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1 Introduction

Due to a rising demand in wood fuel, the knowledge of the energy content of customary wood
fuel assortments has been gaining in importance in wood fuel trade. In order to facilitate the
conversion from prices per volume or weight unit commonly used in forestry and the timber
industry to energy prices relevant in the context of energy production, the Austrian Energy
Agency has compiled an easy-to-use calculation tool. With only a few required variables the
program can quickly calculate the most important parameters for a variety of wood fuel
assortments.

The basic parameters you have to enter into the spreadsheet are wood species, assortment,
moisture content and price in one of the customary units. The energy content as well as the
assortment price per volume unit and per weight unit are calculated in consideration of the
average species-specific oven-dry density and shrinkage.

Furthermore, the estimated annual fuel demand of the biomass heating installation serves
as a basis for the calculation of the quantities (in weight and volume) of the considered wood
fuel assortments needed per year as well as for the calculation of the annual fuel costs.

For price comparisons, it is essential to consider the potentially different points of sale and
trading units. Transportation and manipulation costs from the place of origin (forest or
industrial plant] to the point of use can account for a significant part of the overall costs of
the various wood fuel assortments and should not be underestimated.

The calculations are based on the Austrian standards ONORM M 7132, ONORM M 7133,
ONORM M 7135 and ONORM B 3012, data provided by the Provincial Chamber of Agriculture
of Upper Austria (G. Danninger) and the Provincial Chamber of Agriculture of Lower Austria
(A. Jonas & H. Haneder], and on generally acknowledged empirical values. These data have
been compiled to the best of the author’'s knowledge and experience. However, the author
accepts no liability whatsoever for errors or omissions.

If you have any corrections, comments or questions regarding the calculation, please send
an e-mail to “energieholz@klimaaktiv.at”.

Copyright ©: klima:aktiv energieholz | Osterreichische Energieagentur - Austrian Energy
Agency
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2 Checking the settings

2.1 Open Excel

The calculation program is based on the spreadsheet application “Excel”. For all functions of
the spreadsheet “Calculation of Wood Fuel Parameters” to work as intended, macros must
be activated. Please open “Excel” and check the security settings for macros.

2.2 Change security settings for macros

This calculation uses macros', please check the security settings in Excel and change them if
necessary.

Open the drop-down menu “Tools”, select "Macro”and then “Security” (see Figure 1: Step
2.1). A new window ( “Security’) appears (see Figure 2: Step 2.2).

shared Workspace..,
Share Workbook..,
Track Changes (3

Compare and Meroe Workbooks,

Bratecton L3
Onfire Collaboretion »
God Seek
SOpnarios...
Formula Audting »
Mara 4 e Al+R3
AddIns.. Recard New Maoau.,
J ButeComact Cpoong... Security...
Cuctomize... Vigual Bagc Editor ME+F11
Optars... Microsaft SoptEdior  A+ShiftHF11
Lata Analysia,..

Figure 1: Step 2.1 - Open the Security window to change the Security settings for macros
(Tools | Macros | Security)

" Amacro is a small script that automates certain actions in an application.
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In the “Security” window, choose the “Security level” tab and select "Medium. You can
choose whether or not to run potentially unsafe macros.” (see Figure 2: Step 2.2). Confirm
your selection by clicking “OK”.

Security Lewvel | Trusted Publishers

{_) ¥ery High. Only macros installed in trusted locations wil be alowed
to run. Al other sgned and unsigned macros are dizabled.

) High. Only signed macros from rusted sources will be allowed 1o
rum. Unsigrned macros are automabcally disabled.

{=fMedium. You can choose whether or ot to run potentalhy unsafe
macros,

(1 Low {not recommended]. You are not protacted from potentalhy
unzate maaos. Use this sething only if you bave wirus scarning
software iInstalled, or yvou have chedied the safety of all dooumenits
WL Oper.

[ Ok ] [ Canc=l ]

Figure 2: Step 2.2 - Select medium security level for macros
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3 Opening the spreadsheet , Calculation of
Wood Fuel Parameters”

Please open the file “Calculation of Wood Fuel Parameters”. The “Security Warning “window
appears. You are asked if you want to activate the macros contained in the “Calculation of
Wood Fuel Parameters” spreadsheet”. For all functions of the spreadsheet to work properly,
please click on “Enable Macros” (see Figure 3: Step 3.1). The file “Calculation of Wood Fuel
Parameters” is opened and all functionalities are available.

Security Warning

“Coy Calculation_of the Wood Fuel Parameters_T1EB-EMNG

Macros may conkain wiruses, Ik is usually safe to disable macros, but i the
macros are leqgikimate, wou might lose some Funckionality.

(Db ieoe: )| [_Eveble acos ore nfo

Figure 3: Step 3.1 - Activate macros for the calculation of parameters when you open the file

? Note: The security warning preceding the activation of macros aims to protect your system from viruses. When
you download the spreadsheet “Calculation of Wood Fuel Parameters”™ from our klima:aktiv website
(www.energieholz.klimaaktiv.at), you can assume that the file does not contain any viruses. However, in theory
every file or macro can contain a virus. Therefore, please make sure that you have anti-virus software installed

and updated on your computer, and run your anti-virus programme before you use the file in case of unclear
origin.
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4 Using the spreadsheet , Calculation of Wood
Fuel Parameters”

The spreadsheet “Calculation of Wood Fuel Parameters” consists of two worksheets. In the
“Calculation” worksheet, the calculations are carried out, while the worksheet “Data sheet”
contains the data the calculation is based on.

o T T = T =

Assortment Selection in the drop-dfown menu .

firewood (stacked) solid wood mass s|

i Conversion factor 1 misolid) = x m¥stacked) or x m¥loosa) ) 1.18 1.00
1 Unit Customary unit 7 m?(stacked) m?*(solid)
: Moisture Moisture content (H2O) % (hy welghi, FS) | 40.0 ‘ 40.0 ‘
I Hydrogen content {H} % (b weight, DM) | 62 | 6.7 |
i Higher heating value HHY of dry matter (D) MIikg D0 204 204
|| |(HHV) HHY of DM Fvihsig DM ) 566 566
| | |Lower heating value LHY of dry matter (D) MJIkg DN 19.0 19.0
|| |(LHV) LHV of DM kWhtkg DM 1 5.28 5.28
|| LHY of fresh substance (FS) Mg FS 104 104
|| LHV of FS kWh/kg FS ] 2.89 2.89
|| LHY of FS MJIim® FS ) 5,003 65,595
1 LHV of FS kWh/m* FS ] 1,390 1,832
: Density Mean oven-dry density kgsim®fat O % H Q) 370 430
|| Mean shrinkage %% ] 3.4 1.7
|| Bulk density kg/m? (at x % H ; O) 480 633
|| - Proportion of wood substance Kom@ fpropariion of OM at x % H , O) b 288 380
1 - Proportion of water kaim? roroparion af H; D afx % H ) 7 192 253
I Ratio m° pert FS mAFS 1 21 16
|| [ash Ash content {estimate) % (by weaighi, DM) | 1.00 I 150 I
1l Ash density (estimate) kosin® | 700 \ 700 \
: Price per unit N Euroft DM 7237 79.01
|| [|Activate macros | Enter the fuel price in one of the input  EUro/f FS 43.42 47.41

fields, the price will immediately be Euro/m?®FS 7 20.85 30.00
: converted into the other price units! Euro/MWh 7 15.00 16.38
|l Euro/Gd ] 417 455

» I»w " Calculation ¢ IJata sheet / | < >

t NFE

Figure 4: Selection of the worksheets “Calculation” or “Data sheet”

4.1 Overview of the calculation of parameters (worksheet
,Calculation”)

411 Colour code

"1 Dark green main sections:
These are the main sections of the spreadsheet (“Parameters”, “Wood species”,
“Bark”, “Compressed wood” and “Other”).

[ 1 Lightred cells are input fields.

[ 1 Light green cells and bold text mark the most important and most commonly
used data and values.

klima:aktiv energieholz | Calculation of Wood Fuel Parameters | Page 5 & ' -
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4.1.2 Description of the individual sections

The spreadsheet is divided into five main sections (see Figure 5: Overview of the main

sections).

preadsh for the of parameters and prices of wood fuel assortments
Wersion 16-ENG 5
Please enter your variables in the light red cells. klima:aktiv
Farthe caleulations 1o work as intended, masias have 1o be activated in the Excelsetings => Tools | Macre | Securit| Seeurity level| setra "Medium™, o0 ®
Mawe the cursr aver the rd tiangle in P to shaw the < containing ax I et tatnae st
[ ] [ Wood species ] L Bark ] [= wood | [ Other b
Basic parameters Wood speciesi fucltype Sekectians i e chap-town met Pine. Eastern White [ .| Spruce Beech, European bark Ct wood pellets natural gas
. +
(AT RS TLSREES SRS sonterous wond (CwW) | caniferaus waad (Cw) bark O compressed waod fossil
Assonment firewood (stacked) | = | split firewood (1 m)
Conwersion factor T Fonsdidd = e Fotacrbeocti e e Waomar | i 143
Unit £ st h ml m ] 1 o} i 1
g nemit P I 40.0 T %) Z0.0 1 o
iyl et G L 6.2 | Q’ [ 5.0 | O
Higher heating  HHY of drymatter & PR LY 0.4 — a3 | 11| ; 101 ]
value (HHY) HHY of DM [) Attt W h & (&) a7 | [ 1 [ |
ower heating LHY of dry matter A T 15 [¢D] 8.0 ho] o
value (LHY) [} ke behirthr £IAT h 5.2 o 5.00 | | A4 (][] ) ] [ | |
b FS 0 3.9 — [}
E kb FS b 5 g4 (70} 386 @ ()] C
Mbin 75 h 5,003 6,988 wn +—
LHV of FS 9 & bt " 5 h 1,350 -8 1941 - [o'n I i I o [©“ O 1
Density Mean oven-dry & ® min e G e OF 30 o 580 1 c H1E] = ]
Mean shrinkage. D— s h 84 ] | o) ] o ™ c |
Bulk density kg fat o 7 Fo L 480 ; 502 ~ E o
- faim orapntion SFEWata 5 i GF 288 402 — - —
= & [ et foeapanton ofif. Grats i o OF ] 52 i) (@] o o'-
Ratiom®pert FS O |z h 51 c 20 ] 1<%} o O E o H
Ash Ash cenient [=stin - i dr nesighe, G q [ 100 | 9 | 100 11..] (/) _____ . U)
Ash densiey (= i) O |ewme L i 1 "5' I 756 | c
Price per unit ¥ b} Faarerde T0T 37 ) 136 85 | 1 . 9 101 ]
Activate macios! Enterthe fuel i (f) Evralt FS h 42 109 48 =
o Euircim™ FS h .85 U') 55 00 (&]
Ecra/MPich h 00 28.33 | ] [ () 1 [ |
FronT h 7 787 L — — 0N 4 —
In=tallation Fusl demand per A 20,000 .00 5000 ] 1 1 ]
parameters Fuelratio a 30 25% ] 1 1 I ]
Fuel volume e 15.703 4317 2575
Fuel weight e 4175 1244 1249 1035 652 0 i
i eFSs 6.744 2073 2,073 1234 7305 0 [
oie 100 5 z T Sz 0 i
me 143 1 3 bl 75 i i
Firnts 371612 90.000 98.261 141,664 a1.687 0 0
v 18.58

Figure 5: Overview of the main sections

= Main section ,,Parameters”

In this section, the individual parameters are listed with the respective units (e.g. lower
heating value in kWh per kg fresh substance), with each parameter applying to all fields in

the same row.

