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Abstract

This paper presents two methods for the charaatis of input and calibration of an ADM1
model. The first, which is adapted for predictitedses, is named “anaerobic respirometry” and
consists of a fractionation obtained by the nunagrioterpretation of methane production rate
curves. These curves are obtained in batch expeténafter a pulse of studied substrate in an
anaerobic sludge. The second method is developediufbscale application and complex
substrates. The fractionation is initially basedbahancing previously measured nitrogen, ,NNH
and COD contents in influent, reactor and efflueartd combined with the online gas curve
calibration procedure for further fine tuning ofpirt fractionation and detection of kinetic
parameters for calibration.

Keywords
Anaerobic digestion, modelling, ADM1, fractionatjaralibration

Foreword
This paper is a merger of the works of two sepatediens identified above. Part 1 concerns the
work of the first team and part 2 the work of tlee@nd team.

INTRODUCTION

Modelling of anaerobic digestion is increasinglyedisas a tool for process optimization or
interpreting observed phenomena within researcfegi®o The most commonly-used model is the
“Anaerobic Digestion Model n°1” (ADM1) (Batstone at, 2002) but other models are also
available, either simpler or more complex takingrenceactions or substrates interactions into
account. Whichever the model, there are two kayeiss(i) fractionation and characterisation of the
influent (definition of the influent composition @rding to the model state input variables) and (ii
calibration (estimation of the model sensitive pagters).

The substrate characterisation step is cruciabfiothe modelling approaches. As a consequence,
many methodologies have been developed since tid1ABublication. Table 1 lists the main ones
and highlights some associated discussion poirdsh presents advantages and disadvantages and
is therefore associated with a domain of validity.
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For example, chemical analysis can be used to thedasic splits required to proteins, fats, and
carbohydrates. However, this does not provide lgoatability. Secondly, characterization of these
fractions in COD units of ADM1 requires detailechgamutations to maintain the continuity of COD,
elemental mass and charge when defining the moget (Zaher et al., 2009).

Table 1. A survey on the main existing methods for theedatnation of ADM1 inputs.

Method Dgta Data needed Discussion points Examples of
obtained references
- simplicity in concepts.
- difficulties in converting analytic
. . fractions in COD unit.
Chemical analysis : S
Physico- A _ _ (proteins, lipids - _problems in consu_jerlng only the
. fractionation " | biodegradable fraction of each Lubken et al 2007
chemical carbohydrates, Van : . .
! of the . : chemical fraction. Wichern et al 2008
analysis . Soest fractionation, . .
particular VFAs etc) - necessity of oher experiments for
and/or soluble ' estimating hydrolysis kinetics and
organic sometimes for assessing
matter into biodegradability.
ADM1 input - experimental simplicity
(proteins, - necessity for a theoretical input
- Elemental . .
lipids, constitution of the model including some mean Kleeberzhem et al.,
Elemental  polysaccharid substrate into C. H conversion factors which may 2006
analysis es, VFAs...) O Nand P """ depend on the substrate. Zaher et al 2009
eléments - problems in considering only the
biodegradable fraction of each
chemical fraction.
- applicable to most substrates.
A - influence of the operating
fractionation conditions on the results.
of the The monitoring of - the fractionation obtained is
substrate the methane generally less detailed than that
“Anaerobic COD into production rate required for ADM1 input. Yasui et al, 2008
) , fractions consecutivetoa  Therefore simplification of ADM1 1. Method of this
respirometry’ ; . :
whose pulse of studied is required. paper
degradation  substrate in a - simultaneous determination of
rates are source of biomass. ADML input variables, degradation
significantly kinetics and biodegradability.
different. - influence of biomass
characteristics on the results.
An ADM1 Modelling outputs approach limited for the treatment

Conversion of
another model

fractionation

in accordance

(fractionation) of
the substrate source

of wastes from a wastewater
treatment plant.

