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1. IN~ODUCTION 

Tl•is report describes the activities carried out by 
Dr. R.B. Brooks under the short term consultancy DP/CPR/82/005/11-02/ 
31.7.C. This consultancy was to advise. lecture and present 
information on effluent treatment in alcohol distilleries and to 
discuss other related areas of technology where appropriate. The 
job description varied slightly during the lead up to the visit, 
both by UNIDO and the National Cane Sugar Industry Research Centre 
(NCIRC) but during the briefing session by Mr. Si ssingh (IJNDP) this 
was clarified in an explanation of the whole advisory programme 
between urHOO and NCIRC. The task as described was to have a 
flexible approach to the lectures and seminars or. the broad subject 
of distillery waste and fermentation. and to pass on as 111Jch written 
and reference material as.possible. Two literature searches were 
carried out prior to arrival in China • 
• stillage analysis, treatment, usage and disposal; 
• inmobilised enzymes and cells. 
These literature reviews are included in Appendix 1 and 2. Copies 
of various other papers were handed over including material which 
has yet to be published as also were copies of the overheaa projector 
slides, Appendix 3 (Figs. 1-62). 

The programme as devised by NCIRC within the time constraint set 
by UNIOO 1ded on 27 Octobe~, Appendix 4 and included only one 
factory/distillery visit. 

The NCIRC had been unable to find a visiting expert to give lectures on: 
. the Australian Cane Payment System 
• the Australian Sugar Industry Structure 
• other Asian Cane Payment Sy~tems 

The author volunteered to give this series of talks by extending the 
I 

programme another eight days. This series of ta 1 ks cou 1 d l>e, presentett 
-:o ;,;;uoo in a setiarate report. This amended programme, Appendix 5, 

I I I 

allowed two mo~e factory visits. 
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Apart from the main task of the expert. sc.Tte observations ~re 
made about the sugar industry in China. factory operation. and the 

NCIRC. These have been included in Appendix 6. 

I I I I 11 

I 

' I I 
111 I 
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2. STILLAGE DISPOSAL 

There are a number of streams of waste water leaving a distillery 
particularly the fermenter an~ condenser cooling watPrs. the 
fennent~r wash water. and the stillage. In China. effluent is 
only considered polluting i.e. it is only penalised financially. 
if the COD is greater than 100 mg/1 - irrespective of the volWPe 
to be disposed of! Thus, with care, stillage is the only waste 
stream leavi"g a distillery which is considered polluting ~y the 
regulations of China. When a waste stream has a COD greater than 
100 mg/1 it is penalised financially on a daily basis only. The 
penalty is YlOOO per day for each day there is a discharge greater 
than 100 mg/l concentration with no regard for volume or tot~l 
concentration. Of course, stillage is also considered pol·uting 
because it is dark brown whereas liquid condensate from the bottom 
of the rectifying column is often disposed of without penalty 
because it is liKe water in colour (but probably greater than 100 
mg/1 COD). 

2.1 General 

It is often said that there is no widespread agreement on the "best" 
disposal method for stillage. The reasons are obvious • 

• stillage characteristics vary widely depending on how and where 
it is produced. 

• the environmental co~siderations are different at different 
• f tes 

• the economics of disposal techniques vary widely. 

I 

It is unfortunate that mo$t scientific papers neglect so,:ie of these 
factors in presenting case histories and solutions. D~stillery still 

I 

bottoms have many names, ~ig. 1. Some of them give an indication of 
the count~y of origin or the type of feed material that may have been 

I 

fermented. The molasses ~ay have been pretreated, Fig 2, by acid ' 
addition (increasing st11lage ash), steri11zat1or. (reducing by-product 

I 

for~ation), s~illage re~y~ling (reducing total still age volume but' 

I 

I I 

11111 I II I 

I 

I I 

I I 11 



-6-

marg;nally ;ncreas;ng ash). N;trogen and phosphate nutr;ents 
may have been added to the molasses to ;mprove fennentat;on 
(increas;ng st;llage ash). ·rhe type of sugar cane and the way 
;t ;s grown w;11 affect the molasses analys;s as will th~ degree 
of exhaust;on of the molasses. 

There are many different stillages, Fig 3, depend;ng on the feed 
material to be fermented. Even if the crop is sugar cane, the 
actual distillery feed may be juice, syrup, molasses or p;eces 
of cane. Even if the actual feed is cane molasses the product 
may be alcohol, c;tric acid, yeast, or some other product. 

It can be clearly shown, Fig 4, that stillages are different and 
so solutions to disposal problems will be different. Stillage 
from a cane 110lasses distillery in Austral;a has s;x times the 
COD and 14 times the ash content of a cassava starch distillery 
in Braz;l-yet these extra facts are often not reported. Molasses 
varies widely between beet and cane, cane molasses varies widely 
between countries and even within a country, and from year to year, 
Fig 6. Chinese cane molasses stillage seems to have a much higher 
nitrogen and potassium level than Brazil but a much lower lime and 
phosphate level, Fig. 7. This, as will be seen later can mean it 
will produce different res~lts in irrigation, cattle feeding etc. 

Cane sugar factories in different cou~tries process different quality 
cane but also operate with different efficiencies, Fig.8.9, leaving 
the final molasses with diff~rent amounts of sugar, ash, non 
fermentables etc. This implies that factories within a country will 
have a variable analysis stillage to dispose of dependent on the 
geographical locat;on of the factory in that country, the time of 
the year (cane maturity), the boiling system in the factory (which 
may change with mixed juice purity). This is particularly so in 
China where each factory usually ferments its own molasses within 
weeks of production compared to larger distilleries which collect 
molasses from various factories and may have 6-12 months storage 
capacity : wit~ the inherent :smoothing out of: di ff er enc es. 

I 
II I I I I I 
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A simple change to the distillery operation such as slopping 
back. Fig.10, can radically change the stillage analysis. It 
is also clear why distilleries operating with a cereal feed 
e.g. rice. sorghum, wheat or corn can recyc 1 e a l arge amount of 
stillage before the ash rises to the level at. which it will begin 
to slow down fermentation.but cane molasses still age can only be 
recycled a small a.nount or none at all. This can explain why 
some distilleries claim recycling of sti ·lage is very useful in 
saving dilution water. reducing stil'lage volume and concentrating 
stillage without using evaporation. other~ claim they canr.ot 
recycle stillage as it slows down fermentaticn. As can be seen, 
Fig 10, a cane molasses of 12% ash needs a dilution of three tiraes 
its volume of water to produce a substrate of the correct sugar 
concentration to ferment to alcohol. It will produce a stiilage 
of fo.ir times the volume of molasses at 31 ash. However, with a 
cereal molasses distillery, the out~ut of stillage can be reduced 
by a factor of 2.5 times using stillage recycle without unduly 
raisin~ the ash in the fermenting medium. 

If the stillage is recycled correctly, using a settling tank and 
flocculant, a precipitate can be induced,reducing the scaling in 
the distillery and reducing the ash in the fermentation medium, 
Fig. 11. 

Stillage is no different to any other effluent, it must be disposed 
of by land, water or air. However the constituents in the stillage 
are changed, they must still eventually recycle back into the 
environment. The duty of an environmental engineer is to recycle 
the effluent in such a way that no permanent damage is done to any 
part of the ecosystem. 

There are a very large number of treatment/disposal systems for 
stillage, Fig. 13, most of which have some role to play in the correct 
~ituation. There is no uniquely best way, and often a combination 
of systems is better than j'ust one method. 

