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Annexes WP2 - Model selection and parameter identification of EM2
Annexe 3

Annexe 3. Sensitivity Analysis

In this annex, a methodology for studying the sensitivity of the models to their parameters is presented. It refers to parameter sensitivity for a given system trajectory, i.e. given sets of parameters, initial conditions and inputs. Therefore, the reference simulation related to the “best parameters values” from which the sensitivity analysis is performed has to be chosen correctly. 

An approach [WAL 97] is to consider a sensitivity coefficient, denoted (yp, of a model variable y to a model parameter p defined by:
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The sensitivity coefficients along the given system trajectory are computed by running its adjoint dynamical systems. Nevertheless, this method is valid only for small parameter variations.

Later, the literature [BER 01] has developed another sensitivity criterion allowing to explore the effect of large parameter variation, for analyzing the sensitivity of a model of an anaerobic wastewater treatment process, as follows:
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where y(p, x0, u, t) denotes the simulated value at time t of the variable y related to the parameter p, the initial condition x0 and the input u. The averaging is computed between ti and tf, the initial and final times of simulation, respectively.

In our case, the discussion is focused on the sensitivity of all the model parameters related to the following quantities: SC, SNO3, SNO2, SNH, SN and O for the model EM2-a, or SC, SNO, SNH, SN and O for the model EM2-b.
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EM2-a Sensitivity Analysis

1. Parameter Yh1 (anoxic phase)

According to the model, the allowed zone of Yh1 variation is in the interval 0 ( Yh1 ( 1. Therefore, the Yh1 variation comprises –100% to 62.34% of its nominal value, i.e. 0.616 mgVSS/ mgCOD. It can be noticed that the parameter Yh1 influences only SC, SNO3 and SNO2.
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2. Parameter Yh2 (anoxic phase)
Also for the parameter Yh2, the allowed variation includes the interval 0 ( Yh2 ( 1. In this case, the Yh2 variation comprises –100% to 26.9% of its nominal value, i.e. 0.788 mgVSS/mgCOD. The parameter Yh2 influences only SC, SNO3 and SNO2.
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3. Parameter kN (anoxic and aerobic phases)
There is no restriction for the parameter kN variations. For this study, we have performed a variation, from –100% to 100% of its nominal value, i.e. 0.7056 mgN-NH/mgN. The parameter kN has an influence on all substrates in the model and oxygen. Note that its influence on SC is relatively weak.
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4. Parameter µh1 max (anoxic phase)
We have performed a variation, from –100% to 100% of its nominal value, i.e. 0.012 min-1. Naturally, the parameter µh1max influences SC, SNO3 and SNO2.
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5. Parameter KCh1 (anoxic phase)
We have performed a variation, from –100% to 100% of its nominal value, i.e. 57.45 mgCOD/l. The parameter KCh1 has an influence on SC, SNO3 and SNO2.
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6. Parameter KNO3h (anoxic phase)
We have performed a variation, from –100% to 100% of its nominal value, i.e. 44.65 mgN/l. The parameter KNO3h has an influence on SC, SNO3 and SNO2.
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7. Parameter µh2 max (anoxic phase)
We have performed a variation, from –100% to 100% of its nominal value, i.e. 0.0005 min-1. The parameter µh2 has an influence on SC, SNO3 and SNO2.
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8. Parameter KCh2 (anoxic phase)
We have performed a variation, from –100% to 100% of its nominal value, i.e. 21.17 mgCOD/l. The parameter KCh2 has an influence on SC, SNO3 and SNO2.
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9. Parameter KNO2h (anoxic phase)
We have performed a variation, from –100% to 100% of its nominal value, i.e. 4.99 mgN/l. The parameter KNO2h has an influence on SC, SNO3 and SNO2.
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10. Parameter Yh (aerobic phase)
The allowed variation includes the interval 0 ( Yh ( 1. We have then performed a variation, from –100% to 33.33% of its nominal value, i.e. 0.75 mgVSS/mgCOD. The parameter Yh has an influence on all substrates and oxygen. It influences SN lightly.
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11. Parameter Ya1 (aerobic phase)
The allowed variation is in the interval 0 ( Ya1 ( 3.43. We have performed a variation, from –100% to 102.96% of its nominal value, i.e. 1.69 mgVSS/mgN. The parameter Ya1 has an influence on all substrates and oxygen. Also, it influences SN lightly.
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12. Parameter Ya2 (aerobic phase)
The allowed variation includes the interval 0 ( Ya2 ( 1.14. We have performed a variation, from –100% to 509.63% of its nominal value, i.e. 0.187 mgVSS/mgN. The parameter Ya2 has an influence on all substrates (lightly to SN) and oxygen.
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13. Parameter µh max (aerobic phase)
We have performed a variation, from –100% to 100% of its nominal value, i.e. 0.0122 min-1. The parameter µh max has an influence on all substrates (lightly to SN) and oxygen.
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14. Parameter KCh (aerobic phase)
We have performed a variation, from –100% to 100% of its nominal value, i.e. 18.96 mgCOD/l. The parameter KCh has an influence on all substrates (lightly to SN) and oxygen.
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15. Parameter KOh (aerobic phase)
We have performed a variation, from –100% to 100% of its nominal value, i.e. 40.02 mgDO/l. The parameter KOh has an influence on all substrates (lightly to SN) and oxygen..
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16. Parameter µa1 max (aerobic phase)
We have performed a variation, from –100% to 100% of its nominal value, i.e. 0.0235 min-1. Also the parameter µa1 has an influence on all substrates (lightly to SN) and oxygen. Especially, we can note that it has big influences on SNO2 and SNH.
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17. Parameter KNH (aerobic phase)
We have performed a variation, from –100% to 100% of its nominal value, i.e. 0.479 mgN/l. Similarly to the previous parameter, the parameter KNH influences all substrates (lightly SN) and oxygen, and its influences on SNO2 and SNH are relatively important. 
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18. Parameter KOa1 (aerobic phase)
We have performed a variation, from –100% to 100% of its nominal value, i.e. 29.9 mgDO/l. For the parameter KOa1, we have exactly the same situations as those in the two last parameters.
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19. Parameter µa2 max (aerobic phase)
We have performed a variation, from –100% to 100% of its nominal value, i.e. 0.0117 min-1. The parameter µa2 influences also all substrates and oxygen. Big influences can also be noticed in SNO2 and SNH.
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20. Parameter KNO2a (aerobic phase)
We have performed a variation, from –100% to 100% of its nominal value, i.e. 4.96 mgN/l. The parameter KN02a has an influence on.
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21. Parameter KOa2 (aerobic phase)
We have performed a variation, from –100% to 100% of its nominal value, i.e. 24.9 mgDO/l. The parameter KOa2 has an influence on.