Move the cursor over the red triangle in the respective cell to show hidden comments

containing detailed information on the individual parameters (see

Figure 6: Show comments on the individual parameters).
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T T T T T T T =T
Spreadsheet for the calculation of parameters and prices of wood fuel assortments
Wersion 1E-ENG
Please enter your variables in the light red cells. 4
For the calculations to work as intended, rmacras have to be activated in the Excel settings => Tools | Macro | Security | Security level | st to "Medium”
Move the cursor over the red triangle in the respective cell to show the hidden comments containing additional information on the respective parameters AUSTR
Parameters ] | Wood species ] | Bark
Basic parameters ‘Wood species fuel type S i e oo aevns , N
Pine. Eastern White Spruce Beech. European bark CW
Fuel group Assigrament i s groeps h X X
coniferous wood [CW] coniferous wood [CW)  |non-coniferous wood [NCW) bark Cw
Assortment Sisfachin i e s meres h {rE
firewood [stackedl] solid wood mass split firewood [1mi] bark chippings
1 [Moisture content 121 se)
Conversion factor Farsaticl =« mrstactedt ore arfonss! Enter the meisture content of the chosen wood Fuel assortment in this field. Usual levels of maisture 3
Unit Lurstomars Lt 1/ | cortent of available wood fuel assortments are: 0se]
| |firewnod [oven-ready), one-year seasoned: 25 - 35 32
Moisture Iaisture content (H,0) S e S 7| |firewood [oven-ready], two-year seasoned. 15- 26 22 .0
Hyckogen content [H] ¢ttt T wood chips [seasoned for af least one summer: < 35 % H
— zawing residue chips [green): 45 - 55 5%
dust (d i 0-552
Higher heating FIF of ciry atter (D) i D s Srg[erzpjg Nk ] 4
4 2
value (HHV) HHY of Di by e compressed wood: 8 - 10 % (ANDRM M 7135: < 10 %) 5
Lower heating value LHV of dry matter [OM] A B DA compressed bark: usually 8 - 10 24 [ANORM M 71352 18 %) 0
[LHY) LHV of DM A hike DM Y |Source: Emnpirical values, SNORM M 7135 ba
LHY of fresh substance [FS| Pl S ) ) o ) g
LHV of ES KWtk FS + |Mote: Inthe wood fuel business, moisture content is defined on a wet weight basis and is expressed as a o
= « |rercentage by weight of the total weight of the wood containing water. For example, a shipment of 1
LHY of FS Al EE 4 [terne of wood chips with & moisture content of 40 3 consists of 400 kg water and G600 kg water-free wood 51
LHV of FS Abhim’ F5 substancs (dry matter]. It is irmpartant nat to canfuse the maisture contsnt on & wet weight basis with the 2
moisture content on a dry weight basis.
Density Ivlean over-dry density g B 5
Ivleam shrinkage & Y | The maxirnum rmoisture contert vou can enter is 80 3 (18 % for corpressed wood)! 7
Bulk density Koo fof x ZH OF
- Proportion of wood substance Aph fnrananion oF NS A LY
- Proportion of water s e ok, Fate XH . 18z | 253 | 10 11 118
Aatio n? per tFS S 1 21 | 15 | 20 | 1 42
Ash Ash cantent [estimate] e it (W | 100 | 150 I 100 1] 600
Ash density (estimate) Ay | 700 | 700 | 700 |1 700

Figure 6: Show comments on the individual parameters

The main section “Parameters” is divided into 7 groups:
= Basic parameters

In this section, you can select or enter the wood species/fuel type and the wood fuel
assortment. The selected wood species/fuel type is assigned to a fuel group, and the
conversion factor from m3(solid) to m3(stacked) or m3(loose) is determined.

= Moisture content parameters

Enter the moisture content of the respective assortment in percent by weight of fresh
substance in this section. Furthermore, the mean hydrogen content of wood (around 6 %) is
shown or can be entered in the “Other” section.

= Higher and lower heating values

In this section, the higher heating value (HHV) and the lower heating value (LHV) are shown.
These values are calculated based on the data selected or entered in the above sections
“Basic parameters” and “Moisture content”, i.e. they are either taken from the data sheet or
are calculated from the manually entered values. Both values are shown in several different
units. In this section, no input is necessary (except in the “Other” section).

= Density parameters

This section shows the mean oven-dry density, the mean shrinkage rate and the bulk density.
In this section, no input is necessary either (except in the “Other” section]. The oven-dry
density and shrinkage values are taken from the data sheet according to the selected wood
species/fuel type; the other values are calculated based on the previously entered data.

klima:aktiv energieholz | Calculation of Wood Fuel Parameters | Page 7 & .
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»  Ash parameters

This section shows an estimate of the amount of ash and the ash density for the selected
wood species/fuel type. These values are taken from the data sheet. In this section, no input
is necessary (except in the “Other” section).

= Price per unit

In this section, the wood fuel prices are converted into several different units. Select one of
the input fields and enter the fuel price per unit specified in the selected field. The price is
immediately converted into the other price units.

= /nstallation parameters

In this section, you can enter the annual fuel demand of your installation and the fuel ratio of
the assortments you use.

Thus, you can assemble the total fuel demand of your installation by varying the proportion
of the individual wood fuel assortments. This section shows the calculated fuel weight and
fuel volume, the ash weight and ash volume and the annual fuel costs of an installation.
These values are given individually for each assortment and as total values for the selected
fuel mix. In addition, the composite fuel price is shown in Euro/MWh.

* Main section ,Wood species”

In this section, various wood species and wood fuel assortments can be selected. Three
columns are available, allowing you to directly compare different wood species and wood
fuel assortments.

= Main section , Bark”

In this section, the parameters of bark assortments are calculated. It is important to bear in
mind that the bulk density of bark can vary greatly depending on wood species, season and
processing (debarker, chipping, etc.) and that the factor used for the conversion from cubic
metre solid to cubic metre loose can deviate considerably from the mean value defined by
the standard.

* Main section ,Compressed wood”
In this section, the parameters of compressed wood (pellets and briquettes) are shown.
* Main section ,Other”

In this section, you can enter all parameters manually. This allows you to make calculations
for special fuels or fossil fuels. Furthermore, you can enter your own empirical values for the
fuels and compare them with the given values.

klima:aktiv energieholz | Calculation of Wood Fuel Parameters | Page 8 a .
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4.2 Description of the input fields

4.2.1 Selection of the wood species

For the selection of the wood species, move your cursor to the light red field for the wood
species and click once with the left button of your mouse (currently selected wood species:
spruce). To the right of the cell, a small grey box with an arrow in it appears (see Figure 7:
Step 4.1 - Selection field wood species).

7 T T T T T T
|L_lSpreadsheet for the calculation of parameters and prices of wood fuel assortments
wersion 1 6B-ENG
Please enter your variables in the light red cells.
|| Forthe calculations to work as intended, macros have to e activated in the Excel settings => Tools | Macro | Security | Security level | set to "Medium®
|| move the cursor over the red triangle in the respective cell to show the hidden comments containing additional information on the respective parameters
|| [Parameters | Wood species
|| [Basic parameters WWood speciess Tuel type Selection in the Grop-cown mend
Spruce Larch Oak, Turkey
Fuel grou Assignment 10 fuel groups J -
EHEET = St coniferous wood (CW) coniferous wood (CW) MEfCE LS ]
(MCWY
Assortment Selection in the drop-down menu h - - -
firewood (stacked) solid wood mass wood chips G30
Conversion factor 7 mIsON) = x m(stacked) or x maiooss) | 118 1.00 250
Unit Customary unit b m?(stacked) m3(solid) m>{loose)
Moisture Moisture content (HzO1) % by welght, F5) | 40.0 [ 40.0 | 20.0
Hydrogen content (H) 96 By welght, DV) | 6.2 | 6.2 | 6.0
Higher heating value HHY of dry matter (D) MG DM 20.4 204 19.3
(HHV} HH of D FWVRIG DM 5.66 5.66 537
Lower heating value LHY oOf dry matter (D) MG DM 19.0 130 18.0
{LHV} LHV of DM KWh/ kg DM 5.28 5.28 5.00
LHw of fresh substance (FS) MG FS 104 10.4 13.9
LHV of FS KWh'kg FS 2.89 289 3.86
LHY of FS Mi/m® FS 5,605 5,464 4,525
LHV of FS KWh'm>FsS b 1.557 2.351 1.257
L [Density Mean oven-dry density Kafm® (St 0 % H2 Ol 11 az0 550 740

Figure 7: Step 4.1 - Selection field wood species

When you click on the grey box, a drop-down menu listing the various wood species appears.
You can select one of them by clicking on the wood species of your choice, e.g. fir (see Figure
8: Step 4.2 - Selection of a wood species). You can move through the whole drop-down menu
via the scroll bar on the right.

Spreadsheet for the calculation of parameters and prices of wood fuel assortments
wersion 1.6-ENG
Please enter your variables in the lightred cells.
For the calculations to work as intended, Macros have to be activated in the Excel settings == Tools | Macra | Security | Security Ievel | set to "Medium®
Move the cursor over the red triangle in the respective cell to show the hidden comments containing additional information on the respective parameters
[Parameters | | ~d SCI‘O” bal’ |:
Basic parameters WWood speciess TUel type Selection In the orop-down menu I
Spruce = Larch Oak, Turkey
Fuel group Assigrment to fuel groups Cypress ~ K non-coniferous wood
Douglas Fir iferous wood (W) (NCwr
Assortment Selection in the drop-down menw English vew . -
Fir solid wood mass wood chips G30
Larch
Conversion ractor 7 MY S0NE) = X mystacked) OF x Mmoo, E""E — 1.00 2.50
. . ine, Blac S ;
Unit Customary unit e, Eastern White - m*(solid) m*{loose)
Moisture Moisture content (HzO) % (B welght, F5) 40.0 40.0 T 20.0
Hydrogen content (H) % by weight, DM) | 5.2 | 5.2 | 5.0
Higher heating value HHY of dry matter (D) MG DM 204 20.4 19.3
{HHV) HHY of DM VYR DM 5.66 5.66 5.37
Lower heating value LHY of dry matter (DM) MG DM 19.0 19.0 18.0
{LHV) LHV of DM KWh/kg DM 5.28 5.28 5.00
LHY of fresh substance (FS) MIHG FS 10.4 10.4 13.9

Figure 8: Step 4.2 - Selection of a wood species
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4.2.2 Selection of the assortment

For the selection of the wood fuel assortment (e.g. wood chips G50 or sawdust], move your
cursor to the light red field for the assortment and click once with the left button of your
mouse (currently selected assortment: wood chips G50). To the right of the cell, a small grey
box with an arrow in it appears (see Figure 9: Step 4.3 - Selection field assortment].

