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Principle and Simplified Mass Balance

mass
bulk density
dry mass
NCV

predried biomass

INPUT:

Processing

Mass 100%
Energy 100%

reactor and process
temperature: ~ 300° C
residence time: ~ 30 min

1200 kg/h
200 kg/m?
95 %
15-19MJ/kg

mass
GCV H,

Mass 30%
Energy 15%

Syn-Gas to Combustion

297 kg/h
461 kJ/INm?

OUTPUT :

Mass 70%
Energy 85%

torrified Bi

mass
bulk density

dry mass
NCV

omass

903 kg/h
>650 kg/m?
100 %
21-23MJ/kg

While processed, about 30% of its mass is extracted from the biomass paralleled by 15% energy content loss. This energy (the volatiles) is used to heat the ACB process.
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84% (82 — 85) volatiles in % (daf) gh;rzcgﬁ
dry wood (EN 1860-3)

0

0% volatiles
(all carbon and minerals)

Source and Copyright: IBTC, www.Biomasstorrefction.org
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Fresh biomass

Fresh biomass

Dryer offgas
. 1280°C... 500

Fresh biomass fuel

e Flue gas 4 DRYING
T=280° C
Dried biomass
....... Syngas 95% DS
T=280°C ‘
D Dy TORREFACTION
Fl A W o
ue gas X, "N
T=4-600°C o
@ tT)?”Eﬁed PREPARATION (milling)
B ""-‘5‘ 1omass of torrefied material
Biomass +
lean gas incineration 3
Torrefied

biomass
DENSIFICATION

of torrefied material

> . Torrefied Fuel
Source ANDRITZ AG, Design W&P
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Torr-gas Handling and Utilisation done
done

for most feedstock

Continuous torrefaction
Predictability and consistency of product

Densification done
Feedstock flexibility done
Plant Safety done

Indoor storage done

Outdoor storage
Standardisation of product

in optimisation
ISO TS 17225-8

Safety along supply chain in progress
Trade Registrations and Permissions in progress
Co-firing trials done in EU

Co-firing burn tests several done
Co-firing full scale several done
Heat application trials in progress
Further industrial applications trials in progress

MW 10 2018
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« Torrefaction pre-processes and upgrades the biomass feedstock
Number of technology Suppliers - FUNGIBLE PRODUCT

« Shapes of pellets or briquettes for storage and transport

* Well defined within ISO Technical Specification ISO 17225-8

* Immediate biomass blending into coal stream in existing coal fired

plants —grindability, water resistance, storability, morphology....
« Almost 0 biodegradation of product when stored
« Combusts cleaner, gasifies easier and cleaner
* NCV highest of all solid biofuels and best adjustable

« Reduces carbon footprint of supply chain substantially

Source and Copyright: IBTC, www.Biomasstorrefction.org
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Quality - Standardisation

1SO 17225 n. .
Tab'ez‘specm

))lbllll
| 1S0/TS 17225-8:2016

Solid biof
uels —Fuel Sp e C‘ ° . | Tablel—Speclﬂcanonofgradedpellelsproducedby(hermalproc
ificati |
and classes ons |

essing of woody biomass

1.1 Forest, plantation
and other virgin wood

1.1 Forest, plantation

1.1.1 Whole trees without
roots and other virgin wood

| 1.1.3 Stemwood 1.2 By-productsand | 12 By-products and
| 1.1.4 Logging residues residues from wood residues from wood
S 1 7 2 2 5 8 ‘ 1.2.1 Chemically untreated processing industry processing industry
- L | wood by-products and 1.3.1 Chemically 1.3.1 Chemically
[ ] | residues * untreated used wood untreated used wood
D06, 6+ 1; DO6toD25, D+ 1; DO06to D25, D+ 1;
D08, 81 1; 3,15<L<40 3,15<L<40
| 3,15<L<40 (from D06 to D10) (from DO6 to D10)
| 315<L <50 315<L<50

(from D12 to D25)

Part 8: Grad
] ed therma”y t | (from D12 to D25)
. reated | sture, M “:zm M08<8 M10<10 MOB<8 |M10<10
and densified biomass fuels | = ol i il el

i Ao 012 -mm_nm—-m;_-gm—
i i T Rt

echanical durability, DU, w-% DU96.0 2960 DU95.0 2950
SO 17831-1 as received
. :
Different Classe B

