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Practically no published information is available on the use of statistical analysis in brewing 
operations. An attempt was therefore made to demonstrate the application of simple 
statistical quality control methods to a practical brewing problem-i.e., efficiency of 
brewhouse yields. Data on brewhouse operations were obtained from six breweries 
ranging in annual production from 50,000 to 2,500,000 beer barrels. Values for effi- 
ciency were calculated for each brew, as well as the maximum and minimum, the average, 
the standard deviation, and the 95% confidence limit for each brewery. The results, 
presented in frequency bar charts, indicated a range in efficiency from 91 % in a 600,000- 
barrel brewery to 98% in a 2,500,000-barrel brewery. Another 600,000-barrel 
brewery revealed considerable variation in yields, warranting further study. A 50,000- 
barrel brewery showed a satisfactory efficiency of 93.3y0 and a standard deviation of 
0.8%, indicating consistent brewing operations. The use of statistical analysis and con- 
trol charts points the way to improvement in brewing operations. Brewhouse and cellar 
processes, and particularly bottle shop operations, represent suitable objectives for statis- 
tical quality control. 

LTHOUGH A FEW INDIVIDUAL BREWERS A have applied statistical methods 
in analyzing data on their operations, 
there is little published information speci- 
fically applying these techniques to 
brewery operations. There is, perhaps, 
a general feeling that the statistical meth- 
ods and control charts used by manu- 
facturing industries are not applicable 
or practical in brewing. However, sta- 
tistics has been defined as “mathematics 
applied to observational data’‘ (4), and 
the brewer must obtain ample observa- 
tional data. if only for legal reasons. He 
must list the materials he uses and the 
volumes and gravity of the beer he pro- 
duces. Thereafter, application of sta- 
tistical methods is not very burdensome 
and certainly need not be avoided. 
Statistical quality control ( 2 )  consists of: 
condensing the information contained in 
a set of observations, and presenting the 
essential information in a concise form 
more readily interpretable than the un- 
organized mass of original data. 

It is a primary purpose of this paper to 
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demonstrate a technique rather than to 
report on a result. Therefore, a great 
many assumptions have been made, 
which may have affected the apparent 
results. Not all of these assumptions are 
indicated here, partly because detailed 
explanations would unnecessarily 
lengthen this discussion, and partly to 
aid in preserving the anonymity of the 
breweries involved. 

The technique is simply the applica- 
tion of quality control, by means of sim- 
ple statistical methods and “control 
charts,” to a practical brewing problem. 
There are, however, many applications 
for these tools of management other than 
the one demonstrated here. 

Efficiency of Brewhouse Yield 
The subject of the present study is the 

over-all efficiency of extraction, or yield, 
in the entire brewhouse operation. The 
brewery processes covered here consist 
of: grinding of the barley malt; addi- 
tion of cereal adjuncts either with or 
without precooking; subsequent extrac- 
tion, by means of mashing, of the soluble 
constituents of the malt and adjunct; 

separation of the extract or wort; boil- 
ing of the wort with hops; straining of 
the hops; and finally cooling of the wort 
into starting tanks or settling tubs prior 
to pitching with yeast for the purpose of 
fermentation. 

Six breweries geographically distrib- 
uted throughout the United States were 
kind enough to submit data on their 
operations. Their annual production 
rates in beer barrels are about as follows: 

Brewery A 600,000 
Brewery B 175,000 

Brewery D 600,000 
Brewery E 2,500,000 
Brewery F 50,000 

Brewery C 200,000 

Each of the breweries involved is con- 
sidered to be well run and profitably 
operated. The data were obtained 
directly from each brewery’s records, 
through the courtesy of their manage- 
ments, with no attempt to collect special 
information for this study. This ap- 
proach is equally applicable to larger or 
smaller breweries. 

The over-all efficiency of the brew- 
house may be defined as the ratio of the 
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Figure 1,  Frequency bar chart for brewery A Figure 2. Frequency bar chart for brewery B 

total estract received in the starting tub 
for a brew or series of brews to the total 
available extract from the brewing mate- 
rials used. The first step in accurate 
evaluation of brewhouse yield is to se- 
cure accurate data on the available ex- 
tract from each extract-contributing 
material used in each of a substantial 
number of individual brews. The second 
step is to secure accurate 'data on the ex- 
tract available in the starting tub. 

The ideal situation is, therefore, Lvhen 
one brew is made in a single brewhouse 
unit and transferred without blending 
into one or more starting tubs where 
accurate volume and gmvity measure- 
ments can be taken. I t  i.3 further neces- 
sary to have the laboratory yields of each 
material used in each brew. In prac- 
tice, for many good reasons, this ideal 
situation seldom exists, and did not exist 
in any of the six brewer:ies studied, al- 
though brewery C closely approached 
this situation. A few of the deviations 
are mentioned in the discussion of the re- 
sults obtained. 