Spreadsheet for the calculation of parameters and prices of wood fuel assortments
Wersion 1 6-EMNG
Please enter your variables in the light red cells.
For the calculations to worlk as intended, macros have to be activated in the Excel settings == Tools | Macro | Security | Security level | set to "Medium"
Move the cursor over the red triangle in the respective cell to show the hidden comments containing additional information on the respective parameters
[Parameters ] | Wood species
Basic parameters Wood species/ fuel type Selection in the drop-down menu .
Fir Spruce E
Fuel grou Assignment o fuel groups T
= = & = & coniferous waood (CW) coniferous wood (CYW) ng
Assortment Selectian in the drop-dawn menu 1 . .
wood chips G50 solid wood mass S|
Conversion factor T misolid) =x mstacked) or x m¥ioose) 1 .0 1.00
Unit Customary unit ) m3*(loose) m3*(solid)
Moisture Moisture content (H,O) % (hy weight, FS) | 40.0 | 40.0 ‘
Hydragen contsnt (H) % (by weight, DM) | 6.2 | 62 |
Higher heating value HHY of dry matter (D) MtAg DA 204 20.4
(HHV) HHY of DM FWhikg DM ) 566 566
Lower heating value LHY of dry matter (D) Mg O 19.0 19.0
{LHV}) L HV of DM kWh e DA 1 528 B2

Figure 9: Step 4.3 - Selection field assortment

When you click on the grey box, a drop-down menu listing the various assortments appears.
You can select one of them by clicking on the assortment of your choice, e.g. sawdust (see
Figure 10: Step 4.4 - Selection of an assortment]). Together with the selection of the
assortment, the conversion factor from m3(solid) to m3(loose) or m3(stacked) is determined.

Spreadsheet for the calculation of parameters and prices of wood fuel assortments
Yersion 1.6-ENG
Please enter your variables in the light red cells.
For the calculations to worlk as intended, macros hawve to be activated in the Excel settings == Tools | Macro | Security | Security lewel | set to "Medium"”
Move the cursor over the red triangle in the respective cell to show the hidden comments containing additional information on the respective parameters
[Parameters ] | Wood species
Basic parameters YWood species/ fuel type Seleciion in the drop-down meanu .
Fir Spruce E
Fuel A tia fuet ]
SLEL R SR ACIGHURIEEYEIEE coniferous wood (CW) coniferous wood {CYW) nd
Assortment Selection in the drop-down menu 7 B .
wood chips G50 solid wood mass =14
Conversion factor 1 m¥solid) = x m¥stacked) orx m"(fool solid wood mass 1.00
Unit Customary unit split firewood (1 m] m3(solid
£4 I firewood (stacked) ! ]
Moisture Moisture content (H,O) %% (hy weighi, FS) lrs&ogﬁiééoég? 40.0 ‘
Hydrogen content (H) %% (hy welght, DM) wood chips G50 6.2 \
N sawedust
Higher heating value HHY of dry matter (D) Mg DA N wood shavings 204
(HHWV) HHY of DM FiWikg DM 5.66 566
Lower heating value LH' of dry matter (D) Mg DA 190 190
(LHV) LHV of DM kWh/kg DM 1 5.28 5.28
Figure 10: Step 4.4 - Selection of an assortment
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4.2.3

Another important parameter you have to enter is the moisture content of the wood fuel
assortment. Enter the moisture content in %’ in the field. You can enter several decimal
places; although only the first decimal place will be shown, all entered decimal places are

Input of the moisture content

considered in the calculation (see Figure 11: Step 4.5 - Input of the moisture content).

Wersion 1.6-ENG

Please enter your variables in the light red cells.
For the calculations to work as intended, macros have to be activated in the Excel settings =» Tools | Macro | Security | Security level | set to "Medium"
Move the cursor over the red triangle in the respective cell to show the hidden comments containing additional information on the respective parameters

Spreadsheet for the calculation of parameters and prices of wood fuel assortments

|Parameters

Wood species

Basic parameters  Wood speciess fLel type

Selection in the drop-down menu

Fir

Spruce

Beech, European

~

~

Fuel grou| Assignment to fuel groups -1 i
SRR e Biesle Coniferous wood (CW) | coriferous wood (Cw) | OTHECTirerous wood
(HCHY)
Assortment Selection In the drop-down menu 7 ) . o
wood chips G50 solid wood mass split firewood (1 m)
Conversion factor 7 msolid) = x m¥stacked) or x myioose) 1 3.03 1.00 143
Unit Customary unit 1 m*({loose) m?(solid) m?(stacked)
Moisture Moisture content (H;O) % (hy weight, FS) 400 40.0 20.0
Hydrogen content (H) % by weight, OM) & 5.2 5.0
Higher heating HH/ of dry matter (D) MJfkg DM 204 204 19.3
value (HHV) HHY of DM ARG DM 1 566 5 66 537
Lower heating value LHY of dry matter (D) MJfkg DM 18.0 19.0 16.0

Figure 11: Step 4.5 - Input of the moisture content

4.2.4

Input of the price per unit

You can enter the wood fuel price per unit in four different input fields:

* input in Euro/t dry matter (DM)

* input in Euro/t fresh substance (FS)

* input in Euro/m3 fresh substance (FS])

The price per volume unit in m® corresponds to the unit commonly used for the
assortment selected in Figure 10: Step 4.4 - Selection of an assortment (m3(solid),
m3(stacked) or m3(loose)).

* input in Euro/MWh

“DM” stands for “dry matter” (0 % moisture content]), “FS” stands for “fresh substance”
(variable moisture content).

Enter the price in only one of the 4 fields - the price will immediately be converted into the

other price units (see Figure 12: Step 4.6 - Conversion price per unit).

Note: The conversion only works if you have activated the macros, see chapter 3.

* For the main sections “Wood species”, “Bark” and “Other”, the maximum moisture content you can enter is
80 %; for the main section “Compressed wood”, the maximum value is 18 %.
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klima:aktiv

|| Spreadsheet for the calculation of parameters and prices of wood fuel assortments
| | Wersion 1.6-ENG
|| Please enter your variables in the light red cells.
| | Forthe calculations to work as intended, macros have to be activated in the Excel settings =» Tools | Macro| Security | Security level | set to "Medium®.
|| Move the cursor over the red triangle in the respective cell to show the hidden cornments containing additional information on the respective parameters.
i |Parameters | | Wood species | I
|| [Basic parameters ‘wWood speciest fuel tupe Sl ion 47 Hae chm-ker maeres _
Fir Spruce Beech. European
I Fuel grouy Aty & o o os h -
SLE e L coniferous wood [Cw] coniferous wood [CW] e co?;jce::;"]ls puoed
Il Aszsortment Sinfiioer 27 e ooy ARy b _ _ S H
wood chips G50 solid wood mass split firewood [1m])

| Corversion Factar Pl = v ar¥eiacta ar x mr¥inesel | 303 100 143
|l Unit CErT b es Canet b m¢[loose] mé[solid) mP[ stacked)
|| [Moisture Maisture contert [H,0) ¥ g e F5 | 40.0 40.0 20.0 |
|l Hydrogen content [H] T sl LN I E.2 E.2 E.0 I
: Higher heating HHY of dry ratter (D] Al By DT 20.4 20.4 19.3
|| |¥alue (HHY] HHY of Di4 Ak SRS h 5.66 566 5.37
|| |Lower heating LHY of dry matter (D) Ad B Dhe 18.0 18.0 18.0
|| |value (LHV] LHV of DM AWk DA 7 528 528 5.00
| | LHY of Fresh substance [FS)] Ad B FE 0.4 0.4 1339
|| LHV of FS kWl FS 1 2.89 2.89 3.86
|| LHY of FS A RS A 2.080 E.595 E.388
|l LHV of FS AWl F S 7 578 1.832 1941
: Density biean oven-dry densiby A B OF 410 430 B30
| | tAean shrinkage B 7 1.5 1.7 17.9
| | Bulk density K faf x T H £ 200 633 502
| | - Proportion of wood substance Al foraoanioer FER A x TH £ h 120 280 402
|| - Proportion of water Agrioramanian oAy G A, CF h an 253 100
|l FHatio r per t FS AEFE h 5.0 16 20
|| [ash Ash contertt (estirmate] X fs i T | 150 150 1.00 |
| Ash density [estirmate) A | 700 700 il |
: Price per unit o Eewer¥ DAS 7237 79.01 136.85

Activate macros | i’;ﬁl’ ;i’;?c:;‘et'hf:;?c';‘ji'l‘f e FrarFs h 4342 47.41 109,48
H L ~
L immediately be corverted into the Lo’ £5 - 867 3000 55.00
|| ather price units! Erwahfi#: 15.00 16.38 28.33
1 Lttt ] 477 455 7.87
: Installation Fuel dermand per wear Adledyls | 20.000 E.000 E.000 5.000
|| |parameters Fuel ratia & 0022 302 302 2522

=] s 21773 3 10 a0e 5 57c

Figure 12: Step 4.6 — Conversion price per unit
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4.2.5 Input of installation parameters (fuel demand and fuel mix)

Enter the estimated fuel demand in MWh per year and the fuel mix of your choice in % for the
calculation of various installation-specific parameters (such as the amount of fuel needed
and the annual fuel costs) (see Figure 13: Step 4.7 - Input of installation parameters).

* |nput of the annual fuel demand in MWh
Enter the fuel demand of a specific installation in MWh per year.
* |nput of the desired fuel ratio

If you are using more than one wood fuel assortment to fuel your installation, please enter
the fuel ratio in % of the total fuel demand for each of your chosen fuel types (values must be
integers and must always add up to 100 %).

A B [ C [ D [ E = G [ H 1 1] K | M [ 5]
Spreadsheet for the calculation of parameters and prices of wood fuel assortments
[ Version 16-ENG =
[l |Plaase anter your variables in the light red cells. klima:aktiv
|| Forthe caloulations to work asintended, macios have tabe activatedin the Encel settings => Tools| Macrs | Security| Seourity vl | setto " Medium'™
[l Move the cursar over the red triangle in the respetive ol 1o shaw the hidden comments containing addiional information arthe respeGtive parameters s e e oee
| [E ] [ VWood species. ] [ Bark ] [Compressed woad Other 1
Basic parameters Wood species fuel type T R e TR Fir Spruce Beech. European bark CW wood pellets natural gas
. R
Fuelgroup At b fuslgroues coniferouswood (CH) | coniferous wood (Ch] ”””’mmg[ja“ eed barkCW compressed woad fossil
i o 4 iy
GEERC s wood chips G50 | solidwood mass | split firewood (1m} Rk
Corwersion factor Fimodid? = v Yetackediorsm Hoosal | 3.03 100 143 333 1.00
Il Unit Eustomary wnit h milioase) m*(solid) mistacked) milloose) tFS w
|| [Maisture Maisture content (He) b vighe. £ q [ 40.0 T 40.0 T 20.0 ][ 50.0 ][ 8.0 1] 0.0 |
Il Hudrogen content (H) b aeaighe, SV | 62 | 62 | 60 | 1 6.2 |1 6.2 | 236
|| [Higher heating  HHY ofdw mansr DM Mtz O 0.4 0.4 3.3 0.4 4320 |
[| [value (HHV) HHW of DM Sl W b EE EE 37 E5 1367
|| [Lower heating  LHY of drymatter OV MLz 0T 3.0 3.0 & 3.0 44,00
[| |value LHY) LHY of OM kidhig O b 5.28 5.28 5.0 5.28 1222
LHV of fresh substance (FS) M FS 0.4 0.4 1 33 44,00
LHY of FS kbl FS 7 2.89 2.89 3.8 230 12,22
LHV atFS Mitm*ES 7 2080 [ 6358 1,851 Mz
LHY of FS Aihidm*FS h Srd 1,852 1941 542 9.53
|| [Density Mean auen-dry density i fat D7 M F I 445 600
Mean shrinkage & A ] 7
Bulk density kgim fatn 5y OF 4 Input of the annual 236 652
- Propartion af wosd substance  dtn faracornian of 0 s, h . T8 600
Proporion ofwater et oo ot . & fuel demand in MWh i 52
Il Ratio m’ pertFS i h 4.2 15
|| [ash ‘Ash content [estimate] &l wight, GV q [ /150 T 150 ! 1 [ 1 [ 1 [
fish density [estimate] At | / 7on | 700 . .. )
i - = Input of the desired fuel ratio in %;
Price per unit Euralt OGN 7237 9.01
[ [servsee mecrst  Emertrelveloiesincnsctie o ps 117 a5z T4 values must add up to 100%.
3 i E
immedistelybe convenedinto the  £radm”FS | 8.67 0.00
ather price urnits! EuiralMilh 15.00 6.38 I 28.33 T 13.90 T 39.57 T
1l ez 417 4/§§/ | 7.87 | [ 3,86 | [ 10,93 | [
|| [installation Fusl demand per year Midyla 20,000 T fom T ZFonn 5,000 [ Qo0 | 0 0
parameters Fuel ratio a 10072 30% A 30% 25% | 152 | 03 03
Fuel valume mES 2,772 Toee o 5714 e T T
Fuelusight e 4,175 1244 1244 1035 652 0 [1]
Fuelusight £S5 6,744 z073 2073 1234 1305 0 i
#sh wsight [estimate) s 07 -] -] hil 52 0 [1]
Aish volume lestimate] s 153 32 32 15 ki 0 [i]
Fuel costs per year Eura's 371612 30,000 98.261 141.664 41,687 0 0
Compasite fusl price Eera Mty 18.58

