
The fluidized-bed pilot plant under construction at the CSIRO Division of Building 
Research. 

Fluidized-bed combustion is catching on rapidly as a 
means of dealing with troublesome wastes. 

w e r e c l e a n e d last year in N e w S o u t h 
Wales and Queens l and , and in the p roces s 
58 washer ies d iscarded about 20 m i l l i o n 
tonnes o f waste. T h e p ropor t ion o f reject 

In a neat feat o f py ro t echn i c s , upward 
jets o f air suspend a bu rn ing bed o f part­
i c les — j u g g l e d bits o f fuel , ash, and sand. 
E n g i n e e r s u s e the t e rm ' f lu id ized ' b e ­
cause the bed behaves as if it were a (bo i l ­
i ng ) f luid. 

T h e ro le o f the sand — or s imilar inert 
material — is to act as a heat reservoir , 
m a k i n g the bed behave m o r e un i fo rmly . A 
surfeit o f air and n u m e r o u s encoun te r s 
wi th h o t and burn ing part icles e n c o u r a g e 
even the m o s t reluctantly ox id i zed mate­
rial to bu rn — h e n c e the t e c h n i q u e ' s 
advantages. 

Scient is ts at the C S I R O D i v i s i o n o f P ro­
cess T e c h n o l o g y have f o u n d f luidized-
b e d c o m b u s t i o n idea l for i n c i n e r a t i n g 
coa l -washery waste — the material that is 
left w h e n the m i n e d c o a l is washed free o f 
shale and dirt. T h e c l ea n coa l is mos t ly 
expor ted to Japan w h e r e it is h e e d e d for 
m a k i n g c o k e , but the waste stays beh ind 
i n Austral ia, where it is b e c o m i n g s o m e ­
thing o f a p r o b l e m . 

M o r e than 6 0 m i l l i o n tonnes o f coa l 

material has r isen steadily f rom 1 2 % in 
1956 to 2 8 % today, largely as a result o f 
less se lect ive m i n i n g t echn iques . 

C o a r s e l u m p s o f c o a l - b e a r i n g sha le 
make u p m o s t o f the waste , and this mate­
rial is usual ly d u m p e d i n heaps or as land 
fill in gul l ies . T h e remainder o f the waste , 
the tail ings stream, is a slurry o f f ine coa l 
and dirt that is usual ly d i sposed o f by 
p u m p i n g in to sett l ing p o n d s cons t ruc ted 
f rom coarse rejects . Over the decades o f 
coa l m i n i n g , it is est imated that m o r e than 
100 m i l l i o n tonnes o f co l l i e ry waste have 
accumula ted . 

Even i f carried out proper ly , these dis­
posa l m e t h o d s aren't ideal env i ronmen­
tally. T h e heaps and p o n d s are uns ight ly 
and take u p large tracts o f land, often near 
popu la t ion centres or s c e n i c areas. 

S o m e t i m e s m o r e ser ious effects c a n b e 
p r o d u c e d accidenta l ly . W i n d c a n create a 

dust nu i sance or carry s m o k e and fumes 
f r o m s m o u l d e r i n g heaps set a l igh t by 
bushf i res or s p o n t a n e o u s c o m b u s t i o n . 
Other p r o b l e m s i n c l u d e s l ippages in un­
stable heaps and l e a c h i n g o f ac id i c c o m ­
ponen t s in to l oca l waterways. 

M o r e stringent env i ronmenta l regula­
t i o n s n o w i n f o r c e d e m a n d that n e w 
d u m p s shou ld be landscaped and m a d e 
envi ronmenta l ly acceptable . T h e s e wi l l 
lead to increased d i sposa l cos t s , in e x c e s s 
o f $5 a t onne . 

The pilot plant has shown 
that colliery waste is a 
valuable asset because of its 
energy content. 

I n this l igh t , b u r n i n g the was te be ­
c o m e s an attractive n o t i o n . R a w washery 
refuse is essential ly coa l -bear ing shale — 
about one-third o f it coa l - l ike material . It 
is a very low-grade fuel. B u r n i n g p roduces 
a l i gh t -co loured f ine aggregate m o r e inert 
and resistant to wea ther ing than the raw 
shale. In this f o r m , d isposa l shou ld be 
e n v i r o n m e n t a l l y c l eane r , and cheape r . 
M o r e o v e r , the burnt shale has potential 
va lue as a cons t ruc t ion material for roads , 
and for br ick and c e m e n t manufacture . 

A s the C S I R O scient is ts have s h o w n , 
f l u i d i z e d - b e d c o m b u s t i o n c a n read i ly 
burn the waste . InEcos I , w e repor ted h o w 
a test rig at the D i v i s i o n had success fu l ly 
burnt coarse refuse c o n t a i n i n g u p to 8 0 % 
ash and slurries wi th as m u c h as 6 0 % 
water. T h i s remarkable pe r fo rmance is 
b e y o n d the capabil i t ies o f any c o n v e n ­
t ional incinerator . 