In some cases physical conditions, in 
some cases the brewhouse practice, and 
in some cases a failure to appreciate the 
value of accurate information limit the 
possibilities of collecting data for indi- 
vidual brews. It is not essential to have 
individual brew data, if ;grouped brews 
will furnish accurate information. If 
five brews are made per day and col- 
lected in three tanks, data on total daily 
input and output can be collected, and 
will prove most useful in an analysis of 
efficiency-in brewery A, for example, 
two brews were collected in one starting 
tub. However, some minimum infor- 
mation must be obtained if operations 
are to be properly interpreted. 

Evaluation of Data 
The laboratory as-is yield (fine grind) 

of each car or lot of mate:rial should be 

obtained at  the time of receipt. Varia- 
tions in moisture conrent may affect this 
value a t  the time of use. The extent of 
this variation is minimized when the time 
between analysis and use is reduced. In 
this report, any such variation is neg- 
lected. 

The methods for determination of 
as-is yield (fine grind) are subject to errors 
of about =k0.5yG. Scales used in weigh- 
ing ingredients. whether in bulk or in 
containers, are seldom accurate to within 
&O.j7,. These and other variations 
may be cumulative or may average them- 
selves out. The measurement of volume 
of liquid in a brewery is a subject on 
which the final word has not been said. 
The degree Plato (per cent extract) is 
frequently measured by unskilled per- 

data from each breivery were compared. 
It can be stated, however, that the varia- 
tion in results in brewer): D from 90.4 to 
98.170 should be investigated, and that 
brewery A should check the accuracy of 
its data, which, if correct, indicate an 
operation of low efficiency. If a 600,000- 
barrel brewery using a bushel of malt per 
barrel can increase its yield by 3%, it 
can save about $36,000 annually on its 
malt bill alone. It can also be concluded 
that bre\very E, although it has the 
highest average efficiency of the six 
breweries included in the study, does not 
have as small a variation from brei\. to 
brew as brewery B or C. 

Each brewery was requested to furnish 
a record of a reasonable number of breivs, 

sonnel or by inaccurate techniques, All 
these variations will affect the accuracy 
of data. Again, the errors may be mini- 

Figure 3. Frequency bar chart for 
btewery C 

mized by carefully following. standard 
procedures. The methods of analysis of 
the .4merican Societv of Brewing Chem- 
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ists are most valuable in this regard (2) .  

There is, nevertheless, a point in study- 
ing data as collected, even though they 2 
may appear unsatisfactory. An inci- 
dental advantage is that some form of ' 
statistical control of brewing operations I 
can very effectively highlight the desira- 
bility of collecting sufficient data in the I 
correct manner. Certainly. no brewer I 
today would gainsay the necessity for ac- 
curate monetary accounting; and opera- 2 12 
tional data are, or should be, just as 
carefully collected and used. The 
method of approach to the problem is as 
important as the gross results obtained. 
It cannot be said from this study that 
brewery D, with a possible apparent 
efficiency of about 96y0, is necessarily 
getting more extract from its material 
than brewery A, with an apparent aver- 
age yield of 91%. This could be demon- 88 89 9 0  91 92 93 94 
strated clearly only if the accuracy of the EFFICIENCY - PERCENT 
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Figure 5. Frequency bar charts for brewery E 

indicating: (u )  the pounds of each malt to be the variable under study (although 
and extract-containing adjunct used in a number of variables are involved), cer- 
each brew, (b) the laboratory as-is yield tain minimum data were calculated, 
of each malt and adjunct, (c) the volume which are considered necessary to accom- 
of wort received in the starter for each plish the aims suggested by the American 
brew, and (d )  the Plato degree of each Society for Testing Materials ( 2 ) .  
brew in the starter. Efficiency was then 
determined by the formula Frequency Bar Charts 

c X d  
Efficiency = ~ 

u X b  

where degree Plato \vas converted to 
pounds of extract per barrel according to 
standard calculations and tables ( 3 ) .  

Values of efficiency were thus obtained 
for each brew from each brewery, vary- 
ing from a minimum of 88.6% to a maxi- 
mum of 99.6%. Considering efficiency 

Figures 1 through 6 show the efficiency 
distribution as well as the standard devia- 
tion, the maximum and minimum values, 
the average, and the 95% confidence 
limit on the average. (This last value, 
computed according to the A.S.T.M. 
manual, indicates a probability of 95 
times in 100 that the average falls within 
the limits indicated in the chart.) 