I 

II I 
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Stillage has t"° polluting factors, Fig. 14, 

inorganic 
orgonic 

and nearly all of the treatment methods are concerned with reducing 
the organic material whereas many of the problems caused by disposing 
of stillage into the river or on land are because of the inorganic 
constituents. ~emember, the stillage can have a salts concentration 
equal to s~a w~ter and this alone may cause pollution in a small 
fresh water river even if all of the organic material has been removed. 

The organic matter in stillage can be analysed by the 8005, COD, TOC, 
or PY, Flg. 15. The most appropriate for stillage analysis is the COD. 
The 8005 has a number of disadvantages, 

it is difficult to reproduce accurately 
it does not measure the total polluting load inflicted on the 
environment. 
it only gives historic data as the analysis method takes five 
days {COD only 4 hrs). 
incubation equipment is expensive. 

2.2 Irrigation 

Stillage contains valuable inorganic const~tuents, Fig. 16. 
The proportion of N,P,~,Ca and i'lg will vary depending on all the 
previo.,sly discussed factors. However, the "Manual of Cane Growing" 
N.J. King (1965) has the following quotation with regard to irrigation 
of stillage and molasses. 

"It is unfortunate that no provision exists for the recovery of plant 
nutrients from the distillery residues which run to waste and are 
lost to the industry". 

I I I 
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"741 of the potash entering the factory in the cane crop is 
eventually concentrated in the molasses. In addition, a quarter 
of the phosphoric ici1 in the cane is located in the molasses•. 

"Molasses is the most valuable byproduct from the farmers point 
of view•. 

He was a world recognised authority on cane agronomy and he 
considered that irrigation of molasses on to cane was good for it. Yet, 
it can be seen that molasses has a COD twelve times greater than 
stillage and 3n ash level four times greater, Fig. 15. 

The best answer for stillage disposal would appear to be to 
irrigate it back on to the cane it originally came from. To do 
this, it can be seen, Fig. 17, that stillage in Australia may have 
to be irrigated at 4.9 ml/ha/yr. There have been papers written on 
the prob·1ems caused by irrigation. However, a literature search, 
Fig. 17, shows that irrigation rates in these cases have been 
excessive. The very hi~h irrigation rates used by Dubey in the 
U.K. were with a 111Jch lower ash level beet molasses stillage, again 
showing that a full understanding of each situation must precede 
using any successful disposal system. 

Many countries use large central distilleries many hundreds of 
mil es from cane g.~owi ng areas. This may give economies of sea 1 e 
but removes the possibility of disposing of the stillage back on 
the cane fields. However, if it is concentrated to the same volume 
as the original molasses then it may be back loaded in the same 
tankers that carried the molasses. A small distillery, annexed 
to the sugar factory is in an ideal situation to recycle its 
stillage back to the cane fields. It is wise to irrigate fields 
after they have been ploughed out or imnediately following ratoon 
harvesting. 

The best way of :cla~sifying the hazardous nature of any irrigation 
water is shown, 1Fig.1 19. Although the salinity hazard of 1 still age 

: 

1 

is high Cl or C,, t~e SAR ~ s Sl. 

I I I I 11 II I 
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In 1981, John Warner was hosted by the ~nnistry of Light Industry 
to tour Guandong Province and make reconnendations for sugar cane 
agriculture. His major finding was that cane soils in China are 
deficient in potash. Stillage is very rich in potash. 

l.3 Biostil 

The Biostil process has caught the imagination of the technical 
people in China becau~e it claims to use less equipment than a 
conventional system and it virtually eliminates stillage. This 
is not the best wa1 of describing the Biostil process, particularly 
when discussing sugar cane molasses stillage, Fig. 20. 

Instead of clai~ing virtual elimination of effluent it is more 
scientifically correct to say there is no elimination of inorganic 
~aterial, no elimination of non fermentable organic material and 
perhaps a l<>i reduction in BOD5• The stillage volume is lower 
because stillage is recycled, reducing the need for some dilution 
wa~er. The concentration of all the c0111ponents, both organic and 
inorganic, are much higher in the stillage from Biostil. 

If a conventional system uses stillage recycle, particularly if 
it also uses the stillage from the rectifying column for molasses 
dilution, and an osmotolerant yeast is used as is used in the Biostil 
process, then stillage volume will also be reduced. Biostil will 
achieve a stillage with 3~ dry solids while conventional will 
achieve perhaps 13-14% dry solids. If the disposal system is 
irrigation. anaerobic digestion, aerobic purification, pumping 
to river or sea, use as cattle feed or biomass production then 
there is no advantage in concentrating the stillage and thus no 
advantage in the Biostil process. In fact, there is a disadvantage 
as the energy demand for the conventional process is lower and 
equipment costs for the conventional process are lower than Biostil. 



• 
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The process is shown, Fig. 21, with a few minor additions to the 
flowsheet normally published. Biostil will use a few percent 
less energy th.,an conventional systems if the stillage is to be 
incinerated but equipment cost could be higher. 

2.4 Disposal within the Sugar Factory 

I I I I 

Advantage can be taken of the situation where a distillery is 
located adjacent to the sugar factorv, Fig. 22. The stillage can 
~e poured on tn the bagasse or coal going into the sugar mill 
boiler. This has been tried successfuliy on a trial basis in 
Australia, and in C~ina where smaller non-suspension fired boilers 
are used it will be even more successful. With Chi~ese factories 
claiming very low final baggase moistures, stillage whir.h has been 
concentrated a little by recycling may be disposed of in this way. 
The point must be reiterated, that the solution to a stillage 
disposal problem may be to dispose of some one way and some another. 

The stillage could be disposed of completely by spraying in.to a 
boiler chiw.ney prior to the ash scrubbers in some countries that 
have high stack flue g~s temperatures {500-600°C). China claim 
flue gas temperatures ~f on1y 1so-200°c which would be too low. 
However, a method was discussed where they could use the flue gas 
to concentrate the stillage, using stillage to sluice ash from 
the boilers and scrubbing the flue gas at the same time. 

Direct spraying of stillage i~to flue gas leaving the stack would 
incre~se the solids in the ~as from 0.1 up to 2.0 grains per 
stand:rd cubic foot which would not ~e tolerable under Australian 
airpollution regulations but may be quite acceptable in China. 

Filter cake is usually used in China as a fish focd in ponds 
adjacent to cane blocks. In Australia and many other countries it 
is a valuable cane soil additive. It can ~e seen, Fig. 23, that 
stillage and filter cake are simila•· in analysis a~d so stillage 
can be a good substitute for filter cake either in 'fish ponds or 
in the fiel~. 
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There is potential for filter ;ake and stillage to be disposed 
of together and improve sugar production at the same time. We 
have found in Australia that a batch basket centrifuge of the 
type used for sugar can reduce the 110isture content of filter 
cake from 741 down to 40%. This can give up to an extra 0.51 
extra factory sugar production, Fig. 24, which M>ul~ pay for 
the cost of the centrifuge. Stillage can then be added to the 
filter cake to increase its moisture level back to 741. This 
combined mix can be belt conveyed, shovelled and transported by 
open truck without dripping stillage. Thes~ calculations and 
trials should be repeated by the Chinese to find out how their 
filter cake will centrifuge with their fugals. Again, it may 
~e a partial solution which can be used with another method to 
dispose of all the stillage. 

