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The Challenges of
Creating Super-clean

Because biopharmaceuticals are produced using
living organisms, and the drugs produced are used
in humans and animals, the cost of contamination is very high, and
sterilization of the process system is critical.

To ensure sterilization, temperature measurement and control
practices are employed that verify steam sterilization occurs on time
without fail. If the temperature is not within predetermined limits,
temperature validation alarms occur. How does thermostatic steam trap
operation affect the occurrence of temperature validation faults? What
new technologies are available to mitigate common SIP problems?

Such questions are addressed in this article.

WHAT GOES INTO SIP

To begin, let's briefly review some fundamentals of process equipment SIP
and the operating principles of sanitary balanced port thermostatic steam
traps.

SIP is a timed sterilization of the upstream and downstream biophar-
maceutical production train using clean steam. It is part of a five-step
sanitization routine that occurs after every production batch (Figure 1).

SIP ensures every square inch of the production train that comes into
contact with drug substance inputs, the drug substance itself and the
final drug product is “sterilized” to ensure no microbiological activity
exists in the system.
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= Executive Summary ]

SUBJECT: Steam-in-place (SIP) is

a sterilization process used in the

biopharmaceutical and parenteral
drug industry where cleanliness is
critical.

KEY ISSUES:

® Understanding SIP

m Understanding temperature
validation

m (lean steam trap operation

m Problem remediation

TAKE-AWAY: Manufacturers have
come up with innovations that can
keep operating and installation costs
down while increasing efficiencies.



Clean steam, which is created using
ultra-purified water, is circulated
through all the process tubing and
equipment during SIP, entering large
vessels through spray balls embedded
in the vessels’ ceilings.

SIP is a temperature-validated pro-
cess, meaning that the sterilization
event must be proven by measuring
the temperature and recording that
data. The minimum sterilization reg-
imen requires injecting clean steam
into all piping and vessels for at least
one-half hour after that equipment
reaches a minimum temperature of
250°F (121°C). If the temperature ever
falls below that minimum during this
temperature hold period, a temperature
validation fault is recorded, the fault
remediated, and SIP procedures must be
repeated.

Validation temperature sensors
(usually resistance temperature detec-
tors) are placed at the condensate
outlets (drain lines) at the bottom of
process equipment skids to make sure
the sterilization temperature meets
the specific regimen designed for the
process system. The sensing elements
are most frequently designed with
integral sheathes and tri-clamp con-
nections and inserted into a mating
tri-clamp connection on a tee in the
drain line. Normally, the sensors are
located 12-18 inches (300-450 milli-
meters) upstream of the clean steam
trap where the condensate exits the
piping or vessel (Figure 2).

Recorded time/temperature data
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(Figure 1) is stored in a programmable
logic controller, distributed control
system or stand-alone database for
later use by company quality engi-
neers and auditors.

THERMOSTATIC STEAM TRAP OPERATION
Thermostatic traps operate like a
thermostat (Figure 3). As such, they
are designed to close when the bel-
lows senses saturated clean steam
temperatures, preventing steam from
passing through the trap. Hence the
name thermostatic “steam trap.” The
closure occurs because the proprietary
liquid/alcohol mixture inside the
bellows vaporizes when exposed to
clean steam temperatures. Pressure
builds up inside the bellows, expand-
ing and driving the attached plug
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(ball or conical tip) into the orifice at
the trap outlet. The trap will stay in
that closed position until the bellows
temperature falls below steam sat-
uration temperature. When it does,
the bellows contracts as the alcohol
vapor condenses, lifting the plug
off the seat and releasing any clean
steam condensate that has collected
upstream of the trap.

The temperature of the condensate

Figure 3. Cutaway shawing clean steam trap
construction
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[T Figure 4. Typical clean steam drain piping

when the bellows begins to contract
and the trap begins to open is critical.
That temperature, subtracted from the
clean-steam saturation temperature is
called the trap’s subcool temperature.
Subcooling (in this context) is defined
as the number of degrees below sat-
uration temperature that the trap
begins to open. The lower the number,
the better it is for the process because
a lower number means less condensate
will accumulate upstream of the trap.
(Figure 4 is a typical clean steam drain
piping illustration.)

