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Resource recovery and stabilization of waste organic matter before landfilling are crucial issues in waste
management. These requirements are closely related to efficient separation of recyclables and well oper-
ated biological processes. Adequate analytical methods are a prerequisite to verify the realization of these
purposes. A large data pool of mechanically–biologically treated (MBT) municipal solid waste originat-
ing from different Austrian treatment plants was investigated using simultaneous thermal analysis that
comprises thermogravimetry/mass spectrometry (TG/MS) and differential scanning calorimetry (DSC).
Biodegradation of MBT-waste is paralleled by decreasing enthalpies. Referring to organic matter enthalpy
increases with progressing stabilization. Evaluation of thermal data was supported by multivariate data
analysis. The efficiency of the biological pretreatment of municipal solid waste (MSW) compared to
untreated MSW in landfills was verified by principal component analysis (PCA) of heat flow (DSC) profiles.
Divergent input materials were identified by means of heat flow profiles and discriminant analysis (PLS-
DA). Prediction models for the calorific value and the TOC (total organic carbon) based on DSC-profiles

2

LS-DA)
and partial least squares regression (PLS-R) resulted in a good correlation (R = 0.94 in both cases). The
root mean square errors of crossvalidation were 413 J g−1 and 1.5% referring to dry matter, respectively.
Respiration activity (RA4) was reflected by thermal analyses. The correlation was based on mass spectra of
volatile combustion products and DSC-profiles. The correlation resulted in a coefficient of determination
(R2) of 0.87 and 0.82 respectively. Thermal analysis in association with multivariate statistical methods
has proven to be a reliable method to verify efficient separation of the plastic fraction, stabilization by

waste
biological treatment and

. Introduction

The European concept of a multi-barrier system for safe waste
isposal has led to corresponding regulations in Austria. The Aus-
rian Landfill Ordinance [1] requires the thermal or mechanical
iological pretreatment of municipal solid waste (MSW) before

andfilling that takes place after an as efficient as possible sep-
ration of the recyclable fractions resulting in “residual waste
resMSW)”. With several exceptions the pretreatment has been
ealized since 2004. In Austria 692,000 tons a year of munici-
al solid waste are processed by mechanical biological treatment
MBT). The mechanical step aims at separation of the materials that

nterfere with the biological process and at recovery of recyclables
ncluding the light plastic fraction for thermal use. The biological
rocess effects stabilization of organic matter by microbiologi-
al degradation which results in mineralization [2], enrichment

∗ Corresponding author. Tel.: +43 1 3189900 345; fax: +43 1 3189900 350.
E-mail address: katharina.boehm@boku.ac.at (K. Böhm).

040-6031/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.tca.2010.01.015
material composition.
© 2010 Elsevier B.V. All rights reserved.

of hardly degradable substances and humification [2] to a certain
extent. Mineral compounds contribute considerably to the stabi-
lizing effect [3,4]. Stabilization of organic matter before landfilling
reduces greenhouse gas emissions and metabolic products in the
leachate significantly. The efficient separation of the high caloric
fraction (plastics) and the sufficient stabilization are verified by
the compliance with limit values according to the Austrian Landfill
Ordinance [1]. For the first purpose the calorific value was limited
to 6600 kJ kg−1 referring to dry matter. It is usually measured by
the bomb calorimeter [5]. Stability is verified by biological tests
in waste management practice. Respiration activity (RA4) reveals
the oxygen uptake by microorganisms over a 4-day-period. The
gas generation sum over a 21-day-period (GS21) indicates the gas
forming potential under anaerobic conditions [6].

New analytical approaches for waste characterization and

description of the behavior are research topics. Enzyme activities
during olive mill waste composting were determined by Cayuela et
al. [7]. Quantification of enzymatic activity was reported by Bastida
et al. [8] who evaluated the long-term effect of the organic frac-
tion of municipal solid waste on a semiarid degraded soil in Spain.

http://www.sciencedirect.com/science/journal/00406031
http://www.elsevier.com/locate/tca
mailto:katharina.boehm@boku.ac.at
dx.doi.org/10.1016/j.tca.2010.01.015
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Table 1
Sample ID, sample number, origin and input materials.

