Towardsthe lights-out brewery

A brewer’s view of automation

The top man says ‘We’ll
build a state of the art,
fully automated brewery’.
These have been mostly
large developments, often
on ‘green-field’ sites,
where consolidation of
facilities produces large
gains in productivity and
reduced overall cost. Can
it be that only in such
circumstances that the
high cost of automation
can be justified when the
‘financial gurus’ run the
figures through their
laptops?

By Paul Buttrick
Beer Dimensions

rewerswho have simpleideas

to ‘automate’ and improve
quality and reliability inasmall
section of an existing brewery often
fail tojustify their ideasin hard
financial terms, and only sacking
some of the few operatorsthey have
left will produce these hard savings.
Inthisarticle, | will look back at
how automation has developed in
thelast 30 yearsand at how it might
develop in the future. There will be
examples from my own experience
aswell asopinionsand ideasfor
peopleto mull over asthey strivefor
utopiain their own brewery.

A brief history of automation
in breweries

| sat in an officein Warrington
reminiscing on past timeswith
Frank Ainsworth and Paul Mahony
of CAL Systems. | had worked
closely with CAL over many years
at various Whitbread breweries,
including Boddingtons. Asthe
conversation continued, | began to
reflect on some of the battleswhich |
had had with brewery and project
engineersin the past. We brewers
were particularly hard on our
pioneering engineering colleagues at
times—do | senseatouch of guilt
creeping in?Not really, I'm sure

they questioned our parentage on
many occasions!

Packaging linesand areas
involving what | call * stop/start,
on/off’ control had always been seen
asvery clever and automated, but
brewing was undertaken by
operators having special skillsto
regulate the processes that needed
better measurement and control.
Relay logic and solid state CMOS
Logic figured in early control
systems, with huge el ectric cabinets
and mimic panels. The coming of
automation meant that in the huge
breweries of the 1970s could be built
with sophisticated modern looking
brewhouses hidden behind marble
wallsand ‘ space age’ control
panels.(Fig 1)

Much of the following process,
except possibly CIP (in place
cleaning), remained fairly manual up
to the packaging line. The coming of
the microprocessor gaveriseto the
first generation of PLCs
(programmablelogic controllers)
bringing another mgjor step forward.
The program was entered into the
PL C on something akin to adesk top
calculator with asingleline of text
available to the programmer.
Simulation was achieved by ‘hard
wired' connection of switchesand
lampsto the PL C inputs and outputs
(i/0).

Brewersweretold that ‘ anything
was possible’; you could programme

amicroprocessor and the
plant would
automatically carry out
the programme
faultlessly every time.
What we brewersdid not
realise wasthat the plant
would work consistently every time,
it took us along time to understand
that if any changes— some maybe
very simple- had to be made, these
‘chips’ or EPROMsasthey were
called had to be sent away for
reburning or reprogramming aswe
understood it.

Inthe mid 1980s, the arrival of the
second generation PLCs (Fig 2)
revol utionised automation and
improvementsin process control
(P& I D-piping and instrumentation
diagram control loops) really made
full automation practical and flexible
at plant level. Programs could be
modified ‘ on the hoof’ bringing with
it anew set of problemsin software
version control.

Brewery plant

It was not just the control side which
needed to improveto give full
automation. Plant had to be designed
and installed to give afail-safe
situation which did not spoil the beer
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TOP: Figure 1: The past
—avast array of panels
and knobs at Bass
Runcorn’s‘new
brewery inthe 1970s

INSETS Figure laand
1b: Thepresent —all
information is brought
toaPC screeninthe
brewer’sofficeasin
Adnams new brewhouse
or available out onthe
plant likethistiny Allen
Bradley mimic panel at
OakhamAles.
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Figure 2: Amajor step
forward in automation
and control inthe
brewhouse at Inbev's
Magor brewery.

Figure 3: Theoriginal
1966 Tuchenhagen
mixproof valve.

(Photo supplied by GEA Process
Systems Ltd)

Figure4: The 2007
version of the
Tuchenhagen mixproof
valve.

