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Introduction

Incentives

 Renewable and sustainable energy resource

* Reduction in emissions, e.g. CO, SOx, NOx

o Co-firing biomass & coal widely used
 Dedicated biomass furnace under development

Problems

« High alkali metal content, |
K in particular

e Deposition,slagging,
fouling, corrosion

http://www.trmiles.com/alkali/Alkali_Report.pdf , T.R. Miles, et al. 1995




CTF Biomass Combustion Trall

Powergen 1MW,,, Combustion Test Facility (CTF), Ratcliffe




Single Burner Furnace

/OOO

Overfire air

Detailed triple-staged low-NO, burner
computational mesh




Pulverized Wood Fuel

Sawdust

 Large size

e Irreqular shape

* High volatile, low ash

 High K, CI content

 Low calorific value
As Received (%)

Moist. Volatile Fixed Ash K Cl N CvV
Matter Carbon (KJ/KQ)

Wood 5.7 72.6 18.9 2.8 0.13 0.041 0.022 18750
Coal 2.8 30 514 15.8 0.01 1.87 26455
Thoresby




Formation of Depositing Particles

Nucleation KSO O (\53 - Ash + KClI
Do
Inorganic vapour O - Ash
Volatile combustion T Char combustion
Volatile: é::i:;} IIII
HZO’ CO, C021
KCl. KOH, etc. . / ghzr Si otc
Biomass "..;1 1“_ "H‘: o
A

Heat

Boiler

Furnace




How Deposition Occurs?

Heat up

Drying

Devolatilisation

Potassium release

Char combustion

Particle softening

Particle stickiness

Hit the wall and deposit
Possible particle renounce

Gas flow path lines




Particle Deposition Pathways

Particles:

e Ash/unburnt char particles, large size

* Nucleated/condensed potassium species, small size
Deposition pathways

* Direct impactions — large particles > 10 micron

e Turbulence — submicron-micron particles

« Random walk — submicron particles

 Enhanced by condensed potassium chloride, KCI




Deposition Model Assumptions

 No condensation of potassium species, ~1000C

« Direct impaction of the particles is the dominant

pathway of deposition in the furnace, >90%.

e Deposition is determined by:
Particle softening temperature, f(K,etc.)
Particle and wall stickiness, f(K,etc.)

Particle rebound




Potassium Release

Mainly released during devolatilisation, some during
char combustion

Small amount release at 300-500C, significantly at
700-1000C

Form of release affected by chlorine content:
Low chlorine content KOH

High chlorine content  KCI
High Si content keeps K within ash

Model assumes that K-species releases as a
constituent of the biomass volatile and at the same
rate as volatile release.




Biomass Heating-Up and Drying

Heating-up 0. Q
dT

Cp,pd—tp:Qc +Qr - Qv

Q
Drying

Controlled by water vapour concentration in the bulk gas

NW :kw Pea B XWL
RT RT

p

Advance model is under investigation




Biomass Volatile Combustion

Pine wood

Volatile/Char formation:

20

FG — BioMass amount and rates

N \

Devolatilisation rate: 0 »
0.0005 0.001 0.0015

k = exp (-E/RT), A=6.0e13 E=25e8 _ \

Volatile reaction: T K
Volatiles +a O, =b CO, + c H,O

Ink

 There is uncertainty about the rates
 Low temperature data does not extrapolate well




Biomass Char Combustion

Used Smith ‘intrinsic’ rate equation

d_rn = Ap pox Rd RC
dt R, +R
 Wornat/Hurt high T data and increased rate by

factor of 4

Substantial uncertainty
» Little information at high temperatures,
« Catalytic effects are small at high T,

 Rate of O-containing char different to coal,




Particle Tracking

Tracked in the Lagrangian du

frame of reference: dt

Drag for non-spherical particles
using empirical formula with a

S
shape factor: 7 = S

Thermophoretic force:

Advanced particle tracking model is under investigation




Deposition Model Predictions

Kg/m?3s

Deposition rates (kg/m 2-s)
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Sensitivity Analysis

Case p K (%W.t as

(Deg) (N/m) (Pa.s) received)
A 37 0.6 10 0.13
B 74 0.6 10 0.13
C 100 0.6 10 0.13
D 37 0.15 10 0.13
E 37 2.4 10 0.13
F 37 0.6 1 0.13
G 37 0.6 100 0.13
H 37 0.6 10 0.07
I 37 0.6 10 0.4




Sensitivity to Parameters
In Particle Rebound Model
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Conclusions

A biomass deposition model has been developed

Potassium release during combustion has been modelled
to calculate instantaneous particle potassium contents

Effect of non-spherical particle shape, particle melting
temperature and the thermophoretic force has been taken
Into consideration

Sensitivity analysis of the model to the key model
parameters shows:

Potassium content of the fuel is a key factor
that influences the formation of deposition

Particle rebound is limited

Predicted depositions has been compared with the
experimental observations




