricein-
crease of maize, rice, etin 2007 and 2008ften referred to as theortilla
crises).

Thequestion of C@impactfrom direct and indirect land use changes is exten-
sively debatedHowever it is important to state thatthorough invetigation
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of solid biomassustainabilityis not the focus of this analysiBhe authors of
this report have been tasked with developing a methodology for estimating
future biomass pricecenariostaking sistainability issuesito account.

Anytime restictions are placed on supply this will of course result in a price
increase. However, it is our evaluation ttaatyrestrictions on theproduction

or sale of international biomass brought about by the implementation of sus-
tainability criteria would have tbe quite excessivi orderto influence bio-
mass prices in a significant fashidinis evaluation is primarily based on the
different price scenarios developed by using the GCAM m@eéefollowing
chapters) and provided that global demand follows thatp described in the
World Energy Outlooklew Rlicies scenario.
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Danish prices

5 Solid biomasgprices

Biomass for energy purposes is primarily traded via bilateral contracts and as
such prices vary from contract to contract. However, by combining a number
of purchases it is possible to get a general price for each commodity over a
particular time period. A good source for Danish biomass prices is the Danish
District Heating Association, whidollects the prices that its members has

paid for various fuels;ompiles them, and generates a weighted average for
each fuel on a quarterly basis (s€&gurellbelow). Prices are in DKK/MWh

for the fuel at the plant gate, exclusive VAT, but includingrgyand CQ

taxes for fossil fueltbiomass is exempt from energyd CQtaxes up until

2014). Reading from the graph and converting to DKK/GJ, the average prices
in second quarter 2012 weigpproximately Wood gllets 70 DKK/GJWood
chips: 49 DKK/GJ; Straw: 42 DKK/GJ.

2. kv 1998 - 2. kv 2012

200

. \ /-«/\
. W A ﬁc:iv’__‘m z:turau gas

Straw

- Y A __(/ —*=  Wood chips
o - =gy
300 1 - ~*  Wood pellets

Natural gas
market

{

Fuel

-

2-G8 4-88 2-99 4-95 200 2-00 2101 4-01 240Z 3-00 2-05 4-03 2404 4-04 205 4-05 2-06 &-06 207 407 1408 4408 2-09 4409 2-10 4-10 2-11 4-11 3412

Figurell: Nominal fuel prices delivered to Danish district heating plants from hguarter of

1998 till the 2d quarter of 2012 in kr./MWh. Prices are exclusive VAT, but inclusive other taxes.
Red = oil, navy blue/yellow = natural gas, wsgge with brown dots = wood pellets, darker

green =wood chips, light green =strawDanish District Heating Association 2012)

From the figure it is apparent that over the past-11b years the prices for
various biomasseism Denmark have been quite steady, particularly when com-
pared to those for fossil fuel#t.isalsoapparent that the priceof straw and

wood chips ftlow each other closelyyith straw priceshistoricallybeing5%

15% lowerThe costs displayed are nomairvalues, and as such in real terms
the cost of straw (light green), and wood chips (dark green) have stayed quite
constant over this period, with wood pellets (turquoise with brown dots)
showing a more gradual increase. Costs for all three biomass frawres

grown and fluctuated significantly less than costs associated with natural gas
(dark blue), and oil (red).
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As was indicated above, the priceshigurell are a weighted averaggeliv-
ered at plantgate.In later years the imort of solid biomass for energy pur-
poses has grown steadjlgnd in 201128 PJ of wood pellets and 6 PJ of wood
chipswereimportedto Denmark (Danish Energy Agency 201@hports ac-
counted for 92% of pellet consumption aBd% of wood chip consumption in
that year.

Further analysis of the price statistics reveals that thegedgsod deal of price
variancewithin the above displayed average pridesall three fuels particu-
larly so for the most local fuel, strawlhere ae generallytwo main ways of
acquiring straw in Denmark, through local contracts or via tenders.

9 Smaller amounts of straw are mostly traded via local contracts be-
tween the farmer and the energy producer, where the straw comes
from local farmers within aadius of 3650 km. Under this model, the
local decentralised district heating companies enter into contracts
with one or more of the local farmers regarding the delivery of an
amount of straw for a certain price. These types of contracts typically
run for 3-5 yearqgHolst 2010)

1 Dong Energy and Vattenfall are the largest consumers of straw for en-
ergy purposes, purchasing roughly 950,000 tonnes per?3/€he vast
portion of this is purchased via tender, and the transport distafor
this type of procurement can be farther, typically within a radius of 75
km (Boldt 2009)Holst 2010) Under this procedure the energy pro-
ducer puts out a tender containing information abautich plants
demand a certain type of straw for the following period. The tender
does not reveal the amounts of straw needed, and the farmers then
submit their bids on how much straw they can deliver to the specific
plant at what price.