- need for model interface to Copp et al 2003

outputinto  with plant- in a plant-wide ; . Nopens et al 2009
; : : convert fractionations.
ADM1 input  wide modelling ; :
. . - particularly useful in the case of a
simulation approach. : . .
plant-wide simulation.
An overall L
fractionation - simplicity in concept
Physico- - applicable to most substrates
. of the COD, NH;-N, Nigtal ; i i
chemical : T - analytic fractions are directly
! particular and in influent, .
analysis based on COD and NHN units
4 soluble (reactor) and . . .
combined . ; - determination of biodegradable 2. Method of this
. - organic COD effluent; .
with online : . . fraction paper
and nitrogen biogas production . L
gas curve . - - simultaneous estimation of
R matter into monitoring on the R :
calibration ; kinetics possible
ADM1 input  plant et
procedure Cn - prediction of N-factors
and kinetic ; I
- suitable for full-scale application
parameter
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In a predictive context, batch tests can providegartant information (fractionation and
calibration). In a suitably set-up laboratory, Ibatests are a low-cost, and low labour alternative
gain understanding about a process. Firstly, tlaigep presents a specific adaptation of batch
experiments (“anaerobic respirometry”) which allowsbstrates characterisation in term of
fractionation and degradation kinetics. But, in tase of the modelling of a running digester, the
model fractionation and calibration can be adjustéti data from the reactor (degradation yields,
biogas production kinetics, etc...). In a second pérthis paper, a method for fractionation of
complex substrates and model calibration for fa#lls biogas plant simulation mainly on the basis
of COD, NH;-N and nitrogen balance in combination with onlgaes curve calibration is presented.

PART 1. ANAEROBIC RESPIROMETRY AS LAB-SCALE TESTS FOR
FRACTIONATION AND MODEL CALIBRATION

Materials and methods

Substrates. This study concerns the characterisation of soomemonly used substrates for liquid
anaerobic digestion : a piggery wastewater (PVi8its effluent coming from a food industry (FE),
a waste activated sludge (WAS) from a wastewatsatinent plant and a grass clipping waste
(GCW). These substrates were chosen for their itapbdifferences in term of COD composition.

“Anaerobic respirometric” tests. The principle of the “anaerobic respirometric’stee is the
identification of COD fractions and the kinetic pareters associated with their degradation based
on the interpretation of Methane Production RatdRYl curves obtained in batch experiments.
Theses curves are obtained with a pulse of substmtan important quantity of biomass (Yasui et
al., 2006 & 2008). To obtain MPR curves, 8 simitatch reactors with about 1L of working
volume were used. They were continuously mixed raathtained at 38°C. The biogas production
was continuously monitored by pressure measurem@&hes biogas composition was punctually
determined in term of CHand CQ contents by gas chromatography.

First, the reactors were filled with sludge frontdigester to supply anaerobic biomass. After one
day of MPR stabilisation, a pulse of substrate dase and MPR was monitored during 10 days.
After sludge filling and substrate pulse, the hpade of each reactor was purged with a gas
mixture of N and CQ (70/30). The quantity of substrate added was &ied to obtain a fixed
substrate/biomass ratio. For all the tests, thdgawsed to supply biomass came from a CSTR
digester fed with piggery wastewater (HRT=27 da@sR = 3.7 kgCOD/Meacto/d). To obtain
MPR curves specific of the substrate, MPR of a radntest obtained without susbtrate was
substracted.

Modelling approach

ADM1 simplification. Given the MPR curves obtained by “anaerobic respetry”, the framework

of ADM1 (Batstone et al 2002) is too complex in term of required fracaton. Most of the MPR
curves allow the visual identification of only tvdegradable fractions (one slowly and one readily
biodegradable). So, a reduced order model was remfj@nd a modelling approach based on a
simplification of ADML1 is proposed. VFAs fractiomgere preserved because it is possible to assess
them by chemical analysis. For upstream steps,qus\ests have shown that for long chain fatty
acids degradation, acidogenesis was the limitiep sthereas acidogenesis was not limiting for
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monosaccharides and amino acids. So to allow thalation of fatty and non-fatty substrates with
the same model, we considered two degradation Wwajsre VFAs degradation: one for fatty
substrates and another one for the other substrBtesh way was decomposed in two COD
fractions including a fraction for which the hydysis step is limiting (X fraction) and another for
which the hydrolysis step is not limiting (S frawt). In contrast to ADM1, the parallel ways for
proteins and polysaccharides degradation are megpgeg= Xy + Xech and G = Sa+ Sy and all

the associated stoichiometric coefficients are ayed. This ways was used to simulate non-VFAs
biodegradable COD degradation of non fatty subesdrdtipids fractions (Xand $=S.) were kept

to simulate non-VFAs biodegradable COD degradatibriatty substrates. Xwas kept to map
decayed biomass. This model was implemented ialS®il