VALIDATION TEMPERATURE ALARMS

A validation temperature alarm occurs
if the temperature measured in the
condensate drain line (Figure 4) ever
falls below 250°F (121°C). If that
occurs, SIP must be stopped and the
root cause of the temperature devia-
tion corrected. Most validation tem-
perature alarms can be traced to two
root causes. They are both related to
condensate back-up upstream of the
steam trap.
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[C] Figure 5. High subcooling trap operation

All sanitary thermostatic traps
require installation of a minimum
length of tubing between the trap
inlet and the validation temperature
sensor to account for this buildup
of condensate (Figure 4). If a ther-
mostatic trap requires significant
subcooling before the bellows begins
to contract and open the trap, clean
steam condensate will back up in the
tubing upstream of the first trap and
may wet and cool the validation tem-
perature sensor. If that occurs during
temperature maintenance (in other
words, after the system heats up to at
least 250°F (121°C)), a temperature
validation alarm occurs when the sen-
sor is cooled below that value.

Note that condensate backup is a
common occurrence during heat-up
(before the tubing is heated to the
minimum 250°F (121°C)) because the
amount of condensate produced can
be significant. However, temperature
validation does not officially begin until
after the system being sterilized reaches
its validation design temperature above
the minimum temperature. At that
point, the amount of steam required to
keep the system at temperature and the
associated condensate load is dramati-
cally less. This is why it's important to
choose a trap that has enough capacity
to handle the larger heat-up loads but
with a low enough subcooling operation
that condensate is never allowed to
build in the tubing during temperature
maintenance.

High subcooling trap operation
(Figure 5) is one of the two most
frequent causes of validation tempera-
ture alarms.

Sanitary thermostatic traps fail in
the open position.

If this trap fails open, saturated
clean steam will enter the condensate
header during temperature hold.

HIGH SUBCOOLING TRAP ALARMS
Another common cause for conden-
sate back up and validation tempera-
ture alarms is failure of an adjacent
trap on a common condensate header.
Balanced port thermostatic traps
fail open when the stainless-steel
bellows develops a leak and the fill
escapes. Without its proprietary
alcohol fill, the bellows can never
expand to close the trap when
exposed to steam temperature. The
trap will remain open, allowing clean
steam to pass through the trap into
the condensate header. This is espe-
cially problematic during tempera-
ture hold (low condensate creation),
because the increase in condensate
header pressure can cause one or
more adjacent traps to back up con-
densate. This backup occurs because
the differential pressure across all of
the traps connected to that header
will be reduced (Figure 5). Reduced
differential pressure will result
in reduced flow in one or more of
the adjacent traps on the common
header. In smaller volume conden-
sate headers (inner diameter is less
than an inch), this low differen-
tial-induced capacity reduction can
cause condensate backup significant
enough to wet the sensor and cause
a validation temperature alarm. (This
is the reason that safety factors
should be used when sizing clean
condensate headers, i.e., they should
be oversized.)

SIP PROBLEM REMEDIATION

Three common problems are encoun-
tered during SIP:

Header pressure will rise, lowering the
system differential pressure across,
and flow through the other traps tied
to that header.
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1) Temperature hold validation
alarms

2) Slow condensate drainage

3) Not getting up to temperature
or not getting up to temperature
fast enough (slow heat-up)

These problems are significant
because each one delays completion of
the sanitization regimen and therefore
delays the productive utilization of the
asset being sanitized. In other words,
these problems cause lower annual
production and revenue. (The potential
loss is greatest in downstream purifi-
cation and formulation assets because
their batch cycle times are much short-
er and usually more frequent.)

Most temperature hold validation
alarms can be corrected or prevented
by doing one or more of the following:

1) Installing properly sized,
low-subcooling traps in tem-
perature-validated drain lines to
minimize condensate backup

2) Ensuring about 12-18 inches
(300-450 millimeter) of three-
quarter-inch uninsulated tubing
is between the trap and tem-
perature sensor to hold conden-
sate backup.

3) Properly sizing condensate
headers so they can accommo-
date failed traps

4) Immediately replacing failed
traps on trap condensate head-
ers. (An ultrasonic leak detector
should be used periodically to
test for and find failed traps
during temperature hold.)

However, there are some installa-
tions where the solutions above are
impossible to implement. For example,
compact installations occur, particularly
under vessels and equipment where
there is not enough space to install a
vertical and horizontal downcomber
(drip leg) of sufficient length to pre-
vent condensate from backing up and
wetting the sensor. There also are some
installations where unforeseen conden-
sate load variations occur that over-
whelm the condensate leg and the trap.

