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Predstavitev €
\}WSonne B Zusammensetzung
~gin : ; der Pflanzen-
;35}§5?.§,-“-vﬁ,\x Lichtenergie P
// in % der TM
C 40 - 47
N e
\\\ LT H 6
— ol N 1-5
co P 0,05-0,8
’ K 0,3-5
Luft & Na 0,02-0,5
A S 0,05-0,8
< Ca 0,3-5
Si 0,05 -3
0,.HO Mg 0,05 -1
B 0,005 - 0,01
Cl 0,02 - 1
Cu 0,0002 - 0,002
HO Fe  0,005-0,1
PR L Mn 0,002 - 0,03
Boden Nahrstoffe Zn 0,001 -0,01

Quelle: Kaltschmitt 2001, Energie aus Biomasse

Quelle: Kaltschmitt 2001, Energie aus Biomasse



Sestava goriv

Zusammensetzung
der Pflanzen-
substanz

in % der TM R
C 40 - 47
H 6
) 40 - 44
N 1-5]
P 0,05 - 0,87
K 0,3-5
Na 0,02-0,5
S 0,05-0,8
Ca 03-5
Si 0,05-3
Mg 0,05 - 1
= 0,005 - 0,01
Cl 0,02 -1
Cu 0,0002 - 0,002
Fe 0,005 - 0,1
Mn 0,002 -0,03
Zn  0,001-0,01

\

Glavni elementi (> 1% resp. > 10.000 mg/kg)
Ogljik, C
Kisik, O
Vodik, H
Dusik, N

Man;jSi elementi (0,01 — 1 % resp. 100 — 10.000 mg/kg)

Fosfor, P
Kalij, K
Natrij, Na
Zveplo, S
Kalcij, Ca
Silici, Si
Magnezij, Mg
Klor, CI

Elementi v sledovih (< 0,01 % resp. < 100 mg/kg)
Boron, B
Baker, Cu
Zelezo, Fe
Mangan, Mn
Cink, Zn




|zgorevanje

(-

Delovanje toplarne

Delci,
CO,, SO2, NOx, CO,

,7’ Cr, Cu, Ni, Co,
o8 -
Vol.-%

M (dry air)
1
Dusik N, 78,10
N4, 50, Kisik 0, 20,93
. isi )
Al, Mg, Ca, SI,... |nput 2
Cr, Cu, Ni, Co, Argon Ar 0,9325
N, O Ogljikov B
/ 20 2 dioksid CO, 0,03-0,04
Vodik H, 0,01
Neon Ne 0,0018
Pepel iz kotla Helij He  0,0005
Krypton Kr 0,0001

Xenon Xe 0,000009




Proces izgorevanja
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(3) Po-izgorevanje




Zlindranje in obra¢anje ¢

Obnasanje taljenje pepela razlicnih vnetljivih snovi

Premog Les Slama Miscan- TEnergetsk|

thus pridelki

1500
1450 +

1400 +
1350 - n
1300 !

iy

1250 +
1200 -
1150 +
1100 +

1050 + I

1000 + -
950 + -
900 + =
850 +
800 + -
750 +
700

Temperatur [°C]

B Hemispherical to fluid temp.(HP-FP) [0 Deformation to hemispherical temp. (EP-HP) ©




Ci$¢enje dimnih plinov €

Delovanje toplarne

Delci,
CO,, SOz, NOy, CO,
.~ Cr, Cu, Ni, Co,

M

C’ N’ HI S’ O’
Al, Mg, Ca, Si,...
Cr, Cu, Ni, Co, gu
, 4 "\ /
LA §

Pepel iz kotla




Ci$¢enje dimnih plinov

o)
(.’, N 3
L\ ]

Delovanje toplarne

L
S
C,N,HS0,
Al, Mg, Ca, Si,...
Cr, CU, Ni, CO, l—l- -l
L
Pepel iz kotla

Dei,

CO,, SOz, NO, CO,
B GXNICoK
>, PXXAKHE

Pepel iz
elektro
filtra

T~




Ci$¢enje dimnih plinov

o)
(.’, N 3
L\ ]

Delovanje toplarne

DSk

CO,, SOz, NOx, CO,

D], PRAKHE

L
S
C,N,HS0,
Al, Mg, Ca, Si,...
Cr, CU, Ni, CO, l—l- -l
L
Pepel iz kotla

Pepel iz
elektro
filtra

Prah, Cr, Cu, Ni, Co,

T~




Sestava pepela dolo¢a uporabo ali odlaganje

= Odlaganje
= StroSkovno intenzivno
= \/ nasprotju s , kroznim gospodarstvom*

= Uporaba
= Dodatek k gradbenim materialom
" Popravilo dragocenih stvari
= Gnojilo / sprememba tal

20.09.2017
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Presejanje razlicnih frakcij pepela iz HE na lesno gorivo

165°C Al 200°C o
H P P A economizer " fabric filter - H P C cyclone fabric filter -
economizer
160°C
chimney chimney
.
fuel fuel —»| 840°C
fluidized bed roast —:o‘—1—\_|
165°C l
bottom  boiler ash fly ash Botiani fly ash
ash ash
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— i
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| [ 160°c
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2 Source: Tejada et al. (2020)
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Screening of different ash fractions from wood-fueled HPPs

165°C Al 200°C o
H PP A economizer " fabricfilter H P C cyclone fabric filter
cyclone econ(?lrgi(z)toerc
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o il
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bottom <ﬂyash> <ﬂyash >
ash

Source: Tejada et al. (2020)

Potential application as a fertilizer is defined by the German fertilizer ordinance:

e Bottom ash: ,,Combustion chamber ash” may be used
* Boiler/cyclone ash: Utilization possible

e Fly ash: Ash from , last filter unit” is excluded from use
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Hvala za vaso pozornost! €

Contact information

Harald Thorwarth Thorwarth@hs-rottenburg.de,

Johanna Eichermdiiller, eichermueller@holzenergie-bw.de

University of Applied Forest Sciences, Rottenburg

www.hs-rottenburg.net

Holzenergie-Fachverband Baden-Wirttemberg

www.holzenergie-bw.de

Phone: +49 (0)7472/951-122
Address: Schadenweilerhof, D-72108 Rottenburg am Neckar

04.04.2022 Prof. Dr.-Ing. Harald Thorwarth 15
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Zlindranje in odra¢anje

Obnasanje taljenja pepela razlicnih vnetljivih snovi

le Softening range +Fluid/melting range |
I il
ASME A /\
1/3 14 l
m r1$ /_\ e o™
2r1 T
DIN ‘ \ m 1315
r s
2¢ /_\ -
2ro T
Original Initial Spherical/ Hemispherical Fluid
sample deformation softening temperature  temperature

temperature temperature

Quelle: Spliethoff, 2010

Erweichungspunkt EP Halbkugelpunkt HP  FlieBpunkt FP 17



Zmanjsevanje emisij

Odlaganje elementov v sledovih

/N classni > Hg, Se

Class lla == As, Cd, Pb,
Sb, Tl, Zn
Volatility

Class |l Class llb =>»Co, Cu,
Ni, V

Class llc ==»Cr, Mn

Classification according to [Meij]

7-8%

v
8-10%

91-92%

v
82-90%
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