Figure 13: Step 4.7 - Input of installation parameters
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4.3 Details regarding the calculations

= Calculation of the lower heating value based on the higher heating value

The lower heating value (LHV] of fuels can be derived from the higher heating value (HHV],
the moisture content and the hydrogen content with the following formula®:

*18,02 % 2,447 * (1 - %j [MJ /kg FS]

LHV = HHV #[ 1= MC | 5 447+ MC __N
100 100 100%2

LHV ...lower heating value in MJ /kg FS
HHV ...higher heating value in MJ / kg DM
mc...moisture content in % by weight FS
h...hydrogen content in % by weight DM

Formula 1: Calculation of the lower heating value (LHV] based on the higher heating value
(HHV), the moisture content and the hydrogen content of a fuel

= Calculation of the bulk density of fresh substance

The calculation of the bulk density is based on the oven-dry density, the moisture content,
the shrinkage rate and a conversion factor for the unit (

Formula 2: Calculation of the bulk density of fresh substance).

Tables and standards usually list only the species-specific mean oven-dry weight’ of water-
free wood substance (0 % moisture content). For the calculation of wood fuel parameters per
volume unit of fresh substance, the spreadsheet uses the formulas below to calculate the
approximate bulk density at the manually entered moisture content.

¢ Obernberger, I. et al (1999): Planerseminarzyklus fiir Biomasseheizwerke und Biomasse-Kraft-Warme-
Kopplungsanlagen

° Sometimes, the bulk density at a moisture content (on a dry weight basis) of 12-15 % - a value which is relevant
for interior work - is also specified. It is important not to confuse the moisture content on a dry weight basis
(given in % by weight of dry matter) with the moisture content on a wet weight basis (given in % by weight of
fresh substance).
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mc >23%:
ﬂj mc 1
p=|p *(1—— N1-—||*—  [kg/m?]
{ ’ 100 100)] f,
mc<23%:
mc
LB
23 mc 1
p=|p*1- /( ——j *—  [kg/m?]
’ 100 100)| f

p...bulk densityin kg /m?

P, ---oven —drydensityin kg /m?

mc...moisture content in % by weight FS

p...shrinkage in %

f,...conversion factor (m3(solid) — m?3(stacked ) — m*(loose))

Formula 2: Calculation of the bulk density of fresh substance at a moisture content above the
fibre saturation point (mc > 23 %) and below the fibre saturation point [mc <23 %)

During the drying process, wood shrinks when the moisture content drops below the fibre
saturation point (around 23 % moisture content) until the oven-dry weight (0 % moisture
content) is reached; the shrinkage rate depends on wood species, density and fibre
orientation. The shrinkage is smallest along the grain (longitudinally) (0.1 -1 %), higher
across the rings (radially) (5 %), and highest in the direction of the annual rings (tangentially)
(10 -17 %).

The total volumetric shrinkage value used for the calculation of the bulk density in the
spreadsheet is the sum of longitudinal, radial and tangential shrinkage of the respective
wood species. An overview of the total shrinkage rates of the different wood species used for
the calculation and the respective data sources are given in the data sheet.
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= QOven-dry density and bulk density

The calculation of parameters for all wood species is based on mean oven-dry density values
in kg/m3. For the sake of simplicity, the oven-dry density values for bark used for this
calculation are the same as the values for non-coniferous wood or coniferous wood. The
Austrian Energy Agency consulted the following sources for the compilation of the list of
species-specific mean oven-dry density values:

e ONORM B 3012 Holzarten - Kennwerte zu den Benennungen und Kurzzeichen der
ONORM EN 13556

e Kollmann, F. (1951): Technologie des Holzes und der Holzwerkstoffe, Springer Verlag

e Wagenfiihr, R. und Scheiber, C. (1985): Holzatlas, 2. Auflage. VEB Fachbuchverlag
Leipzig.ll
Wagenfiihr, R. (2004): Bildlexikon Holz, 2. verb. u. erw. Auflage, Fachbuchverlag
Leipzig

e Jonas, A. et al (2005): Energie aus Holz, Informationsbroschiire der

Landwirtschaftskammer, 9. Uberarbeitete Auflage, Landeslandwirtschaftskammer
NO

e Estimations of the Austrian Energy Agency

An overview of the used mean oven-dry density values and the respective data sources are
given in the data sheet. Please note that the actual oven-dry density of individual wood fuel
shipments can differ considerably from the mean value even within one wood species, as
illustrated by the following example.

Slow-growing spruce, nutrient-poor high altitude site: 600 kg/m?
Mean oven-dry density of spruce: 430 kg/m3
Fast-growing spruce, nutrient-rich low altitude site: 350 kg/m3

Especially in the case of mixed assortments (e.g. coniferous wood and non-coniferous wood
mixed), the oven-dry density of shipments can vary greatly depending on wood species ratio,
origin and quality, and can therefore deviate considerably from the values given in the data
sheet. It is therefore recommended to set up contracts with wood fuel suppliers based on the
delivered energy content [Euro/MWh] or the delivered weight [Euro/t DM].

For the bulk density of pellets in a water-free state, a customary value of 600 kg/m3 was
used.

Since wood and bark briquettes are produced in so many different forms, no universally valid
bulk density values can be provided for briquettes in a water-free state. Therefore, the
calculation uses an estimated bulk density value in kg/m?® based on the value of a very
common briquette type (round briquette with a hole in the centre, around 10 cm in diameter
and roughly 30 cm in length).

Please note that the oven-dry density value of 700 kg/m3 is only an estimate for a certain
briquette type and way of stacking, and that this value can vary considerably for other
briquette types and ways of stacking!
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Shrinkage

The calculation of values per volume unit takes shrinkage rates into account. The Austrian
Energy Agency consulted the following sources for the compilation of the list of species-
specific mean (volumetric) shrinkage rates:

ONORM B 3012 Holzarten - Kennwerte zu den Benennungen und Kurzzeichen der
ONORM EN 13556

Kollmann, F. (1951): Technologie des Holzes und der Holzwerkstoffe, Springer Verlag
Wagenfiihr, R. und Scheiber, C. (1985): Holzatlas, 2. Auflage. VEB Fachbuchverlag
Leipzig.ll

Wagenfiihr, R. (2004): Bildlexikon Holz, 2. verb. u. erw. Auflage, Fachbuchverlag
Leipzig

Jonas, A. et al (2005): Energie aus Holz, Informationsbroschiire der
Landwirtschaftskammer, 9. Uberarbeitete Auflage, Landeslandwirtschaftskammer
NO

Estimations of the Austrian Energy Agency

The mean total shrinkage rate of mixed assortments (e.g. non-coniferous wood mixed) can
vary greatly depending on the ratio of wood species and their origin, and can therefore
deviate considerably from the values given in the data sheet.

In the case of compressed wood, no shrinkage adjustment is calculated, since the moisture
content of these fuel types usually does not exceed the value range specified by the
standards. Deviations from the standards are not taken into account in the calculations in
the spreadsheet. Unintended contact of compressed wood products with water due to
improper storage or an ingress of water can lead to extreme swelling and the
pellets/briquettes disintegrating into sawdust.
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4.4 Information on the spreadsheet and the individual parameters

4.4.1 General notes on the use of the spreadsheet

Since the calculation uses macros, please set the security level for macros to “Medium” so
that all functions will work properly (drop down menu "Tools" --> “Macro” --> “Security” -->
select "Medium” on the "Security level" tab).

The calculations are based on the Austrian standards ONORM M 7132, ONORM M 7133,
ONORM M 7135 and ONORM B 3012, data provided by the Provincial Chamber of Agriculture
of Upper Austria (G. Danninger] and the Provincial Chamber of Agriculture of Lower Austria,
and on empirical values.

When using the spreadsheet, please note the following:

* In the first 5 columns of the spreadsheet (columns: “Wood species”, “Bark”,
“Compressed wood”), the mean values from the data sheet are used for the calculations.

* In the last column of the spreadsheet (column “Other”), you can manually enter values
based on your own sources or data.

= According to the Austrian standard ONORM M 7132, the lower heating value is 18 MJ/kg
DM (dry matter) for non-coniferous wood and 19 MJ/kg DM for coniferous wood.

* The oven-dry density of wood containing no water is between roughly 400 and 750 kg/m3
DM and depends on the wood species, the growth conditions (e.g. nutrient-rich low
altitude site or nutrient-poor high altitude site) and various other properties of the wood
(branchiness, reaction wood, rot and decay, etc.). The oven-dry density can also vary
considerably within a wood species in different wood shipments!

= Depending on wood species and chip size, the bulk density of forest chips varies between
150 and 230 kg/m3 DM (dry matter]).

= For the calculation of the bulk density at a specific moisture content, the mean shrinkage
rate of the various wood species (depending on species 8-20 %, see “Data sheet”) is
taken into consideration.

» The bulk weight of pellets is around 600 kg/m?3 DM (dry matter) or around 650 kg/m3 FS
(fresh substance). The specified bulk density of pellets - 650 kg/m3(loose] - is consistent
with the commonly available product in Austria (spruce sawdust, 6 mm in diameter and 8
% moisture content, tank truck delivery).

* The specified bulk density of roughly 760 kg/m3(stacked) for briquettes (10 kg shrink-
wrapped packages stacked on pallets] is only a rough estimation and varies depending
on the form of the briquettes and the type of packaging.

= The estimated values of ash weight or ash volume for the calculation of the amount of
ash produced can vary depending on wood fuel quality, level of impurities, combustion
technology and ash handling.

= |t is recommended to set up contracts with wood fuel suppliers based on the delivered
energy content in Euro/MWh or based on the weight of the delivered dry matter in Euro/t
DM.
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= Forincreased price transparency and easier cost calculation, the fuel costs are given per
MWh as well as per volume unit.