Sample ID Number of samples Origin Input materials

MBT-total 330 17 Austrian MBT plants resMSW/resMSW + SSL/resMSW + SSL + BIO
MBT-on 301 out of 330 MBT-materials from different plants of

ongoing processes
resMSW/resMSW + SSL/resMSW + SSL + BIO

MBT-lf 29 out of 330 Stabilized MBT-materials intended for
landfilling from 17 MBT plants

resMSW/resMSW + SSL/resMSW + SSL + BIO

MBT-C 18 out of 330 Austrian MBT plant C resMSW
MBT-D 25 out of 330 Austrian MBT plant D resMSW
MBT-J 16 out of 330 Austrian MBT plant J resMSW
MBT-M 30 out of 330 Austrian MBT plant M resMSW + SSL + BIO
MBT-O 22 out of 330 Austrian MBT plant O resMSW
MBT-R 12 out of 330 Austrian MBT plant R resMSW
oLF 58 Old reactor landfills from the 70s MSW + construction waste
rLF 20 Recent reactor landfill (2004–2007) resMSW without mechanical biological treatment
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SSL 1 Austrian water trea

SW = municipal solid waste without any separation of recyclables and pretreat
SL = sewage sludge, BIO = biogenic waste.

part from a variety of spectroscopic methods [9–14] simulta-
eous thermal analysis has proven to be appropriate for process
ontrol and stability determination of waste organic matter. The
fficiency of leachate recirculation was investigated by Franke et
l. [15] using pyrolysis/GC in association with mass spectrome-
ry. These techniques were also applied by Dignac et al. [16] and
onzales-Vila et al. [17]. Investigations of organic matter evolu-

ion in compost focused on pyrolysis FI-MS [18]. Thermogravimetry
TG) and differential scanning calorimetry (DSC) were found to
e reliable methods for monitoring aerobic biological processes

n waste technologies [19–22]. Stabilization of sludge from waste-
ater treatment was characterized by Otero et al. [23] using TG.
ultivariate data analysis is an indispensable tool for the eval-

ation of large data pools generated by such methods [24,25].
hermal decomposition steps of a co-polymer were determined
sing Pyrolysis/GC–MS and TG/MS data and principal component
nalysis [26]. Conventional and spectral data of different waste
aterials (municipal solid waste, compost, landfills) have been

valuated by means of several multivariate statistical methods.
ifferentiation of compost classes was supported by thermogravi-
etric investigations [27]. Principal component analysis has been

pplied to reveal the inherent data structure [28–32], partial least
quares regression for parameter prediction [33–39] and soft inde-
endent modeling of class analogy (SIMCA) for waste classification
33,40].

Simultaneous thermal analysis provides comprehensive infor-
ation on complex waste materials due to the high number of

enerated data points that reveal physical and chemical proper-
ies that are related to the biological behavior. The application of

ultivariate statistical methods supports the detection of inherent
eatures and the evaluation of the data pool according to different
spects. The aim of this study was to characterize a large sample
et of MBT-waste originating from Austrian MBT plants by ther-
al analysis, biological tests and conventional parameters such as

oss on ignition and total organic carbon (TOC), and to demonstrate
everal approaches of data evaluation. Relevant questions in waste
anagement focus on the compliance with limit value in terms

f material stability for safe disposal and on waste composition to
dapt process operation in practice. Principal component analy-
is (PCA), discriminant analysis (PLS-DA) and partial least squares
egression (PLS-R) were applied for process monitoring and evalu-
tion, control of input materials and parameter prediction.
. Materials and methods