Science on the scene 

S i n c e that t ime, a 2- tonne-per-hour p i lo t 
plant has b e e n cons t ruc ted and operated 
at the G l e n l e e c o a l washery near C a m d e n , 
N . S . W . Its cos t was m e t by the Joint C o a l 
Board , w i th the site and services p rov ided 
by the co l l i e ry owne r s , Clutha D e v e l o p ­
men t Pty L td . C S I R O p rov ided the staff 
and m e t operat ing cos t s . T h e p i lo t plant 
h a s s u b s t a n t i a t e d t he e a r l y p r o m i s e 
s h o w n by the test r ig. A c c o r d i n g to the 
scientists n o w w o r k i n g o n the plant, D r 
R o b e r t L a N a u z e and D r G r e g Duffy , it 
has also s h o w n that co l l i e ry waste is a 
valuable asset because o f its energy c o n ­
tent, an asset that s h o u l d be pu t to use . 

T h e to ta l e n e r g y c o n t a i n e d i n the 
was tes p r o d u c e d f r o m Aus t ra l i an c o a l 
washer ies represents abou t one-s ix th o f 
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the energy in the m i n e d c o a l . G o i n g o n 

1978 f igures , that is equivalent to 6 mi l l ­

i o n tonnes o f good-qua l i ty s teaming c o a l , 

the scientists ca lcula te . A smal l washery 

— treating 4 0 0 000 tonnes a year — c o u l d 

put out 35 M W o f heat . T h i s c o u l d be used 

to supply p o w e r and heat to the adjacent 

m i n e , or for coa l drying. 

A larger washery p r o c e s s i n g 4 m i l l i o n 

tonnes a year ( l ike o n e p r o p o s e d for the 

Hun te r Va l l ey , N . S . W . ) c o u l d recover 3 5 0 

M W o f heat or generate 120 M W o f e l ec ­

tricity. T h i s is m o r e than hal f the p o w e r 

s u p p l i e d b y N e w c a s t l e ' s S h o r t l a n d 

C o u n t y C o u n c i l . 

D r L a N a u z e envisages that a p o w e r 

station run o n coal -washery waste c o u l d 

serve a large a l u m i n i u m refinery. Even 

the smal l p i lo t plant has a rating o f 4 • 5 

M W o f heat . T h i s is wi th the tai l ings 

th ickened to 3 5 % sol ids and burnt wi th 

smal l addi t ions to the coarse fract ion. T h e 

t a i l i n g s , n o r m a l l y a s o u p c o n t a i n i n g 

about 95 % water, n e e d to b e th i ckened to 

at least 1 2 % sol ids in order to get s o m e 

heat output f rom burn ing the coarse re­

jects and the tai l ings i n the p ropo r t i on 

(85 :15) p r o d u c e d by a coa l washery . 

R e c e n t work wi th the p i lo t plant has 

s h o w n other p leas ing results. B e c a u s e o f 

the l o w c o m b u s t i o n temperature (a round 

8 5 0 ° C ) , the plant releases very little o f the 

harmful o x i d e s o f n i t rogen and c o u l d , 

wi th the addi t ion o f l imes tone , b e u sed to 

burn wastes that have h i g h su lphur c o n ­

tents. Other undes i rab le by-products o f 

c o a l bu rn ing , s u c h as alkalis, are a l so at a 

l o w level . 

T h e Na t i ona l E n e r g y R e s e a r c h , D e ­

v e l o p m e n t and D e m o n s t r a t i o n C o u n c i l 

has g iven h i g h priority to w o r k o n the 

A 1-square-metre Pyrecon 
combuster. 

The L P G burner provides heat during start-up. After the normal operating 
temperature is reached, combustion in the fluidized bed is self-sustaining. 

substi tution o f c o a l for o i l in industrial 

furnaces and bo i l e r s . T h i s s t rengthens 

t he s c i e n t i s t s ' c o n v i c t i o n tha t w i t h 

f lu idized-bed c o m b u s t i o n they are o n the 

r ight track. 

T h e nex t step is to install heat exchan ­

gers i n the p i lo t plant to quantify i n detail 

the a m o u n t o f recoverab le energy. T e s t s 

o n wastes f rom other washer ies are a l so 

p lanned. 

Burning other wastes 

I f l u m p s and slurries o f c o a l waste c a n 

burn, then m a n y other sorts o f waste can 

too . In 1978, F l ame les s Inc inera t ion Pty 

L t d instal led a test f lu id ized-bed plant at 

t h e B r i s b a n e a b a t t o i r s . I t h a s d e ­

monstra ted an ability to burn a w i d e range 

o f abattoir wastes and supply g o o d quan­

tities o f s team. 