The spreadsheet and the data contained therein have been compiled to the best of the
author’s knowledge and experience. However, the author accepts no liability whatsoever for
errors or omissions!
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4.4.2 Detailed information regarding basic parameters

Move the cursor over the red triangle in the respective cell to show the hidden comments in
the spreadsheet.

=  Wood species/fuel type

Choose a wood species/fuel type from the drop-down menu or enter a fuel type of your
choice in the "Other” column.

The possible choices in the drop-down menu are also listed in the first column ("Wood
species/fuel type”] of the data sheet.

= Fuelgroup

The wood species/fuel type is automatically assigned to one of the fuel groups listed in the
data sheet (coniferous wood, non-coniferous wood, coniferous wood (mixed), non-coniferous
wood (mixed], non-coniferous wood and coniferous wood (mixed), bark (coniferous wood),
bark (non-coniferous wood), compressed wood).

In the “Other” column, the fuel group can be entered manually.
= Assortment

Choose the assortment from the drop-down menu. The list of selectable wood fuel
assortments in the drop-down menu is based on the Austrian standards ONORM M 7132,
ONORM M 7133, ONORM M 7135.

In the “"Other” column, you can enter the assortment of your choice based on your own data
or sources.

= Conversion factor

The following factors for the conversion from m3(solid) to m3(stacked) or m3(loose) have been
used for the customary assortments:

split firewood (1 m): 1 m3(solid) = 1.4286 m3(stacked)
firewood (stacked): m3(solid) = 1.1765 m3(stacked)
firewood (loose): m3(solid) = 2.0000 m3(loose])
wood chips G30: m3(solid) = 2.5000 m3(loose])
wood chips G50: m3(solid) = 3.0303 m3(loose)
sawdust: m3(solid) = 3.0303 m3(loose])
wood shavings: m3(solid) = 5.0000 m3(loose])
bark chippings (loose): 1 m3(solid) = 3.3333 m3(loose)
Source: ONORM M 7132, Papierholz Austria

_ e

In the “"Other” column, you can manually enter a conversion factor based on your own data or
sources.

= Unit

m3(solid): unit used in wood fuel trade for roundwood, equals 1 m3 solid wood mass. A
further distinction is made in roundwood trade between m?3 solid over bark (SOB) and m3
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solid under bark (SUB). When comparing prices, it is necessary to consider the point of sale
(usually at forest roadside) and possible deductions of bark weight in case of SOB.

m3(stacked): unit used in wood fuel trade equalling 1*1*1 m or 1 m3 stacked wood with air
space between the pieces of wood. Firewood is often sold as split firewood (1 m in length] at
forest roadside or as oven-ready firewood at heating plant or delivered to the end user.
Therefore, it is essential to consider the point of sale and the fuel quality (especially size,
wood species, moisture content and storage time) when comparing prices.

m3(loose): unit used in wood fuel trade equalling 1*1*1 m or 1 m3 loosely heaped wood in the
form of sawdust, wood chips or oven-ready firewood with air space between the pieces of
wood. The solid wood mass contained in one cubic metre loose can vary significantly
depending on bulk density and the size of the pieces.

The volume units in m3 that are used with the values below refer to the respective unit used
in the wood fuel industry for the selected assortment (e.g. wood chips G30 => unit m3(loose])
=> bulk density of fresh substance in kg/m® FS = bulk density of fresh substance in
kg/m3(loose) FS).

In the “Other” column, you must also enter the unit corresponding to the chosen conversion
factor.
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4.4.3 Detailed information regarding moisture content parameters

Move the cursor over the red triangle in the respective cell to show the hidden comments in
the spreadsheet.

=  Moisture content [%]

Enter the moisture content of the chosen wood fuel assortment in this field. Usual levels of
moisture content of available wood fuel assortments are:

firewood (oven-ready), one-year seasoned: 25-35%

firewood (oven-ready), two-year seasoned: 15-25%

wood chips (seasoned for at least one summer): <35 %

sawing residue chips (green): 45 - 55 %

sawdust (depending on source]): 0-55%

bark (green): 45 -55 %

compressed wood: 8-10 % (ONORM M 7135: < 10 %)
compressed bark: usually 8 - 10 %

(ONORM M 7135 < 18 %)
Source: Empirical values, ONORM M 7135

Note: In the wood fuel business, moisture content is defined on a wet weight basis and is
expressed as a percentage by weight of the total weight of the wood containing water. For
example, a shipment of 1 tonne of wood chips with a moisture content of 40 % consists of 400
kg water and 600 kg water-free wood substance (dry matter). It is important not to confuse
the moisture content on a wet weight basis with the moisture content on a dry weight basis.

The maximum moisture content you can enter is 80 % (18 % for compressed wood)!

= Hydrogen content [%]

The hydrogen content of wood is around 6.0 - 6.2 % (% by weight of DM).
Source: ONORM M 7132

In the “Other” column, you need to enter the hydrogen content of the selected fuel as
specified in your own data sources.
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4.4.4 Detailed information regarding higher and lower heating values

Move the cursor over the red triangle in the respective cell to show the hidden comments in
the spreadsheet.

= Higher heating value (HHV) of dry matter (DM] [MJ/kq]

The higher heating value (HHV) of coniferous wood is around 20.4 MJ/kg DM. Due to a lower
resin and lignin content, the higher heating value of non-coniferous wood is somewhat lower
than the HHV of coniferous wood and is around 19.3 MJ/kg DM.

For the calculation of the higher heating value of bark (coniferous wood, non-coniferous
wood), the spreadsheet uses the same values as for coniferous wood and non-coniferous
wood. However, in case of a high content of resin or other extractive compounds the higher
heating value of bark can be up to 2.5 MJ/kg higher than that of the wood.

Source: ONORM M 7132. For the conversion between MJ/kg and kWh/kg, a factor of 3.6 (1
kWh = 3.6 MJ] is used.

In the “Other” column, you need to enter the higher heating value (HHV) of the selected fuel
as specified in your own data sources.

= Higher heating value (HHV) of dry matter (DM] [kWh/kq]

The higher heating value (HHV] of coniferous wood is around 5.6 kWh/kg DM. Due to a lower
resin and lignin content, the higher heating value of non-coniferous wood is somewhat lower
than the HHV of coniferous wood and is around 5.4 kWh/kg DM.

For the calculation of the higher heating value of bark (coniferous wood, non-coniferous
wood), the spreadsheet uses the same values as for coniferous wood and non-coniferous
wood. However, in case of a high content of resin or other extractive compounds the higher
heating value of bark can be up to 0.7 kWh/kg higher than that of the wood.

Source: ONORM M 7132. For the conversion between MJ/kg and kWh/kg, a factor of 3.6 (1
kWh = 3.6 MJ) is used.

= Lower heating value (LHV) of dry matter (DM) [MJ/kq]

The lower heating value (LHV) of a fuel can be derived from the higher heating value (HHV)
via an approximation depending on moisture and hydrogen content. Details of the
conversion from HHV to LHV are explained in the manual.

According to the Austrian standard ONORM, the lower heating value of coniferous wood is
19.0 MJ/kg DM. Due to a lower resin and lignin content, the lower heating value of non-
coniferous wood is somewhat lower than the LHV of coniferous wood and is 18.0 MJ/kg DM
according to ONORM.

For the calculation of the lower heating value of bark (coniferous wood, non-coniferous
wood), the spreadsheet uses the same values as for coniferous wood and non-coniferous
wood. However, in case of a high content of resin or other extractive compounds the lower
heating value of bark can be up to 2.5 MJ/kg higher than that of the wood.

Source: ONORM M 7132. For the conversion between MJ/kg and kWh/kg, a factor of 3.6 (1
kWh = 3.6 MJ) is used.
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= Lower heating value (LHV) of dry matter (DM) [kWh/kq]

The lower heating value (LHV) of a fuel can be derived from the higher heating value (HHV])
via an approximation depending on moisture and hydrogen content. Details of the
conversion from HHV to LHV are explained in the manual.

According to the Austrian standard ONORM, the lower heating value of coniferous wood is
around 5.3 kWh/kg DM. Due to a lower resin and lignin content, the lower heating value of
non-coniferous wood is somewhat lower than the LHV of coniferous wood and is around 5.0
kWh/kg DM.

For the calculation of the lower heating value of bark (coniferous wood, non-coniferous
wood), the spreadsheet uses the same values as for coniferous wood and non-coniferous
wood. However, in case of a high content of resin or other extractive compounds the lower
heating value of bark can be up to 0.7 kWh/kg higher than that of the wood.

Source: ONORM M 7132. For the conversion between MJ/kg and kWh/kg, a factor of 3.6 (1
kWh = 3.6 MJ) is used.

= Lower heating value (LHV] of fresh substance (FS] at x % H,0 (MJ/kql

The lower heating value (LHV] of wood - per weight unit - mainly depends on the moisture
content: A5 % reduction of the moisture content results in an increase of the energy content
by roughly 1 MJ/kg.

Freshly felled wood with a moisture content of roughly 55 % has an energy content of around
7 MJ/kg; the moisture content of split firewood can be reduced to around 20 % if it is
seasoned for 2 to 3 years, doubling its energy content to around 14 MJ/kg.

= Lower heating value (LHV) of fresh substance (FS] at x % H,0 [kWh/kg]

The lower heating value (LHV] of wood - per weight unit - mainly depends on the moisture
content: A5 % reduction of the moisture content results in an increase of the energy content
by roughly 0.3 kWh/kg.

Freshly felled wood with a moisture content of roughly 55 % has an energy content of around
2 kWh/kg; the moisture content of split firewood can be reduced to around 20 % if it is
seasoned for 2 to 3 years, doubling its energy content to around 4 kWh/kg.

= Lower heating value (LHV) of fresh substance (FS] at x % H,0 [MJ/m3]

The m3 unit refers to the unit (m3(solid), m3(stacked) or m3(loose]) of the selected assortment
(e.g. larch, wood chips G30, moisture content 30 % => 1 m3 equals 1*1*1 m or 1 loose m? of
poured wood chips with an energy content of roughly 3,500 MJ].

The lower heating value (LHV) of wood - per volume unit - depends on a variety of factors.
Depending on wood species or mixture of wood species, growth site (nutrient-poor high
altitude site versus nutrient-rich low altitude site), assortment (sawdust, coarse wood chips,
fine wood chips, firewood, roundwood, compressed wood, etc.) and quality (moisture content,
rot and decay, contamination, etc.), the energy content of a wood fuel shipment can vary
greatly. The values per volume unit calculated in the spreadsheet are only approximate
values for average wood quality and customary assortments.
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In order to reduce the risks associated with wood fuel transactions, it is recommended to set
up contracts (in Euro per tonne dry matter (DM) or Euro per MWh] that take the bulk weight
and the moisture content into account.

= Lower heating value (LHV) of fresh substance (FS] at x % H,0 [kWh/m3]

The m? unit refers to the unit (m3(solid), m3(stacked]) or m3(loose]) of the selected
assortment (e.g. larch, wood chips G30, moisture content 30 % => 1 m3 equals 1*1*1 m or 1
loose m? of poured wood chips with an energy content of roughly 970 kWh).

