Incorporating aquatic chemistry into wastewater treatment
process models: A critical review of different approaches
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| In recent years the awareness of the effect of abiotic processes in
il Wastewater and sludge treatment technologies has increased
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rapidly (Batstone et al., 2012). One particular aspect to consider N
when incorporating pH calculations is that, from a numerical point of view, the inclusion sl CO.foatprint

of acid-base equilibrium and the subsequent pH calculation in biochemical models can fierotisiu
lead to the appearance of some degree of stiffness, caused by the different conversion S
rates considered. This may introduce numerical instabilites and slow down the e
simulation speed. Tackling this problem requires analysis and testing of numerical < Nutrient
methods that deal with combined algebraic and differential equations. y Al
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The work presented in this paper aims to introduce a methodology precipiates
OBJECTIVE for incorporating aquatic chemistry into models representing L Biosoies_| r ———
wastewater treatment processes, A simulation scenario has been | LZ’“:’;:‘}'"‘ Rl
fquid ferilizer

defined in order to carry out a comparative analysis of the different approaches in terms
of the accuracy of the results and the simulation time.

Need for pH calculation —
MODEL CONSTRUCTION The construction of the model consists of two steps

Biochemical & Physico-chemical model definition: Definiton of components and

Biochemical model transformations required to describe biological and physico-chemical reactions.
COD removal

Chemical model construction: Based on the biochemical and physico-chemical model defined
— in the first step, chemical components and species are selected to construct the chemical model.

| Species are chemical entities taken to be physically present in the system, and for the given set
physiwc;e;ical — of species, components are selected so that all species can be expressed as linear combination
of components. Chemical equilibrium modelling consists basically of formulation of the material

balance and mass action law which determine species concentrations from a mixture

Liquid-solid tranfer [ composition specified in terms of component concentrations.
Chemical model

N, P and S removal

Liquid-gas transfer

. Components Species
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equilibrium
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NUMERICAL RESOLUTION PROCEDURE
Bioloir:i‘i:czrlogecsr?zmical

Tj, Ci
Ordinary differential equations (ODE):

All reactions are calculated simultaneously using
ordinary differential equations
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Differential algebraic equations (DAE): the slower reactions
are calculated by ODE and the fast reactions are calculated
algebraically. Water chemistry can be solved with tailored code
or using external software such as PhreeqC+ or MinteqA2

CASE STUDY Anaerobic digester

The objective of this study is (i) to check the capability of the model presented in the previous
section to calculate aquatic chemistry equilibrium, and (ii) to carry out a comparison of the different Sludge
approaches in terms of results accuracy and simulation speed. For this purpose, the anaerobic Influent

reactor in the Benchmark Simulation Model No 2 (BSM2) was selected as the simulation test case. —

Biogas

Digested
sludge

For the ODE approach, two values for the equilibrium kinetic rate have

Evaluation criteria been compared: 102 and 10°. When using the kinetic rate of 1012 the
Simulation time ] _ simulated results are more accurate, since the result is closer to
HA {"F }{A })2 equilibrium. Nevertheless, higher kinetic rates slow down the simulation
T (sec) o5 speed.
ODE-Kab 106 6.25 7.61 05 W The DAE approach using a tailored code for equilibrium calculation
ODE-Kab 10 3.82 7.85 | showed the shortest simulation time. Finally, when simulating the
DAE-Tailored 0.96 0 scenario with the external software Phreeq C+, the highest number of
DAE- PhreeqC+ 23.36 0 ‘ species was considered, but the simulations were the slowest

COMPARISON OF DIFFERENT RESOLUTION
APPROACHES

The methodology proposed using a tailor-made equilibrium calculation using algebraic equations, and incorporating it into

the biological ODE system gave the most effective methodology, based on the simulation times of the different approaches.

Based on this comparison a methodology has been proposed for incorporating water chemistry into wastewater
treatment process models
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_ Different approaches for calculating chemical equilibrium were presented and a critical review was undertaken.
CONCLUSIONS
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