I I I 
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2.5 Anaerobic Digestion 

There is a great deai of skill and experience of anaerobic 
digestors in China, particularly with rP.gard to the domestic 
production of digestor gas from animal/h!.llllan waste. Biological 
purification of stillage whether aerobic, anaerobic or a 
combinati01 of the two is only doing what would happen in nature 
but it is carried out more intensively and in such a way that 
any release to the outside environment is controlled so that 
nature is not unduly disturbed. 

There are many ways of purifying stillage biologically, Fig. 25 
and of course t~ey all work technically. The task is to ch~ose 
a method or w.ethods which are economic in terms of resource use 
(man, money, materials). It is essential to realise that 
biological treatment only affects the organic material, the 
inorganic constituents in the stillage do not change and these 
are the one's that often cause most trouble. Not only that, 
but much of the soluble organic carbon in the stillage is 
converted to insoluble organic carbon (cell growth) which must 
still be separated and disposed of. This solid will amount to 
10%-15% of the weight of the chemi ca 1 oxygen demand removed. 
It must be disposed of on land. 

Digestor gas of soi methane and 50% carbon dioxide has a high 
calorific value, about equal to ethanol and coal on a weight 
basis, Fig. 26. The yield of gas can be theoretically up to 
830 litres/kg of starch or protein, Fig. 27. One cubic metre 
of biogas can run a 0.2 kW engine for 5.5 hrs. 

However, a factory car.iot be built soley dependent on biogas for 
power. It must have an alternative energy source because of the 
instability in the production of biogas and 'the need for a factory 
to keep operating. Thus, extra ca'>ital mus~ always be spent on 
two alternative power sources, biogas and a 'conventional. This 
can often prove uneconomic. 

I I I I 

I I I I 

l 
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Traditional digestor systems operate on 30-40 day residence 
times. This would be uneconomic with the large voluaes of 
stillage prr1uced daily. If digestion is to be chosen for 
reduction of COD in the stillage then it is essential that 
a system is used which can fully c~lete the digestion in 
1-2 days. There is no point experimenting with systems which 
are known to take 30-40 days. A small Chinpse dist;11ery 
producing 10 million litres per year of ethanol would require 
a traditional digesto~ of 30,000 to 40,00aml capacity and 
would have to have the ability to be shut down for 240 days 
each year yet start up and run at the st~rt of the next crushing 
season - a difficult task for a biological system. Only 1-2 day 
residence time systems are worth experimenting with because at 
least if the tests succeed technically the system stands some 
chance of succeeding economically. 

The first of the modern systems which has been commercially 
operated at short residence time is the Upflow Anaerobic Sludge 
Blanket, Fig. 30. It can operate at loadings of 12 kg COD/ml/day 
reducing a 60,000 mg/1 to 300-600 mg/l and produce 0.35m3 methane 
per kg COD loaded. It is worth pointing out that this excellent 
achievement would under the present Chinese regulations still 
result in the distillery being fined the same penalty as if no 
COD reduction had taken place. A UASB digestor flowsheet is 
shown, Fig. 31, together with a number of important references 
on results that have been achieved todate, Fig. 32. 

A modern development which has proved of great interest to Chinese 
technical workers is the Tower digestor (Upflow Flocculated 
Digestor), Fig. 33. It is very similar to the UASB but it has 
never operated on full scale and never had a cane molasses 
stillage feed. Although it was called a tower digestor, recent 
results have shown that on full scale, because it is scaled up 
on diameter not height, it will bell sqat, fully 1ti1xed, tank 
Fig. 33. Its original design comes from the tower fermenter 
first made popular in ~he 1960's which has never created much 
demand. The mai11 di,fference between the UASB and the UFFO, 

-~l 
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Fig. 35. is that the UFFD uses flocculent tc promote sludge 
blanket formation. Sulphide problems produced ir. pilot scale 
experiments were overco."De by ferric chloride addition. 
Anaerobic digestors may be operated at 30-35oC (mesophilic) 
Fig. 37 or 50-55°t (thermophilic). Fig. 38. The results from 
a wide range of workers show that there is little difference 
in general performance bet~n those two temperature regimes. 
All of th~ references given in Fig. 37 & 38 can be found in 
the very complete literature review given in Appendix 1. 
With stillage feed available at such a high temperature (lOQOC). 
and the high ambient temperatures of the tropics, there is the 
opportunity to operate at thermophilic temperatures. However, 
as the general ev1dence is that there is no real advantage.and 
certainly thermophilic operation is moretemperamental~t would 
be advisable to concentrate on digestion in the mesophilic 

range. 

The Chinese have been concentrating research on a two-stage 
process though no reasons were given~ ?erhaps a system of two 
mixe<! tanks in series would give better kinetics than one 
mixed tank, or they could opti~ise the nydrolytic step 
in the first tank and optimise the methanogens in the second 
step. However, once the pH in t~e first tank drops bel~w 5.5 
methanogen growth would stop totally and nothing would control 
the hydrolytic step so the pH would continue to drop until the 
hydrolytic bacteria were inhibited. A recycle would not improve 
matters as the methanogens in the second stage would not survive 
the low pH. It would be better to have a sin~le mixed tank with 
a large recycle. One Chinese system had been set up using three 
tanks in series but loadings were low, removal rate very low and 
pH in the first tank very low. I suggested it would operate 
better if the three tanks were put in parallel and a recycle was 

used. 

'The:! are other high rate, 'intense systems such as anaerobic 
, filters which are fully de,crib'd in ~ef~rences given which could 

' be researched. 

II I II I I 
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Lagoon treatment of stiilage is an attractive alternative in 
terms of capital and operating costs provided the land is 
available and inexpensive. However. land is not a cheap 
resource in China particularly near sugar/distillery factories. 

Digestors cannot reduce the COD of stillage to below 100 mg/1 
so the financial penalty 'IOuld still be exactly the same as if 
the still age was discharged without treatment. The effluent 
would also still contain all the inorganics. so it would still 
have the same conductivity as seawater. A solid sludge. which 
would quickly start to smell. would be produced of about 5-loi 
of the volume of original stillage. This would have to be 
mixed into soil quickly before it encouraged fly breeding etc. 

It is essential in China to have a second aerobic stage to 
~urify the effluent frOCl ~he anaerobic digestors to below 

100 mg/1 coo. 

I 

I 11 I I II I I I 

.. 

I 
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2.6 Aerobic Treatment 

Aerobic biological treatment of waste is well documented. 
The higner inter.sity processes use more power and less area 
than the low rate processes. Fig. 38. Activated sludge systems 
Fig. 39. and trickling filters. Fig. 40 can both be used to 
produce effluents of COO less than 100 mg/1. It would be 
uneconomic to treat raw stillage because of the very large 
power demarid but anaerobically digested stillage of 500-1000 mg/1 
COD could be purified to below 100 mg/1 COD. It would still have 
a ~igh colour. still have a high inorganic content and in China 
would also have a high a11110nia (or nitrate/nitrite) content. 
~iological sludge production would be 0.3 - 0.6 kgs cells per 
kg COO removed and this dry weight of cells would be produced as 
a 2-41 dry weight gelatinous sludge. This sludge must be 
disposed of by digestion or by illlilediately mixing in with soil. 
Again. the point is made that organic carbonaceous material 
does not just disappear. It is often converted into another 
form which still has to be disposed of. 

There is a process called the ANAMET process which has had one 
application on beet molasses stillage, Fig. 41. It is a 
combination anaerobic/aerobic system. It has an optional 
additional anmonia stripping system {Type 2) which helps the 
aerobic part of the process reduce the 8005 much l~wer than 

normally is the case. 