In those situations, two potential
solutions can help:

1) If the installation height for the

/,

[ Figure 8. Clean steam trap capacity table

required run of vertical tubing
is not possible, the horizontal
distance can be increased. Add-
ing horizontal tubing distance
provides volumetric cushion

to prevent condensate from
reaching the sensor. As long as
some vertical tubing is imme-
diately below the sensor to
provide drainage, an increase
in the length of slightly sloped
horizontal tubing will provide
the volume cushion needed

to prevent sensor wetting and
temperature validation alarms.
(See ASME [American Society of
Mechanical Engineers] BPE 2016
section SD-2.4.3 for drainability
and slope recommendations.)

[Z1 Figure 6. View of a model with single section

2) If the height or horizontal
space to install any significant
horizontal or vertical tubing is
not there (or not desired), then
a subcooled condenser can be
used to eliminate validation
temperature alarms and improve
condensate drainage during all
phases of SIP.

SANITARY SUBCOOLED CONDENSER
A sanitary subcooled condenser is a
compact, finned, gravity drainable,
condensate-holding chamber installed
immediately downstream of the
temperature validation sensor and
upstream of the trap. In addition to
optimizing installation space, it elim-
inates the possibility for validation
temperature alarms and improves con-
densate drainage (Figures 6 and 7).
There are three significant benefits
to these condensers:

1) They allow the installation of
temperature validated sensor/
drip leg/trap assemblies in tight
places, where there isn't enough
room to install the traditional
12-18 inches (300-460 millime-
ters) drip leg between the vali-
dation sensor and trap.

2) The large chamber of the finned,
volume collection chamber
eliminates the possibility that
condensate will back up and wet
and cool the temperature sen-
Sor.

3) The condensate is subcooled
before it enters the thermostat-
ic steam trap, contracting the
bellows and further opening the
trap orifice, thereby significant-
ly increasing the trap’s ability
to drain condensate quickly and
lessening heat-up time.
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The sanitary subcooled condenser
has five times more radiant surface
area than an 18-inch downcomber.
The fins allow ambient air to com-
pletely enfold the condenser. The air
is heated, rises and is displaced by
cooler air from below. The radiant and
convective heat loss combine to dras-
tically sub-cool entering condensate
by about 30°F (about 16,6°C tempera-
ture differential). The temperature
difference causes the trap bellows to
contract further, allowing a substan-
tial increase in flow.

Looking at a clean steam trap
capacity table (Figure 8) we can see
trap capacity difference between 20°F
(-7°C) subcooled condensate and 5°F
(-15°C) at a trap differential pressure
of 20 psi (1,4 bar). When condensate
is cooled just an additional 15°F
(-9°C), trap capacity increases 1,432
pounds per hour (Ib/hr) (601 kilogams
per hour (kg/hr)).

This significant increase in draining
capacity lessens heat-up time.

SIP FOR LARGE VESSELS

Biopharm International addressed the
subject of vessel steam sterilization
and vessel SIP tubing design in an
article published in 2003 (Designing

[ Figure 10. Typical high capacity trap

a Shorter Vertical Leg for Sanitary
Steam Traps, Sept. 01, 2006, by Rich-
ard Kal, George W. Page, Jr. Bio-Pharm
International Volume 19, Issue 9). The
article discusses the amount of clean
steam required to heat up and hold
sterilization temperature in various
sizes of process vessels. It explains:

® A 40,000-liter (10,500-plus gal-
lon) biopharmaceutical vessel
may produce about 2500 lbs/
hr (1134 kg/hr) of peak con-
densate during SIP heat-up and
about 27 lbs/hr (12 kgs/hr)

[] Figure 11. Configuration of conventional bypass
system
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during SIP temperature hold.

B By contrast, a 600-liter (158-
plus gallons) vessel will only
produce about 100 lbs/hr (45,4
kg/hr) of peak condensate
during heat-up and about 2 lbs/
hr (0,91 kg/hr) during tempera-
ture hold.

While 2,500 lbs/hr (1,134 kgs/hr)
is within the load capacity of most
standard steam traps (at normal SIP
differential pressures), those traps
can ornly handle that load at very high
levels of subcooling (Figure 9). If the
condensate is subcooled to the point
where its temperature is 20°F (-7°C)
or cooler than the steam saturation
temperature, it is significantly back-
ing up in the drain line upstream of
the trap.

Most high capacity traps can han-
dle large vessel heat-up loads at lower
levels of subcooling (Figure 10) but
they still drain slowly because the
condensate will be subcooled 10°F
(-12°C) at that load.

Since these high-condensate loads
only occur during heat-up, there is no
worry about validation alarms. Howev-
er, it may manifest as slower heat-up
time,

Removing condensate efficiently
from vessels during SIP is important,
but it’s not the only job a trap has
to do. Clean steam traps also have to
handle the large volume of air that
will be displaced at the beginning of
SIP.

