
The environmental conditions of a
bioreactor, including gas flow rates,

temperature, pH, dissolved oxygen levels and
agitation rate all need to be closely monitored
and controlled. As a vessel in which chemical
processes involving organisms or
biochemically active substances are carried
out, bioreactors can be used for a variety of
different purposes. This process is ideal for a
number of application areas, with the ability
to effectively grow and culture
microorganisms. These include bacteria and
yeast, which are used in the biotechnological
production of pharmaceuticals, antibodies and
vaccines, or for the bioconversion of organic
waste. However, in order for such bioactivity to
occur at an optimal rate, it is vital that internal
conditions are highly controlled.
As one of the key variables, temperature

must be tightly regulated to ensure that
reliable and consistent data is obtained. This is
due to the fact that a single batch can require
tight temperature control and rapid ramping
across a broad temperature range. Even single
temperature batches can require both heating
and cooling to maintain a stable and accurate
temperature, throughout based on the type of
reaction.
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chemical engineers need to cultivate

organisms in a highly controlled

manner. As such, bioreactors have

become integral to the

pharmaceutical, food, and chemical

industries. In order to successfully

fulfill experimental requirements,

suitable conditions and parameters

must be provided, which include

accurate temperature control, i.e.,

heating and cooling.

SCOTT PRATT

Maintaining thermal stability
Understanding temperature control in bioreactor systems

The author is an employee at Thermo Fisher Scientific.
Contact: Phone +1 (6 03) 4 30 - 22 97

Bioreactors are crucial for the development of
many new processes that will replace traditional
chemical based products.

filtration process, membrane fouling can have
a negative impact on the overall sterility and
efficiency of the bioreactor, especially the heat
exchangers which are needed to keep the
reaction at a consistent temperature. Biological
fermentation is a highly exothermic reaction,
so in most cases bioreactors need a source of
refrigeration, in the form of an external jacket
and/or chiller.
Depending on the culture requirements,

there may be provisions to agitate the
medium using a stirrer and/or by providing a
flow of gas (oxygen, nitrogen), with the
removal of by-products such as CO2. This
stirring also facilitates fluid mixing for an even
distribution of temperature and increased
uniformity.

The bioreactor
A bioreactor can be classed as batch,

continuous or fed-batch. In a batch bioreactor,
all of the required reagents and catalysts are
introduced into a closed system, whereas in a
continuous system, perpetual feeding is used
to maintain a steady state. As a hybrid of the
batch and continuous methods, a fed-batch
bioreactor is initiated as a batch, but reagent is
added once the initial substrate has been
consumed. As the most commonly used type
of reactor, batch bioreactors are typically made
from glass or stainless steel, which must be
sterilized before use. Sterile culture medium is
subsequently added to the bioreactor and
temperatures are stabilized before inoculation
with cultured cells. If combined with a
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as poor heat transfer and heat gained from, or
lost to the external environment, additional
cooling or heating will need to be estimated
and added.
The integration of a remote sensor inside

the culture medium can also facilitate
temperature control. It enables the chiller to
sense and control the internal environment
and accurately maintain optimal conditions.
This also allows for a lower jacket
temperature, which will subsequently increase
the rate of temperature change. For example,
if a chiller without a remote sensor was set to
10 °C with a 20 °C starting point, the cooling
rate would significantly decrease as it
approached the jacket temperature to form an
equilibrium.
As a result, without a remote sensor there is

a significant possibility that the batch may
never reach its 10°C target. While flow rates
through the jacket are not critical, higher rates
are often preferred to maintain efficiency.

Meaningful data
In order to calculate the specific internal

energy of a 50 L stainless steel reactor,
weighing 100 kg, with 5 L in the jacket, 7 L in
the chiller and 3 L in the hoses at a ΔT of 10
°C:
For the culture medium (aqueous so we will
use the same values as water):
50 L = 50 kg
50kg x 1.0 cal/g °K x 10 °C ΔT = 500 Kcal
For the water in the jacket, hoses and chiller:
15 L = 15 kg
15 kg x 1.0 cal/g °K x 10 °C ΔT = 150 Kcal
For the bioreactor:
100 kg x 0.11 cal/g °K x 10 °C ΔT = 110 kcal
The total internal energy to be removed is
therefore 760 Kcal. Since the cooling capacity
of chillers is traditionally given in watt hours:
760 Kcal x 1.16 watt/kcal = 881.6 watts/h
A chiller with a cooling capacity of 882

watts is therefore required to achieve a 10 °C
temperature decrease in one hour. To calculate
the specific internal energy for different time
frames, the one hour watt value can simply be
divided by the new time period (in hours).