11 I 

-l 
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2.7 Incineration 

Stillage has been disposed of by incineration by a v~ry few 
factories in the world, notable in Japan and Europe. The 
European experience was with sugar beet molasses stillage. 
Beet stillage has 3 very low melting point (approx. 6500C) 
and so furnace deashing is no problem as the ash runs out of 
the specially designed furnace bottom. This slagging (melting) 
characteristic caused a great deal of concern to sugar cane 
people when they considered disiJOSing of concentrated sugar 
cane molasses stillage in boilers used for burning bagasse. 
However, we found from laboratory trials in 1974 that sugar 
ca~e derived ash had a ~ch higher melting point (1300-lSQOOC) 
than sugar b~t derived ash. Preliminary tests on burning the 
still age in a sus;>ension fire:·t bagasse boiler we: e satisfactory. 
It is known that the higher the silica ratio in the ash, the 
high~r the melting point but in practice we did not find any 
effect of raixing bagasse with stillage bef=re burning. 

The possibility exists with incineration that the organic material 
in stillage will burn with sufficient heat release to provide 
enough energy to evaporate dilute stillage to a syrup concP.ntrated 
enough to burn and have excess heat left over to help power tr..:· 
distillery. Again, only the organic pollutants are removed by 
incineration, the inorganics are still all present. There has 
been a good deal of talk about recovering crude potash, or just 
concentrated ash to use as a cheap fertiliser from the residual 
liquor after incineration. Of course, if the distillery is close 
to the cane fields then the fertiliser value can ~e obtained by 
irrigating the dilute stillage before incineration. 

I 

Autothermal con~itions can ~xist with stillage having a total dry 
I 

solids of as low as 35i. However, the flame temperature would be 
too low because' of the water present, and unrecoverable latent 

I 

heat would be lost from the stack that could be recovered by an 
extra stage in 'a multieffect evaporator, evaporating that 35S 

I 

stillage to 60S,. 

I I 11 Ill I I 
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Stillage varies widely in its elemental analysis, particularly 
with regard to the amount of K,Ca and Mg and these are the 
elements which affect the melting point of the ash the ..,st. A Distillery 

adjacent to a sugar factory may choose to combine concentrated 
stillage with bagasse and burn the cOllbination resulting in a 
different elemental •ix. China, because of coal pricing policy 
and the need for tllOOd fibre for paper pulp, burns little bagasse 
in sugar factory boilers but mainly coal. Again, this will 
result in a different ash and different meiting characteristics. 
The advice given to China in this regard was to team up witn the 
local University in their incineration studies. A local 
Professor of Physical Chemistry "°"ld be an invaluable tea11 
member in trials on melting characteristics of various inorganic 
components. 

In January 1982, the first large scale llOdern sugar cane ..,lasses 
stillage incinerator started up in Thailand. Engineers frOll the 
National Cane Sugar Research Institute had an extended visit of 
many 110nths at that factory recently. I also v;sited the factory 
recently. Unfortunately. this factory does not analyse its 
molasses feed and its two major problems are scaling in evaporators 
and the high melting point of the stillage ash necessitating shut 
downs each shift to manually deash the furnaces. There are claims 
that this second problem will be overcome in any new design but 
it is unfortunate that lack of detailed data on the molasses being 
fermented makes it difficult to automatically transfer useful 
information to a different country, (different molasses = different 
stillage =different ash). 

This distillery in Thailand is a large stand alone factory a 
long way from any sugar factory and the cane fields which sourced 
the cane/sugar/molasses. It is adjacent to a relatively small 
river which it could not discharge into without causing a major 

I 

polluting nuisance. The situation is very different to a~y i~ 
C~ina. Incineration was chosen as the only'potential solution. 

I I I I I 

I I I 



I 

l 

II I 

- 20 -

Burning the concentrated ~tillage.raises 39 t?h of steam of 
-mich 18 tph is needed for evaporating dilute stillag@ to 
produce the concentrate. The residual 21 tph is supplemented 
by a 19 tph fuel oil ste111 package boiler which together provides 
all the energy for the 180,000 titre/day distillery. This 
distillery actually fen1ents a llixture of molasses and sticky 
rice, again altering the stillage characteristics. 
When burning the concentrated stillage as a supplementary fuel, 
the energy saving amounts to Sl.5-2 llillion each year but as the 
stiliage disposal sect~on cost S25 million it certainly is not 
worthwhile economically. A second problem is that the condensue 
from the stillage evaporators has a ?if of 3.3, a COD of 3,500 mg/l, 
and 841 of the total volume of the original stillage. Thus, 
although the clai• is total removal of all polluting character 
frOll the sti1lage, the reality appears to be a reduction 
of 161 in volume. a remval of about 951 of the COO, a process 
which is not very econOllic, and still leave!' all of the inorganic 
content to dispose of. Ho.ever, for a large stand-alone distillery, 
it may be the only way. The Chinese engineers who spent a great 
deal of time at this incineration facility thought that all of th~ 
COD was getting in to the condensate because of entrainment of 
stillage in the water vapour. I believed some of it would have 
been because of volatile organic matter. This should be 
investigated further as under the Chinese legislation, a distillery 
discharging this condensate would be fined as 1111ch as if it was 

discharging untreated stillage. 

A 111Jltinozzle burner, Fig. 43~ is a good idea for burning waste 
such as concentrated still age 1

, as fue 1 oil, waste oi 1 and other 

materials can be burned at th~ same time. 

There are Chinese experiment~ goinCj on at present on burning stillage 
in :dmixture ~ith coal. This should work well as stillage ash would 
stay on the grate,fused wit~:the coal and cause no fly ash problem. 
When burning a spray'of stillage in a suspension fired bagasse 

boi 1 er a 1 arge amount of fly: ash is produced. 

I I I I I I I I II I 
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Under the incineration heading. the Zimpro (or Zi11111erman) 
process should be discussed. This was a new idea to China. 
The Zimpro process is a .iet air oxidation process which has 
been used for imre than 45 years. It operates on the 
principal that aqueous suspensions or solutions of organic 
matter can react with the oxygen in air or pure oxygen at 
elevated temperature and pressure. This reaction is exothermic 
and because the •burning• takes place in the liquid phase. no 
latent heat is lost nor the heat of stack discharge gases. 
The system has ~n used particularly with sewage sludges and 
many difficult to oxidise organic 111C?lecules. Theoretically. 
once the waste has a COD greater than 1.050 mg/1, with normal 
heat losses, the reaction becomes autothennal. Certainly, 
with dilute stillage of COD greater than 20.000-30.000 mg/l 
the reaction will generate a great deal of extra energy which 
could be used to run a dist~llery. There is certainly more 
potential to raise energy by using the Zimpro process on dilute 
5tillage at the 10-1~ concentration it normally leaves the 
bottom ~f a conve~tional distillation tower than can be raised 
from incineration of a stillage concentrated to 6Di solids. 
However, the Zimpro process is expensive in capital cost, with 
most of the equipment needi~g to be imported from overseas. The 
~tain1ess steel reactor would need to be many ems. thick. The 
Zimpro section for a factory the size of the Thailand distillery 
(180,000 litres/day) would cost SlS-$25 million. The Zimpro 
people have a great deal of laboratory experience on this type 
of stillage waste but no experience on full scale. 

In a comparison of anaerobic digestion and incineration it is 
difficult to determine which process may be better, Fig. 44. 

• neither process has an operating plant on full scale anywhere 
in the world which produces an effluent of less than 100 mg/1, 
but it is potentially possible with incineration. 