Sampling took place according to OENORM S 2123-1 [41]. Sam-
le ID (MBT-X = individual plant indicated by a capital letter),
t plant Sewage sludge

resMSW = residual municipal solid waste after partial separation of recyclables,

sample numbers, origin and input materials are compiled in Table 1.
Seventeen Austrian MBT plants were represented by different num-
bers of samples. Depending on process operation different stages
of degradation (weeks of treatment) were available. In total 330
MBT-samples were collected. “MBT-on” comprises 301 samples
from ongoing processes from all 17 MBT plants. “MBT-lf” repre-
sents the stabilized MBT-materials intended for landfilling from all
17 MBT plants including 29 samples. Samples from 5 MBT plants
(MBT-C, MBT-D, MBT-J, MBT-M, MBT-O) were used for specific data
evaluation and highlighted in Table 1. These 5 plants provide 111
samples in total. The other 12 MBT plants provide 219 samples.
For comparison reasons old landfills (oLF), a recent reactor land-
fill (rLF) and anaerobically stabilized sewage sludge from a waste
water treatment plant were included.

2.1. Sample preparation

Fresh MBT-materials were shredded <20 mm. For the determi-
nation of respiration activity (RA4) the fresh sample with a particle
size of <20 mm was used. For chemical and thermal analyses the
material was dried at 105 ◦C and milled by a multi-stage proce-
dure to obtain a particle size of 0.25 mm for reproducible results as
described by Smidt et al. [42].

2.2. Chemical and biological investigations

The loss on ignition (LOI) was determined by combustion at
550 ◦C in a muffle furnace. Total carbon (TC) and total inorganic
carbon (TIC) were quantified by combustion in a CNS analyzer
(vario MAX CNS, Elementar Analysensysteme GmbH, Hanau, Ger-
many). Total organic carbon (TOC) was calculated by subtraction
of TIC from TC. Respiration activity (RA4) was investigated accord-
ing to OENORM S 2027-1 [43]. For respiration activity the oxygen
uptake is recorded for 4 days and referred to 1 g dry matter (DM).
Reference analyses of the calorific value were carried out for 150
samples according to DIN 51900-1 [5] with the bomb calorimeter.
The samples were randomly selected and covered the whole range
of reactivity.

2.3. Simultaneous thermal analysis

Thermal analyses (thermogravimetry/mass spectrometry,

TG/MS and differential scanning calorimetry, DSC) were per-
formed under oxidative conditions using the instrument for
simultaneous thermal analysis STA 409 CD Skimmer (Netzsch
GmbH) with a coupled mass spectrometer (QMG 422). The heating
rate was 10 K min−1 and the gas flow was set to 120 ml min−1
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Table 2
Ranges of RA4 (mg O2 g−1 DM), LOI (% DM) and TOC (% DM) in MBT-samples from the
ongoing process (MBT-on) and from the materials intended for landfilling (MBT-lf).
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E. Smidt et al. / Thermoch

80% He/20% O2). Weekly temperature and heat calibration were
arried out by means of melting temperature of indium and zinc.
n extended monthly calibration using the calibration set (Netzsch
alibration set for DTA/DSC) comprises 6 relevant metals for
he temperature range from 30 to 1000 ◦C. A sample amount of
6.00 mg of MBT-material was combusted in an Al2O3 pan. Heat
ow (DSC) profiles of the samples were corrected by subtraction of
he DSC-profile of the empty pan from the sample curve. For data
diting the integrated software (Proteus for TG and DSC, Quadstar
2-bit for MS) was used. Enthalpies were calculated by integration
f the area below the DSC-curve and a horizontal baseline from
0 to 650 ◦C. Enthalpy was referred to dry matter (DM) and
rganic dry matter (ODM). In this case ODM derived from mass
osses (TG) between 30 and 650 ◦C. Additionally enthalpies of the
st exothermic reaction E1 (30–400 ◦C) and the 2nd exothermic
eaction E2 (400–650 ◦C) were calculated separately. The two main
xothermic reactions that roughly represent two fractions of MSW
rganic matter are separated by a minimum at 400 ◦C.

Mass spectra of volatile combustion products were recorded in
he range of m/z 12–100 . The ion current of masses that could be
ssigned to O2 (gas flow) and water (m/z 16–18, 32) due to the
rder of magnitude was not included in data evaluation. Ion cur-
ent intensities were weighed for multivariate data analysis. All
nvestigations were carried out in duplicate.