Under both procuement systems regional and local variations in straw prices
can occur due to local surpluses or shortfalls in the straw yield from year to
year.

North American and Eu- Relative to other commodities there are very few finah@iansactions that

ropean prices of woody take place involving wood pellets and wood chips. As a result, the market li-

biomass jdZA RAG@ 2NJ adNIRAY3I OKdzNYy NI GSé¢ F2N o
text box).

2With average national straw for energy figures of ca. 1,400,000 tonnes, these two energy producers pur-
chase roughly 68% ofehtotal averagéHolst 2010)
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Trading churn rate is simply the amount of times an uedying good is in-
volved in a financial transaction for each time it physically changes hands

chips this ratio is close to one. This is due to the laghyps$ical clearing

through trading companies or by direct contact between supplier and cus-
that for every time a barredf oil is physically traded, it has been involved in
150 financial transactions. Other examples (and their churn rates) include
grains (3), wheat (10), corn (£®), and soya (50). The international trading

company Nidera suggests that the liquidikyéshold for a commodities mar-

pellets and wood chips suggest that these markets are still quite far from
reaching this thresholdNidera 2010)

total traded volume/physic#y tradedvolume), and for wood pellets and woo

houses for wood pellets and chips, and as such it has only been possible

tomer. QOil on the other hand has a trading churn rate of 150, which implieg

ket is between at least 10 and 15, and thus the churn rate of just 1 for wog

In an attempt to add more liquidity and transparency to the wood &g

pellet markets indexes such as APXDEX and Argus Biomass have been es-

tablished.

APXENDEX

In 2008 APENDEX introduced an industrial wood pellet index where a pricing
panel consisting of a number of market participants contributed to generating
reference prices for 3 month forward contracts, 3 quarter forward contracts,

and 1 year forward contracts. In 2009 the number of panel members and con-

tracts in the price index were increased. In November of 201 1ENDEX

fl dzyOKSR (KS ¢ 2xafarig@véhichfcansidted of oiward dort a
tracts for industrial wood pellets covering 3 months, 3 quarters, and 3 years.

According to AP-ENDEX:

G¢KS RSOSE2LYSYyG 27 (KS -ghasedap-a &

proach. In phase one, the exchange started witim-aleared products,

meaning the physical settlement is arranged bilaterally between the coun-
terparties after the trade has been concluded. Phase two will include the
development and implementation of clearing services for wood pellets

contracts, thereby poviding further financial security to market partici-
LIy {ARXENDEX 2013)

The figure below displays the AIBXIDEX wood pellet future prices for March

of 2012 till February of 2013 for monthly, quarterly and yearly forwanat c
tracts. Prices are in euro per metric tonne CIF Rotterdam.
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Figurel2: APXENDEX wood pellet future prices for March of 2012 till February of 2013 for
monthly, quarterly and yearly forward contracts. Prices are in euro peicnenne CIF Rotter-
dam.(APXENDEX 2013pPlease note that the vertical axis starts at 125 euros.

Argus Biomass

Like AP>ENDEX, Argus Biomass has a price index for wood pellets, and it also
has price indexes for wood chip$hese prices are published weekly via its Ar-

gus Biomass Markets publication, and this publication is constantly adding

new CIF and FOB prices. The talnie¢he following paggives an overview of
the current indexes tracked and published by Argus aglbifuary 2013.
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Markets covered Location Contracts assessed
Spot, 3 quarters ahead

Wood pellets CIF ARA 3 years ahead
Wood pellets FOB Baltic Riga Spot, 3 quarters ahead
3 years ahead
Wood pellets FOB Portugal Aveiro Spot, 3 guarters ahead
3 years aead
Wood pellets FOB North Americi Northeast US Spot
Southeast US Spot
Northwest US Spot
Southwest Canada Spot
Wood pellets US Domestic Portland, Maine Spot
Camden, NJ Spot

Wilmington, NC Spot
Port Everglades, FL Spot

Mobile, AL Spot
Chtago, IL Spot
Seattle, WA Spot
"FOB export and CIF delvery | POand OR - Spor
Tacoma, WA Spot
Vancouver, BC Spot
Mobile, AL Spot

Moorhead City, NC Spot
Sheet Harbour, NS Spot

Spd, 3 quarters ahead,
3 years ahead

Tablel3: Overview of Argus Biomass indexes as of February, @048is Biomass 2013)

