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Combustion of clean stem wood
In the Chalmers Boiler
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Combustion of
“Dirty” Biomass:

e Forest residues

e Straw

o Salix

* Residues from bio-ethanol plants?
e Residues from biodiesel plants

* Refuse derived fuel (RDF)

|_eads to:



Alkali Chlorides!

A key specie for severe fouling
and corrosion on superheaters In
bio- and waste fuel combustion
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The Research Boiler
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Sewage Straw Wood Wood

sludge pellets pellets chips
Proximate analysis
Water (wt-%, raw) 11.3 7.7 42.4
Ash (wt-%, dry)
Combustibles (wt-%, dry) 50.1 93.1 99.7 99.4
Volatiles (wt-%, daf) 95.2 80.7 81.6 83.4
Ultimate analysis (wt-%, daf)
C 52.3 49.1 50.3 49.9
H 7.7 6.3 6.2 6.2
O 30.9 43.4 43.4 43.8
S 0.12 0.01 0.02
N 6.68 0.73 0.05 0.15
Cl 0.12
Ash analysis (g/kg dry ash)
K 15
Na 9.4 9.0 4.8 4.9
Al 6.5 7.7 3.7
Si 160 300 43 18
Fe 2.1 18 2.0
Ca 48 52 210 230
Mg 11 10 31 36
P 14 12 17
Ti 4.9 0.4 0.3 0.2
Ba 0.4 4.0 0.9
Lower heating value (MJ/kg)
Hu, daf 20.29 18.42 18.89 18.63
Hu, raw 14.93 17.19 9.61

daf= dry and ash free, raw= as received



Operating
conditions:

Load, MW

Bed temp, °C (bottom)

Bed temp, °C (top)

temp. combustion chamber,
after exit duct, °C

temp. flue gas, after

bag house filter, °C
Pressure drop, furnace, kPa
Addition of hydrated lime:
Ca/S molar ratio
Ca/(S+0,5Cl) molar ratio
Excess air ratio

primary air flow/

total air flow, %

fluidising velocity

at top, m/s

5.7
851
872
821

153
6.8

1.21
60

4.6



Influence of available alkali and
chlorine — Immediate response!
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Influence of sulphur supply —
Immediate response!
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l. Start of straw pellets

[1.  Start of sulphur
granules

[I1. Increase in flow of
sulphur granules

V. Stop of addition of
sulphur granules

Stop of the supply of
straw pellets

SO2 FTIR

KCI IACM
HCI FTIR
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Formation of alkali chlorides

(up-stream the convection pass)

Alkali chloride
S0»

HCI 1. Pure wood pellets
2. Start of straw pellets
3. Start of PVC

4. Start sewage sludge

5. Start of hydrated lime
ahead of bag filter

100 200 300 400
Time (minutes)



Formation of alkali chlorides

(up-stream the convection pass)
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: Alkali chloride
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Sulphation of potassium chloride
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Further ev

Idence of the benefits

of municipal sewage sludge:

e SEM EDX a
« SEM-EDX a

 Thermodyna
calculations

nalysis of deposit rings
nalysis of fly ashes

mic equilibrium

o Low-pressure impactor measurements
 Analysis of impactor samples

e SEM-EDX a
samples

nalysis of bed material



Deposits formation

RT = Wood and straw pellets
MSS = Municipal Sewage
Sludge
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Fate of potassium?



SEM-EDX, Sludge case, fly ash
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SEM-EDX, Sludge case, fly ash

Elemental m

heutt Gl Ty

gy
v

Elemental composition recalculated
as oxides

—
'S
w

[
S
w
=]

1
1

3
7
0
0
1
4
1
1
3
0

-

é
G

- 0 W N O N O W

7
0
5
9
2
2
3
0

S
N

K,SO,, CagMgK(PO,),, KCagsFe(PO,), and KAISiO4 were identified in the
ash by means of XRD.

KAISIi,O4 and KAISi;O4 were predicted by thermodynamic equilibrium
calculations.



Impactor measurements In the

convection pass
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Impactor measurements In the

convection pass, elements

P No Sludge,
g 0.001 Dotted line: KCI particles
t_é) %—sund + Studge K+Cl
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Reference test (RT)
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Conclusions:

e Pure wood results in low
concentrations of (KCIl+NaCl) in the
flue gas If there Is a lack of chlorine.

« Straw feeding increases the amount of
avallable alkali and chlorine and the
concentration of KCI+NaCl increases.

o Excess of chlorine drastically
Increases the formation of KCIl+NaCl.
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