Figure 1 presents results for brewery -4, 

where the efficiency averages about 91Yc 
of laboratory yield and the 95% confi- 
dence limits are between 90.6 and 
91.3%-a spread of 0.7%. The mini- 
mum yield is represented by one brew 
between 88 and 89%, and the maximum 
by one brew between 93 and 947,. 
TLventy-four of 33 brelvs measured are 
between 90 and 92%, with the standard 
deviation just about 1%. The data are 
only fairly consistent, indicating fair 
uniformity in brews, and the average is 
low. 

.4ctually, the data here are misleading 
because the brewer had available only 
the average laboratory yields, and not 
the laboratory yields of the materials 
used for each individual brew. In any 
case the low yield indicates the need for 
further checking. 

Figure 2, presenting the data for 
brewery B, represents an almost ideal 
situation. The average of 94.6% is rea- 
sonable for the equipment in this partic- 
ular brewhouse. The minimum and 
maximum values lie between 93 and 96%. 
The confidence limits are between 94.4 
and 94.8%-a spread of only 0.4y0, The 
standard deviation is only 0.67,. ,4gain, 
complete data were missing and there 
was no certainty as to which adjunct lot 
was used in each brew, so an average 
adjunct yield figure was used. However, 
the maximum adjunct laboratory yield, 
with the minimum extract in the cellar, 
would cause an error of -0.1%. Con- 
versely, the minimum adjunct yield, with 
the maximum extract in the cellar, could 
have caused an error of only + O . l % .  
In this case the fact that two malts were 
used in each brew was neglected. Be- 
cause the exact quantity of each was not 
known, the laboratory yields for each 
brew were averaged. This procedure 
apparently did not cause any substan- 
tial variation. 

Figure 3 shows that brewery C re- 
ported relatively uniform operations, 
with only one brew out of 41 below 91% 

Figure 6. Frequency bar chart for 
brewery F 
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Figure 7'. Quality control charts for brewery A 

and four brews 937, or above. The 
average (92.2%) was low enough to Lvar- 
rant further study by the 'brewery. The 
95Yc confidence limits were 92.0 to 
92.37,, and the standard deviation was 
only 0.67G-the same as brewery B. 

Brewery D represents an interesting 
picture. There are two conditions of 
operation, rvhich are sufliciently differ- 
ent to necessitate separate handling of 
the data for each condition. However, 
data are taken for only one condition 
each day. It is known t.hat one condi- 
tion gives consistently higher efficiency 
than the other, but no record is available 
that relates the individual. efficiencies to 
the two sets of conditions. For appar- 
ently good reasons a rather arbitrary esti- 
mate was made that all efficiencies over 
9576 were the result of (one condition. 
Therefore, Figure 4 is divided into 
groups, .4 and B. O n  this assumption 9 
brews were made under group A and 21 
under group B. The average yield of 
group A is 93.270, but 9570 confidence 
limit lies between 92.1 and 94.37,. The 
standard deviation is 1.45G-more than 
twice the value for brewery B or C. The 
data here are surely insufficient for ac- 
curate interpretation, or else, if addi- 
tional data should confirm a high stand- 
ard deviation, the variations in opera- 
tion are substantial in coinparison with 
the other breiveries analyzed. 

On the other hand, group B reveals a 
fairly high efficiency-96.4'%. The 357, 
confidence limit is betkvi-en 96.1 and 
96.77,. The standard deviation is 0.77,. 
Six brews lie in the range 05.1 to 96.OyG, 
twelve brews in the range '96.1 to 97.07,, 
and only three brews outsicle these values. 
If actual results should shoiv that some 
of the 94.1 to 957, brews really were 
made under the conditions of group B, 
and some of the 95.1 to 96.0% brews 
really belong in group A, the results 
would show even greater variability. 

There may, of course, be many reasons 
for the results shown here. Further 
data, further studies, may shon greater 
consistencies, and surely such studies 
appear warranted. 

Figure 5 demonstrates graphically the 
efficiency distribution of breuery E. 
Here again, as in the case of breivery D, 
brews were made under t\vo distinct sets 
of conditions. In this case, however, it 
\\as possible to segregate the breljs ac- 
cording to the conditions and thus handle 
each set independently without any arbi- 
trary division. Group A shows an aver- 
age efficiency of 95.6% and a standard 
deviation of 1.1 176, ivhile group B has an 
average efficiency of 97.976, Lvith a 
standard deviation of 0.98c1,. This is 
the highest efficiency shown in these stud- 
ies. While the average efficiencies of 

the two groups differ by 2.37',, the stand- 
ard deviations are substantially the 
same. This would indicate that although 
the level of operation differs, the uni- 
formity or variability within groups, as 
measured by the standard deviation, is 
substantially the same for the two condi- 
tions of operation. 