Wood chips CIF Northwest Europe

According to its methodology and specifications guide, the indexes are:

& 2eekly and based ontwo elements I a4 dzNBSe& 2F YIF NJ] Sd |
views on where prices stand, and a volumeighted average of any trades

which fit the index specifications and which Argus has been able to verify

with more than one counterparty to the deargus may apply editorial

judgment to the survey where necessary and may discard prices which, in

0KS SRAGZ2NAIE GSFHYQa 2dzZRISYSYydszZ | NB
2T GKS Y (NbuS BiomadsRoDF o ¢

In additionto the above indexes, the weekly publication also includes forward
prices and shipping costs for various ship sizes on the main trading routes.
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ArgusCIFARA wood pellet spot prices from early 204@&re for example 56
DKK/GJ, meanwhilglF AR&ood chp priceswere 44 DKK/G3.

As previously mentionedhese prices arbased ora survey omarketpartici-
pants, as well ag volumeweighted averagef verifiedcontracts considered
WNEB LIS (AiglsdBiorBa@s 2013)hus, wHie these figures male agood
indicator ofcurrentprices,actualcontractsmay varyfrom thesevaluesde-
pending on theamount, duration, etc.

Price overview
Tablel4 summarises the various cost figures outlined above.

Source Straw Wood chips Wood pellets
DDHA, 2 quarter 2012 39.9 49.4 71.2
Argus CIF ARAarly 2013 N/A 44.3 55.9
ENDEX CIF Rotterdaearly 2013 N/A N/A 56.1

Tablel4: Various price indicators for straw, wood chips and wood tgg[912 DKK/GJ).

Due to the main transport routes of pellets and wood chips it can be assumed
that CIF Denmark would be slightly above CIF ARA for pellets and slightly be-
low CIF ARA for wood chips. Therdhsigfar) no international price indicator
for straw. The rather large diffence between the DDHA wood pellet price
and the international price indicators is not analysed but caaldome extent
be caused byhe following factors:
1 Thepellet consuming DH plants are relatively small, and local hapndli
and transport is a factor
1 Some of the price contracts could be fixed prices including storage fa-
cilities

5.1 Key biomass price determinants: literature review

Biomass prices are inherently complex phenomena depending on a variety of
factors, and there doesot appear to be a consensus as to the specifics of this
mechanism. Previous studies carried out on behalf of the Danish Energy
Agency have identified 13 different factors that might have an effect on bio-
mass price¢Boldt 2009) However, the four factors described below were
noted as dominating:

1 General development in food prices and other biomass prodilets
rent).

3In 2012 DKK.
4Weighted average, delivered at plant gate
5 Without transport, figure is 68.2 DKK/GJ

40| Analysis of biomagwices ¥ dzli dzNB 51 yAaK LINAOSa F2NJ 40N gz 622R

-18-06-2013

(



Cost d production

Fossil fuel prices

1 Local supply/demand balancesgecially in import situations with
dominating transport costs (straw).

1 Generabprice development on energy produatsn the sense that
these costs influencthe supply curve. Assumed thparticularlyoil
prices and Co@prices will influence prices.

9 Projections regarding increased efficiency (cost reduction) on supply
side.

A substantial body of research seems to suggest that cost of prodyeison
opposed to willingness to paig the key determinant of biomass prices, ex-
plained in part by the nature of some solid biomass types used for energy pur-
poses (e.g. afpultural and forestry residue), as well as the fact that (for wood
fuels in particular) the production process has been very lafimensive

(Olsson, et al. 20107 manifestation of this has been observed in e.g. Sweden
whenduring the199Q3, in spite of increasing demand for wood fuels, the

price of the wood fuels stayed relatively constant duetiable supply of
residues from the forestry sect@Hillring 1999)

The linkbetween fossil fuel prices and biomass prices is not strdigiard.

First of all, one should distinguish between sh@tm and longterm price ef-
fects, though there appears to be little correlation between the two in the
short term. For example, in 2008 and early 2009 when decreases in the
price of oil, coal and natural gas were observable, the price of wood fuels was
in contrast increasin@Junginger, et al. 2012Jhis has been explained by less
FO0Saa 2 lidbisngss¥sl feddstaek (&.¢ sawdust and other resi-
due material) due to a decrease of activitytliie construction industry and

hence less timber being processed. This would in turn give additional support
to the claim of production costs being the kagce determinant of solid bio-
mass fuels.

