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Figure 8-4 World wood pellet production shares in 2016
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Figure 8-5 World pellet map and trade flow (in 2016, million tonnes)
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Figure 8-6 World wood pellet demand in 2016 - power, CHP and heat (million tonnes)
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Figure B-8 Top 10 wood pellet consuming countries by end-use in 2016 (million tonnes)
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Overview of DONG Energy' s thermal portfolio

e TN

BlFossil [ Bio
Unit Power Capacity |2014|2015|2016|2017 (2018|2019 |2020
Esbjerg Unit 3 371 MW
‘j‘é‘ Herning 88 MW
%- Skeaerbask Unit 3 392 MW
E Studstrup Unit 3 357 MW EEEEe———— @4
_ Asnaes Unit 2 142 MW IEESS————— @
E Avedgre Unit 1 250 MW aEEEe———— @4
5 Avedgre Unit 2 243 MW S
Q H. C. Orsted Unit 7+48 98 MW S
Kyndby 734 MW S —
Total 2,975 MW
- of which bio 631 MW (2014) = 2,143 MW (2025)

source: Dong Energy, Argus Conference 2015
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Rosyth, Forth, 120 MW —I—“;

-’

Grangemouth, Forth, 120 MW

Dundee, Forth, 120 MW

Blyth, RES, 100 MW

Tyne, MGT, 300 MW

Leith, Forth, 120 MW Billingham, Gaia, 50 MW

Stockton, BEI, 50 MW
Roosecote, Centrica, 80 MW
Tees, MGT, 300 MW

Liverpool, RES, 100 MW ’ Hull, Dong, 300 MW

Anglesey, 300MW Hull, Real ventures, 50 MW

Immingham, Real ventures, 50 MW

Port Talbot, Prenergy, 350MW Immingham, Drax, 300 MW

Newport, Welsh Power, 50 MW - Brigg. Cenfrica, 137 MW

Portbury, EOn, 150 MW Drax, Drax, 300 MW

Avonmouth, Helius, 100 MW Isle of Wight, Real ventures, 50 MW

Sovthampton, Helius, 100 MW
source: B.Govan, Pelletforum Berlin 2014
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Industrial Wood Pellet Demand Forecast for the Europe, the UK, Korea, Japan, and Canada

(thousands of metric tonnes)
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source: Historical data from Argus Direct, 2017 and beyond forecastand analysis by FutureMetrics

source: Futuremetrics, Argus2017, London
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Figure 8-38 Evolution (2003-2016) of installed commercial scale pellet boilers (>50kW) (thousand units) in European
countries
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FTEHEIZBHARERARL YA st

450) ?&*ﬁﬁ)\ = *ﬂ Bioenergie ai

Figure 8-35 Evolution (2003-2016) of installed residential pellet boilers (<50kW) (thousand units) in European countries
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Figure 8-32 Evolhtion of installed pellet stoves (thousand units) in 2003-2016 in some European countries with Italy fn
secondary axis
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Austria — sales of heating boilers vs heating oil price
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source: Rakos, proPellets Austria 2016
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Average annual prices for heating fuels in Austria
11
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Sources: e-control, IWO, proPellets Austria; October 2015.
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Pelletproduction and consumption in Austria (kt) Pellet production and consumption in Germany
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Domestic pellet share in gross final heat Pellet consumption per country
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EN plus® wood pellets volumes certified per country
(In 2016, tonnes)
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Worldwide ENplus® certified pellet production
(From 2011 to 2017, in thousand of tonnes)
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typical complaint distribution
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NSEE:

“AZE: > 600 kg/m?3
“Ex1#: around 650 kg/m3
“RIREFY: > 700 kg/m3
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ash