Brewery F is of interest mainly because 
it is the smallest brewery considered and 
has a production of only 50,000 barrels 
annually. Figure 6 shows the efficiency 
frequency distribution for this brewery. 
The average efficiency is 93.376 and the 
standard deviation is 0.8%. Thus, brew- 
ery F has an average efficiency higher 
than brewery A with a production of 
600,000 barrels annually and higher also 
than brewery C with an annual produc- 
tion of 200,000 barrels. The standard 
deviation of 0.87, would indicate that 
this plant has a consistency somewhat 
better than brewery E, whose annual 
production is 2,500,000 barrels, and not 
far worse than any of the other plants 
studied. 

Control Charts 
For the medium-size or small brewery 

where only a few bre\vs are made each 
day (three or less), the most convenient 
forin of control chart is one which shows 
X, the efficiency, and R, the running 
range (difference in efficiency between a 
brew and the brew immediately preced- 
ing it, without regard to the plus or 
minus sign). 

Figure 7 illustrates such a control chart 
for brewery A. With the exception of 
one brew whose range fell outside the 
upper control limit, all brews were within 
the limits. As long as brews plotted on 
the chart fall within the limits, the brewer 
knows that no disrupting elements have 
entered the brewing operations. If, on 

Figure 8. Quality control charts for brewery C 
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Figure 9. Quality control charts for brewery F 

formity for brewery B. Figures 3 and 8 
exhibit unsatisfactory yield but satis- 
factory uniformity for brewery C. Fig- 
ures 4 and 5 reveal unique conditions 
for breweries D and E. Figures 6 and 9 
show both satisfactory yield and satis- 
factory uniformity for bre\very F. Fi- 
nally, Figure 10 indicates uniform opera- 
tions for one set of conditions in brewerv 
E. 

The use of simple statistical analysis 
and control chart presentation of data 
can point the way to improvements in 
brening operations. The use sho\+n 
here is only one possibility. The imag- 
inative bre\ver will undoubtedly see many 
other useful applications of these tech- 
niques. 

Most brewhouse and cellar processes 
lend themselves to statistical quality 
control. Bottle shop operations are 
particularly suitable and are being sub- 
jected to control chart analysis in a 
number of breiveries. It is hoped that 
publications along these lines !\-ill be 
forthcoming in the near future. 

the other hand, brews plot outside the 
control limits, the brewer should im- 
mediately investigate the cause. In  this 
case it might have been faulty weighing 
of materials, faulty reading of the sac- 
charometer, or something else. Fur- 
thermore, the wide limits of 5.0 for effi- 
ciency and 3.07 for range confirm the 
findings shown in the frequency bar 
chart with respect to the relatively wide 
variation between brews. 

Figures 8 and 9 demonstrate the con- 
trol charts for breweries C and F. The 
limits are much narrower than that for 
brewery A, indicating greater uniformity 
for breweries, particularly for brewery C. 
One brew in brewery F, however, fell 
below the lower control limit for effi- 
ciency, probably because of some fault 
in the brewing process or in measure- 
ments. The chart for this brewery also 
reveals that the first group of brews made 
during the time period under investiga- 
tion fell below the central line, indicating 
low efficiency, while most brews of the 
second and larger group fell above the 
central line, showing improved efficiency. 

For the brewery that produces four or 
more brews a day, another form of con- 
trol chart offers some advantage. In 
this type, all the brews produced in one 
day are lumped together and plotted as 
one point on each of the control charts 
(an equal number of brews each day are 
desirable, if this method is to be applied 
in its simplest form). Thus, the number 
of plotted points will be reduced and the 
control limits will be closer to the cen- 
tral line. 

For purposes of illustration, the data 
from condition B of brewery E were used 
(Figure 10). It is assumed that five 
breivs are made each day. (This is not 
the actual case, but is assumed here to 

demonstrate the method.) It is then 
reasonable to take the five brews for each 
day and consider them as one sample. 
Ne\\- brews are then plotted on the same 
charts in a similar manner. Any abnor- 
malities \\-ill become apparent imme- 
diately. 

Discussion and Conclusion 

.4 study of the frequency bar charts 
and control charts offers a great deal to 
the management of a brewery. Figures 
1 and 7 show unsatisfactory yield and 
only fair uniformity in brewing opera- 
tions for brewery A. Figure 2 demon- 
strates both good yield and good uni- 
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Figure 10. Quality control charts for brewery E 
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