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1 Step summary

1. we define the elemental composition of the different organic and mineral compounds

2. we write the macrochemical reactions

3. we calculate ṗA, ṗD, ṗG at each length data

4. we convert the energy fluxes into mass fluxes

5. we calculate the mineral fluxes from the elemental composition of the different organic
compounds and the law of mass conservation

6. we calculate the yield coefficients for each transformation (optional)

2 Elemental composition of the mineral and organic

compounds

4 mineral (CO2 noted C, H2O noted H, O2 noted O and N-waste noted N) and 4 organic
compounds (Food noted X, Structure noted V , Reserve noted E and Faeces noted P ) with
4 elements (C, H, O, N)

NOTA : if we want to consider more than 4 elements, say 5 elements, we need 5 mineral
compounds to complete the mass balance

NOTA2 : the order used for the mineral (C then H then O then N) and the organic
compounds (X then V then E then P ) matters as we deal with matrix calculations.

nM =


nCC nCH nCO nCN

nHC nHH nHO nHN

nOC nOH nOO nON

nNC nNH nNO nNN

 ; nO =


nCX nCV nCE nCP

nHX nHV nHE nHP

nOX nOV nOE nOP

nNX nNV nNE nNP

 (1)
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As an example, we have:

nM =


1 0 0 0
0 2 0 3
2 1 2 0
0 0 0 1

 and nO =


1 1 1 1

1.8 1.8 1.8 1.8
0.5 0.5 0.5 0.5
0.2 0.2 0.2 0.2

 (2)

Question: How does nM change if N-waste is urea (e.g. mammals) CO(NH2)2, or uric
acid C5H4O3N4 (e.g. birds)?

3 Macrochemical reactions

3.1 Assimilation

Y A
XEX + Y A

OEO → Y A
EEE + Y A

PEP + Y A
CEC + Y A

HEH + Y A
NEN (3)

3.2 Dissipation

E + Y D
OEO → Y D

CEC + Y D
HEH + Y D

NEN (4)

3.3 Growth

E + Y G
OEO → Y G

V EV + Y G
CEC + Y G

HEH + Y G
NEN (5)

4 Calculation of ṗA, ṗD, ṗG

see Kooijman (2010)

5 Calculation of fluxes of organic compounds from en-

ergy fluxes

A compound can be substrate and/or product. As a convention, substrate fluxes will be
negative (i.e. they disappear)

Food, X : substrate (< 0)

J̇X= J̇XA +J̇XD+J̇XG

=(−ηXA)ṗA+0ṗD +0ṗG
(6)

with

ηXA =
1

µX

1

κX
(7)
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Structure, V : product (> 0)

J̇V =J̇V A+J̇V D+ J̇V G

=0ṗA+0ṗD+ηV GṗG
(8)

with

ηV G =
1

µV

κG (9)

=
dV

wV [EG]
(10)

Reserve, E : product (> 0) and substrate (< 0)

J̇E= J̇EA + J̇ED + J̇EG

=ηEAṗA+(−ηED)ṗD+(−ηEG)ṗG
(11)

with

ηEA =
1

µE

(12)

ηED =
1

µE

(13)

ηEG =
1

µE

(14)

Faeces, P : product (> 0)

J̇P= J̇PA +J̇PD+J̇PG

=ηPAṗA+0ṗD+0ṗG
(15)

with

ηPA =
1

µP

κP
κX

(16)

which in matrix notation can be summarized as

J̇O = ηOṗ (17)

J̇O =


J̇X
J̇V
J̇E
J̇P

 ; ηO =


−ηXA 0 0

0 0 ηV G

1/µE −1/µE −1/µE

ηPA 0 0

 ; ṗ =

 ṗA
ṗD
ṗG

 (18)
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6 Calculation of mineral fluxes

The law of mass conservation gives

nMJ̇M + nOJ̇O = 0 (19)

thus, we have
J̇M = −n−1MnOJ̇O (20)

7 Calculation of yield coefficients

For each transformation, the law of mass conservation applies, e.g.:

nMY
G
ME + nOY

G
OE = 0 (21)

which is equivalent to

Y G
ME = −n−1MnOY G

OE (22)

with

Y G
ME =


Y G
CE = J̇CG/J̇EG

Y G
HE = J̇HG/J̇EG

Y G
OE = J̇OG/J̇EG

Y G
NE = J̇NG/J̇EG

 and Y G
OE =


Y G
XE=J̇XG/J̇EG= 0

Y G
V E=J̇V G/J̇EG=−yV E

Y G
EE=J̇EG/J̇EG= 1

Y G
PE=J̇PG/J̇EG= 0

 (23)

we obtain

Y G
ME =


−0.2
−0.12
0.21
−0.04

 (24)

We can write

E + 0.21O → 0.8V + 0.2C + 0.12H + 0.04N (25)
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