[image: image23.png]015

&

01 <10
3 005 -
) 2
0.05 %
o0 60 0 50 100 00 5 0 50 100
delta Ko,2 (%) delta Ko,2 (%)
400 150
100
£ 200 g
9 £ %0
& &
K = 0
$ 0 3
© 0
200 109
00 60 0 50 100 00 5 0 50 100
o detaKo,2(%) delta Ko,2 (%)
x
© 05
261 g 0
& o
562 305
63 4
00 60 0 50 100 00 5 0 50 100

delta Ko,2 (%) delta Ko,2 (%)




22. Parameter µ0 (anoxic and aerobic phases)
We have performed a variation, from –100% to 100% of its nominal value, i.e. 0.05 min-1. The parameter µ0 has an influence on.
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EM2-b Sensitivity Analysis

23. Parameter YhN (anoxic phase)

The model involves that the allowed zone of YhN variation is in the interval 0 ( YhN ( 1. Therefore, the YhN variation comprises –100% to 20.77% of its nominal value, i.e. 0.828 mgVSS/ mgCOD. It can be noticed that the parameter YhN influences only SC and SNO.
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24. Parameter kN (anoxic and aerobic phases)
There is no restriction for the parameter kN variations. For this study, we have performed a variation, from –100% to 100% of its nominal value, i.e. 0.837 mgN-NH/mgN. The parameter kN has an influence on all substrates in the model and oxygen. Note that the most influenced quantity is SNH.
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25. Parameter µhN max (anoxic phase)
We have performed a variation, from –100% to 100% of its nominal value, i.e. 0.0285 min-1. The parameter µhN max variation influences changes in SC and mostly in SNO.
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26. Parameter KC1 (anoxic phase)
We have performed a variation, from –100% to 100% of its nominal value, i.e. 44.45 mgCOD/l. As in the previous parameter, the parameter KC1 has a small influence on SC and a big influence on SNO.
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27. Parameter KNO (anoxic phase)
We have performed a variation, from –100% to 100% of its nominal value, i.e. 20.47 mgN/l. The parameter KNO influences the same quantities as the previous parameter. Also its influence on SNO is quite important.

[image: image29.png]x10°

005 05
g g
8 o & 0
® 005 305
01 4
0 %0 0 50 0 00 60 0 50 100
delta Kno, (%) delta Kno, (%)
1 1
05 05
g g
5 &5 0
305 * s
4 4
TG0 % 0 s 0 00 %0 0 50 100
delta Kno, (%) delta Kno, (%)
1
05
g
° 0
T s
4
Jo %0 0 50 100

delta Kno, (%)




28. Parameter Yh (aerobic phase)
The zone of Yh variation is in the interval 0 ( Yh ( 1. We have performed a variation, from –100% to 214.76% of its nominal value, i.e. 0.3177 mgVSS/mgCOD. The parameter Yh has an influence on all substrates and oxygen.
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29. Parameter Ya (aerobic phase)
Ya varies in the interval 0 ( Ya ( 4.57. We have performed a variation, from –100% to 168.02% of its nominal value, i.e. 1.705 mgVSS/mgN. The parameter Ya has an influence on all substrates and oxygen.
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30. Parameter µh max (aerobic phase)
We have performed a variation, from –100% to 100% of its nominal value, i.e. 0.0029 min-1. The parameter µh max has an influence on all substrates and oxygen, especially on SC.
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31. Parameter KCh (aerobic phase)
We have performed a variation, from –100% to 100% of its nominal value, i.e. 16.86 mgCOD/l. The parameter KCh has an influence on all substrates and oxygen.
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32. Parameter KOh (aerobic phase)
We have performed a variation, from –100% to 100% of its nominal value, i.e. 143.50 mgDO/l. The parameter KOh has an influence on all substrates and oxygen.
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33. Parameter µa max (aerobic phase)
We have performed a variation, from –100% to 100% of its nominal value, i.e. 0.0224 min-1. The parameter µa max has an influence on all substrates and oxygen, especially SNO and SNH.
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34. Parameter KNHa (aerobic phase)
We have performed a variation, from –100% to 100% of its nominal value, i.e. 33.27 mgN/l. The parameter KNHa has a similar sensitivity with the previous parameter.
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35. Parameter KOa (aerobic phase)
We have performed a variation, from –100% to 100% of its nominal value, i.e. 250.74 mgDO/l. The parameter KOa has an influence on all substrates and oxygen.
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36. Parameter µ0 (anoxic and aerobic phases)
We have performed a variation, from –100% to 100% of its nominal value, i.e. 0.0097 min-1. The parameter µ0 has an influence on all substrates and oxygen, mainly on SN and SNH.
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