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Abstract 
Factory mass balances based on accurate data can provide a measure of unaccounted losses-the 
undetermined loss. This measure can be used as a tool, in conjunction with other measurements of 
process performance, to identify and eliminate losses. While the techniques for doing this often rely 
on judgement and experience, there are possibilities for making the process more scientific. 

Introduction 
Partially as a result of the requirements of their 

cane payment scheme, South African sugar factories 
have high quality data on the flows of sucrose into 
and out of the factory. These data are used to calcu- 
late a mass balance for each factory on a weekly 
basis. These calculations provide a measure of the 
quantity of sucrose that enters the factory but is sub- 
sequently not accounted for, termed undetermined 
loss. 

The undetermined loss figure is a valuable tool for 
identifying and minimising both real and apparent 
losses, An apparent loss (e.g. the over-estimation of 
sucrose input to the factory) may result in very real 
financial losses and can thus be as important as a real 
loss of sucrose. 

When factories experience an undetermined loss 
out of line with industrial norms, they will often 
mount major investigations to track down the cause 
of the problem (e.g. Purchase et al., 1984, Govender 
and Williamson, 1996). 

Calculation of undetermined loss 
Undetermined loss is calculated as the difference 

between the mass of input sucrose and the mass of 
output sucrose, calculated as follows: 

mass of sucrose in incoming juice 
+ mass of sucrose in opening stock 

= mass of input sucrose 

mass of sucrose in sugar 
+ mass of sucrose in filter cake 
+ mass of sucrose in final molasses 
+ mass of sucrose in bagasse 
+ mass of sucrose in closing stock 

= mass of output sucrose 

mass of input sucrose 
- mass of output sucrose 

= mass of undetermined sucrose loss 

Undetermined loss is then expressed as a 
percentage of input sucrose. 

Categorisation of types of undetermined loss 
It is useful to consider the possible causes of 

undetermined loss in terms of a classification of 
mechanisms. A useful classification (listed here 
without a detailed breakdown to individual mecha- 
nisms) is as follows: 

Apparent loss (can apply to either skeams or to stock) 
Mass measurement errors 
Sampling errors 
Analytical errors 

%. 

Real loss 
Physical loss 

Entrainment into cooling water 
Losses to effluent 
Theft 

Destruction of sucrose 
Microbial 
Chemical 

Interpretation of undetermined loss 
measurements 

The undetermined loss measurement is only really 
useful if it is used to identify and eliminate the source 
off the loss. This is not a straightforward task. A 
major limitation of the undetermined 
ment is that it is calculated as the small difference 
between two large numbers. The results of this type 
of calculation are notoriously unreliable, being highly 
sensitive to small inaccuracies in the two large num- 
bers that are being compared. The use of undeter- 
mined loss figures as a tool for minimising sucrose 
loss is thus, at times, more of a craft practised by 
experienced technologists, rather than a well defined 
logical process. 

Given the uncertainty in the undetermined loss 
measurement, it is important not to place too much 
emphasis on individual results, but rather to look for 
trends and changes in moving averages. It is also 
important to note that extreme responses by manage- 
ment to individual results of high undetermined loss 
can encourage the staff compiling the figures to 
smooth out fluctuations by adjusting the stock take 
figures. This can deprive the measurement of much 
of its value. 
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A number of other process measurements can be its use can become more of a science and less of a 
used to help identify the source of a loss which has craft. Possible options (and some limitations found 
been flagged by a high undetermined loss figure. when trying to pursue them) are: 
Examples are: The use of expert systems to capture and com- 

Lactic acid as an indicator of microbial destruction puterise the capabilities of experienced technol- 
(e.g. Madaree et al., 1991). 
Changes in purity across evaporators or clarifiers 
as an indication of sucrose destruction. 
The non-sucrose or non pol ratio (Rouillard, 
1979) as an indicator of under-estimation of 
molasses loss. 
Changes in glucose to brix ratio over the evapo- 
rator station as indicators of sucrose inversion 
(e.g. Schaffler et al., 1985). 
Discrepancies in mass measurements where checks 
are available (e.g. comparison of dispatched sugar 
mass with receiver masses). 
Direct measurements of losses into cooling,water 
and effluent (e.g, de Robillard and Purchase, 
1986; Crebo, 1991). 
A tool which many production managers have 

found useful is a detailed check list of possible causes 
of undetermined loss, structured according to plant 
items and factory areas rather thah mechanisms of 
loss. (e.g. Check for gaps in knitted mesh entrainment 
separators in evaporator vessels). 

Options for better use of undetermined loss as a 
diagnostic tool 

The undetermined loss measurement can hope- 
fully be a more effective tool for minimising losses if 

ogists. (Two projects to do this using graduate 
students of computer science did not produce 
any useable results, probably because of the 
quantity and complexity of the sugar technology 
the students needed to absorb.) 
The use of extra process measurements to calcu- 
late undetermined losses for separate areas of 
the factory. A project to weigh and analyse 
syrup at the Felixton factory provided figures 
for both front-end and back-end undetermined 
loss. Unfortunately, the variability of the results 
indicated a problem with the measurements 
rather than providing any insight into the 
magnitude of the undetermined loss in each 
section. 
More regular mass balances. By using on-line 
process measurements, it should be possible to 
do running stock-takes (e.g. on a daily or shift 
basis) and automatically calculate undetermined 
loss figures on a much more regular basis. 
Apply the techniques of statistical process con- 
trol. Statistical process control has proved very 
successful in the discrete parts manufacturing 
i.ndustries (Deming, 1982). Some of these tech- 
niques may be useful, although their application 
is limited in continuous processing industries 
because of serially correlated data. 
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