The biomass growth was supposed to depend onlyamnalss origin and not on substrate. So, the
kinetic parameters for growth of each considereaniss was previously calibrated using data from
MPR curves obtained in “anaerobic respirometry”hw#ome specific substrates: acetic acid,
propionic acid, butyric acid, glucose and oleicdadcCalibrated parameters are given in Table 2.
Kinetic parameters of hydrogenotrophic methanogenelecay and biomass disintegration were
taken in default parameters of ADML1.

Table 2. Model parameters obtained after model calibration.
Parameter |kac km pro km c4 km nli km li Ks ac Ks pro Ks c4 Ks nli Ks li

Units Kgto/kgeor/d kgeoo/m”
Value 4.8 7.8 12.0 30 14.( 1.2 0.1 0.1 0.5 1.2

Modelling of MPR curves and fractionation of subg#s To simulate MPR curves obtained with
“anaerobic respirometry”, the initial state of #ladge was firstly obtained by the simulation & th
digester from which the anaerobic sludge was takdter that, the fractionation of the substrate
was obtained by the optimisation of the simulatioih MPR curves. For this, initial VFAs
concentrations were fixed by chemical analysis.nTHer non fatty effluents (PW, WAS and
GCW), the rest of biodegradable COD was only carsid as X, S.i and X while for fatty
effluent, it was only considered as; X § and X. Consequently, in each case, 3 parameters
corresponding to x; and S.i (or X; and ) and the hydrolysis constant associated to X
degradation were determined by optimisation of MR curves. COD balance with chemical
analysis was maintained by mapping the residue@D @ X;. The objective function used for the
automatic optimisation of the simulation of MPR\®s was the sum of the squares of the minimal
distances between each experimental point andrthdaged curve. This distance was considered in
two dimensions (MPR and time) to consider lags.

Results and discussion

Effect of substrate/biomass ratiMPR curves were obtained for piggery wastewatediff&rent
substrate/biomass ratio to investigate the effé¢his parameter. For this, the amount of biomass
was determined by a constant volume of anaerobags! and the quantity of added substrate was
changed. In each case, a kinetic fractionationhef substrate and hydrolysis constants were
automatically determined to allow the best simolaf experimental curves. For this fractionation,
we considered that the biodegradable COD of tHistsate was only distributed in VFAs (chemical
analysis), 8 iand X, ji. For each ratio, the obtained fractionation iegivn Figure 1 with a visual
comparison of the experimental and simulated MPResufor each substrate.
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Figure 1. Input fractionation obtained for PW after optintiea for different operational conditions
and the associated comparison between experin@rdaimulated MPRSSf, = Sic+ S0+ Su+ Sa)

Except for the fourth run, the simulation well repents the experimental MPR curves and the
fractionations obtained are close. Concerning tiRRN\f the fourth ratio, inhibitions could explain
the observed data. For example, the simulated gdr@oncentration in the sludge for this ratio
causes an inhibition of propionate acidogenesisieMbeless, hydrolysis constants are different
even for the first three ratios. This is probabliedo the low proportion of X in biodegradable
COD (about only 25% of the biodegradable COD) whirafuce an important relative incertitude
on the end of the MPR curve resulting in diffickiibetic estimation. According the results, a ratio
between 2 and 7 gCQlsraitlsiudge CAN be considered as favourable for the fractionaflhis
range, representing from 1 to 3 times the orgavaclihg rate (considered as biodegradable COD)
of the digester which supplied the anaerobic sluggerobably specific to the sludge used.

