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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 pa, pp, pg 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 (CO5 noted C, HoO noted H, Oy 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

NOTA?2 : the order used for the mineral (C' then H then O then N) and the organic
compounds (X then V' then F then P) matters as we deal with matrix calculations.
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As an example, we have:
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Question: How does ma change if N-waste is urea (e.g. mammals) CO(NHy),, or uric
acid C;H4O3Ny (e.g. birds)?

3 Macrochemical reactions

3.1 Assimilation

Ve X + Y50 = YL E +YiuP + YiuC + YiH 4+ YisN (3)

3.2 Dissipation
E+YP.0 = YD.C+YE.H+YEN (4)

3.3 Growth
E+Y5.0 - YV 4+ Y50+ Y5 H+ YN (5)

4 Calculation of p4, pp, pc

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)

jX: jXA +jXD+jXG (6)
=(—nx4)pa+0pp+0p¢
with 11
NxA = ———— (7)
Hx Rx



Structure, V' : product (> 0)

Jy=Jvatdvp+ Jva

=0pa+0pp+nvapra
with
1
Nve = —RKa
1547
wy [Eg]

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

jE: jEA+ jED + jEG

=Ngapa+(—nep)DPp+(—NEec)Pc

with
1
nNega = —
HE
1
Nep = —
HE
1
Nee = —
HE

Faeces, P : product (> 0)

jP: jPA +jPD+jPG

=npaPa+0pp+0pg
with
1 Rp
NpAa = ——
Hp Rx

which in matrix notation can be summarized as

Jo =nop
Jx —nxa 0 0
: Jy 0 0 nva
7| s O Ype —1pp —1pe
Jp Npa 0 0

Pa
DD
Da

(10)

(11)

(12)

(13)

(14)

(15)

(16)



6 Calculation of mineral fluxes

The law of mass conservation gives

thus, we have

nMJM +noj(9 =0

JM = —nj\jn@J@

7 Calculation of yield coefficients

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

which is equivalent to

with
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we obtain

We can write

Yiie = —nuno¥sp
Y&y = Joa/Jpa Y¢p=Jxa/Jpa= 0
Yiie = Jna/ T mnd VE. — Yp=Jva/Jea=—yve
Y5y = Joa/ Jrc oF Yip=Jra/Jpa= 1
Y¥p = JIna/Jea Yip=Jra/Jea= 0
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E+0210 = 0.8V +0.2C 4+ 0.12H + 0.04N
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