A n o t h e r c o m p a n y , P y r e c o n Pty L t d , is 

market ing f lu idized-bed c o m b u s t o r s e m ­

b o d y i n g n o v e l features d e v e l o p e d and 

p a t e n t e d b y t he D i v i s i o n o f P r o c e s s 

T e c h n o l o g y team. T w o o f the c o m p a n y ' s 

'pyrof lu idized waste conver ters ' , as it cal ls 

t hem, are n o w in service . 

T h e larger, a uni t wi th a bed area o f 4 sq 

m , can c o n s u m e 2 tonnes o f r ice hul ls an 

hour . It is operat ing at o n e o f the r ice 

m i l l s o f the R i c e g r o w e r s C o o p e r a t i v e 

M i l l s L t d at L e e t o n , N . S . W . T h i s c o m ­

pany p r o d u c e s 130 0 0 0 t o n n e s o f r i c e 

hul ls a year, and their d isposal by d u m p ­

ing and burn ing is a cos t ly exerc i se . R i c e 

hul l s are so very l ight that a large truck-

load w e i g h s but 7 tonnes . 

If this first unit per forms as expec ted , 

the c o m p a n y plans to buy m o r e to c o p e 

with its waste p roduc t ion . It h o p e s to re­

cover the heat generated — 7 M W f rom 

each uni t — for drying and heat ing. 

A smaller uni t , w i th a bed 1 sq m in area, 

is bu rn ing p e t r o c h e m i c a l res idues at the 

Seven H i l l s works o f D r u m R e c o n d i t i o n -

ers ( N . S . W . ) Pty L td . It can c o n s u m e 9 0 0 

litres o f l i q u i d was te , or 0 . 5 t o n n e o f 

so l ids , each hou r . 

T h e dregs f rom 200-li tre drums — s o m e 

3 0 0 0 a day c o m e in for c l ean ing and refur­

b i sh ing before g o i n g back in to service — 

are t ipped in to sett l ing tanks. T h e o i l s 

that float to the top are p u m p e d to a c o n ­

ven t iona l bo i l e r to p r o d u c e s team used to 

heat w a s h and rinse l iquors . T h e material 

at the b o t t o m is inc inera ted in the n e w 

f lu idized-bed c o m b u s t o r . 

A M e l b o u r n e c o m p a n y has ano the r 

4 -sq-m uni t o n order for the d isposal o f 

paint wastes . A g a i n , the c o m p a n y is in the 

bus iness o f refurbishing 200-li tre d rums , 

but its a im is to a c c o m m o d a t e the needs o f 

paint-manufacturers for d i spos ing o f their 

waste. It estimates that M e l b o u r n e at the 

m o m e n t h o l d s s o m e 10 0 0 0 200 - l i t r e 

d rums full o f s u c h waste , wa i t ing a round 

for s o m e o n e to take t h e m away. 

W i t h its f lu idized-bed c o m b u s t o r the 

c o m p a n y h o p e s to ge t rid o f the waste — 

and get h o l d o f m o r e d rums . It ca lcula tes 

that a s ingle c o m b u s t o r shou ld b e able to 

burn all the paint waste generated in M e l ­

bou rne . A s a b o n u s , it p lans to use heat 

f r o m the c o m b u s t o r to p r o d u c e steam. 

P y r e c o n has a pi lot-plant c o m b u s t o r at 

its factory in Sydney , wi th w h i c h it has 

demonst ra ted that feeds tocks as diverse as 

ge l l i f i ed r e s ins , spen t c o f f e e g r o u n d s , 

waste rubber and plastics, s ewage s ludge , 

caus t ics , and orange pee l c a n b e satisfac­

torily inc inera ted . (Actua l ly , fresh o range 

pee l w i l l n o t a l l o w sustained c o m b u s t i o n ; 

it needs to b e pre-dried.) T h e c o m p a n y 

says the au tomat ic con t ro l s bui l t in to its 
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units w i l l a l l o w such 'fuels ' to b e burnt 
w i thou t further attention after start-up. 

Wood waste to charcoal 

Charcoa l is p robab ly best k n o w n as a bar­
b e c u e fuel , a l t h o u g h o lder p e o p l e w i l l 
r e m e m b e r its use i n gas -p roduce r s o n 
veh ic l e s w h e n petrol was in short supply 
du r ing W o r l d W a r I I . But it is a l so a 
h igh-grade smoke le s s fuel suitable for in­
dustrial purposes . D r Pau l F u n g o f the 
C S I R O D i v i s i o n o f B u i l d i n g R e s e a r c h is 
inves t iga t ing the poss ib i l i t i e s of. u s i n g 
f lu idized-bed c o m b u s t i o n to turn sawmi l l 
res idues in to this c o m m o d i t y . Hea t avail­
able f rom s u c h an opera t ion c o u l d a lso b e 
put to g o o d use . 