Fractionation of some substrateg o highlight the interest of this method, sontieeo commonly
used substrates were characterized by “anaerogporoenetry” using the ratio defined previously:
waste activated sludge (WAS), fatty effluent (FE) avastes of grass clippings (GCW). The
obtained MPR curves and the associated charadtenzze presented in Figure 2 and Table 3.

Table 3. Input fractionation obtained for studied subssdig “anaerobic respirometry”.

Substrate Substrate pulse  Sy* Shii. Xo i Knyd_nii Si. Xii. Knyd i Xi
(9O2ioded/Lsiuagd  (90/kg) (gOu/kg) (9O/kg) ()  (gO.kg) (9O./kg) (dh (9G./kg)
WAS 3.9 0 16 26 0.15 0 0 - 33
GCW 3.1 0 225 92.5 0.3 0 0 - 196
FE 6.1 2.4 0 0 - 157 97.5 0.45 0

* Sta=Sct St Sut Sa
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Figure 2. Comparison between experimental and simulated MiPRaned for WAS (A), FE (B)
and GCW (C) after optimisation of the input fracmion.

In spite of very different substrate charactersstand biodegration kinetics, the adapted model
allows a consistent simulation of MPR curves olgdinfor all substrates and permits, in
combination with the experimental results, to deiae a fractionation and a hydrolysis constant
for each one. The obtained fractionation for WASjiste equally distributed between X and S
fractions. For GCW, biodegradable COD is mainlytrihsited in the X fraction, whereas for FE, it
is mainly distributed in S fraction. These resuliee consistent with the origin and the
characteristics of the substrates. For WAS andti& piodegradable COD observed is consistent
with data from BioMethane Potentials (BMP) measwsts while for GCW and PW, the
biodegradable COD is underestimated using our ndelbgy in comparison to BMP results. This
difference could be explained with the presenca wéry slowly biodegradable COD fraction, for
which the degradation is not significant during shione experiments of “anaerobic respirometry”.
According to our results, no correlation betweenr X fractions and physico-chemical analysis can
be found. This fractionation seems to be mainytrmded by substrate accessibility.
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The next step of this work will be to adapt the middr co-digestion modelling and to validate the
method by comparing the predictive data with expental results.

This method is especially suitable in a predictstedy. But in the case of the modelling of a
running digester, the model fractionation and catibn can be adjusted with the monitoring data.
This approach is developed below.

PART 2: APPROACH ON INPUT FRACTIONATION IN ADM1 AND MODEL
CALIBRATION USING FULL-SCALE PLANT DATA

Materials and methods

Plant description.The Gemuse Meyer Company'’s treatment plant prosesgetable residues and
wastewater arising in the production of food. Thenpconsists of two digesters (mesophilic, 38°C/
thermophilic, 52°C), two sludge enrichment react¢(8ER) and a downstream aerobic SBR
treatment unit (Figure 3a). The digesters are &liantially in parallel. At the end of a cycle only
the supernatant liquor with lower concentratiorMidfSS is led into the corresponding SER after a
mixing pause, and then remains there for furtheinsentation. After this, the SER supernatant
liquor is led into aerobic SBR treatment unit. Tegimented sludge is fed back into the digester
resulting in an enrichment that allows the processif very low-concentration substrates.

Measuring campaign. Intensive measuring campaigns were performed imdt &hour cycles
(Riesebieter, 2008). The sampling points are showhigure 3b. The measured parameters are
listed in Table 4.

a b

- basin for algal mass culture
- sludge storage tank buffer tank  dosage system
- machine building for biosolids
- clear water storage
- buffer tank

- digester |

- digester Il

- SER

0-SBR

= O N0 O WN =

mixing unit

digester
TR oy (\ T

6 ) ' N\

) IS SmA

- | "
L E

Figure 3 Overview of process Gemuse Meyer wastewater tredtpiant (a) and sampling points

(b)
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Table 4 Measurements from the biogas plant

Type of measurement Parameter

Off-line CODytal, Niotal, NH4-N, Pota, PQi-P, MLSS, VS

On-line level and flow online sensors (biogas Bauids), weight (biosolids),
pH and temperature sensors, measurements of ggsosiion and
pressure

Model selection and evaluation of model structufde ADM1 model was chosen for simulation

(Batstone et al., 2002). The plant model and thefigoration were set up iSIMBA’ Version 5.2
including both digesters, SERs and relevant cyiciegjies.