(Photo supplied by GEA Process
Systems Ltd)

if afailure occurred. The
introduction of the mix-proof valve
was an enormous step forward
which alowed large numbers of
tanksto be hard piped and
automated without risk of improper
mixing or contamination with water
or detergents.

| can remember that everyone
wanted ‘ Tuchenhagen’ valve
matrices. Otto Tuchenhagen
invented the mix-proof valve
concept in 1966 (Fig 3, Fig 4)
following an incident in Germany
involving contamination of school
milk. Therange of valves still goes
under the Varivent trademark name.
Theflexibility and control offered by
PL Cs, and mix-proof valve
technol ogy moved automation on
from having the ability to work with
less operators on bigger and more
complex plant, to fully automated
plant with operators having an
overseeing brief ensuring the plant is
working correctly and carrying out
on-line quality checks.

Most modern brewhouses are
essentially fully automated from raw
materialsintake to wort chilling with
one person (or part of aperson)
inputting data and taking samples
for analysis. Adding hops was one of
thelast operations to be automated,
this remained manual because there
was always someone around to do it,
but dosing of extract and pellets has
been automated in a number of
modern plants.

Automated tanks

Fermentation haslong been
automated asfar as controlling
temperature has been concerned. A
number of breweries havetried
control on the basis of automated
present gravity and pH
measurement, but these have often
failed due to inconsistent
measurement aswell asthe cost of

installation, maintenance and
calibration of the instrumentation.
Predicting the progress of
fermentations has been easier and
more productive than sophisticated
control based on individual
instrument readings.

Full auto-routing of fermentation
and cold storage/maturation vessels
istill rare apart from the most
modern highly capitalised breweries.
With up to half adozen mix-proof
valves needed per tank, the difficulty
injustifying the spend cannot be
covered by the normal ‘ hard’
production savings (e.g. manning,
losses etc). Decisions such aswhen
to removeyeast, and whereto, can
betoo complicated in al but the
simplest plant. A ‘lights out’
fermentation and maturation areais
therefore unlikely to be commonin
the near future.

Most large breweries seem to
manage fermentation with very few
people, and with some automation
and pipework routing, could reduce
the requirement to asingle person
per shift. Having said that, yeast
propagation isan areawhere
automation can bejustified because
precise control and complex
operations are required to give
consistency. For automation of
tanks, many breweries make a
decision based on residencetime
and frequency of valve movements.
Bright beer tanks which may be
filled and emptied a couple of times
aday are the most commonly
automated.(Fig 5) The modern BBT
farmisoftena‘lightsout’ areawith
everything from beer into tank, beer
out to packaging line, blending and
CIP being controlled by PLC.

Filtration
Filtration using vessel filters (screen
and candlefilters) were automated at
an early stage (Fig 6). The closed
nature of the equipment made for
easy automation using hard wired
systems backed up by aturbidity
meter. The plants are normally
manned by asingle operator,
whereas breweries which opted for
plate and framefilterstended to be
more manual and had more staff.
Full automation of large plate and
framefilterswastrialed by a
number and failed by all!

| have been involved in anumber
of potential filtration projects where
the desire to move from amore
highly manned plate and frame
operation to afully automated vessel
filter plant, hasfailed because the

TheBREWER & DISTILLERINTERNATIONAL ¢ Volume3 « Issue8 « August 2007 « www.ibd.org.uk

financial justification did not stand
up.
It seemsthat installing fully
automated vessel filters could only
befinancialy justified if aproject
was started from scratch, was
volume driven, or the current plant
grossly overmanned. With
kieselguhr-freefilters now
establishing their credentials, and
increasing problemswith powder
handling and disposal, we shall have
to see whether breweries opt to jump
from existing plate and frame
straight to the new technology.

Justification for automation
In many cases, automationis
specified to keep manning to alow
level and to give aconsistent
operation. Previously areductionin
manning was one of the only
acceptable hard benefits of investing
in pipework and routing installation.
Theimprovement in monitoring
equipment haswidened what is
achievable. With capacity being
tightly managed, time means
product, so the elimination of dead
timein processesis now measurable
and thus more easily costed.
Automation and instrumentation
for protecting the product —e.g.
avoidance of contamination, with
conductivity and pH probeson
filling linesare far more easily
managed in afully automated plant
where prescribed reactive processes
can be programmed and
automatically carried out. Beer
| osses often used to be costed on the
basis of raw materialsbeing lost,
however the true cost should also
include utilities and effluent charges,
and in sometightly managed plants
alabour element isincluded aswell.
Theimpact of poor publicity ona
brewery which pollutesthe
environment with an unauthorised
dischargeishuge and it would be
wiser safeguarding its reputation
with well engineered
instrumentation and failsafe
automated responses rather than
leaving things to a conscientious but
not infallible operator.

