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Black box models: The PDO process 
reaction as function of μ



Expanding the black box model with other q-
rates: use conservation principles

There are many more 
q-rates needed for 
process design than 
μ, qs and qp

We can calculate 
them from μ, qs and 
qp using conservation 
principles
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Herbert-Pirt relation:

qs =  - 0.25  μ – 0.80 qp – 0.005

Setting up reactions from the Herbert-Pirt
relation of the PDO Black Box model

Biomass reaction (rate: μ)
- 0.25 C6H12O6 + an NH4

+ + ao O2 + 1 C1H1.8O0.5N0.2 + ac CO2 + aw H2O + ah H+

Product reaction (rate: qp)
- 0.80 C6H12O6 + 1 C3H8O2 + bo O2 + bc CO2 + bw H2O+ bh H+

Maintenance (rate: - ms = 0.005)
- 1 C6H12O6 – 6 O2 + 6 CO2 + 6 H2O

The unknown 
stoichiometric 

coefficient ai and 
bi can be 

calculated with 
conservation 

principles



Using conservation relations to the BB model 
reactions (I/II): the biomass reaction
• Biomass reaction (rate: µ)

- 0.25 C6H12O6 + an NH4
+ + ao O2 + 1 C1H1.80O0.50N0.20 + ac CO2 + aw H2O + ah H+ + bQ heat

• Conservation relations
C - 0.25 · 6  +  1 · 1  +  ac · 1 = 0
H - 0.25 · 12  +  an · 4  +  1 · 1.80  +  aw · 2  + ah · 1 = 0
O - 0.25 · 6 + ao · 2  +  1 · 0.50  +  ac · 2  +  aw · 1 = 0
N an · 1  + 1 · 0.20 = 0
Charge an · (+1) ·   + ah · (+1) = 0

• 5 Linear relations with 5 unknowns can be solved



Using conservation relations to the BB model 
reactions (II/II): the product reaction
• Product reaction (rate: qp)

- 0.80 C6H12O6 + 1 C3H8O2 + bo O2 + bc CO2 + bw H2O + bh H+ 

• Conservation relations
C - 0.80 · 6  +  1 · 3  +  bc · 1 = 0
H - 0.80 · 12  +  1 · 8  +  bw · 2  + bh · 1 = 0
O - 0.80 · 6 + 1 · 2  +  bo · 2 +  bc · 2  +  bw · 1 = 0
Charge bh · 1 = 0

• 4 Linear relations with 4 unknowns can be solved



The other Herbert-Pirt relations
• Biomass reaction (rate μ)

- 0.25 C6H12O6 - 0.20 NH4
+ - 0.45 O2 + 1 C1H1.8O0.5N0.2 + 0.50 CO2 + 0.90 H2O + 0.20 H+ + 202.5 kJ heat

• PDO reaction (rate qp)
- 0.80 C6H12O6 + 1 C3H8O2 - 0.80 O2 + 1.80 CO2 + 0.80 H2O + 0 H+ + 360 kJ heat

• Maintenance reaction (rate 0.0050)
- 1 C6H12O6 – 6 O2 + 6 CO2 + 6 H2O+ 2700 kJ heat

• Herbert-Pirt relations
qs = - 0.25 μ - 0.80 qp – 1 · 0.0050 qn = ? μ +     ? qp +       ?
qO2 = - 0.45 μ - 0.80 qp – 6 · 0.0050 qh = ? μ +     ? qp +       ?
qw = ?     μ +     ?    qp + ? qCO2 = ? μ +     ? qp +       ?
qQ = ? μ +     ? qp +         ?

growth product maintenance growth product maintenance



The PDO process reaction depends only on μ (I)
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Theoretical PDO reaction
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The PDO process reaction depends also on µ (II)



7 Herbert-Pirt relations 

The complete PDO black box model
qp(µ) functionHyperbolic substrate uptake

Process design at 
μopt = 0.0245 h-1

qs = - 0.25 μ - 0.80 qp – 1 · 0.0050 qn = ? μ + ? qp + ?
qO2 = - 0.45 μ - 0.80 qp – 6 · 0.0050 qh = ? μ + ? qp + ?
qCO2 = ? μ + ? qp + ? qQ = ? μ + ? qp + ?
qw = ? μ + ? qp + ?



See you in the next unit!