Fractionation and calibration of the modelFractionation and calibration were performedam
iterative process on the basis of nitrogen,sMHand COD balancing. First the inpup.and X%
was estimated in accordance to Lubken et al. (2@6d)Wichern et al. (2008) using the German
animal feed analysis (Naumann et. al., 1993). & estimated that the vegetable input consists of
80% carrots and 20% potatoes on average. The sumerbffractions was estimated on the basis of
measured COD degradation rate and low surplus sladgpunt. Swas calculated as approximately
90% of the filtrated effluent, the residual was sidered as X The residue of the measured
CODyotas Was considered asqX Measured values of NFN were used for . Since one third of
the input consists of process water including valglet residuals and cleaning chemicals which is
prehydrolysed due to the storage in the buffer ,tdow pH values were always measured.
Therefore it was assumed that part of the,Xpr and X, was already hydrolysed and available as
Ssy Siaand Q. Sicwas used to fix the low pH value in the influent.

A prerun was constructed on the basis of measwedage input values and previous influent
amounts. During steady state calibration, furtlee tuning was achieved in accordance with the
online data calibration procedure as outlined imf&-Holm et. al. (2006) using both online and
offine measurements of Table 4. First the COD ealin the digester and SER effluent were
adjusted by reducing and $ Then the Nt and NH-N values were calibrated by changinggX

or the N contents of X Xpr, S and X. The content of the process water soluble frastimas
estimated using cycle-specific online gas curvaekics by Batstone et al (2002) were used for the
mesophilic and thermophilic digesters.

Simulation studiesThe previous adjusted prerun using average valassused to perform studies
for analysis of optimization potential regardindfelient incubation temperature, amounts, loads
and different cycle lengths.

Results and discussion

Measuring campaignThe measured data is summarized in RiesebieteB)280d average values
are listed in Table 5. It is obvious that the meaduCOD load is much lower then the designed data
on average, whereas measuregl,Nnfluent is much higher (Table 5). Although theun was
homogenised and pretreated by hammer midiyNalues in the input were lower than those in
digesters and SERs. We suggest that digestiongliki, analysis in the influent was too low. In
addition, COD degradation rate calculated on treshaf influent and effluent COD concentrations
had to be corrected due to losses of MLSS in degestluring special SER operation mode
throughout the measuring campaign. Overall, MLSBesresulted in good correlation with COD
measurements (Table 5). With regard to the high@b Glegradation rate, it has to be considered
that sludge enrichment in thermophilic digesters Wgher than in mesophilic digester (Table 5)

8
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Table 5 Mean values omeasurements on Gemuse Meyer plant

. Design Digester | Digester Il

Parameter Unit data Input (mesophilic) SER | (thermophilic) SER I
COD [g/L] 127 65.4 16.1 14.7 20.0 14.3
VS [g/L] 71 48.9 9.2 8.6 11.4 8.0
MLSS [g/L] 55.8 16.5 15.5 20.8 15.1
Niotal [mg/L] 630 990 1131 1133 1274 1178
NH2-N [mg/L] 65 332 334 545 528
Degradation 0
rate COD [%0] 78.7 80.4

. [Nm3kg
Gas production CoD] 0.591 0.643
Content of
CHa [%0] 51 51

Fractionation and calibration. The COD fractionation of input which gave the bakgnment
during simulation with measured data so far is ghow Table 6. As expected, most of COD
influent is included in ¥y; ca. one third is of soluble fraction due to prtoyysis of the process
water in buffer tank including.sfor adjustment of influent pH value.