Cost of automation

Automation isstill costly, but
compared to 30 yearsagois
relatively more affordable. For
example, in 1985, a75 mm
Tuchenhagen mix-proof valve and
control head with feedback had a
typical market price of £1261,
compared to £1259 in 2007.
Considering that costs have risen by



over 100% since 1987, therelative awaysused toitsfull effect. The 10°C for temperature and 0— 10 Figure5below: A

costs have reduced and the quality control plant suppliers offer any ppm for oxygen, when the target is modern Tuchenhagen

and reliability of the valve have number of parametersto trend, but likely to be 0°C for temperatureand ~ valvematrix onatank

increased substantially. Control these are not always configured on lessthan 0.10 ppm (100 ppb) for farm.

equipment —e.g. PLCs, field relevant pagesand their scaling is oxygen. | challenge peopleto gointo )

instrumentation and programming often outside the useful range for their breweries and seewhether their ~ Figure 6 bottom: An

have all reduced considerably in quick and meaningful diagnostics. SCADA (Supervisory Control and automated filter plant at

price since the early days. An example of thismight be DataAcquisition) trend graphs are SABMiller’splant at
trending of dissolved oxygen and optimally configured, | wouldonly ~ FoZnanin Poland.

A few tipsfor reducing temperature on afiltration plant. expect ahandful of positive replies.

automation costs How often isascaling seen as 0-

In my time | have become an expert
in getting automation installed on
plant where project engineers have
been keen to keep overall coststo a
minimum. Remember:

* When planning a project, take
account of any future projects and
install aslargeaPLC asitis
reasonableto justify; thiswill
reduce future automation and
control costs. If thisisnot
possible, make surewhat is
installed is easily adaptable and
expanded.

When looking at automation
projects, take areally closelook at
how much plant isrequired. For
example, how many tanks are
required? Do we need three of
these, can we work with two? The
efficiencies afforded by
automation very often reduce the
requirement for extra plant; this
cost saving can often be used to
offset the cost of automation,
especially when projectsare
engineered to abudget.
Automation gives the opportunity
to build in flexibility, but how
much of thisflexibility will
actually be used and how often?
Over-engineering is often the
cause of projectsbeing too
expensive.

.
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| recently visited abrewery with the
most fantastic fully automatic yeast
propagation plant. Every aspect was
PLC controlled, with the absolute
minimum of input required from the
operators— except that the air supply
for aerating the culture remained
manual —not quite ‘ spoiling the ship
for aha p’ orth worth of tar’, but a
small anomaly on an otherwise
perfect installation.

Trends

Theimprovement in process control
instrumentation, plant schematics
(Fig 7) and trending of parameters
provides useful information for plant
operators. In my experience,
trending data has always been part of
the requirement of any plant control
system, but the information is not
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Figure7top: ASCADA  Useof trending for plant

screenshowing  commissioning
graphicsfromyeast  Trending (Fig 8) isoften one of the
tanks.  |ast items on the commissioning
) plan—it'sfar more useful to have the
Figure8 above:Trend  trends properly set up early onto aid
graphfroma  commissioning. One of my recent
fermentation SCADA o missioning experienceswas
(meges FMT:S.:; with some 500 hl/hr green beer
T gineingLa,  Centrifuges. The centrifugeswould

ramp up and down in flow according

to the turbidity of the beer coming
on to them. The start up procedure
was set according to apre-

determined ramp rate, but thetiming

and set pointswere such that the
average flow of the centrifugeswas
below the required capacity of the

plant. The maximum flow was easily

achieved, but timewasted in

stopping/starting the centrifuges and

tank changeovers, meant that the
daily volume requirements were

missed. Oncethe trend graphs on the
SCADA system were configured and

scaled correctly, the ramping up and

down of flow rate could beimproved

toincrease the average transfer rate
from 300 hi/hr to greater than 400
hi/hr.