.4. Statistical and multivariate data analysis

A one-way ANOVA was performed using R-projects for
indows® (http://www.r-project.org/). Furthermore a post hoc-

est which produces multiple comparisons between means of a
actor was carried out. A Dunnett–Tukey–Kramer test was per-
ormed due to unequal size of sample sets [44]. Multivariate data
nalysis was carried out by means of the Bruker OPUS 5 Quant2®

oftware package for prediction of the calorific value and the TOC by
artial least squares regression (PLS-R) and DSC-data. The software
nscrambler 9.2 (Camo) was applied for prediction of respiration
ctivity by PLS-R and MS-/DSC-data, and for principal compo-
ent analysis (PCA) and discriminant analysis (PLS-DA) based on
SC-data. For the PCA the whole temperature range (30–950 ◦C),

or PLS-R and PLS-DA the temperature range from 30 to 650 ◦C
as used. By means of the PCA the complex information of the
riginal variable set is reduced to a smaller number of latent vari-
bles (principal components) that explain as much as possible
f the variance in descending order. This procedure reveals the
nderlying structure of data and contributes to data interpreta-
ion in that similarities and differences of sample characteristics are

ig. 1. (a) Changing heat flow profiles during the biological treatment of a typical MB
dditionally (a) heat flow profiles of an old landfill (oLf) and (b) sewage sludge (SSL, scale
RA4 mg O2 g−1 DM LOI % DM TOC % DM

MBT-on 1.1–85.5 19.6–89.1 9.4–50.9
MBT-lf 0.6–15.2 15.4–38.3 7.5–25.1

clearly presented. PLS-DA is a classification method based on par-
tial least squares regression. The separation of two classes requires
a response variable (+1 and −1) that codes for each membership
class. Regressions between thermal data (DSC and mass spectra
of combustion products) and the calibration components (calorific
value, TOC, respiration activity) for parameter prediction were car-
ried out by means of PLS-R and full crossvalidation. The prediction
model is characterized by the coefficient of correlation (R2), the
root mean square error of crossvalidation (RMSECV), the bias and
the ratio of standard deviation to standard error of performance
(RPD) [45,46].

3. Results and discussion

3.1. Characterization by conventional parameters (LOI, TOC, RA4)
and DSC-profiles

The ranges of the LOI (% DM), TOC (% DM) and RA4
(mg O2 g−1 DM) in 330 MBT-samples are presented in Table 2.
MBT-samples from the ongoing process (MBT-on) including input
materials, and stabilized MBT (MBT-lf) are presented separately.
The considerable decrease of all values in materials intended for
final disposal (MBT-lf) is shown in Table 2 and demonstrates the
efficiency of the biological treatment.

Mass losses during combustion of MBT-materials are recorded
by thermogravimetry (not shown). Due to the release of organic
matter by progressing mineralization, mass losses of organic matter
abate, which corresponds to the trend of LOI and TOC. Biolog-
ical degradation of MBT-waste is paralleled by decreasing heat
flows and enthalpies respectively, and visualized by the DSC-
profiles. Fig. 1 illustrates different stages of degradation: MBT-input
(MBT-D-in/MBT-M-in), MBT-material treated for 33/20 weeks
(MBT-D-33 w/MBT-M-20 w), stabilized MBT-material intended for
landfilling (MBT-D-lf/MBT-M-lf) of a typical MBT-material (MBT-D,

Fig. 1(a)) and a special MBT-waste containing the biogenic fraction
and sewage sludge (MBT-M, Fig. 1(b)). Typical MBT-materials com-
prise only residual municipal solid waste (resMSW). It is obvious
that waste composition and degradation shape the heat flow pro-
file. The content (∼30%) of sewage sludge in MBT-M is reflected

T-waste (MBT-D) and (b) of a MBT-waste with a special composition (MBT-M);
d down by factor 0.5).

http://www.r-project.org/
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Table 3
Enthalpies based on DSC-curves (30–650 ◦C) of MBT-D presented in Fig. 1(a), refer-
ring to dry matter (DM) and organic dry matter (ODM).