The lower heating value (LHV) of wood - per volume unit - depends on a variety of factors.
Depending on wood species or mixture of wood species, growth site (nutrient-poor high
altitude site, nutrient-rich low altitude site), assortment (sawdust, coarse wood chips, fine
wood chips, firewood, roundwood, compressed wood, etc.) and quality (moisture content, rot
and decay, contamination, etc.), the energy content per volume unit of a wood fuel shipment
can vary greatly. The values per volume unit calculated in the spreadsheet are only
approximate values for average wood quality and customary assortments.

In order to reduce the risks associated with wood fuel transactions, it is recommended to set
up contracts (in Euro per tonne dry matter (DM) or Euro per MWh] that take the bulk weight
and the moisture content into account.
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4.4.5 Detailed information regarding density parameters

Move the cursor over the red triangle in the respective cell to show the hidden comments in
the spreadsheet.

= Mean oven-dry density [ka/m?] (at 0 % H,0}

The specified mean oven-dry densities refer to 1 m? oven-dried solid wood mass. The oven-
dry density values used for the calculation and the respective data sources can be found in
the data sheet.

In the “Other” column, you need to enter the oven-dry weight of the selected fuel as specified
in your own data sources.

=  Mean shrinkage [%]

During the drying process, wood shrinks when the moisture content drops below the fibre
saturation point until the oven-dry weight is reached; the shrinkage rate depends on wood
species, density and fibre orientation. The shrinkage is smallest along the grain
(longitudinally) (0.1 - 1 %), higher across the rings (radially) (5 %), and highest in the
direction of the annual rings (tangentially) (10 - 17 %].

The total shrinkage value (for the volume) used for the calculations in the spreadsheet is the
sum of longitudinal, radial and tangential shrinkage of the respective wood species. An
overview of the total shrinkage rates used for the calculation and the respective data sources
are given in the data sheet.

In the case of compressed wood, no shrinkage adjustment is calculated, since the moisture
content of these fuel types usually does not exceed the value range specified by the
standards. Deviations from the standards are not taken into account in the calculations in
the spreadsheet. Unintended contact of compressed wood products with water due to
improper storage or an ingress of water can lead to extreme swelling and the pellets
disintegrating into sawdust.

In the “Other” column, you need to enter the shrinkage of the selected fuel as specified in
your own data sources.

= Bulk density [kg/m?] (at 0 % H,0)

The estimated bulk density of the selected wood fuel assortment is calculated based on the
mean oven-dry density and in consideration of the selected assortment, the specified
moisture content and mean shrinkage values. The m3 unit refers to the unit (m3(solid),
m3(stacked) or m3(loose)) of the selected assortment (e.g. larch, wood chips G30, moisture
content 30 % => 1 m3 equals 1*1*1 m or 1 loose m3 of poured wood chips with a bulk density
of roughly 278 kg/m?3(loose]).

The bulk density of a specific shipment can deviate significantly from the calculated
approximate value since the density of wood can differ considerably from the mean values
even within one wood species depending on the growth site (nutrient-poor high altitude site,
nutrient-rich low altitude site), and furthermore due to the fact that the chip size and the
bulk density of wood chips or bark chippings can vary considerably depending on the wood
chipper and the transportation distance.
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In order to reduce the risks associated with wood fuel transactions, it is recommended to set
up contracts (in Euro per tonne dry matter (DM) or Euro per MWh] that take the bulk weight
and the moisture content into account.

= Proportion of wood substance [kg/m?] (proportion of DM at x % H,0]

The estimated proportion of wood substance of the selected wood fuel assortment is
calculated based on the mean oven-dry density and in consideration of the selected
assortment, the specified moisture content and mean shrinkage values. The m? unit refers to
the unit (m3(solid), m3(stacked) or m3(loose]] of the selected assortment (e.g. larch, wood
chips G30, moisture content 30 % => 1 m3 equals 1*1*1 m or 1 loose m? of poured wood chips
with a bulk density of roughly 278 kg/m3(loose) => a moisture content of 30 % corresponds to
84 kg H,0 per m3(loose), 70 % wood substance (DM] correspond to 195 kg DM per m3(loose)
(rounded])).

The bulk density of a specific shipment can deviate significantly from the calculated
approximate value since the density of wood can differ considerably from the mean values
even within one wood species depending on the growth site (nutrient-poor high altitude site,
nutrient-rich low altitude site), and furthermore due to the fact that the chip size and the
bulk density of wood chips or bark chippings can vary considerably depending on the wood
chipper and the transportation distance.

In order to reduce the risks associated with wood fuel transactions, it is recommended to set
up contracts (in Euro per tonne dry matter (DM) or Euro per MWh] that take the bulk weight
and the moisture content into account.

= Proportion of water [kg/m?] (proportion of H,0 at x % H,0]

The estimated proportion of water of the selected wood fuel assortment is calculated based
on the specified moisture content and in consideration of the selected assortment, the mean
oven-dry density and mean shrinkage values. The m3 unit refers to the (m3(solid),
m3(stacked) or m3(loose]) of the selected assortment (e.g. larch, wood chips G30, moisture
content 30 % => 1 m3 equals 1*1*1 m or 1 loose m3 of poured wood chips with a bulk density
of roughly 278 kg/m3(loose] => a moisture content of 30 % corresponds to 84 kg H,0 per
m3(loose], 70 % wood substance (DM) correspond to 195 kg DM per m3(loose) (rounded)).

The bulk density of a specific shipment can deviate significantly from the calculated
approximate value since the density of wood can differ considerably from the mean values
even within one wood species depending on the growth site (nutrient-poor high altitude site,
nutrient-rich low altitude site), and furthermore due to the fact that the chip size and the
bulk density of wood chips or bark chippings can vary considerably depending on the wood
chipper and the transportation distance.

In order to reduce the risks associated with wood fuel transactions, it is recommended to set
up contracts (in Euro per tonne dry matter (DM) or Euro per MWh] that take the bulk weight
and the moisture content into account.

= Ratio m3 per tonne fresh substance (FS] [m3/t]

Provides an estimate of the required storage and transport volume per tonne fresh
substance (FS) of the selected wood fuel assortment.
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The estimated bulk density of the selected wood fuel assortment is calculated based on the
mean oven-dry density and in consideration of the selected assortment, the specified
moisture content and mean shrinkage values. The m3 unit refers to the unit (m3(solid),
m3(stacked) or m3(loose]) of the selected assortment (e.g. larch, wood chips G30, moisture
content 30 % => 1 m3 equals 1*1*1 m or 1 loose m3 of poured wood chips with a bulk density
of roughly 278 kg/m3(loose) => 1,000/278 = around 3.6 m3(loose) of wood chips per tonne
fresh substance.

The bulk density of a specific shipment can deviate significantly from the calculated
approximate value since the density of wood can differ considerably from the mean values
even within one wood species depending on the growth site (nutrient-poor high altitude site,
nutrient-rich low altitude site), and furthermore due to the fact that the chip size and the
bulk density of wood chips or bark chippings can vary considerably depending on the wood
chipper and the transportation distance.

In order to reduce the risks associated with wood fuel transactions, it is recommended to set
up contracts (in Euro per tonne dry matter (DM) or Euro per MWh] that take the bulk weight
and the moisture content into account.
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4.4.6 Detailed information regarding ash

Move the cursor over the red triangle in the respective cell to show the hidden comments in
the spreadsheet.

= Ash content (estimate] [%]

The ash content of wood fuel assortments mainly depends on the proportion of bark and the
level of impurities (mineral contamination through storage and manipulation] in the fuel.

Due to varying levels of impurities in wood fuel, only rough estimates of ash content are
made in the referenced studies (see Obernberger 1997, “Nutzung fester Biomasse in
Verbrennungsanlagen”).

For the estimation of the amount of ash, the following ash content values in percent by
weight of dry matter (DM} were used:

- firewood: 1.0 %
- wood chips G30 and G50: 1.5%
- sawdust and wood shavings: 1.0 %
- bark: 6.0%
- compressed wood: 0.3-0.5%
- compressed bark: 6.0%

Source: Empirical values, Obernberger 1997, ONORM M 7135.

=  Ash density (estimate) [kg/m3]

Depending on combustion efficiency and ash type [(fly ash or bottom ash], the ash weight is
between 300 and 1,000 kg/m3. For calculation purposes, a mean ash weight of 700 kg/m? was
assumed.

Source: Empirical values; Ruckenbauer, Obernberger, Holzner; 1996.
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4.4.7 Detailed information regarding price

Move the cursor over the red triangle in the respective cell to show the hidden comments in
the spreadsheet.

Activate macros! Enter the fuel price in one of the input fields, and the price will immediately
be converted into the other price units.

=  Price per unitin [Euro/t DM]

Enter the fuel price in Euro per tonne dry matter (DM). The entered value will immediately be
converted into the other price units in the fields below, thus allowing immediate comparison
of fuel prices in the different price units.

Example: Larch, wood chips G30, moisture content 30 % => 1 m?3 equals 1*1*1 m or 1 loose
m3 of poured wood chips with an energy content of roughly 970 kWh/m3(loose] => enter price
in Euro/t DM as “80.00" => immediate conversion into 56.00 Euro/t FS, 15.59 Euro/m?3
(Euro/m3(loose]), 16.04 Euro/MWh and 4.46 Euro/GJ.

For price comparisons, it is essential to consider the point of sale and the fuel quality of the
wood fuel assortment since transportation and chopping costs can account for a significant
part of the overall costs (e.g. point of sale at forest roadside in the form of roundwood or at
heating plant or CHP plant in the form of ready-to-use wood chips).

Important note: For the calculations to work as intended, macros have to be activated in the
Excel settings. Should the other price unit cells not be updated with the respective converted
values after one value has been entered, the macros have not been activated. Please check
your Excel settings under Tools => Macro [ Security | Security level | Medium.

=  Price per unitin [Euro/t FS]

Enter the fuel price in Euro per tonne fresh substance (FS). The entered value will
immediately be converted into the other price units in the fields below and above, thus
allowing immediate comparison of fuel prices in the different price units.

Example: Larch, wood chips G30, moisture content 30 % => 1 m?3 equals 1*1*1 m or 1 loose
m3 of poured wood chips with an energy content of roughly 970 kWh/m3(loose] => enter price
in Euro/t FS (equals Euro/m3 as “60.00” => immediate conversion into 85.71 Euro/t DM, 16.71
Euro/m3 (Euro/m3(loose)), 17.19 Euro/MWh and 4.77 Euro/GJ.

For price comparisons, it is essential to consider the point of sale and the fuel quality of the
wood fuel assortment since transportation and chopping costs can account for a significant
part of the overall costs (e.g. point of sale at forest roadside in the form of roundwood or at
heating plant or CHP plant in the form of ready-to-use wood chips).

Important note: For the calculations to work as intended, macros have to be activated in the
Excel settings. Should the other price unit cells not be updated with the respective converted
values after one value has been entered, the macros have not been activated. Please check
your Excel settings under Tools => Macro [ Security | Security level | Medium.
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= Price per unitin [Euro/m3 FS]

Enter the fuel price in Euro per m3 fresh substance (FS). The m3 unit refers to the unit used
in wood fuel trade for the selected assortment. The entered value will immediately be
converted into the other price units in the fields below and above, thus allowing immediate
comparison of fuel prices in the different price units.

Example: Larch, wood chips G30, moisture content 30 % => 1 m?3 equals 1*1*1 m or 1 loose
m3 of poured wood chips with an energy content of roughly 970 kWh/m3(loose] => enter price
in Euro/m3 (equals Euro/m3(loose)) as “17.50" => immediate conversion into 89.78 Euro/t DM,
62.85 Euro/t FS, 18.00 Euro/MWh and 5.00 Euro/GJ.