Trending for process
improvement

In my opinion, aglance at awell
configured SCADA trend screenis
the quickest and easiest way to tell
whether aprocessisunder control.
Each processwill havea
recognisable trend shape which,
with frequent use, will be familiar to
the operator. Any trace which is not
following theright line or, hasan
unusual shape needsto be
investigated and corrective action
taken. Unlessaproblemis
significant, it may otherwise not
present itself until well after the
event, so frequent monitoring
coupled with awell thought out
aarm system can significantly
improve quality and efficiency. In
normal production, trends are most
useful for diagnosing problems,
particularly when matched with
sequence steps and process val ues.
An exampleistrending for dissolved
oxygen in processed beer, where any
adjustmentsto plant and equipment
are almost instantaneously recorded.
Similarly plant faults, such a
defective pump seal suckinginair,
can beinstantly picked up and
rectified.

Utilities

My own early brewing world was
dominated by malt extracts, losses,
the laboratory report and packaging
line efficiencies. | can remember
being asked by Charles Tidbury, the
then Chairman of Whitbread, how
‘my wort attenuation limitswere on
Mackeson Stout? Energy, water
and effluent costs werewell down
the priority list. How that has
changed, with these costsrising and
now accounting for 20% of brewery
costs. Legislation and response to
global warming in the guise of IPPC
(Integrated Pollution Prevention
Control) permitsfeature highly. The
IPPC permit may belooked on
essentially asalicenseto
manufacture.

With the requirement to introduce
‘best available techniques when
practical, and demonstrate year on
year improvementsin performance,
automation and monitoring in
utilities becomesjustifiable. Aswith
al thesethings, avirtuouscircleis
formed, with the legislation driving
companiesinto investment whichin
turn reduces costs. In many casesthe
justification would not be there
without the motivation of legidation.
Integrated MIS (Management
Information System) packages
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developed from SCADA can
indicate where and when waste and
extracost isoccurring. They can
therefore be used to reduce and
optimise energy usage.

The cost of utilities can be directly
allocated back to the using process
and accountable team. In theideal
situation, the cost of utilities supply
would bethe responsibility of the
utilitiesteam, the cost of usage
would be the responsibility of the
production team. It sounds easy in
principal, but having the
instrumentation and data collection
correctly positioned and configured
isaconsiderabletask and very
costly. Only the larger modern
breweries could justify such a
scheme, where utilities budgets run
to £1.50/hl which would be £3.0
million for a2 million hectolitre
brewery.

‘| don’t trust computers!’
With automated systems being more
flexible, process changes,
improvements and enhancements
can be made and tested on site. The
old problem of not trusting
computersisbecoming less
common. Blaming the software still
happens, but the control system only
doeswhat has been programmed to
do—nowadaysitisnormally an
instrument or sensor that isfaulty, or
the programme was not quite right to
start with. In awell managed
project, aprescribed procedure for
developing and installing the
software takes much of the pain out
of plant commissioning that was
such afeature 10 years ago.
Up-front work with customers
giving agood process description
(URS—User requirement
specification) followed by awell
developed P& | D ( processand
instrumentation diagram) and
HAZOP (Hazards and Operability
Analysis) study givesthe control
company asound basisto write an
FDS ( Functional Design
Specification) which is developed
into the end software. Testing of the
software with the client before it
goesto site should give 98% of what
isrequired with only afew minor
issuesto be sorted at site during
actual commissioning. Software
simulation packages are available
which can fully simulate process
plant system inputs and outputs
(I/0) viaethernet connection to the
PL C software. From experience
again, any little awkward decisions
that are avoided in the early stages,



will always bethere, and aretwice
as awkward and costly to addresson
site, so my adviceisto leave aslittle
aspossibletill thelast minute.