Sample ID Enthalpy J g−1 (DM) Enthalpy J g−1 (ODM) ODM (%)

MBT-D-in 7383 ± 250 12,701 ± 642 58.1 ± 0.3
MBT-D-33 w 5829 ± 157 21,196 ± 571 27.5 ± 0.4

b
o
i
p
t
p
t
a
s

c
a
s
B
i
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m
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0 and 1, with 1 being the best [48]. Due to the results of ANOVA a

F
2
d

MBT-D-lf 4779 ± 123 33,257 ± 855 14.4 ± 0.2
oLF 3267 ± 148 22,392 ± 1017 14.6 ± 0.1

y a prominent first exothermic peak as shown by the DSC-profile
f pure sewage sludge (SSL). The decay of calcium carbonate is
ndicated by the endothermic reaction >650 ◦C (arrows). For com-
arison reasons the heat flow profiles of an old landfill (oLF) from
he seventies and of sewage sludge from a waste water treatment
lant are presented in Fig. 1(a) and (b) respectively. The two dis-
inct exothermic peaks of organic matter fractions decrease with
ge (oLF). Stabilization leads to decreasing peak intensities and a
hift of exothermic reactions towards higher temperatures.

Table 3 compiles the data of enthalpies based on the DSC-
urve (Fig. 1(a)). Enthalpies are referring to dry matter (DM)
nd organic dry matter (ODM). The enthalpy of the whole waste
ample referred to DM decreases with progressing degradation.
y contrast, enthalpies referring to ODM display a considerable

ncrease during the degradation process that can be ascribed to

hanging chemical and physical properties of stabilized organic
atter [20]. Besides mineralization synthesis of stable organic
olecules (humic substances) takes place during degradation.
lthough humification is not the dominant process in resMSW [2]

ig. 2. (a)–(d) Median, minima, maxima and 25% and 75% quantile of calculated enthalpies
0 recent reactor landfills (rLF) and 58 old reactor landfills (oLF), referring to DM (a) and
uring the biological treatment of a typical MBT-waste (MBT-D).
Acta 501 (2010) 91–97

it can play a role to a certain extent, especially if biogenic materi-
als are not separated [47]. The enthalpy of the remaining organic
matter does not necessarily increase, if the responsible chemical
changes do not take place or only to a small extent due to the high
content of mineral compounds. This effect is revealed by the old
landfill (oLf) where construction waste was mixed with municipal
solid waste. The relation between waste organic matter stabiliza-
tion, especially the mechanisms involved, and the development of
enthalpies need systematic investigation at a molecular level.

A more detailed insight is provided by the separate calcu-
lation of enthalpies below the 1st exothermic peak (E1) in the
temperature range from 30 to 400 ◦C and below the 2nd exother-
mic peak (E2) in the range from 400 to 650 ◦C (Fig. 2). Fig. 2(a)
and (c) displays the range of enthalpies (330 MBT-samples, 58
oLf-samples, 20 rLf-samples) referring to DM 2(a) and ODM 2(c).
Fig. 2(b) and (d) illustrates the development of enthalpies in the
ranges 30–400 ◦C (gray bar) and 400–650 ◦C (shaded bar) of a typi-
cal MBT-material (MBT-D). Enthalpies are referring to DM (Fig. 2(b))
and ODM (Fig. 2(d)). The enthalpy of the 2nd organic matter frac-
tion exceeds the enthalpy of the 1st fraction. The comparison of
mean values calculated by ANOVA resulted in a significant differ-
ence between the mentioned groups in Fig. 2 (p-value = 0.000) at a
95% significance level. The calculated power of the ANOVA is 1 and
reflects the high significance of the test. The power ranges between
post hoc-test called Dunnett–Tukey–Kramer test was performed
to demonstrate the difference and the grouping of sample sets.
The results are summarized in Table 4. The data obtained reflect
the similarity of E1 (DM/ODM) and E2 (DM/ODM) of MBT-waste

for the 1st (E1) and 2nd (E2) exothermic reaction in 330 MBT-samples (MBT-total),
ODM (c); development of enthalpies (E1 and E2) referring to DM (b) and ODM (d)
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Table 4
Results of Dunnett–Tukey–Kramer test DM/ODM.