For price comparisons, it is essential to consider the point of sale and the fuel quality of the
wood fuel assortment since transportation and chopping costs can account for a significant
part of the overall costs (e.g. point of sale at forest roadside in the form of roundwood or at
heating plant or CHP plant in the form of ready-to-use wood chips).

Important note: For the calculations to work as intended, macros have to be activated in the
Excel settings. Should the other price unit cells not be updated with the respective converted
values after one value has been entered, the macros have not been activated. Please check
your Excel settings under Tools => Macro [ Security | Security level | Medium.

= Price per unitin [Euro/MWh]

Enter the fuel price in Euro per MWh. The entered value will immediately be converted into
the other price units in the fields below and above, thus allowing immediate comparison of
fuel prices in the different price units.

Example: Larch, wood chips G30, moisture content 30 % => 1 m3 equals 1*1*1 m or 1 loose
m?3 of poured wood chips with an energy content of roughly 970 kWh/m3(loose] => enter price
in Euro/MWh as “17.00” => immediate conversion into 84.77 Euro/t DM, 59.34 Euro/t FS,
16.52 Euro/m3 (Euro/m3(loose]) and 4.72 Euro/GJ.

For price comparisons, it is essential to consider the point of sale and the fuel quality of the
wood fuel assortment since transportation and chopping costs can account for a significant
part of the overall costs (e.g. point of sale at forest roadside in the form of roundwood or at
heating plant or CHP plant in the form of ready-to-use wood chips).

Important note: For the calculations to work as intended, macros have to be activated in the
Excel settings. Should the other price unit cells not be updated with the respective converted
values after one value has been entered, the macros have not been activated. Please check
your Excel settings under Tools => Macro [ Security | Security level | Medium.
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=  Price per unitin [Euro/GJ]

In addition to the already mentioned units, fuel prices are also shown in Euro/GJ, facilitating
conversion between Euro per MWh and Euro per GJ (conversion factor 3.6; i.e. 1 MWh = 3.6
GJ).

Example: Larch, wood chips G30, moisture content 30 % => 1 m?3 equals 1*1*1 m or 1 loose
m3 of poured wood chips with an energy content of roughly 970 kWh/m3(loose) => enter price
in Euro/MWh as “17.00" => immediate conversion into 84.77 Euro/t DM, 59.34 Euro/t FS,
16.52 Euro/m3 (Euro/m3(loose)) and 4.72 Euro/GJ.

For price comparisons, it is essential to consider the point of sale and the fuel quality of the
wood fuel assortment since transportation and chopping costs can account for a significant
part of the overall costs (e.g. point of sale at forest roadside in the form of roundwood or at
heating plant or CHP plant in the form of ready-to-use wood chips).

Important note: For the calculations to work as intended, macros have to be activated in the
Excel settings. Should the other price unit cells not be updated with the respective converted
values after one value has been entered, the macros have not been activated. Please check
your Excel settings under Tools => Macro | Security | Security level | Medium.
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4.4.8 Detailed information regarding installation parameters

Move the cursor over the red triangle in the respective cell to show the hidden comments in
the spreadsheet.

=  Fuel demand per year [MWh/a]

The annual fuel demand of an installation can be estimated with the given fuel heat input
capacity (MW) and the expected full load hours per year (h) (MW*h = MWh).

The annual full load hours can range from around 1,500 h for small-scale installations for
space heat generation to up to 8,000 h for process heat generating facilities for industrial
purposes.

For example, the estimated annual fuel demand of a biomass heating plant with a fuel heat
input capacity of 1 MW and 1,500 full load hours is 1,500 MWh (corresponding to roughly
2,300 m3(loose) of wood chips), while a biomass CHP plant in the sawmill industry with a fuel
heat input capacity of 24 MW and 7,500 full load hours would need 120 times as much fuel,
i.e. 180,000 MWh (corresponding to roughly 270,000 m3(loose) of wood chips).

» Fuel ratio [%]
Enter the fuel ratio in % for each of your chosen fuel types in the light red cells of this row.

The individual values must always add up to 100 %, otherwise the number in the cell showing
the sum will be clearly marked by a dark red background.

*  Fuel volume [m3 FS/al

Based on the entered fuel demand in MWh/a and considering the entered percentages for
the selected fuel types, the spreadsheet calculates the estimated fuel volume for each
assortment and the total fuel volume of the installation in m3 fresh substance (FS) per year.

The m?3 unit refers to the respective assortment selected above; in order to avoid a
miscalculation of the total fuel volume needed, it is therefore necessary to ensure that the
volume unit (m3(solid), m3(stacked), m3(loose)) is the same for each assortment.

Example: The estimated annual fuel demand of a biomass heating plant with a fuel heat
input capacity of 1 MW and 1,500 full load hours is 1,500 MWh. 70 % of the used fuel are
coniferous wood and non-coniferous wood chips G50 (average moisture content 35 %), 30 %
are coniferous wood bark chippings (loose) (average moisture content 50 %). The estimated
annual fuel volume is around 2,350 m3(loose). A truck-trailer designed for the transportation
of wood chips has a load capacity of roughly 80 m3(loose). Thus, about 30 truck loads of wood
chips and bark would be needed to meet the fuel demand of this heating plant.
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=  Fuel weight in terms of dry matter [t DM/al

Based on the entered fuel demand in MWh/a and considering the entered percentages for
the selected fuel types, the spreadsheet calculates the estimated fuel weight for each
assortment and the total fuel weight of the installation in tonnes dry matter (DM] per year [t
DM/al.

Trading wood in tonnes dry matter (DM] is common practice when dealing with industrial
roundwood assortments of inferior quality.

Example: The estimated annual fuel demand of a biomass heating plant with a fuel heat
input capacity of 1 MW and 1,500 full load hours is 1,500 MWh. 70 % of the used fuel are
coniferous wood and non-coniferous wood chips G50 (average moisture content 35 %), 30 %
are coniferous wood bark chippings (loose) (average moisture content 50 %). The estimated
annual fuel weight is around 314 tonnes dry matter (DM).

=  Fuel weight in terms of fresh substance [t FS/al

Based on the entered fuel demand in MWh/a and considering the entered percentages for
the selected fuel types, the spreadsheet calculates the estimated fuel weight for each
assortment and the total fuel weight of the installation in tonnes fresh substance (FS) per
year [t FS/al.

Example: The estimated annual fuel demand of a biomass heating plant with a fuel heat
input capacity of 1 MW and 1,500 full load hours is 1,500 MWh. 70 % of the used fuel are
coniferous wood and non-coniferous wood chips G50 (average moisture content 35 %), 30 %
are coniferous wood bark chippings (loose) (average moisture content 50 %). The estimated
annual fuel weight is around 528 tonnes fresh substance (FS).

= Ash weight (estimate] [t/a]

Based on the entered fuel demand in MWh/a and considering the entered percentages for
the selected fuel types, the spreadsheet calculates the estimated ash weight for each
assortment and the total ash weight of the installation in tonnes per year [t/al.

Example: The estimated annual fuel demand of a biomass heating plant with a fuel heat
input capacity of 1 MW and 1,500 full load hours is 1,500 MWh. 70 % of the used fuel are
coniferous wood and non-coniferous wood chips G50 (average moisture content 35 %, ash
content 1.5 %), 30 % are coniferous wood bark chippings (loose) (average moisture content
50 %, ash content 6 %). The estimated amount of ash produced in the combustion process is
around 12 tonnes per year.

= Ash volume [estimate) [m3/a]

Based on the entered fuel demand in MWh/a and considering the entered percentages for
the selected fuel types, the spreadsheet calculates the estimated ash volume for each
assortment and the total ash volume of the installation in m3 per year [m3/al.

Example: The estimated annual fuel demand of a biomass heating plant with a fuel heat
input capacity of 1 MW and 1,500 full load hours is 1,500 MWh. 70 % of the used fuel are
coniferous wood and non-coniferous wood chips G50 (average moisture content 35 %, 1.5 %
ash content with an ash density of around 700 kg/m3), 30 % are coniferous wood bark
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chippings (loose) (average moisture content 50 %, 6 % ash content with an ash density of
around 700 kg/m3). The estimated amount of ash produced in the combustion process is
around 16 m3 per year.

= Fuel costs per year [Euro/a]

Based on the entered fuel demand in MWh/a and considering the entered percentages for
the selected fuel types, the spreadsheet calculates the fuel costs for each assortment and
the total fuel costs of the installation in Euro per year [Euro/al.

Example: The estimated annual fuel demand of a biomass heating plant with a fuel heat
input capacity of 1 MW and 1,500 full load hours is 1,500 MWh. 70 % of the used fuel are
coniferous wood and non-coniferous wood chips G50 (average moisture content 35 %, 80
Euro/t DM), 30 % are coniferous wood bark chippings (loose] (average moisture content 50
%, 7 Euro/m3(loose)). The total fuel cost is around 23,000 Euro per year.

=  Composite fuel price [Euro/MWh]

Based on the entered fuel demand in MWh/a and considering the entered percentages for
the selected fuel types, the spreadsheet calculates the fuel costs for each assortment and
the composite fuel price in Euro per MWh [Euro/MWh].

Example: The estimated annual fuel demand of a biomass heating plant with a fuel heat
input capacity of 1 MW and 1,500 full load hours is 1,500 MWh. 70 % of the used fuel are
coniferous wood and non-coniferous wood chips G50 (average moisture content 35 %, 80
Euro/t DMJ, 30 % are coniferous wood bark chippings (loose] (average moisture content 50
%, 7 Euro/m3(loose]). The total fuel cost is around 23,000 Euro per year. This corresponds to
a composite fuel price of around 15 Euro per MWh.
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4.5 Description of the worksheet ,Data sheet”

The worksheet “Data sheet” lists all the wood species and fuel types that can be selected in
the spreadsheet and contains all data needed for the calculation. (For the calculation of the
parameters of other fuels, you must enter your own data in the cells of the spreadsheet’s
“Other” column; see chapter 4.1.2 “Description of the individual sections ")

Figure 14: Detail of the worksheet “Data sheet” shows part of the data sheet (because of the
worksheet’s size, only a detail can be shown here).