Additional factors
These calculations do not, however,

compensate for poor heat transfer, or heat
gained/lost to the surrounding environment.
This is attributed to slow or non-existent
stirring, the use of materials such as glass that
possess poor heat transfer properties, and a
lack of insulation.
Bioreactors with poor heat transfer can be

optimized through the use of a larger ΔT,
which can facilitate the transfer of energy
from high to low concentrations between the

There are three general processes that occur
within a bioreactor:
● Cellular production. Extracellular
components include alcohols and citric acids,
whereas intracellular products are primary or
secondary metabolites (amino acids, proteins,
lipids), as well as enzymes.
● Cell mass growth. This can include baker’s
yeast and single cell proteins for use in food
production.
●Biotransformation. Enzymes within the cell
are used to modify the compound during the
fermentation process. These include steroids,
antibiotics and prostaglandins.

Optimizing temperature
Selecting the correct temperature

control equipment to compensate for
exothermic and endothermic reactions has
many considerations. To begin with, the
required temperature range needs to be
determined.
●When using a small vessel of 10 L or less, in
combination with a temperature range of 13
°C above ambient (33 °C set-point in a
20 °C room) and the reaction is endothermic,
static, a heated bath circulator should
sufficiently manage the load.
●When using a larger vessel that still requires
heating, temperature control measures can be
implemented to provide the initial heat
requirement as well as the necessary chilling
capacity.
● If the lowest temperature point is near or
below ambient, the reaction is exothermic, or
a controlled temperature change from high to
low is required, then a bath circulator with
refrigeration (for small vessels) or a larger
chiller will be required.

Calculating the heat load
In order to accurately calculate the required
heating or cooling required, the heat load
(comprising of the specific internal energy)
must be determined. Final calculations need to
include all components which require heating
or cooling, including the culture medium, the
bioreactor, the fluid in the jacket, plumbing
lines and temperature control unit.
Q = MCΔT with
Q = The heat load (Kcal),
M = Mass of the substance that is changing

temperature (kg),
C = The specific heat of the substance that is

changing temperature
(calories per gram, per °K),

ΔT = The change in temperature (°C)
Once the desired temperature or

temperature range has been determined, the
internal energy can be manipulated to
compensate for time. To overcome issues such

jacket and the culture medium. Jacket
temperatures therefore need to be monitored
and restricted to prevent the freezing or excess
heating of cultured cells. This limitation may
result in a longer experimental time-frame,
even if the optimal heating or cooling
equipment is in use. Thus, chillers such as the
Thermo Scientific ThermoFlex re-circulating
chiller with remote temperature sensors can
be equipped to provide jacket temperature
limits, ensuring that the cultured cells are not
adversely affected by extreme alterations in
temperature.
Heat gained from, or lost to, the external

environment is more problematic to
compensate for due to a large number of
variables, including surface area, surface
orientation, air temperature and air flow
within the room. It is therefore advised that
optimal insulation measures are employed.
However, if this is not possible, only data from
the manufacturer will provide a reliable
indication of the additional heating/cooling
capacity required. Without insulation, it is
possible that an otherwise properly sized
chiller may not be able to reach the desired
temperature.
In all cases, flow rate should be kept as
high as possible, within the pressure limits of
the vessel and the flow capabilities of the
pump.

Conclusion
Bioreactors are critical for the development

of new processes that will replace traditional
chemical-based products to support and
control biological entities with a higher degree
of control. Since they are highly dependent on
temperature, it is vital that temperature
control equipment is employed. It is also vital
that such equipment be selected based on the
requirements of each application and the
bioreactor vessel size.
In order for the accurate selection of such

heating and cooling equipment, researchers
must first calculate the heat load (specific
internal energy) to provide an indication of the
volume of heat to be dissipated and provide
an optimal environment for culture growth. ●
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