1 neither process treats the inorganic part of the stillage 
which can ~e a p~oblem affecting discharge to small streams 
or on land,1 but i 1 ncineration gives the possibility of further 
processing'~o co~centrated crude potash fertiliser. 

II I I 
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• in~ineration will give twice the recoverable energy of 
anaerobic digestion by a more reliable method (biological 
processes are notoriously unstable). 

• incineration will "°rk at full efficiency iramediately 
after start-up, whereas biological a.~aerobic d;gestion 
will take weeks and perhaps 110nths to reach full efficiency. 
Chinese distilleries only operate for 6-8 months each year. 

• digestion produces a secondary poilutant of 240-360 tpd of 
wet microbiological sludge which aaJst be disposed of on 
land - it has good fertilising value but then so does the 
stillage before anaerobic digestion. 
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2.8 Growth of Protein 

11 I II I 

The Chinese scientists were very interested in the production 
of protein from stillage either by growing micro-organisms or 
by feeding animals. 

We have had experience feeding stillage to cattle as have a 
few other people in the world. The most important point to be 
made is that the amount that can be fed in an animal ration is 
dependent primarily on the potassium co~tent of the stillage 
causing diahorrea and to some extent on the overall salts content. 
These two factors limit the amount of stillage which can be 
incorporated in an animal diet to below Si with Australian 
stillage. The main 951 of the animal feed in a lot feeding 
situation must be made up of protein, fat, fibre, carbohydrate. 
There has been very limited reporting of "factors" in stillage 
wh;..:h assist in an animals diet, probably dependent on whether 
the yeast is hydrolysed by leaving it in fermented molasses 
going to distillation, or whether it is removed for alternative 
disposal. Certainly in a lot feeding situation, feeding stillage 
at below SS of the animals diet, the feed lot would genera~e 
infinitely rr.ore pollution than the untreated still age. 

It is important to realise that in growing protein, the stillage 
provides very little of the nitrogen, it only provides the carbon 
source. There are references to a number of workers ti~at have 
grown, candida uti H s, "yeasts", chlorel la vulgari s, trichospora, 
"fungi" and "fodder yeasts" on stillage, Fig. 4S. Generally, the 
stillage is first sterilised, then a111110nium salts, urea, phosphates, 
yeast extract and other minor constituents are added. Molasses i$ 

also often added to improve cell growth sometimes by adding up to 
SOS, but this is not truly growing biomass on exhausted stillage. 

I 
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It may not be possible to get the same results as other work~rs 
in this field. The biomass is growing on the organic constituents 
left in the stillage. The amount of sugars, fusel oils, organic 
acids and esters furfural, and glycerol etc. left in or produced 
by the original yeast fermentation will vary depending on the 
efficiency of fermentation, the degree of infection, the type of 
fermentation used, the staleness of sugar cane (polysuccharides). 

The standard way of approaching this type of work is to try and 
grow all the "standard" type microbial growths on the waste - in 
this case, the stillage, and proceed with what seems to grow best. 
I advocated a different route with the Chinese technologists. 
The stillage should be analysed by HPLC, GLC and thin layer 
ch~omatography to find out what organic species are available 
as the major carbon sources. There will be carbon compounds 
which are non fermentable by the alcohol producing yeasts used 
in China, residual s~gars which are not fermented during the 
standard fermentation and there will be all the byproducts of 
the EMP glycolytic pathway such as glycerol, fusel oils, 
acetaldehyde, acetic acid, lactic acid, butanediol etc. 

Most yeasts can ferment glucose, galactose, maltose, melibiose, 
treha1ose, but very few can ferment cellob1ose. Saccharomyces 
pombe can use pentose (xylose, ribose) as can Candida/Torula 
under aerobic but not fermentative conditions. Some yeasts 
have high toierance to salts,and the inorganic salts content 
will v'ry between countries. There may be some use in adding 
specific enzymes to breakdown the residual polysaccharides into 

ferinentable sugars. 

One major drawback is that all of the relatively easy to metabolise 
organic constituents will be used up, leaving difficult to 
biologically attack molecules, no nitrogen and no phosphate, Fig. 46. 
This partially biologically oxidised stillage will still contain a 

residual COD of S~ of the original. 
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There is little use of still age as a raw material for biomass 
production and the reasons are clear. The economics for 
producing feed or food yeast are favourable in few places 
in the world. The stillage only provides carbon with a very 
small amount of nitrogen yet biomass is 461 protein, so 
the nitrogen to carbon ratio should be 15:100, i.e. sor.:e nitrogen 
source acceptable to the microbes should be added. Phosphate 
must also be added. The fermentation will have an optimum of 
30-32°C and as fermentation is exothermic (3870 cals/gm yeast 
growth) the fermentation must be cooled. Cooling is no problem 
in Europe where surface waters are usually below zo0c but in the 
tropics it is a major problem. There is a large electricity 
demand as growing biomass is aerobic, using 400 volumes of air 
per volume of stillage. This air should be sterilised as should 
the stillage, to ensure only the chosen strain is the one growing. 
The centrifuged biomass will not be first quality as cane molasses 
stillage is full of ash and dark brown in colour, imparting high 

colour and flavour to the biomass. 

The major pro~~ern is what to do with the waste from the biomass 
production system. It will still have SOI of the original organic 
strength, a higher salts content than originally and the "easiest" 
organics have been removed. If incineration is contemplated, only 
half the heat can be generated which means it is no longer 

thermally self sufficient, and only half the methane gas would 

be produced by anaerobic digestion. 

• 
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3. FERMENTATION OPTIONS 

The Chinese technologists were very interested in improving 
the fennentaticn section of the distillery, particularly to 
discuss ways of reducing the capital cost of the equipment 
by changing to other technology. This section discusses the 
value in investigating fermentation. 

The total cost of equipment dalivered to site of a normal cane 
molasses distillery is only 291 of the overall fully operational 
cost of the factory, Fig. 49. The fermentation section equipment 
would only be 251 of this i.e. 71 of the overall operational 
factory cost. 

In a 10 year financial analysis of an ethanol distillery, the 
capital cost amounts to only 2~ of the factory gate price of 
ethanol, Fig. 51. Thus, a zsi saving in the fermentation 
equipment cost will result in only a 1.51 saving in the overail 
distillery and only result in a 0.41 saving in the factory gate 
price of ethanol (say 0.2 cents in 50 cents). It is difficult 
to see how scientific papers can state that ethanol cost can 
be reduced by 25-50% by reducing the cost of "expensive" batch 
fermenters. It is worth noting, Fig. 52, that the same 0.4: 
saving in ethanol cost can be achieved with a 0.8% extra yield 
from the molasses say, producing 252 litres/tonne rather than 
250 litres per tonne. While it is not easy to simply lift 
yield, it is certainly aasy to lose yield 

• by having a small amount of infection in a continuous 
fermentation which is perhaps not seen to be important 
enough to shut down the production line for 

• by losing a small amount of /ield by not fully completing 
tne fermentation due to carry ov~r in a stirred tank 
reactor. 

I I I I II 
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The value ;n batch fermentat;on ;s that each yeast p;tch;ng 
can be fresh ensur;ng no loss of product through ccntam;nat;on 
and each fennentat;ou can be left unt;l fermentat;on really ;s 

complete. 

I 
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4. Itt«>BILISATION 

There are two types of i11110bilisation, iammobiltsed enzymes 
and i111110bilised cells (yeast or bacteria) - to produce ethanol. 