O f the saw l o g s r e m o v e d f r o m forests, 
on ly 4 0 — 5 0 % ends u p as t imber . T h a t 
means that m o r e than 5 m i l l i o n tonnes o f 
off-cuts , bark, and sawdust are p r o d u c e d 
a n n u a l l y . U n l i k e the s o f t w o o d m i l l s , 
w h i c h integrate their opera t ions wi th in­
dustries that m a k e paper or part icle board , 
mi l l s w o r k i n g wi th h a r d w o o d genera l ly 
incinerate or d u m p their res idues . 

It shows good promise of 
allowing timber mills to 
dispose of their waste, 
supply energy for their 
operations, and provide a 
saleable product. 

E x c e p t i o n s exist w h e r e a w o o d c h i p ex­
por t out le t is c l o s e by or l oca l d e m a n d for 
f i r e w o o d is s ign i f i can t , but by far the 
major po r t ion o f the res idues is d i sposed 
of. It cos ts t oo m u c h to transport the waste 
any dis tance. 

D r F u n g cons ide r s that f lu id ized-bed 
c o m b u s t i o n s h o w s g o o d p r o m i s e o f a l l o w ­
ing mi l l s to d i spose o f their waste , supply 
energy for their opera t ions , and provide a 
saleable p roduc t . 

I f all the na t ion ' s t imber mi l l res idues 
for a year were ut i l ized in this way, they 
c o u l d p r o d u c e 9 1 0 0 0 0 tonnes o f char­
c o a l , 9 4 0 m i l l i o n ki lowat t -hours o f e l e c ­
tricity, and 8 0 0 0 m i l l i o n m e g a j o u l e s o f 
p r o c e s s hea t . S o m e 1 3 % o f the to ta l 
energy u sed by mi l l s c o m e s f rom petrol 
and diesel fuel , and cha rcoa l c o u l d p o s s ­
ib ly b e u sed as a substitute. 

A typical h a r d w o o d m i l l , w h i c h cuts 
2 2 0 0 0 c u b i c metres o f l o g s a year, p ro ­
duces 7 2 tonnes o f waste daily. S o m e 12 
tonnes o f c h a r c o a l c o u l d b e r e c o v e r e d 

Burnt-out ash flowing from a 
fluidized bed. 

The pilot plant for burning washery 
waste at Glenlee. 

Coal waste burning in a 
fluidized bed. 

f rom this waste , as we l l as s o m e 2 8 7 000 
M J o f heat — m o r e than e n o u g h to season 
all its t imber and generate its total e l ec ­
tricity needs . 

W i t h i n the t imber industry, wood- f i r ed 
f lu idized-bed furnaces have already be ­
c o m e c o m m e r c i a l l y avai lable for steam-
raising. T h e potential exists to s igni f ic ­
antly increase their usefulness . D r F u n g 
has exper imen ted wi th a laboratory-scale 
rig (15-cm-diameter bed) and is at present 
in the p roces s o f bu i ld ing a p i lo t plant 
des igned to hand le 0 -5 t onne o f w o o d 
waste an hour . 

H e f o u n d that the t e chn ique sh ines in 
its ability to handle varied types o f re­
s idues wi th mois tu re conten ts u p to m o r e 
than 1 0 0 % for g reen w o o d . ( T h e mois tu re 
c o n t e n t i s d e r i v e d b y c o m p a r i n g the 
w e i g h t o f the m o i s t w o o d wi th its w e i g h t 
in an oven-dry state.) Opera t ing tempera­
tures o f a round 5 0 0 ° C are m o s t sui table, 
he found , g iv ing a g o o d self-sustaining 
burn wi thou t l o s i n g t o o m u c h charcoa l . 

T h e y ie ld o f cha rcoa l at this tempera­
ture is theoret ical ly about 3 0 % o f the dry 
w o o d , but the actual f igure wi l l d e p e n d o n 
h o w l o n g the particles remain i n the bed . 
T h i s in turn wi l l depend o n the size o f the 
w o o d part icles fed in — the finer the better 
(to a l imi t ) , as smal l p i eces wi l l p rompt ly 
be swept u p the f lue and recovered . 

S a w d u s t is i dea l , b u t c h i p s c a n b e 
h a n d l e d i f a m e t h o d o f c o n t i n u o u s l y 
s ieving of f l u m p charcoa l f rom the b e d is 
in t roduced . D r F u n g w i l l b e insti tuting 
such a sys tem i n his p i lo t plant, and he 
expec ts h e can recover 8 0 % o f the char­
coa l this way. 

Andrew Bell 
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