
Heat Evolution

We now wish to estimate the heat evolution during cell 
growth

Carbon Source + Energy Source + Nutrients Cells 
+ Products  + HEAT
To do this, we need to have the following data:

1. Full Stiochiometry
2. Heat of Combustion of all Substrates, Products and 

Biomass
The Heat of Combustion of Biomass can either be 
measured in a  calorimeter or can be estimated:
19.68 kJ / g Biomass has commonly been used



Heat Evolution (Cont’d)

Obtaining the Heat of Combustion of a 
range of substrate and nutrients at the
concentrations that are used in industrial 
fermentations is not  routine. Sometimes it 
is necessary to estimate these using heat 
of formation from  “functional group”
estimations and / or heat of mixing data 
etc.
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There has also been shown to be a 
correlation between Heat Evolution and 
Oxygen Uptake – so if the Oxygen Uptake 
Rate can be calculated, then the Heat 
Evolved may be estimated. This is very 
useful since we have a method to 
calculate the oxygen uptake. This heat 
evolution is I s used to calculate the 
cooling requirements for a fementer.
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QO2 is used to make ATP from NAD(H). 
NAD(H) is the major energy source in 
aerobic growth (much higher ATP comes 
from this source than from direct ATP 
production by substrate level 
phosphorylation). If we assume a fixed 
efficiency of ATP utilisation to make cell 
material, then we would expect a direct 
relationship between QO2 and HEAT (which 
is the fraction of ATP not utilised for 
growth, which would also be a constant 
fraction of the ATP produced)
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The relationship should been seen as consistent with our 
previous studies on metabolism since:

If oxygen is uptaken, then NAD(H) is being regenerated to NAD+   (QO2 = α
QNAD(H) ) .

If NAD(H) is used then ATP is being made by some stoichiometry (QNAD(H) = 
β QATP)

ATP is utilized by the cell at an almost constant efficiency of 30-32%  
(QATP(used for cell growth) = γ QATP) 

Hence, the remaining ATP is wasted as heat (QATP(used for heat generation) 
= QHEAT = (1-γ) (QATP))

Consequently, we would expect there to be a relationship between specific 
oxygen uptake and heat evolution (= QO2 *(α QNAD(H) / QO2)*( β
QATP/ QNAD(H))* (1-γ)*QATP 

=
QO2 *α *β * (1-γ)

=
QHEAT
Or QO2 = constant * QHEAT
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