AS0<s
.0
DuU97s 2975

<4
and amount to be stated | Type and amount to be| Type and amount to be

W _ “ Q(;‘zzz:;z» %:(251.: %‘ 2210 T “‘ M.s:: ::
Bu?l?f:l) Non Woody;NCV, Durability, wmE B
ensity, Volatile Matter etc e bl

. nm Moazos | Sifer | [soe

‘ [ wodry | €10.03<0.03 €10.05 005 _coisol |

in standard : |
Grindability development:

e

opper, Cu. 150 16968 mg/kg

| ad, Pb, 150 16968 ‘mg/kg dry <10

rcury Hg 5016968 T U — o — R g T g
L — R

ickel, Ni, 1S0 16968 mg/kg

e | I3 .%%

. | [inc,Zn, 150 16968 mg/kg d ﬂ_‘;_ 200
Wate r re S | Sta n Ce “ olatile matter, VM, 150 18123 -m be stateq .F!m |

3 Stated
|

Valy,
e

1 melting behaviour®, ‘alue to be St

SO 21404
Negligible levels of glue, grease and other timber production additives (<1 w-%) used in sawmills during production of
timber and timber product from virgin wood are acceptable if all chemical parameters of the pellets are clearly within the
limits and/or concentrations are too small to be concerned with.

Selected size D06 or DOS of pellets to be stated for TW1H and TWIL.

For D06 to D10 the amount of pellets longer than 40 mm can be 1 w-%. Maximum length shall be < 45 mm.

At the point of delivery-

At the point of delivery. Fines less than 3,15 mm are screened by hand according standard 1SO 18846.

Type of additives to aid production, delivery or combustion (e-8- pressing aids, slagging inhibitors or any other additives like
starch, com flour, potato flour, vegetable oil, lignin ...)-

Net calorific value as received (Q) resulting from net calorific value on dry basis 2 1,00 MJ/kg and moisture content (M) 8%/is
19,13 M]/kg (5,3 kWhy/ke) and by 10 % moisture content (M) is 18,65 M]/kg (5.2 KWh/Kg)-
All characteristic temperatures (shrinkage starting temperature (SST). deformation temperature o1, hemisphere
HT) and flow temperature in oxidizing conditions should be stated.

s“"lﬂdbemw

S|
hould be stateq

[%.
% Maximyy, length shay) o
4

'd aceorg, 45
in, mm,
sing aids, s, Pdard IS0 1

'8ging lnhlbho,, o ¥
any other

|
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atie
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Products and supply chains
compared (LLC)
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Minimum Ignition Energy Pulverised
torrefied pellets vs. pulverised raw biomass chips

m A

Torrefied Raw
Spruce Spruce
Pellets Chips

. Clear link between MIE torrefied pellets with MIE raw
material

. Native dust has high MIE’s

. Dust from handling low durability pellets (< 93%) is
more ignitable = aim for pellet durability > 95%

. Handling dust from torrefied wood pellets is equally

ignitable as handling dusts from white wood pellets

%

Torrefied Raw Torrefied Raw White
Pine Pine Poplar Poplar Wood
Pellets Chips Pellets Chips Pellets

Dust from different materials (dp < 63 um)

Fuel Morphology, pneumatic transport

= |ower limit ====ypper limit ® Coal A EUD @ White Wood
20
m
Particle “sphericity” of - 5
pulverised torrefied wood -3 No Dilute
pellets almost identical to »15 4 Phase
pulverised coal x
]
]
“
210
H 2
T
3
2 0.5
Ll
2 Dilute Phase
0.0
0 2 4 6 8

Gas Velocity (m/s)

Technically in all parameters
superior to Wood Pellets

Pellets stored 20 days at 20° C at 95% relative BIOIOg |ca|_
humidity Degradation
. Dry matter losses significantly higher for white
wood pellets, compared with torrefied wood o
pellets = 20 days
. Also after uncovered outdoor exposure for 3
months
§ 0.8%
g
=
0.6%
0.4%

- J ‘ . . '
0.0% v - T T T T N
E d E d

Torrefied Torrefied Torrefied E d B 2 White Torrefied Coal
Poplar Spruce Pine Torrefied Torrefied Torrefied wood Poplar
270 260 270 Poplar Spruce Pine 270 + Coal
270 260 270 (50/50 w)

Water Resistance

Source: Carbo et al. “Fuel pre-processing, pre-treatment and storage for co-firing of
biomass and coal” in “Fuel Flexible Energy Generation” ed. J. Oakey, 2015
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Study carried out by ECN, UMEA university and CENER

Torrefaction Pellets (from aggregated averages survey entries)

mal efficiency (on LHV ar)

feedstg : torrefied wood pellets Overall the
1.089 GJ Production Process 1.000 GJ