Firstly, to consider the use of innobilised enzymes. Extracellular 
enzymes are generally stable while intracellular enzymes are 
unstable (or need closely defined conditions to operate well). 
The technique of inmobilisation stabilises intracellular 
enzymes to allow them to be used outside of the cell. Intracellular 
enzymes are also expensive to manufacture because of their 
instability and the fact that cells 111Jst be ruptured to release 
them. Normally, enzymes are soluble and so are lo~t with the 
product. This is not acceptable with expensive enzymes. The 
concept of illlitObilising enzymes to hold them within a reactor is 
therefore a good one for unstable, expensive enzymes. The cost 
of such enzymes would be prohibitive for the production of such 
a cheap final product as ethanol, Fig. 53. · There are twelve 
different enzymes which convert glucose to ethan~l. Most of 
them have not been isolated on anything other than very small 
scale. They would all have different rates of reaction, different 
pH and other environrne~tal optima. 

Now let us consider irnnobilised yeast or bacterial cells for 
ethanol production. In a batch fermentation system, the cells 
are all held within the reactor (fermentor) so no i111110bilisation 
technique is required. The advantage of immobilised cells is 
in the operation of a continuous stirred tank reactor or a 
tubular plug flow reactor. 

One benefit often quoted in the literature is that the cells are 
held by inwnobilisation thus removing the need for equipment to 

I 

separate the new cell growth from the finished product 1.e. no 
I 

settling tank or centrifuge is required. ,This 1s no~ true as 
ethanol production is growth linked and an immobilised system 
would be operated in such a way that cell$ sloughed ~ff the 
immobi 1 i sed cel 1 granules would just equa'l new cel 1 growth. 

I I 



These discarded cells would constitu!e most of the total cells 
~roduced during fermentation, and would still need to be separated 
A second benefit often qu6ted in the literature is that the 
system can be operated at a high fluw rate, one that would give 
wash out if the cells were freely suspended. However, at a 
high dilution rate, certainly productivity is higher but yield 
drops. As discussed earlier in the fermentation section, maxilllJll 
yield is critical to the economics of ethanol production. 

Certainly, one potential use of inaobilised cells is in a tubular 
plug flow reactor system, Fig. 54. The fermentation tanks can 
be replaced by a simple tubular converter which will give very 
high conversion efficiency and by using a few columns in series 
(as with active carbon colU1111s or on exchange colunris), the 
exhausted section can be replaced at regular intervals. 

Most work in i111110bilised cells has been carried out with clean 
liquids, defined media, filtered solutions. Molasses is a 
very dirty syrup. Dilute molasses would soon foul up any packed 
column. Attempts to prefilter dilute molasses would result in 
having to discard fennentable sugar with the gums, waxes and 
other insoluble solids. 

It has been said that fermenting more completely with such a 
system would have the dual benefit of producing more ethanol and 
at the same time reducing the COD of the effluent. Certainly, 
with pure glucose, an increase of substrate removal from 96S 
to 99S reduces the subsequent effluent by a factor of 4 i.e. 
from 4i down to li. However, with the large amount of non 
fermentable organic material in molasses, there is only a very 
small reduction of COD (less than 1,000 mg/1) for a similar 
improvement in fermentation efficiency. 

-i 
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There are many ways of i&r..obilising cells using adsorptioP 1 

entrapment and coupling systems. Fig. SS. Although there 
appears little possibility of practical application of such 
systems. it was of great interest to the Chinese technologists 
and so was discussed in detail, Fig. 57. A number of scientific 
papers of major importance in this area were handed over and a 
special literature search was completed. Appendix z. 

One area which is usually not discussed in scientific papers 
is the actual cost of produci"q the iBllObilised cells. We 
took one of the simpler gel i111110bilisation systems and designed 
a large scale product~on flow sheet. Fig. S9. A large number 
of assumptions have to be made as there is no published i~formation 
on this topic. Assuming the gel beads have to be stored under 
sterile conditions in a moist conditicn with a limited life 
until innersed in a growth medium. we have estimated that the 
gel bead production unit of a 10 million litre per year distillery 
would have a capital cost of $450,000 per year and running cost of 
SSS,000 per year, Fig. 60, and would still need the same yeast 
culture system. The fully erected batch fermentation system for· 
such a distillery W<>uld be only Sl.8 million. Thus, any continuous 
system u~ing i111110bilised gel beads would have to be less than 
$1.3 million and in general, it is found that continuous systems 
are more expensive than batch systems. 

The advantages and disadvantages of i111110bilisation are fully 
listed, Fig. 61. As economics finally dictate any decision, 
it would seem that i111110bilisat~on will not have any future in 
ethanol production. 
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5. CONCLUSIONS 

The primary task of this project was not to reach conclusions 
but to pass on as many ideas as possible which have been 
established, tried or perhaps only talked about in other 
countries. The team at the NCIRC are all very dedicated 
applied researchers who although they have some pieces of 
very modern equipment are limited by budget restraints more 
so than they '«>Uld be in an Institute of comparable standing 
in many developed countries. 

~owever, there were signs that some individual workers thought 
the answer to problems was simply to buy scientific equipment. 

During discussions with the NCIRC it was apparent that their 
teams would be strengthened by using a more 1111lti-disciplinary 
approach. Particularly, any work involving stillage should 
have agriculturalists involved in equal representation with 
technologists, as the ultimate site for disposal of either 
stillage, biologically purified stillage, inorganic salts in 
the stillage, or biological sludge grown during anaerobic or 
aerobic purification will be qn land. Hopefully, this land will 
be used for growing cane, rice or some other important crop, and 
the valuable fertiliser constituents will not be lost. 

The NCIRC should also combine with other learned Institutions 
such as the South China Institute of Technology. While resources 
of money, materials and men are in short supply in China there 
should be no duplication of work • 

The question of why do research is often asked, and there are a 
number of equally valid answers, Fig. 62. 

11 I 
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China particularly wants to improve productivity in sugar 
production with the long term goal of producing 10 million 
tonnes in 15 years time compared to 3.8 million tonnes now. 
Davy Agro analyses of factory data we have been given suggests 
that there are improvements to overall factory recovery that can 
be made using up-to-date A•1stralian technology i.e. operating 
techniques (knowledge). This would certainly be econOllic but 
would only result in about 51 extra sugar recovery. While 
the percentage is small, a 51 improvement in just the larger 
factories is the equivalent of 2 extra sugar factories. This 
work should be left to others who already have the experience 

in this area. 

The major advances in imoroved productivity will be in cane 
breeding, cane growing, cane harvesting and scheduling so 
that much larger crops of cane are grown per hectare, they are 
harvested at maturity and the better quality cane that is grown, 
is delivered to the factory in good condition. Paying for cane 
on quality rather than simply weight was the subject of a separate 
series of lectures and may be reported on at some future date. 

Another research goal is to reduce costs of production. This 
can often best be done by actually working at the factory, 
rather than in the isolated atmosphere of a research institute. 
It was apparent that most of the NCIRC tech11ologists had great 
appreciation of the practicalities of applied research as applied 
to sugar factories, but it would be worthwhile forming a review 
team including an economic manager which could assess the economic 
value in pursuing some research goals. What can be dor.e and what 
should be done are not necessarily the same. 

