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1. Introduction  

 Profile BioVT @ Vienna University of Technology 

 Profile Exputec GmbH 

2. Basics Mass & Energy Balancing 

 Basic principles 

 Calculation of rates and yield coefficients  

 Compiling balances  

3. Advanced Material Balancing Tools 

 Test data consistency 

 Enhance data quality  

 Estimate unknowns  

4. Exputec Case Studies 
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  Bioprocess Technology 

  Vienna University of Technology 
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ÅMethod Development 

-Upstream & Downstream 

Process development  

-Soft-sensors 

-PAT strategies 

-Control strategies 

ÅSystems 

-Microbials, Fungi, 

Extremophiles, Cell Culture 

ÅStrain Engineering 
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 Bioprocess Technology 

 Vienna University of Technology 

http://www.bird-c.com/index.html


ÁFocusing on scalability, 

efficiency and quality for 

industrial bioprocesses 

 

 

 

 

 

ÁContract Research 

ÁConsulting 

ÁAlgorithms 

 

 

Algorithms 

Consulting 

CRO 

Exputec GmbH 



 

Mass & Energy Balances 

Basics 
General material balance  

Calculation of volumetric rates  

Calculation of specific rates  

Calculation of yield coefficients  

Compiling balances 



 Motivation  

ÁGoals 

ÅBioprocess design, 

analysis, optimization 

and control  

ÁChallenge 

ÅComplexity 

ÅNon-linearity  

ÅFramework: Time& 

Cost 
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Ą Elemental and energy balancing is primary tool for bioprocess 

analysis 



 Material and energy balancing 

12.11.2013 Bioprocess Technology 8 

Ą Elemental and energy balancing is applied during the whole 

bioprocess development and product lifecycle 

Process Development Piloting Screening 

Scale-up Scale-up Scale-up 

Manufacturing 

Posch & Herwig 2013 



 General material balance 

ÁPrinciple  

ÅConservation of mass, 

charge, energy 

ÁBasic bioprocess 

analysis tool 

ÅTotal mass  

ÅElements (C, N, O, H, 

S etc.)  

ÅEnergy (e.g. 

enthalpies)  
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IN OUT Reaction 

Accumulation 

IN OUT 

Reaction 

Accumulation 

i i i 

 I  Ą  j 



 Simple example from chemical engineering  

ÁSimple mass 

balancing example  

Å1 inlet  stream 

Å3 outlet  streams 

Åoutlet  concentrations  

[%] and inlet  stream 

[g/h] is measured 

 

ÁOutlet  streams (F1, 

F2, F3) should be 

calculated  
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 Simple example from chemical engineering  

ÁApproach 

Ådefine envelope  

ÅSet up equations 

Åcompute unknowns 

ÁBalances used 

ÅTotal mass balance, 

species 1 and species 

2 balance 

ÁOutlet streams can 

be calculated  
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 Same story for bioprocesses 

ÁMass balancing of 

bioprocesses 

Åcalculation of 

volumetric rates, 

specific rates and 

yield coefficients  

Åestimation of 

unknown non-

measured variables 

Åconsistency checking 

of measurements 
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INPUT OUTPUT 

Accumulation 

and Conversion 

 

Bioreactor 

IN OUT Reaction 

Accumulation 



 What kind of reaction  takes place?   

 Stoichometry 

ÁVery complex!  

ÁAlternative: Black 

box approach 

ÅCell considered as 

catalyst  

ÁConcept of C-

molarity  

ÅEvery species divided 

through the number of 

C-atoms 
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INPUT OUTPUT 



 Volumetric rates  

ÁVolumetric rates 

[mol/(L*h)]  

ÅHow much of species i 

is processed by liter 

and hour 

ÅExamples: OUR, CER, 

MER, rx 

ÁGeneral approach 

ÅTake general material 

balance 

ÅSolve for rate (r)  
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Example: Batch Process, Biomass 



 Volumetric rates  

ÁVolumetric rates 

[mol/(L*h)]  

ÅHow much of species i 

is processed by liter 

and hour 

ÅExamples: OUR, OTR, 

MER 

ÁGeneral approach 

ÅTake general material 

balance 

ÅSolve for rate (r)  
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Example: Batch Process, Biomass 

dV/dt  = 0 

IN = 0 OUT = 0 Volum. rate 



 Specific Rates 

ÁCalculation 

ÅDivide volumetric 

rates through amount 

of catalyst (biomass)  

ÁSpecific rates 

[g/cell/h]  

ÅHow much of species 

is converted by 

catalyst (biomass) and 

hour 

ÅExamples: µ, qs, qM 

ÅLink to physiology!  11/12/2013 Bioprocess Technology 16 

      

Cell = 

Catalyst 

INPUT 

qs, qO2,  

 

OUTPUT 

qCO2, µ 



 Yield Coefficients  

ÁCalculation 

ÅDivide rate/ rate or 

specific  rate/ specific  

rate  

ÁYield coefficients  [g/g]  

ÅExamples:Biomass yield  

coefficient  (Yx/s), 

Respiratory quotient  

(RQ) 

ÅPhysiological 

interpretation ! 
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 Volumetric  rates vs. 

 specific  rates and yield  coefficients  

ÁBasic bioprocess 

descriptors 

ÅVolumetric  rates  

-carry information  on total 

metabolic  acitivity  

ÅSpecific rates 

-carry information  on cell  

physiology 

ÅYield coefficients   

-carry information  on 

cellular  flux  distributions  
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Cell = 

Catalyst 

INPUT 

qs, qO2,  

 

OUTPUT 

qCO2, µ 

Yx/s = rx/rs 

Anabolism Catabolism 

Substrate 

Ą Calculate for every process 



 Compiling balances- Start to trust  your rates 

ÁElemental Balances 

ÅC-Balance 

ÅN-Balance 

ÅDegree of Reduction 

balance 

ÁEnergy Balances 

ÅEnthalpies of species 
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Ą Can I trust my data? Stoichiometry right?  

? 



 Practice of calculating  time -resolved rates,  

 yield  coefficients  & balances 

ÁSuggested procedure 

Å1) Align Data 

Å2) Calculate 

volumetric  rates 

 

 

 

Å3) Calculate specific  

rates, yields and 

compile  balances 
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Time 
[h] 

Vin 
[L/h]  

Vout 
[L/h]  

X 
[g/l]  

Prod 
[g/l]  

�Y 

14 90.6 95.0 15 4 �Y 

14.1 90.4 95.8 15.1 4.1 �Y 

�Y �Y �Y �Y �Y �Y 

Variables  

T
im

e
 

Constants 
Vm = 22.4 DoR_S = 4 

DoR_O2 = -4 

Time 
[h] 

rs 
[Cmol
/L/h]]  

qs 
[Cmol/  
(gh)] 

Carbon 
balance 

DoR  
balan
ce 
[g/l]  

�Y 

14 0.651 0.005 0.95 0.9 �Y 

14.1 0.632 0.0051 1.05 1.1 �Y 

�Y �Y �Y �Y �Y �Y 

Rates/ Yields/Balances  

T
im

e
 

+ 


