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Introduction

Biodrying is an aerobic process during which the moisture content of waste is reduced while the
degradation of organic waste is kept to a minimum.

The present research is an attempt to numerically model an aerobic bio-oxidation (biodrying)
process based on relevant experimental data published in the literature.

Moisture content removal and generation of carbon dioxide and ammonia during the biodrying
process were examined.

Furthermore, the potential of the biodrying process to produce a high quality refuse-derived
fuel (RDF) product is discussed.



ARRRRRRRRRRRRNLE, e

ARLEARLRRARARAAY

4 AVARARARAR LR
Sy 10T -—w

Mecharcal
Refinement
section







Deflection (mm)

-60 =50 -40 -30 =20 =10 0 1
T T 1 T 0
3\ WAL
| \ ' | N
H \ .;l L 4
A I N
| Ij 1 : I . Carter et al. (2000) presented the results of a competition conducted by the German
PR : 'f . 8 Society for Geotechnics. Packages of information were distributed to consulting
' i .’ o engineers and university research groups. The participants were asked to predict
Jf i . 2 the lateral deflection of a tie-back shoring wall for a deep excavation in Berlin.
+ l i I .;' 12 =7 During construction, the actual deflection was measured with inclinometers. Later
: EO , . g the predictions were compared with the actual measurements. Figure 2-5 shows the
\ v ; ,' = best eleven submitted predictions. Other predictions were submitted, but were
1\ Vol \ 1 ° % considered unreasonable and consequently not included in the summary.
ARk : - : y A .
\:-_ "',_ ! A\ 3 There are two heavy dark lines superimposed on Figure 2-5. The dashed line on
NET \'r 0 = the right represents the inclinometer measurements uncorrected for any possible
\ N \ X base movement. It is likely the base of the inclinometer moved together with the
AN \ \ o4 base of the wall. Assuming the inclinometer base moved about 10 mm, the solid
ANAYA UL Y heavy line in Figure 2-5 has been shifted to reflect the inclinometer base
ATAYERY \
compluted EANR \ \ movement.
v\ -8
measjred '\ ‘\' \ \ .
.\ ‘ I:\
l{ \ 'l \l \' a2
-60 =50 -40 -30 =20 =10 0

Figure 2-5 Comparison of predicted and measured lateral movements of a
shoring wall (after Carter et al, 2000)



Materials and methods

For the purposes of numerical modeling, the brand-name (e.g., SuperPro Designer) software package was
chosen. Within the software, the well-mixed (WM) stoichiometric aerobic bio-oxidation procedure was
selected (Figure 1).
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The biodrying process can be described with the following chemical equation:
a b c a c
CaHaOpN, + (n+2 =2 = 35) 0, + H,001) - nCO; + (5 — 35) H,0 + cNH; + H,0(g)

where C,,H,0,N,. is the chemical formula of the organic waste

The representative chemical formula of the organic portion of municipal solid waste in Croatia is:

C37,67H58,51020,58N
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For the obtained chemical formula, the chemical equation of a 100% completed biodrying process with
exact stoichiometric coefficients was established:

It can be easily calculated that 41.26 molecules of oxygen weighs 2.19234x10-%" kg and one molecule
of organic waste material weighs 1.41926x10-?7 kg.

Therefore, for complete aerobic biodegradation of 50 kg of organic waste material, it follows that
77.37 kg of oxygen or 331.65 kg of air is needed.
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Only a minor portion of the initial organic waste mass is transformed into these chemical compounds,
while a majority of the input organic waste materials remains unchanged.

Thus, to simulate only partial degradation of organic components during the biodrying process, the
reaction extent option, which is available within the WM procedure, has been used as a limiting factor.

Within the WM stoichiometric aerobic bio-oxidation procedure, the reaction extent option can be used
to stop the chemical process at a specific percentage and establish stoichiometric equilibrium at that
point.

Thus the reaction extent, in conjunction with percentage of vent emissions of water vapor, were adjusted
in order to simulate laboratory (1:7) and field (1:2.7) volatile solid consumption and water removal
ratios.

The targeted mass reduction for both probes was set to 25% of the initial mass.



BIODEGRADE-1 (Stoich. Aerobic BioOxidation) in P-2
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Stream 5-107 (P-2 --= QUTPUT ) ped

Composttion. etc.  Physical State  Env.Propetties  Comments H
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Stream 5-106 ( P-2 --> OUTPUT ) *
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25000 Regarding RDF quality, Quaak et al. [13]
presented the general relationship between
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Based on published data, along with the results obtained within the numerical model in the
present study, it is anticipated that, after completion of the biodrying process, the RDF produced can

be classified as Class 4, with a lower heating value close to 10,000 kJ/kg.




Conclusion

The removal ratio between volatile solids and water, with respect to the small differences in the final moisture
contents obtained in Probes 1 and 2, does not seems to be a vital parameter. However, to obtain energetically
reach product and to reduce the impact of the biodrying process on the environment as much as possible, it is
crucial that the removal ratio between volatile solids and water during the biodrying process strongly favors
water removal.

It is anticipated that under more realistic (large-scale field) conditions, the generation of carbon dioxide and
ammonia will be approximately 2.5 times greater than that under optimal small-scale laboratory conditions.

Since biodegradation ceases at moisture contents less than 20%, it is highly unlikely that RDF material obtained
via biodrying can be classified as Class 3 RDF or higher. To achieve RDF material of Class 1, 2, or 3, it is
necessary to apply an additional (external) heat source.

With respect to the model used, the possible extensions are wide, including, for example, additions of an air
conditioning system, a biofilter, an external heat source or any combination of such.