MBT-total-E1 MBT-total-E2 rLF-E1 rLF-E2 oLF-E1 oLF-E2

MBT-total-E1 –
MBT-total-E2 1/1 –
rLF-E1 0/0 1/1 –
rLF-E2 1/1 0/0 1/1 –

1/1 1/0 –
0/1 1/1 1/1 –

0 the groups.
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oLF-E1 1/1 1/0
oLF-E2 0/1 1/1

= no significant difference between the groups, 1 = significant difference between

MBT-total) and the reactor landfill (rLF). The enthalpy E1 (DM)
f the old landfill (oLF-E1) differs significantly from other groups,
hereas oLF-E2 is similar to MBT-total-E1 and rLF-E1. By contrast,

he enthalpy E2 (ODM) of the old landfill (oLF-E2) differs from all
roups, whereas oLF-E1 is similar to MBT-total-E2 and rLF-E2. The
evelopment of a stability index based on enthalpy or enthalpy
atios is a future research topic.

.2. Principal component analysis of DSC-profiles

The efficiency of the biological treatment is reflected by the PCA
ased on the heat flow profiles (30–950 ◦C) of MBT-samples (MBT-
n and MBT-lf) and materials from a recent reactor landfill (rLF) and
n old landfill (oLF) where untreated resMSW and MSW respec-
ively, were deposited. Progressing degradation is visualized along
he 1st principal component from the right to the left. Stabilized

BT-materials (MBT-lf) are located in the scores plot next to old
andfill samples. The latter are also found among MBT-materials in
rocess, if landfill conditions (e.g., lack of water) have prevented
egradation over decades. Samples from the recent reactor landfill
re distributed in the group of MBT-materials in process. The posi-
ion in the scores plot reveals the effect of biological treatment as
t shortens the phase of relevant reactivity considerably (Fig. 3).

.3. Discriminant analysis (PLS-DA)

The divergent composition of MBT-M (30 samples of MSW
ontaining sewage sludge and the biogenic fraction) was con-
rmed by PLS-DA that was calculated with DSC-profiles (Fig. 4).

BT-M was compared to typical MBT-materials (81 samples) that

riginated from well-running processes (MBT-C, MBT-D, MBT-J,
BT-O). Well-running processes are characterized by optimum

rocess conditions in terms of air and water supply to guarantee
ontinuous degradation up to the required stability. The deviation

ig. 3. Scores plot of a PCA based on DSC-profiles of 330 MBT-waste samples (301
BT-on, 29 MBT-lf), old landfills (oLF, 58 samples) and a reactor landfill (rLF, 20

amples).
Fig. 4. Differentiation of MBT-materials using DSC-profiles and PLS-DA (MBT-M vs.
MBT-C, MBT-D, MBT-J, and MBT-O).

from the typical composition of MBT-waste can reveal insufficient
separation of biogenic waste or co-processing of other materials.

3.4. Parameter prediction

Due to the fact that parameters are reflected by the thermal
behavior of the material, prediction models were developed, based
on the DSC-profiles and a partial least squares regression (PLS-R).
Fig. 5 illustrates the prediction models for the calorific value and
the TOC. Good correlations (R2 = 0.94) between thermal data and
reference analyses (calorific value and TOC) are obtained. The bias
indicates the systematic difference between predicted and mea-
sured values and reflects the accuracy of the prediction models. The
model parameters (R2, RMSECV, Bias and RPD) are summarized in
Table 5.