, 
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Often the only thought in research technologists heads is to 
educate themselves. they jo the t110rk because they t110uld like to 
do it. This role can be taken by Universities but should not 
be the role of an industry dedicated Institute. At this stage 
in the development of the NCIRC. with allocation of resources 
spread thin. the luxury of research for its own sake should be 
left to peoples free time. "'ch of the t110rk done at the 
Instit~te should be the investigation and application of other 
peoples findings. The Institute should see itself as a funnel 
to gather information frOll all over the t110rld and to apply to 
the Chinese situation those developments whir.h are 110st relevant. 
It sh1>uld not bl ~ndly follow the conclusions of others. Conditions 
are d~fferent in different countries. General scientific reporting 
often excludes those things that are taken for granted i.e. an 
intimate knowledge of their own countries sugar industry, which 
of course is not known by other countries "°rkers. 

The Institute is in a better position that the individual sugar 
factory to sift the information from overseas but it is important 
always to acknowledge the work of others, to quote the original 
reference. 

These thoughts influenced the lectures and answers to questions. 
The task was to try and pass on as llklch information and experience 
as possible in terms of photocopies of papers and references 
rather than give simple conclusions. In two weeks it is not 
possible to understand the Chinese situation. 

Some things stand out however, with respect to stillage handling. 
The technologist will take the approach with stillage -

"How can we get more out of it?" 
and will think of: 

• energy (incinceration, digestion). 
• other by-products (animal feed, biomass). 

I II 
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A a.altidisciplinary te111 including agriculturalists would 
consider the wider question: 

•Where is stillage of 110st use?• 
and as: 

1 the major pr'lductivity increases are in the field, 
1 Chinese soils are deficient in potash. 
1 pota~h is a major c0111pOnent of st111age, 
1 the distilleries are all located in cane growing areas, 
1 there can be no cheaper disposal system than irrigating 

stillage on cane, 
1 even the water in the stillage is then of some value, 
1 no disposal system other than irrigation pur1fies the 

organic matter to below COD = 100 mg/1, 
1 no disposal system other than irrigation uses up the 

inorganic salts in the stillage. 

the conclusion could be reached that disposal of stillage on to 
cane is the best solution to the problem. The major advances 
in productivity, to meet the target of 10 million tonnes sugar 
by 2000 will be in the field, including the installation of a 
payment for cane on quality system. 

• 



- 35 -

6. RECOMEfl>ATIONS 

These suggested recoa111endations should not be read in isolation 
frOll the main report as is sa11etimes the situation with people 
wishing to obtain a quick review. 

1) The pollution control regulations aJst be altered. At 
present, a fine is i..,osed on a daily basis for any volume 
of effluent which exceeds 100 119/l COD. It is no simple 
matter to regulate on volUlll! and concentration because for 
that to be done, these parameters liilst be regularly measured. 
Perhaps a systf!ll of penalties could be introduced based on 
the process and equipment installed to treat the waste, with 
occasional measurements made by one appointed officer from 
the Institute who's job is to travel around the industry 
taking snap samples. 

2) A great deal 110re analyses of molasses and stillage llllst be 
made. There is little point in instituting a number of 
stillage disposal pr~granmes before a few seasons of regular, 
careful analyses on both 1110lasses and stillage. The range of 
individual inorganic and organic Q11ponents should be known 
first to make comparisons with other workers overseas e.g. 
Acceptable irrigation rates will be directly proportional 
to total inorganic salts, incineration heat release will be 
proportional to COO yet problems with scaling of evaporators 
and deashing problems in the boiler will be dependent on the 
amount and type of inorganic salts etc. 

3) Although a waste of a valuable resource, stillage can be 
acceptably disposed of in a river if the river has a sufficient 
flowrate, aeration rate, and width to accept it. If there is 
a situation where a factory is discha~ging to a river and 
~elieves it is doing no environmental damage because t~e river 
can adequately puri~y the load, then it is suggested tbat the 
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factory fund an independent postgraduate study of the 
problem - considerably cheaper than the pollution fine 
and a 110re constr.active use of the 110ney. It would make 
an excellent MSc thesis, provide money to the University, 
and provi~e extra funds to employ the postgraduate. It 

wuld be totally independent. 

4) During discussions on the measurement of pollution using 
BOO, COO and TOC, it was apparent that the 8005 method 
being used relied on chance contamination to seed th~ 
dilute stillage with bacteria. This is normally not 
acceptable with any effluent and is particularly unsound 
practice with an effluent which has effectively been 
sterilised during production. As there is no way that the 
Institute can obtain a fresh daily sample of seed without 
running their own laboratory activated sludge effluent 
treatment pilot plant it is suggested they discontinue 
measuring eoo5• There is no point in measuring 8005 
knowing it is the wrong method because it will still be 
reported and will then be accepted as correct. The COO 
is a more meaningful measurement of stillage polluting 
value even if the eoo5 method is done in the correct manner. 

5) In discussions with microbiologists, there was a great desire 
to study thermotolerant yeasts as "the fermentation 
temperature often rose above 35-400C". At the three distilleries 
visited, they had no problem keeping the temperature below 35°C. 
It would be worth considering studying osmotolerant yeasts 
rather than thermotolerant ones. There is some evidence, that 

I 

osmotolerant yeasts produce a smaller, amoont of glycerol i.e. 
a higher yield of alcohol, molasses fermentation speed is 

I 

affected by the ash content of the mo,1 asses and tM s 1 i mi ts 
the degree to which stillage can be r'ecylced. Recycling of 

I 

stillage can help in many ways, 

• reduce distillery water use 
• improve exhaustion of sugars in stillage 

I 

• reduce the volume of stillage to be dispose1 of. 
I 

I 
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6) It ;s "'°rth try;ng to use st;llage ;nstead of ~ater to 
scrub flue gas and as a long ten1 project, to use the hot 
flue gas to evaporate st;llage to a concentrate by d;rect 
contact. Th;s was d;scussed ;n deta;1, but ;t ;snot done 

on full scale. 

7) One of the most useful ways of d;sposing of stillage is by 
fugalling filter 1111d and then :-e-adding stillaga to produce 
a cake of similar wettness to that prior to fuga11;ng. 
This was suggested to the NCIRC, discussed in detail with 
them and received enthusiast;c response. The author tried 
this method in 1974 on pilot scale with some success. The 
Chinese have promised to try it. The liquid centrifuged off 
contains valuable sugar. Its recovery can pay for the entire 
process and the stillage gets •free• transport to the cane 
fields - or perhaps in China to the fish ponds. 
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APPENDIX 4 

Itinerary for Dr.R.B. Brook's visit 
- (11-02 Post) 

1984 

A.;M. P.M. 

-. 

~t. 15th Kon. 
. . - . . -

- Arrive in Guangzhou 

16th Tues. - Se~sion 

17th Wedn. - Session 

18th Thurs. - Session 
.! 

19th Fri. - Discussion 

20th Sat. - Discussion 

21st Sun. - Free 

22nd Mon. - Visit Shunde Mill 

s~ssion 

SP.ssion 

Session 

Discussion 

Discussion 

Free 

23rd Tues. - Visit ~ugarcane Industry Research Institute. 

24th Wedn. - Discussion and Consultation. 

25th Thurs. - Discussion and Consultation. 

26th Fri. 

27th Sat. 

Discussion and 
Consultation. 

- Back to Australia. 

Free 

-... ·-----·-----

.......... -.. . . 

. ........ - ·-

···--~·.,..__.I 

....... 1.,_ ---
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APPErt>IX s· 

• 

ITitr:.BAa! FO!t DR. R. B. BROOKS' 5 VISIT 
• ( 11-02 Post) 

1984 

Oct. 15th Mon. - Arrive in Gual!gzhou 

8-12 A..H. 

16th Tues. - Session 
17th Wedn. - Session 
18th Thurs.- Session· 
19th Fri. - Discussion 

20t4 Sa.t. - Discussion. 