For example, a 15,000-liter (about
4,000-gallon) hiopharmaceutical ves-
sel holds that same amount of air. As
a general design rule, air should be
removed in the first five minutes of
SIP to minimize heat-up time (air acts
as an insulator in steam tubing and
vessels). Design should facilitate the
removal of that air.

Lastly, during heat-up, air and con-
densate do not drain independent of
each other. Both combine in a mixed
phase flow that can further complicate
draining and heat-up.

DESIGNING FOR SIZE

To drain liquids and expedite air and
condensate flow out of larger vessels
(usually greater than 600 liters (158-
plus gallons)), most process design-
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] Figure 12. Ultra-capacity trap without bypass used
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and rinse handled by bypass to drain.

ers include a 1-inch primary bypass
from the tank outlet directly to the
drain (Figure 11). When heat-up is
completed (a few minutes before
temperature hold starts), a second-
ary bypass valve diverts the flow
from the bypass drain line through a
conventional steam trap and back to
drain.

During SIP heat-up, air and con-
densate are diverted through the pri-
mary harvest line 3-way bypass valve
directly to the drain.

When the SIP temperature sensor
reaches about 203°F (95°C), the pri-
mary bypass closes, and the secondary
bypass valve opens to direct the light-
er condensate load through the steam
trap.

CHALLENGES WITH CONVENTIONAL DESIGN

The piping bypass arrangement

/,

Talile 1. Bill of Material: Bypass Loop

n MATERIAL DESCRIPTION UNITCOST (S)  TOTALCOST (5)
1 1" automated diaphragm valve fab assy with inlet bypass 1,800 1,800
2 panel mounted solencid for air control to 3-way valve 174 348
1 20" control air tubing 20 20
1 1" BPE 90° T-clamp elbow 73 73
2 1" x 26" BPE tubing 30 60
2 BPE Tee, 2: tube end run x 1" T-clamp branch 212 424
1 1" sanitary steam trap, std. capacity 535 535
2 1" sanitary ball valves 155 310
4 Oty 1, 1" T-clamp ferrule, short 23 94
1 Qty 1, I/0 port 250 250

TOTAL MATERIAL COST $3,914
Lahor
LABOR DESCRIPTION (Field OH rates) UNIT COST (5)  TOTAL COST (5}

3.5 cut and fit 80 280
4 orbital welds 8 80 320
4 polishing 80 320
! control air tubing 60 60
g stringing landing wire 60 60
1 configuring DCS/PLC 1/0 100 100
3 commissioning 120 360
3 validation 160 450

TOTAL LABOR COST $1,950
TOTAL CAPITAL COST $5,864

discussed in the previous section
effectively handles fluids, air and con-
densate. However, two problems are
associated with bypass use:

1) Inefficient use of clean steam
and slow pressure build-up
because of live steam loss. This
results in longer SIP heat-up
times and higher operating
expense. During the typical
10-15 minutes of heat-up, the
1-inch bypass is wide open to
drain, resulting in slow pres-
sure/temperature buildup. After
the initial expulsion of air, a
significant amount of clean
steam is lost to drain, resulting
in longer than required heat-up
and higher operating expense.

2) High initial capital cost is
involved: a conventional
bypass loop consists of the
components and labor shown
in Table 1 above for a total
installation expense of about
$5,800.

ANEW SOLUTION

The problems associated with conven-
tional bypass piping design resulted
in creation of an ultra-capacity, dual
element clean steam trap (Figures 12

and 13). It operates like this:

B Two bellows assemblies work
together to handle sanitization
liquids (rinse/CIP/rinse) and
the heat-up and maintenance
loads of larger vessels.

® During heat-up, both bellows
are open, providing excellent
capacity for eliminating air and
condensate.

® The higher capacity bellows
is designed to close when the
vessel temperature is between
194°F and 212°F (90°C and
100°C). This allows the smaller,
sanitary trap bellows to handle
the smaller loads generated
during temperature mainte-
nance.

B No clean steam is lost during
operation of the trap. Both
bellows will close when the
bellows sense saturated steam
temperatures.

Innovations such as this by manu-
facturers will continue to improve the
efficiencies of the SIP process. m

KaRL J. LUTKEWITTE is the product and sales man-
ager, Steriflow Division, Richard Industries (www.
richardsind.com). Reach him at Klutkewitte@
richardsind.com or 513-533-7348.
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