TheTop End ERPand MES
Automation and reporting has been
around for along timeusing
SCADA, but therewas aways
difficulty bridging the information
gap between what happened on the
plant and what information (and its
accuracy) reached the planners and
executive management. Inputting
databy hand that isreadily available
electronically in SCADA and
numerous other systemswas, to
thosewho hadto doiit, areal ‘pain’.
Inthelast few years systems have
been devel oped and improved so
that manual doubleentry isbeing
replaced by electronic transfer in
what are called ERP and MES
systems. ERP (Enterprise Resource
Planning) systems are thetop layer,
and handle ordering, planning,
financeand HR while MES
(Manufacturing Execution Systems)
providesthe electronic bridge to
SCADA and the processitself (Fig
9). MES systems basically gather
dataand analyseit for management
control and decision making. It can
be said to have three main functions:
1) To provide an electronic
paperless system and data flow.
2) Enableskey performance
indicators (KPIs) to be
established and monitored
within abrewery, and in large
groups, if thedatacollection
systems are comparable,
between plants.
3) Recipe management in a
controlled environment.

Oneeffect of aproperly
implemented MESisto forcethe
brewery into rethinking its work
processes. Running processesin
‘manual’ leadsin inaccurate
reporting, which has an adverse
‘knock on’ effect over thewhole
system.

Thefuture

| asked Paul Bunyan and Tony
Goodman of FMA about their view
of thefuturetrendsinIT and
automation in breweries. Their view
wasthat large breweries are
collecting their ‘islands of
automation’ into plant wide systems,
with an emphasis on standards
which will ease maintenance and
bring consistency to information,
which would allow realistic plant
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and process comparisonsto be
made. Many breweries have ERP
systemslike SAPwhich are separate
from production, Therewill
therefore beincreased investment in
MES systemswhich will enable
electronic transfer of dataacrossthe
whole operation.

Thiswill improve overall
efficiency and cost by reducing order
time fulfilment, reducing
manufacturing cycletimesfrom
ordering material s to shipment of
order, improving inventory control,
reducing rework from improved
quality management. Breweries
which haveinvested in ERP and
MESwill require and implement
higher levels of automation with
morerigid standardsin order to
maximise benefits from these
systems; thisinturnwill leedtoa
continued reduction of staff, who
will bemore highly trained. The
traditional departmental structure of
brewhouse, fermentation, processing
and packaging will probably give
way to asimple brewing and
packaging control structure,
although packaging would remain
more |abour intensive dueto the
need for more manual intervention.

Those mouse-click
Brewmasters

| wastalking to a German
Brewmaster the other day about
‘mouse-click’ brewmasters—that is
brewers who work in automated
plant relying on PLC feed back for
al their information. Wewerein
‘grumpy old men mode’ and agreed
that this new breed of brewer was
technologically very competent, but
inthereal world were not exposed to
the sounds, smell and vision of the
process, and therefore missed out on
having atrue feel and understanding
of what was happening in their

breweries. The ‘lights out’
philosophy will only exacerbate this
and may not betotally desirable.
Questions | often ask peopleif they
have problemsin abrewery are:
what doesit look like?, what does it
taste like ?, have you felt the pipeto
seeif it'shot? (thereisahealth and
safety issue hereif it’stoo hot, but
then HSE isawhole new ball
gamel!).

‘Lightsout’ operation may beless
of atarget to some brewery CEQOs,
but hectolitres per man will remain a
key comparator for high level
company assessment. Inredlity |
think money ismore likely to be
invested in reducing the high areas
of costs—namely energy, water and
waste, and in ERP and MES systems
which will improve cost and
efficiency, and vital dataflow over
the whole operation.

‘Lightsout’ isnot ideal, maybe
keeping alight onin the corner so
that the new vigilant operators can
till *walk the plant’ and experience
and seeahit of what isgoingonis
preferable. In any case who'sgoing
to feed the brewery cat —or maybe
even that can be outsourced? =
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Figure 9: Schematic of
modern brewery IT
architecture showing
ERP, MESIinkingin
with SCADA and brewer
PLCs.

“There will therefore
be increased
investment in MES
systems which will
enable electronic
transfer of data
across the whole
operation. This will
improve overall
efficiency and cost
by reducing order
time fulfilment,
reducing
manufacturing cycle
times from ordering
materials to
shipment of order,
improving inventory
control, reducing
rework from
improved quality
management.”
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