Table 6 Fractionation of influent

Fraction S Sa S S S Xi  Xcu  Xpr Xy
Concentration mg/L 17.7 3.8 16 03 23 39 2789 524
Fraction % of COR 27.0 5.7 2.4 0.5 34 59 424 9.0 3.7

Figure 4 illustrates results after calibration ottbthe digester and SER up to now. The simulated
data for digester | and SER effluent in respectgaté production, COD, {H and NH-N
concentration are already in very good compliande wmeasured data (Figure 4a, c, d). COD in
digester Il and SER effluent was slightly too lomhereas M was slightly too high (Figure d, f).
This implies that Xis still a little underestimated and theritrogen content perhapso high. The
COD degradation rate and gas production found Hher mesophilic digester was 77.4% and
0.59 Nnilkg COD, for the thermophilic digester 79.9% ané1@ Nni/kg COD was simulated,
which complies well with measured data (Table &Gg#&ding the total gas production curve, the
first gas peaks generated by soluble fractions W@mer than measured data in both digesters
(Figure 4a). Therefore increasing soluble fractionght give an even better fit in the gas curve.
However, both the simulated total gas productioro@m per cycle and the GHontent in both
digesters complied well with measured data (Figllse Nevertheless, results clearly show that
calibration based on nitrogen, N and COD content in the influent, digester anfiueht in
combination with online data calibration procedasedescribed in Ronner-Holm et al. (2006) is a
convenient method for calibration of ADM1 modelspecially for mixed substrates in SBR
technology. In actual fact, methods described blykieia et al. (2007) and Wichern et al. (2008) as
well as fractionation according to Henze et al.0@20yielded no suitable match with the measured
data. Further subsequent iterative calibration ssteglditional measurements for validation and
repeating studies will give information about thenstivity of the model and necessity for
accuracy.
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Figure 4 Calibration results for total gas production digest(a), thermophilc digester Il (b), COD
in digester | (c), COD effluent SER Il of digestefd), N @and NH-N in digester | (€) and MNa

effluent SER 11 of digester II(f).

Optimization studies.The simulation analyses of 4 and 8-hour cycledeuiow- , middle- and

high-concentration loading situations (Table 7) vebo that constant 4-hour cycles in
mesophilic/thermophilic digesters in parallel opiera mode gave slightly higher COD degradation
rate and CHhl production than 8-hour cycles. Additional analysfs2-hour cycles showed even
better results for low and middle-concentratioriuaft situations, but not for high-concentration
loads. On average, a thermophilic digester couttleanearly twice as much load as a mesophilic

10
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digester before inhibition occurred (Table 7). Hoer designed input values were exceeded with
these results. In addition, simulation results gsiecently measured influent conditions confirmed
findings at the plant and validated the good qualitthe model.

Table 7 Simulated CH production and COD degradation in 4-hour cyclesgimmaximal loads

COD Influent COD CH, COD
concentratioramount load  productiondegradation

Input Digester kg/m’]  [m%d] [kg/d] [m3/d] %
Low-concentration mesophilic 65 54 3500 1037 77
oy et amount thermophilic 65 123 8000 2322 76
Middle-concentration mesophilic 138 87 12000 3455 77
COD rising. thermophilic 158 135 21000 6083 79
rising influent amount p
High-concentration mesophilic 361 36 13000 3871 80
COD rising, thermophilic 694 36 25000 7794 83
constant influent amount p

OVERALL DISCUSSION AND CONCLUSION
Input fractionation and calibration are crucial pstefor the modelling of anaerobic digestion
processes with ADM1. Suitable either for researobjgets or full-scale applications, methods
should be convenient, reliable and informative.

The first method presented (“anaerobic respiromietgises the issue of the model choice and the
opportunity for using a model as complex as ADMd dptimization studies. In this case, ADM1
was simplified according to the experimentally itiggble fractions. The model obtained retains
enough flexibility to allow the modelling of sigmeant different MPR. Future experiments will
evaluate the relevance of “anaerobic respirométryietermine input parameters of a model used
to predict full-scale digestion results.

On the other hand, presented results of full-seakdysis clearly show that fractionation based on
the balancing of the da, NHs-N und COD concentrations according to measured ffatm the
influent and effluent is especially important fottraordinary, mixed substrates. Additionally, the
online data calibration procedure on the basisniihe data gas production curves can be used for
more detailed characterisation of the substrate lkanetic parameters, especially for sequential
batch reactors. By this means, the amount and pax@e of fast and slowly-degradable substrates
can be better estimated. The ADML1 is suitable fainoization analyses and for developing new
regulation strategies as shown for full-scale apions.