550°C |ash 815
wood species bark country origin [db,%] | [db,%]
chestnut (castanea sativa) without Italy near L'Aquila 0,14 0,03
fir without Croatia |District Zagrebacka, near Vrbovec 0,32 0,14
chestnut without Italy Toskana, 50032 Borgo S. Lorenzo 0,49 0,15
spruce (picea abies) without Italy around Trento - Bolzano 0,21 0,15
locust (Robinia pseudacacia) without Italy around Cremona 0,34 0,18
spruce, Picea abies without Serbia |District Zlatibor, near Uzice 0,31 0,18
cherry tree without Croatia |District Zagrebacka, near Vrbovec 0,28 0,19
pine without Spain Soria, Cabrejas del pinar 42147 0,32 0,21
fir without Croatia |near Fuzine 0,34 0,22
beech (Ostria Carpinifolia) without Italy Vicenza 0,49 0,23
fir, Abies alba without Serbia |District Zlatibor, near Uzice 0,41 0,23
pine without Portugal [near Aveiro (close to Porto) 0,46 0,26
beech (Fagus sylvatica) without Serbia |District Zlatibor, near Uzice 0,37 0,27
beech (carpinus betulus) without Italy near L'Aquila 0,54 0,28
oak without Croatia |District Zagrebacka, near Vrbovec 0,34 0,29
locust (Robinia pseudacacia) without Austria |Weinviertel, Schrick 0,50 0,33
locust (Robinia pseudacacia) without Italy around Ispra 0,40 0,35
beech (Fagus sylvatica) without Italy Toscana 0,43 0,36
pine (pinus sylvestis) without Italy around Trento 0,61 0,38
larch with Italy Bolzano 0,58 0,39
oak without Serbia |District Zlatibor, near Uzice 0,60 0,41
pine chips with bark [Spain 18183 Huetor Santillan, Province of Granada 0,43 0,41
beech (Fagus sylvatica) without Croatia |District Zagrebacka, near Vrbovec 0,74 0,43
spruce with Italy Bolzano 0,83 0,44
eucalyptus without Portugal [near Aveiro (close to Porto) 0,48 0,44
oak (quercus cerris) without Italy near L'Aquila 0,51 0,44
oak with Italy Bolzano 0,59 0,44
beech without Italy Toskana 51028 San Marcello Pistoiese 0,68 0,45
beech (Bergbuche) with Italy Bolzano 0,61 0,45
cestnut (Castanea sativa) without Italy Toscana 0,46
beech (fagus sylvatica) without Italy near L'Aquila 0,70 0,47
acacia with Italy Bolzano 0,85 0,55
ash tree (fraxinus ornus) without Italy near L'Aquila 0,77 0,56
acacia without Portugal [near Aveiro (close to Porto) 0,84 0,58
chestnut with Italy Bolzano 0,91 0,64
beech (Hainbuche) without Italy Toskana, 50032 Borgo S. Lorenzo 0,66
oak (quaercus pubescens) without Italy near L'Aquila 0,72
acacia without Italy Toskana, 50032 Borgo S. Lorenzo 0,79
oak (Quercus cerris) without Austria |Weinviertel, Schrick 0,96 0,81
cork oak without Portugal [near Aveiro (close to Porto) 0,94
apple tree with Italy Bolzano 1,15
oak (Traubeneiche) without Italy Toskana, 50032 Borgo S. Lorenzo 1,19
pear tree with Italy Bolzano 1,25
oak (quercus ilex) without Italy near L'Aquila IT-PANE-05 1,77
poplar chips with bark [Spain 18320 Santa Fe (idem) 4,30
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Devolatilisation Char combustion,
pore enlargement, ’
Biomass N ‘}17 ash fusion
particle .

Ash coalescence

e

Entrainment of submicron Vaporisation
CaO0 and SiO, particles
during char break up

Char break up

Heterogeneous condensation
or reaction;

surface enrichment of
heavy metal compounds
(Pb, Cd, Zn), K,SO,, KCI

Homogeneous

Nucleation of ZnO nucleation
(K,SO,, KCI, K,CO,)

Cdaguiétioh

and fusion enit NG
Coagulation and chain o Sy "‘-""-‘{_‘;’.:..-v., _—Aerosols
Char srdpiag o agglomerate formation ® o 20.01 -1.0 ym
burn out:_ % . — :e'g 3
;.htix' b — R _ - ".“» i \as e s
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Ash melting behaviour of 2 ashes and ash mixtures
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