- Free 

2-5 P.M. 
Session. 
Session 
Session 
Discussion 

Discussion. 
Free 

21st Sun. 
22nd Mon. - Visit Shande Sugar Mill and Distillery -

Consul.tation. 
- Visit Sugarcane Industr.r Research Institute. 

~-12 A.H. 1-5 P.M. 
23rd Tues. 

24th Wedn. - Discussion and Consultation. 

25th Thurs.- Discussion and Consul.tation. 
26th Fri. - Discussion and Ci>nsultation • 
.27tll Sat. - Visit Guangzhou Suga!' Mill - Consultation. 

··28th Sun. - Free 
2.9th Hon. - Visit Shitou Sugar Mill and Distillery -

Consultation 
8-12 A..M. 1-5 P .M. 

}Jt!l Tues. - Discussion and Consultation 

}lst.Wedn. Discussion and Consultation 

Nov. ·rst Thurs.- Discussion and Ccnsultation 
2nd Fri. - Discussion and Consultation 

3rd Sat. - Free 
4th Sun. - Bacit to Austr'3.ia . 

--------·------------. 
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SUGAR Ifl>lJSTRY CF CHINA 

GENERAL 

Usfog the definition of acceptance by .,st countries. China does 
notproduce any refined sugar from cane or raw cane sugar. rather it 
is white sugar. As in mst developing countries a non centrifugal 
brow sugar is a 1 so produced. 

Most of the equipEnt is relatively old, or old style. with the 
largest factories thosl that had llilling trains illpOrted in the 
1950's and 1960's. Since that time. Australia has produced a •ch 
.,re efficient 5 roll llill "'1ich together with feed chutes has vastly 
i111proved performance over a 3 roll llill. 

Although no factories t11ere running during the visit. the installed 
equipment would tend to suggest that cane preparation could be 

i11proved. 

It is clear from uny discussions with Institute and factory staff 
that there is a positive mve to try and deve 1 op a cane payment system 
based on quality rather than wight. Lectures wre given on cane 
payment systellS based on quality "'1ich may be the subject of a separate 
report. The ujor advantage of a syst• of cane payment based on 
quality is that it gives the fa711er and the factory real· incentive to 
i111prove their perfonunce and get paid for it. 

China has one advantage over many of its developing country near 
neighbours, farmers are assigned to a particular factory and cane 
transport is handled either by the factory or by a transport c0111pany 
which handles all the cane for a factory. This gives China the 
opportunity to schedule cane deliveries in a way that few countries can 
e.g. Australia.. Cane can thus be delivered freshly cut. 



. ' 

There were dhcrepancies in the pol balances of the factories we 
were given s.- results for. This could be because of pol inflated 
by dextran in stale cane. 

There is a real need for a better quality refined sugar for industrial 
users. This will enable China to produce goods for internal use and 

also for export which meet all the internationally accepted criteria. 
These goods .iould include fruit juice. soft drink, pharmaceutical use, 
canned fruits etc. 

Fibre is not 11easured by analysis n0'4 in any of China's factories, 
it is calculated by weighing and analysing llixed juice and analysing 
bagasse. weighing illbibition water and assllling no loss of pol in the 
milling train. Although the bag method for fibre was ti11e consUllring. 
it is a backward step to abandon its use. 
NCIRC 
The National Cane Sugar Research Institute lies 40 minutes S.E. of 
the city of Guangzhou. It was founded in 1957 as a combination of 

the Industrial and Agricultural Institutes founded earlier. There 
are eight departments, 

Industrial 1. Analysis/Quality Control 
2. AutOlllation/Instrumentation 
3. Pollution Control/Byproducts 
4. Sugar Technology 

Agricultural s. Cane Breeding 
6. AgronOllri cs 
7. Plant Protection 

General 8. Infonaation/Library 
and three farms 1 Hainan Breeding Station (53 ha) 

2. Jianjiang for new varieties on red soil 
3. &uanzhou (80 ha) 

There are 700 .iorkers which includes 200 technologists and 100 
administrative people. The top staff are very knowledgeable about 
sugar in other countries. 
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Davy Agro 

SOE of tta.:! major investigations made ~~ recent years hctve been 

o Diffuserl (first full scale factory in 1964) 

o ~ulphitation tubular reactor (in 1964) 

o Shredder (in 1975) 

b In-line pH. meter (1983) 

Presently. they are researching: 

o a particle board from bagasse process (tM> factories in 
production). 

o Chinese ru• (not a popular drink) 
o phosphatation/flotation for refined sugar 
o a tbrbidimeter 
o a white sugar reflectance meter 
o a five roll Iii 11 

These subjects are all reasonably well documented in the literature 
and so there should be little difficulty in transferring the information 
to Chinese context. 

The Institute generates cash flow by making instruments in its 
Automation/Instrumentation department for the sugar industry. This, 
on the surface SeelllS a good idea, in that it uses the facilities and 
technical resources to the full. However, the cash flow generated 
could be so useful in funding research at the Institute that it takes 
precedence over research and development. The in-line pH meters are 
guaranteed for life which seems like a good idea but of course the 

I 

Institute does get funding and if an instrument became a loss making 
venture it would drain' funds from the research budget. 

I 

It would seem that the' first factory/major unit operation etc. is 
I I 

developed, designed, and coanissioned by the NCIRC ~ut future ones 
I I 

are then designed by the Guandong Design Institute.' Both of these 
I I 

Institutes are National Institutes located near Guangzhou. 
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Davy Agro 

DISTILLERIES 

There is seldOll any molasses clarification. pasteurisation or 
stillage recycle and the molasses is usually very fresh and often 
very wan1. Molasses of tMs type is usually very •lively• and 
generates a great deal of fo111 during fen1entation. 

The standard batch fermentation is not universally used in Ch·;na. 
Shitow distillery used a standard batch system. pitching a fresh 
yeast culture in each new fen1entation. sterilising the dilution 
water (treated river water) with bleaching IJO"der before using it 
to dilute molasses. They ai• for 81 v/v ethanol in about 20 hrs 
fermentation. No bacteriacides are used during fermentation but 
antffoam is usually needed. They use a llixed yeast culture to 
give both fast fermentation and higher final ethanol concentration. 

Many distilleries in China have converted to a continuous fermentation 
system using from 6-12 vessels in series. Usually, molasses is fed 
to the first two in the series and these are the only ones which need 
water cooling. Bacteriacides are added to control infection. (There 
are SOiie remarks in the fermentation section of the main report which 
may be considered valid here). 

There is a major worry in most distilleries that there is a large 
residual sugar content in stillage, causing the systems to lose yield. 
This resulted in many discussions and advice on how to confin1 whether 
the substances being measured as residual reducing sugar were actually 
fermentable e.g. furfural will be detected by the reducing sugar r.ethod 
but is not fennentable. The HPLC will soon confirm whether the s•J 
called residual reducing sugar is fen:aentalle. 

Distillation systems are similar throughout China, si,milar to 1110st 
overseas distilleries. 

o wash colU1111 '22 trays) 
o aldehyde col11111 
o rectification colUllll (67 trays) 

to make 95S industrial spirit frOll an SS ethanol feed 1

• 
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It ;s ;nterest;ng that even today, colU111s are made out of cast 
;ron wt.ich would be too expenshe fol' mst countr;es ;n the world. 
In China, sta;nless steel ;s more expensive than cast ;ron for 
such equipmnt. Hot stfllage h very corroshe and again, cast 
iron pipe is an ideal way to handle it. 
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