In the shortterm, higher fossil fuel prices would affect biomass fuel produc-
tion costs but the fraction of the production costs made up by fossil fuel costs
are deemed to be relatively minor. Another shterm impact would be long
distance transport in case of international trade of biom@3kson, et al.

2010) Some references suggest thaost-term correlation between biomass
and fossil fuel pricewill increase should céiring of e.g. coal and wood pellets
in largescale industrial sector become wideread, as this would make the

two fuel types mutually substitutablglunginger, et al. 2012)
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Biomass demand

There is more evidence of fossil fuel prices and dmtichass fuel pricesorre-
lation in the long term. As fossil fuel prices rise, market participants gain an in-
centive to seek alternativg®lsson, et al. 2010)n most cases this would,
however, require investments in new temblogies and equipment, as well as
other longterm decisions. Hence, it would be reasonable to expect that in-
creased fossil fuel prices in one period would affect solid biomass fuel prices
further down the line. There are some studies that would seem tmest

that a lag of 1 to 2 years should be expected for this price effect to take place
(Boldt 2009, Junginger, et al. 2012).

Yet another factor that makes the determination of biomass and fossil fuel
price correlation difficult (or indeed, the link betwe solid biomass fuel

prices and any other key price driver) is the fact that large solid biomass fuel
consumers often choose to organise procurement via{mm fixed (or
regulated) price contractéE4tech 2010)This delaysr even neutraligs many

of the short to mediumterm effects that variability of a certain price driver
would have otherwise brought about. Having said that, one should, however,
note that some studies have attempted estimating skh@nm correlation
between solid biomass fuel and fossil fuel prices. A study carried out by
Hedenus et. 82010 concludes that there is no statistically significant
relation between residential wood pellet prices and the oil pritiee sae

result could be derived frorigurellabove regarding industrial pelletsuéi
price analysis done by Stray@912)suggests correlation between heating oil
prices and residential wood petlprices, yet wood pellets following at a

slower rate. As an example, diesel and heating oil price increase of 4% p.a. is
said to result in wod pellet price increase of 28p.a.

A graphical illustration of wood flows in Europe is presénnFigurel3,
which gives a good idea of the complex structure of the competing industries
requiring (in this case woody) biomass.

6 As per citation in Olsson et. @010)
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Figurel3: Wood flows in Europe 2008. lllustration from Jungingealéf012)

As far as the selected solid biomass fuels in question are concerned, a study
carried out by the AE£&010)with a goal to estimate the potential biomass
supply in the Uketween 2010 and 2030 has set forth a methodology which,
among other things, provides an overview of the most relevant competing de-
mand industries (from the standpoint of bioenergy demand) for selected
types of solid biomass feedstock. A summary is presemtTablel5.

Sawmill residues Pulp mills, panel board manufacture, animal beddi
Forest residues and small round wooc none

Short rotation forestry none

Straw Animal bedding, msimal feed

Tablel5: Major competing biomass demand industries. Source:(AEK)

WhatTablel5in fact demonstrates is that not all solid biomass fuel feedstock
types have alternative uses, yet again giving support to the claim that produc-
tion costs might be the main driving force behind the prices of certain biomass
fuel types. When it comes to pulp mills, several studies indicate that pulp and
paper industries areaicing a weak market with demand declining over time
especially for newsprint product®Isson, et al. 2010)he only exception be-

ing ChingStrauss 2012Nonetheless it is also being pointed oliat cur-

rently it is still more profitable to use pulpwood for paper rather than for en-
ergy productionForestBioEnergy 20Q7)
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From a demand perspective it is also worth noting tienergy industry

has been found to exhiblesser price sensitivity with regard to biomass prices
as ompared to fossil fuel prices. Theréstry industry has also been found to
be more price sensitive with regard to biomass as compareadd@nergy in-
dustry (Lundmark2009)

Type of feedstock Price mechanisms can also vary depending on the biomass feedstatidy
by Hedman(1992) analysing the Swedish wood chip market reveals that the
main price determinant for wood chips piaced out of cutting residues (e.qg.
branches, wood from thinning, low quality stemwood) is the cost of produc-
tion, whereas sawmill residue price was more dependent on the willingness to
pay on the part of competing demand industries, e.g. particle boatdsitny.
As to wood pellets and briquettes, cost of production was said to be the main
price driver, though the price level of heating oil was denoted as a natural
WLINKR OS OSAtAy3dQo®

7 As per citation in Olsson el (2010)
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6 Scenarios for supply and demand

6.1 Future demand of biomass for energy

This setion will review literature regarding anticipated future demand for bi-
omass, including official government releases, NGO reports, climate agree-
ments and consultancy reports, to provide an overview of what future bio-
mass demand may look like. Dependingtlom source, there is a huge varia-
tion in future estimates, due either to the competing interest of those tevi
ing the estimates, or the assumptions utilised. As such the assumptions un-
derlyingthe forecasts are often just as important, or perhaps evenrensn,

than the actual figures. Many of these assumptiaresfurther investigated
throughout thisreport. The section will start with looking at estimates of fu-
ture Danish demand for biomass, before looking at the EU, and finally the
global picture.