The substrate characterisation step is cruciablfiothe modelling approach. In addition to the two
methods presented in this paper, many other melbgies have been developed since the ADM1
publication (Tablel). To develop a “good modellipgactice” approach for anaerobic digestion
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modelling, it would of great interest to comparea@cterisation (in terms of fractionation and
calibration) and modelling results obtained withckeaon similar substrate. Even if each
methodology can be associated with a validity domthie two examples developed above seem to
underline the fact that synergies between the rdiffemethodologies can improve characterisation
and also simulation results.

ACKNOWLEDGEMENTS

Part 1 of this study was part of the BIODECOL2 podjsupported by the French PSDR (Pour et
Sur le Développement Régional) Program. The sientiork for part 2 at plant Gemise Meyer
Company was funded by the German Environmental ¢ation “Deutsche Bundesstiftung
Umwelt” DBU for LimnoTec Abwasseranlagen GmbH (nefimber AZ 25907). The responsibility
for the content of this paper lies with the authors

REFERENCES

Batstone D.J., Keller J., Angelidaki I., KaluzhryiV., Pavlostatis S.G. Rozzi A., Sanders W.T.Meg8st H., Vavilin (2002)
Anaerobic Digestion Model No.1, Scientific and Teal Report No.13, IWA Publishing, ISBN: 1 900222 7

Copp, J.B., Jeppsson, U., Rosen, C., 2003. TovardsSM1 — ADM1 state variable interface for plaritevwastewater treatment
modeling. In: Proceedings of the 76th Annual WERfétence and Exposition (WEFTEC), Los Angeles, USA.

Henze M., Harremoes P., Jansen J.IC., Arvin E.Zp0astewater Treatment. Biological and ChemicatPsses. Springer

Kleerebezem R., Van Loosdrecht M.C.M. (2006) Wasaracterization for implementation in ADMWater Science and
Technologyp4 (4), 157-174.

Libken M., Wichern M., Schaltmann M., Gronauer Warth H., (2007) Modeling the energy balance ofaaaerobic digester fed
with cattle manure and renewable energy créyester Researchil, 4085-4096

Naumann C., Bassler R., (1993) Die Chemische Umtersng Von Futtermitteln, VDLUFA-Methodenbuch BdiidDarmstadt."

Nopens, |., Batstone, D.J., Copp, J., JeppssorValke, E., Alex, J., Vanrolleghem, P.A. (2009). ASM/ADM model interface
for dynamic plant-wide simulationVater Research3(7), 1913-1923

Riesebieter H., (2008) Balancing of biogas produrcty the help of Input-Output analysis COD, V&dNand Ry for biogas plant
of Gemiise Meyer Company, Diploma Thesis, Universithpplied Sciences Ostwestfalen-Lippe

Ronner-Holm S., Mennerich A., Holm N. (200&pecific SBR population behavior as revealed bypgamative dynamic simulation
analysis of three full scale municipal SBR wastewateatment plant¥Vater Science and Technolo§4 (1), 71-80.

Wichern M., Gehring T., Fischer K., Andrade D., kéh M., Koch K., Gronauer A., Horn H., (2008) Moaohentation of gras
silage under mesophilic conditions: Measurementisraathematical modeling with ADM1, Biores. Tedh0, 1675-1681

Yasui, H., Sugimoto, M., Komatsu, K., Goel, R, ¥iY., Noike, T. (2006). An approach for substratepping between ASM and
ADML1 for sludge digestionWater Science and Technolo§¢(4), 83-92

Yasui, H., Goela R., Lib, Y.Y., Noikec T. (2008).0dified ADM1 structure for modelling municipal prary sludge hydrolysis.
Water Researchi2 (1-2), 249-259.

Zaher U., Buffiere P., Steyer J-P. and Chen S.qp@0procedure to estimate proximate analysis ofethiorganic waste®Vater
Environment ResearcB1(4), 407-415.

12