> >
101.4 kg pnsumption

t 50.2 kg total electricj
188kWh/tonne
moisture content 36.2 wt% 4.5 wt% 9,4kWh/tonne

Elec. (GJ/GJ) prod) Heg prod)
0.034 Coos )

White Pellets (from average data compilation)

feedstock

: white wood pellets Overall the
Production Process oy

>

mal efficiency (on LHV ar)

total electricity consumption

87.1 kg 58.0 kg
152kWh/tonne
: 3,8kWh/tonne
moisture content 36.2 wt% 6.0 wt%

Elec. (GJ/GJ prod) Heat (GJ/GJ prod)
0.032 Ll 2

Copyright: IBTC, www.Biomasstorrefction.org
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Advantages in Logistics

WWP versus TP: Energy
consumed in shipping in

35,00
30,00
25,00
20,00
15,00
10,00

5,00

0,00

MJ/GJ shipped
@ @ @@

WWP

NN

\

‘ \
L. eSS B

Handysize Handymax  panmax

Energy Consumption from
vessel to plant stockyard in
MJ/G)J

5,00
4,50
4,00
3,50
3,00
2,50
2,00
1,50
1,00
0,50
0,00

Source and Copyright: W&P
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« Energy consumed in MJ per GJ energy
delivered to Consumer stockpile

200
WWP MJ/GJ
m TP MJ/G) /

TW MJ/GJ if briquetted =~
150
100
50

JT P ey 4
0
till gate processing to port loading shipping HS  unloading to total
customer

Source and Copyright: W&P
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— 13.33
)
o
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%
10
o
(&)
5
0
logging
residues

15.48 14.54
13.09 I I
straw short logging
rotation  residues
coppice
USA

Eiomass supply

GHG Comparison

1 & . 6 9 | —
14.29 1544
1310 4762
I I 11.09
straw short logging straw short logging
rotation @ residues rotation | residues
coppice | coppice
Canada Tanzania

® Torrefaction/Densification ® Pellet distribution

13.24
10.42
straw short
rotation
coppice
Spain

Source: D. Thran, DBFZ
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} Confirmation of superior

characteristics of torrefied pellets

} No adverse effect on milling and
combustion detected

:

} Torrefied biomass can replace
coal in power plants

Q Topell Energy
RWE Nl
Pewegyiiad VATTENFALL g EC N

GDF IveZ

Many positive examples in
co-firing 5-100%:

Vattenfall

Essent - RWE

GDF Suez - ENGIE

Dong

Portland General Electric

Source and Copyright: IBTC, www.Biomasstorrefction.org
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The thermal treatment of the biomass during the torrefaction
process can reduce the organically bound chlorine up to 90%

By this Torrefaction is the processing that does open up the
energy market for Agricultural by products, grassy crops and
other unused biomasses with unacceptable high Chlorine content

The effect is a significant: reduction in the feedstock costs
Side effect: no sustainability concerns

Source and Copyright: IBTC, www.Biomasstorrefction.org
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Volume Product: Fuel for Pulverized Coal Power Plants

Value Products: Fuel for Heating
Fuel for Process Energy Needs

Feedstock for Gasification
Soil enhancer
Carbon provider for Plastics industry

Activated Carbon
Products for new (niche) markets

Source and Copyright: IBTC, www.Biomasstorrefction.org
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AAAAAAAAAAAAAAA Messages to take home

Integrated Torrefaction Process Technology mature, available, happening
Feedstock Flexibility

Fungible Standard (ISO) Product with adjustment possibilities

Superior behaviour to all other solid biomasses

Lowest CO2 footprint

Ships like coal, stores like coal, mills like coal and combusts like coals
Reduced sensitivity to changes in cost factors along the supply chain
Torrefaction is happening in industrial plants

Product supply available: Project pipelines in Asia and Globally

V VV V VYV VYV VYV VYV VY

Not many reasons using the intermediate products from wood,
go for the final products and capitalize on the advantages

Source and Copvright: IBTC, www.Biomasstorrefction.org
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Thank you for paying attention
Contact

Michael Wild

Wild & Partner LLC
michael@wild.or.at
—
Rohrbacherstrasse 9
A-1130 Vienna
T+43 676 6117622
Skype: wildwien

IBTC - International Biomass Torrefaction Council
Place du Champ de Mars 2, 1050 Brussels
michael@wild.or.at; calderon@bioenergyeurope.org
http://www.biomasstorrefaction.org
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