Microbial activity in waste materials is strongly related to the
stage of decomposition, i.e., to the chemical composition. A predic-
tion model for respiration activity in compost was developed by
Meissl et al. [39] using spectral data. A PLS-R based on mass spectra

and respiration activities and a PLS-R based on DSC-profiles and res-
piration activities were calculated. Samples of plant MBT-R where
MSW is treated in a different way, rather focusing on stabilization
by drying than by biological degradation, and additionally several

Table 5
Model parameters of prediction models for the calorific value, the TOC and RA4.

Calorific value TOC RA4 – MS RA4 – DSC

Number of samples 147 330 229 229
Thermal data DSC DSC MS DSC
R2 0.94 0.94 0.87 0.82
RMSECV 413 1.5 5.4 6.1
Bias 5.2 0.007 −0.003 −0.029
RPD 4.0 4.2 2.7 2.5

R2 = correlation coefficient, RMSECV = root mean square error of crossvalidation,
RPD = ratio of standard deviation to standard error of performance.
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Fig. 5. Prediction of (a) the calorific value and (b) the TOC based on the DSC-profiles and PLS-R.
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Fig. 6. Correlation between RA4 and (a) mass spectra of ga

nput materials from other plants were excluded from calculation
RA4 > 60 mg O2 g−1 DM). Very reactive samples are not adequately
epresented by the combustion products.

Fig. 6(a) and (b) displays the correlation between RA4 and mass
pectra and RA4 and DSC-profiles respectively. Although the cor-
elation between thermal data and RA4 is weaker (R2 = 0.87 and
.82 respectively) than the correlation between the calorific value
r the TOC and thermal data, the parameter is well reflected by
he combustion products and by the DSC-profile. Model parame-
ers are indicated in Table 5. Biological tests and thermal analyses
re performed using different sample pools (fresh or dried sample).
oreover, biological tests are more affected by external conditions

nd therefore error-prone. This might be a reason for the weaker
orrelation.

The RPD provides information on the accuracy of analyses for
specific purpose. According to Williams and Norris [45] and the
ACC Method 39-00 [46] the RPD should be in the following range:
2.5 screening in breeding programs; ≥5 acceptable for quality
ontrol; ≥8 good for process control, development, and applied
esearch. It should be emphasized that the RPD was developed for
rediction of chemical compounds (e.g., proteins, carbohydrates) in
ereals by using NIR spectroscopy. Considering the complex com-
osition of MBT-waste and the precision of the reference methods
he results obtained are acceptable.

. Conclusions
Thermal analysis has proven to be a useful method to charac-
erize MBT-waste materials. Biological degradation of municipal
olid waste leads to stabilization that has to be verified prior to
andfilling. Progressing degradation of municipal solid waste is par-
combustion products and (b) DSC-profiles based on PLS-R.

alleled by decreasing enthalpies. Further research will focus on the
development of a stability parameter based on enthalpy. Evalua-
tion of the substantial data sets recorded by thermal analyses was
supported by multivariate statistics. Differentiation of biologically
pretreated and untreated municipal solid waste by means of the
DSC-profile and a PCA revealed the efficiency of the pretreatment
in terms of stabilization time. Residual municipal solid waste that
contained a high amount of sewage sludge and biogenic waste
could be distinguished from the typical mixture of residual munic-
ipal solid waste by discriminant analysis. Prediction of the calorific
value and the TOC was based on DSC-profiles and PLS-R. The
high coefficient of determination (R2 = 0.94) indicates that these
parameters are well reflected by the DSC-profile. A correlation was
found between RA4 and DSC-profiles (R2 = 0.82) and RA4 and mass
spectra (R2 = 0.87). Parameter prediction is useful to replace time-
consuming analyses and provides the advantage of simultaneous
determination of different parameters. Moreover, additional infor-
mation regarding material characteristics can be extracted from
only one thermo analytical analysis if adequate evaluation tools
as presented in the paper are available. The relevant questions in
waste management to be answered by thermal analysis focus on
material characterization, differentiation of specific input mate-
rials, assignment to defined categories (e.g., process operation),
process control and parameter prediction. The development of ade-
quate evaluation tools is a prerequisite for the application in waste
management practice.
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