_Data sheet for the calculation of parameters and prices of wood fuel assortments
H- Higher - - Bulk density
Wood species! fuel |, ool PR el conten | heating | DY™AV 9ensi | icture content [dry basis) 12-15) sh
type . gretp t value [ Mean |Source|Minimum| Mean |Maximum|Source| Mea
[7] [ [tbig Dt | [kfe] [regirré] [regirré] [kgiré] [%]
Cw & NCW - - - CW & NCW [mixed] 6.2 202 475 5] - - - 123
coniferous wood AD - - CW [mixed) 62 204 a5 5] - - - - 7
Cedar ZED Cedrus deodara Fimalayan Cedar, Deodar Cedar Goniferous wood 62 704 70 i - 545 - E] Tz
[Cw]
Cypress 2YP Cypressus Mediterranean Cypress coniferous wood 6.2 204 450 1 450 - 530 3 23
sempervirens (Cw)
Douglas Fir olc] Pseudotsuga menziesii - coniferous wood 6.2 204 470 1 350 502 770 1 13
[Cw)
English Yew - Taxus baccata - coriferous wood 6.2 204 640 3 640 670 81 3 88
[Cw)
Fir TA Abies albs European Silver Fir, Silver Fir coniferous waod 6.2 204 410 1) 350 441 750 1 115
[Cw]
Larch L& Larix decidua European Larch coniferous wood 6.2 204 550 1 440 583 250 1 4
[Cw]
Pine Kl Pinus sylvestris Seolch Fine, Norway Fine. Riga Pine coniferous wood 6.2 204 510 1 33 543 230 1 21
(Cw)
Pine, Black SK Pinus rigra - coriferous wood 6.2 204 560 1 370 593 %50 1 10
[Cw)
Pine, Eastern White  Ku/ Pinus strobus Yellow Pine coniferous wood 6.2 204 370 1 340 399 510 1 a4
[Cw)
Pine. Monterey KR4, PNRD  Pinus radiata Fadiata Pine coniferous wood 6.2 204 350 1 430 = 530 1 7
[Cw]
Pine, Scots Kl Pinus sylvestris - coniferous wood 6.2 204 510 1 ki 543 230 1 121
[Cw)
Pine. Swiss Stone 2l Pinus cembra Swiss Pine coriferous wood 6.2 204 400 1 400 430 600 1 a0
Cw)
Redwood AWK Sequoia sempervirens  Californis Fledwood, Cosst Redwaod coniferous wood 6.2 204 370 1 400 450 500 3 70
[Cw)
Spruce FI Ficea abies Horway Spruce coniferous wood [ 204 430 El 330 470 &80 2 17
[Cw]
Spruce, Sitka FIS Picea sitchensis - coniferous wood 6.2 204 41 1 280 450 680 2 22
[Cw)
Western Hemlock HEM Tsuga heterophplla - coriferous waod 6.2 204 240 3 440 480 510 3 27
[Cw)
Western Redcedar ACW, THPL Thuja plicata Giant Arborvitas coniferous waod 6.2 204 340 1 330 350 460 3 71
(Cw]
non-coniferous wood - - - HEW [mixed) ] EE] 640 5 - - - - 54
non-coniferous - - - HEW [mixed] ] a3 a0 ] - - - - 2
hardwood
non-coniferous - - - MEW [rixed] €0 a3 B B - - - - 0
softwood
Alder - =P - on-coriferoLs ] EE] 750 ] 450 523 640 ] 1
4 » My Cacuationll, Data sheet / < >
et NF

Figure 14: Detail of the worksheet “Data sheet”

The first column “Wood species/fuel type” lists the wood species native to Central Europe as
well as the wood fuel assortments “bark”, “briquettes” and “pellets”. Furthermore, the
mixed assortments “non-coniferous wood” (subdivided into “non-coniferous softwood” and
“non-coniferous hardwood”), “coniferous wood” and “CW & NCW" for a representative mix of
coniferous wood and/or non-coniferous wood are listed. The proportion of the respective
wood species in the mixed assortments (CW & NCW, coniferous wood, non-coniferous wood,
non-coniferous softwood, non-coniferous hardwood) has been taken from the total wood use
statistics provided by the Austrian Forest Inventory 2000 - 2002. The calculation values
(higher heating value, oven-dry density etc.] for the mixed assortments are weighted
according to these proportions.
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As an additional service, the columns 2 - 4 contain useful information on the respective wood
species, such as abbreviations, botanical names and alternative names.

Column 5 shows the fuel groups the wood species/fuel types belong to. The fuel group is
automatically shown in the “Calculation” worksheet when a wood species/fuel type has been
selected.

Column 6 shows the hydrogen content, which is 6.0 % for all non-coniferous woods and 6.2 %
for all coniferous woods, compressed wood products and non-coniferous wood and
coniferous wood (mixed). The hydrogen content is automatically shown in the “Calculation”
worksheet when a wood species/fuel type has been selected.

Column 7 shows the higher heating value (HHV) which is around 20.4 MJ/kg DM® for all
coniferous woods and compressed wood products, and 19.3 MJ/kg DM’ for all non-
coniferous woods. The value for coniferous wood and non-coniferous wood [(mixed) - 20.2
MJ/kg DM - is weighted based on the wood species distribution®.

The columns 8 - 14 contain density values. The columns 8 - 9 show [mean) oven-dry density
values and the respective sources, while the columns 10 - 14 list the minimum, mean and
maximum bulk density at a moisture content on a dry weight basis of 12 - 15 %’. The mean
oven-dry density values are used for the calculation and are transferred to the “Calculation”
worksheet when a wood species/fuel type has been selected. The bulk density values
specified in the “Calculation” worksheet are an approximation based on the mean oven-dry
density and the specified moisture content (see 4.4.5 Detailed information regarding density
parameters).

The columns 15 - 16 contain the mean total (volumetric) shrinkage. The total shrinkage rate
is the sum of longitudinal, radial and tangential shrinkage. The mean total shrinkage rate is
used for the calculation and is transferred to the “Calculation” worksheet when a wood
species/fuel type has been selected.

The data source for the oven-dry density, the bulk density (moisture content (dry basis) 12 -
15) and the shrinkage values is also given in the data sheet. The Austrian Energy Agency
consulted the following sources for the compilation of the spreadsheet:

¢ According to the standard lower heating value (LHV) of coniferous wood (19.0 MJ/kg DM) and the conversion
formula, the higher heating value (HHV] is roughly 20.4 MJ/kg DM (rounded). For the calculation, the
spreadsheet uses a value of 20.366931 MJ/kg DM.

" According to the standard lower heating value (LHV) of non-coniferous wood (18.0 MJ/kg DM) and the conversion
formula, the higher heating value (HHV] is roughly 19.3 MJ/kg DM (rounded). For the calculation, the
spreadsheet uses a value of 19.3228482 MJ/kg DM.

? Weighted based on the wood species distribution of wood use in Austria (evaluation of the Austrian Forest
Inventory 2000/02, BFW], the mixed assortment of coniferous wood and non-coniferous wood has a higher
heating value of roughly 20.2 MJ/kg DM (rounded). For the calculation, the spreadsheet uses a value of
20.2060354 MJ/kg DM.

” The bulk density values at a moisture content (dry basis) of 12 - 15 % - a value which is relevant for interior work
- are listed in the data sheet only for information purposes and are not used for the calculation of parameters. It
is important not to confuse the moisture content on a dry weight basis with the moisture content on a wet
weight basis.
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1) ONORM B 3012 Holzarten - Kennwerte zu den Benennungen und Kurzzeichen der
ONORM EN 13556

2) Kollmann, F. (1951): Technologie des Holzes und der Holzwerkstoffe, Springer Verlag

3) Wagenfiihr, R. und Scheiber, C. (1985): Holzatlas, 2. Auflage. VEB Fachbuchverlag
Leipzig. || Wagenfihr, R. (2004): Bildlexikon Holz, 2. verb. U. erw. Auflage,
Fachbuchverlag Leipzig

4) Jonas, A. et al (2005): Energie aus Holz, Informationsbroschiire der
Landwirtschaftskammer, 9. Uberarbeitete Auflage, Landeslandwirtschaftskammer
NO

5) Eigene Abschatzungen der Osterreichischen Energieagentur

Column 17 - “Comments” - contains explanatory notes on some of the wood species/fuel
types.

Another table in the data sheet contains the assortments, the respective factors for the
conversion from m3(solid) to the commonly used unit for the assortment (m3(solid),
m3(stacked) or m3(loose)) and the estimated ash content. These data are also transferred to
the “Calculation” worksheet when the assortment has been selected.
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b Usage examples

The spreadsheet ,Calculation of Wood Fuel Parameters” enables you to conveniently and
quickly

= compare the parameters of various wood species, bark, compressed wood and other
fuels, e.g. lower heating value in kWh/m3 fresh substance (FS), bulk density in kg/m?3
fresh substance (FS), etc.

= convert the prices of wood fuel assortment from units used in wood fuel trade to various
other units (e.g. conversion from Euro/m?® fresh substance (FS) to Euro/MWh] and
compare them

= Calculate data regarding the installation, such as fuel costs and fuel demand per year,
amount of ash per year, etc.

5.1 Sale of spruce roundwood in Euro per tonne dry matter (DM)

Stipulated price in Euro/t dry matter (DM): 90.0

Measured moisture content: 30 %

Question 1: What are the specific costs in Euro/MWh?
Question 2: What is the price in Euro/t fresh substance (FS)?

Question 3: What is the price in Euro/m3(solid)?
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Figure 15: Calculation example 1

After you have entered the values (see Figure 15: Calculation example 1 steps 1-4), the
results are shown in the spreadsheet (see step 5).

Answer 1: What are the specific costs in Euro/MWh? > 18.05
Answer 2: What is the price in Euro/t fresh substance (FS]? > 63.00
Answer 3: What is the price in Euro/m3(solid)? = 34.17
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5.2 Purchase of non-coniferous wood chips G30 in Euro per MWh:

Stipulated price in Euro/MWh: 19.00

Measured moisture content: 35 %

Question 1: What is the price in Euro/t dry matter (DM])?

Question 2: What is the price in Euro/t fresh substance (FS)?

Question 3: What is the price in Euro/m?3(loose)?

“ersion 16-EMG

Please enter vour variables in the light red cells.
For the calculations to work as intended, macros have to be activated in the Excel settings => Tools | Macro | Security | Security level | set to MEdlul’ﬂ

Spreadsheet for the calculation of parameters and prices of wood fuel assortments
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|| [Lower heating LH of dry matter (O] A Beg 180 d Step 3: Input of the
value [LHV] LHY of DM £ivteio DM h 5.00 50 moi 0
i isture content 35 %
i LHY of fresh substance [FS) AT S 0.8 1
i LHV of FS AW FE 1 3.01 2,859 T T HE
| LHY of FS AdbE A A 2612 9,464 | 4528
] LHV of FS £ Wb FE A 1,004 2351 | 1,267
|| [Density Ilean oven-dry density e fat . EF 540 550 740
i tean shrinkage & 7 15.4 1.4 12.9
i Bulk density Ky (o & T 7 333 812 325
] - Proportion of wood substance A fomanioe of W ot XA OF ) 217 487 250
] - Proportion of water A Gt oA ot KA 5 L7j 7 325 [
| Ratio rr# per t FS P e 30 :
|| [ash Ash content [estimate] E flags woniatnl EMF [ 150 Step 5: Results of the
I Ash density [estimate) el | 7od calculation
Il [Price per unit Eeror’f DAT 88.05 ‘1/ g94.43 | 136.85 | |
[l |activats macros ! .Er.r.éff Flﬂfhfsﬁc'gﬁﬁ\e oFthe o s h 5723 W/ 50,55 L 0040 N
H : 4 -
Ll imrmediately be converted into the £ & £S5 4 AL H, n Step 4: | t of th .
|l atiner price Lnits! Eeaahdiss 19.00 17 ep 4. Input ot the price
| EeiniTd h [ | 4. . —
I [instaniation Fuel dernand per year Al 20,000 7 | 5,000 | 5,000 | 5,000 |
parameters Fuael ratio 2 10032 ] | 30% | 305 | 255 |
L I 1 1 1

Figure 16: Calculation example 2

After you have entered the values (see Figure 16: Calculation example 2 steps 1-4), the
results are shown in the spreadsheet (see step 5).

Answer 1: What is the price in Euro/t dry matter (DM]? > 88.05
Answer 2: What is the price in Euro/t fresh substance (FS)? > 57.23
Answer 3: What is the price in Euro/m3(loose)? > 19.07
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