Denmark

In terms of solid biomass for energy purposes, as of 2011 Denmark uses
roughly 120 PJ of biomass annually. Of this approximately 21 PJ is from biode-
gradable waste, thus leaving 99 PJ from straw and woody biomass. The Dan-
ish solid biomass consuption from 1980 till 2011 is displayed kigurel4 be-

low.
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Figurel4: Danish solid biomass consumption from 1980 till 2Wanish Energy Agency 2012)
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While straw usage tsbeen relatively stable for the past 10 years, usage of
woody biomass, particularly wood chips and wood pellets has grown substan-
tially. This is in large part to due to large centralised power plants which have
replaced a portion of their fossil fuel iots with woody biomass. With the
current Danish legislative incentives in place, this is a trend that it is antici-
pated to continue in the years to come.

Denmark has set a number of energy related targets and goals for future
yeas, including major tagets in:

1 2020-50% of traditional electricity consumptiontis be covered by
wind power, and more than 35% of final energy consumption from re-
newableg(Ministry of Climate, Energy and Building 2012)

1 2030- Phasing out coalral oil from electricity and heat supp{¥he
Danish Ministry of Climate, Energy and Buildings 2011)

1 2035- Phasing out natural gas from electricity and heat sufphe
Danish Ministry of Climate, Ergy and Buildings 2011)

1 2050- Entire Danish energy supply, including transport is covered by
renewable energyThe Danish Ministry of Climate, Energy and
Buildings 2011)

In addition to the above goals, Denmark also hasldmebaewable energy tar-

A3SG 2F om: o rtt 2F GKS o2@S GFNBSGaA
mand for energy purposes. Different strategies for how the above goals can

be achieved have been put forward, including that of the Danish Commission

on Clmate Change Policy (Klimakommission), a panel of leading scientific ex-
perts, whom were tasked with presenting suggestions as to how Denmark can

in the future phase out fossil fuels.

According to the prognosis of the Klimakommisgiélimakommissionen

2010) the fraction of biomass in the Danish primary energy consumption un-

der various future scenarios concerning the overall economic and regulatory
framework development would consistently be in the range of ca.l0R0
PIp&dJ I yydzy 6& wnpns GKS 2yfé SEOSLIiAZY
nario (characterised by high oil prgzéow CG-quota prices, low biomass

prices and no limitations on biomass use) which would result in extremely

high biomass consumption (exceedir@4PJ per annum). The probability of

the latter scenario mirialisng is however questionable.
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Figurel5: Denmark's primary energy consumption (in PJ) by 2050 under various future scenar-
ios. 'Reference’ assumes no further emwinental regulatory decisions. 'A’ stands for environ-
mentally ambitious global economic framework; 'U’ for unambitious. Source: Klimakommissio-
nen(2010)

EU

National Renewable Energy Action Plans (NREAPS) provided @iéor-

mation on how each individual EU member state is envisioning meeting the

legally binding renewable energy targets by 2020. Hence, the cumulative solid
biomass share of future primary energy consumption in the EU (as prescribed

by the NREAPs)wdul a SNIIS | & | &2dzyR o6l aira F2NJ
solidbiomassAn overview of solid biomasdemand projections in accord-

ance with NREAPs has been created as a part of Biomass Futures project
(Atanasiu 201Q)knd is expeted to amount to 3475 PJ by 2020.

Wood pellets EU demand for wood pellets is forecasted to be in the range afsmillion
tons by 2020 (please see an overview of prior studi¢sgnrel6), depending
on the assumptions othe key regulatory and economic developments, such
as(Cocchi, et al. 2011)

91 Policies regarding efiring in the UK, Netherlands, Belgium, Germany
and Poland (as well as market dynamics on coal ané&@@sion al-
lowances)

9 Priee of fossil fuels for heating and support schemes for pellet stove
and boiler purchases (determining the attractiveness of switching to
wood pellets for residential heating)

8 Includes biodegradable fraction of solid industrial and municipal waste
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