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h i g h l i g h t s

�MSW components are classified by
proximate and ultimate analyses.
� MSW components are classified by TG

characteristics using cluster analysis.
� TG characteristics of 26 kinds of MSW

components are discussed.
� Typical components can be selected

for thermal conversion research.
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a b s t r a c t

Different researches selected different municipal solid waste (MSW) components to study their thermal
chemical characteristics in waste-to-energy research. Therefore, a specific classification is needed for the
research of thermal conversion of MSW components. In this paper, based on 26 kinds of MSW component
samples, MSW components were classified using cluster analysis method according to the proximate and
ultimate analyses and heating value results, as well as thermogravimetric (TG) characteristics. The clas-
sification groups include vegetables (including banana peel), starch food, orange peel, wood waste, print-
ing paper, cellulose, PVC, PET (including terylene), PE/PP, PS, and rubber. According to the above
classification, typical components can be selected for thermal conversion in waste-to-energy research.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Increasing amounts of municipal solid waste (MSW) are gener-
ated in recent years [1]. In China, the amount of municipal solid
waste has grown to 170.81 million tons in 2012 [2]. Traditional
landfill method is facing many problems such as land shortage

and underground water pollution [3]. Therefore, waste to energy
(WTE) methods, including incineration, pyrolysis and gasification
are drawing global attentions [4].

Municipal solid waste is a complicated mixture of food residue,
paper, plastics and some other components [5]. The research about
real MSW mixture is difficult to be repeated, because of the varia-
tion of MSW from region to region and time to time [6]. Besides,
lab-scale research usually takes gram-scale amount of MSW
[7,8], which means there may be some errors about the sampling
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process. Therefore, many researches try to study the characteristics
of MSW single components [9–12].

Even the components such as food residue or plastics are to too
general for lab-scale research, the groups themselves are very com-
plex and may include subgroups with totally different properties
and need to be investigated [13]. For example, plastics may include
PE, PP, PS, PVC, and PET, whose thermochemical characteristics are
completely different [14]. Therefore, a more specific classification
is needed for the research of thermal conversion of MSW
components.

Different researchers choose different kinds of components for
thermal conversion research [9,11,15]. Li AM et al. selected paper,
paperboard, wood-chip, cotton cloth, vegetal, orange husk, PE, PVC,
and rubber to study the effects of heating methods, moisture con-
tents and size of waste on pyrolysis gas yields and compositions, as
well as heating values [15]. Sorum et al. chose 11 MSW compo-
nents (newspaper, cardboard, recycled paper, glossy paper, spruce,
plastics, HDPE, LDPE, PP, PS, PVC, multi-material, and juice carton)
to study the pyrolysis characteristics [16]. Jiang et al. chose plas-
tics, paper, cloth, wood, rubber, and leaves of vegetables to study
the combustion characteristics of MSW [17]. However, some kinds
of important components may be missed, and some components
may have similar characteristics that extra tests could be saved.
Therefore, typical MSW components should be selected for the
studies.

Proximate and ultimate analyses as well as heating value are
fundamental parameters for incineration, pyrolysis, and gasifica-
tion [18]. Proximate analysis provides the moisture, ash, volatile
and fixed carbon content, which impacts the drying, ignition and
ash disposal process of MSW. Ultimate analysis provides the ele-
mental compositions of fuel, which determines the gas products
of thermal conversion. Heating value is also very important for
the design of incinerators. Thermogravimetric analyzer (TGA) is
one of the most common techniques used to investigate the

thermal behavior of small fuel samples, with no limitations in heat
and mass transfer at low heating rates [19–22]. Obtained results
can be used to determine reactivity, which includes pyrolysis rate
(mass loss per time unit) and mass loss kinetics of the fuels. Mean-
while, the results of TGA can be easily obtained and usually have
very good repeatability.

Traditionally, MSW combustible fractions are divided into six
groups, i.e. food residue, wood waste, paper, textiles, plastics, and
rubber based on physical sources [23]. However, there is no classi-
fication of MSW based on thermochemical characteristics. In this
paper, 26 kinds of municipal solid waste components are selected.
According to the proximate and ultimate analysis and heating
value results, as well as TG characteristics, MSW components were
classified into several groups by cluster analysis method. There-
fore, typical MSW components can be selected for the research of
thermal conversion process.

2. Materials and methods

2.1. Materials

26 kinds of MSW components from six groups (food residue,
wood waste, paper, textiles, plastics, and rubber) are selected for
this study. The proximate and ultimate analyses as well as heating
value were carried out by China Coal Research Institute (CCRI) and
The Lab of Thermal Engineering, Tsinghua University. The proxi-
mate analysis is performed referring to GB/T 212. Carbon and
hydrogen content is measured according to GB/T 476; nitrogen
content is measured according to GB/T 19227; and total sulfur con-
tent is measured according to GB/T 214. The oxygen content is cal-
culated as the difference between 100% and the sum of other
elements. The heating value is determined according to GB/T
213. The proximate and ultimate analyses as well as heating value

Table 1
Proximate and ultimate analyses of MSW components.

Groups Samples Proximate analysis (wt%) Ultimate analysis (wt%) HHV (MJ/kg)

Ad Vd FCd Cdaf Hdaf Odaf Ndaf Sdaf

Food residue Chinese cabbage (CHC) 9.91 67.60 22.49 47.49 5.88 41.79 4.11 0.73 16.99
Rice (RI) 0.40 84.42 15.18 45.97 6.35 45.74 1.69 0.25 18.14
Potato (PO) 3.15 79.52 17.33 44.41 5.33 47.82 1.81 0.64 17.10
Tangerine peel (TP) 2.91 76.49 20.60 48.74 5.92 43.83 1.43 0.08 18.47
Banana peel (BP) 10.85 64.38 24.77 35.80 4.79 54.93 4.37 0.10 16.39
Pakchoi (PA) 18.44 63.97 17.59 43.37 5.93 48.64 1.25 0.81 18.90
Celery (CE) 14.58 65.36 20.06 38.46 6.16 54.52 0.21 0.65 13.57
Orange peel (OP) 2.15 77.93 19.92 40.28 6.12 52.46 1.08 0.06 17.10
Spinach (SP) 15.97 65.26 18.77 47.58 6.48 43.93 1.57 0.43 17.08

Wood waste Poplar wood (PW) 7.54 73.85 18.61 51.36 5.89 41.00 1.52 0.22 18.50
Poplar leaf (PL) 15.69 68.74 15.57 49.54 5.24 43.30 1.32 0.59 16.85
Chinar leaf (CL) 9.23 69.74 21.03 52.95 4.88 40.51 1.01 0.65 19.12
Gingko leaf (GL) 11.62 73.19 15.19 41.35 5.54 50.88 1.36 0.87 15.28

Paper Blank printing paper (BPP) 10.69 79.33 9.98 45.12 5.31 48.91 0.38 0.28 13.51
Tissue paper (TIP) 0.52 90.47 9.01 45.18 6.13 48.32 0.25 0.11 17.25
Newspaper (NE) 8.07 79.54 12.39 48.01 5.71 45.86 0.33 0.09 17.16

Textiles Cotton cloth (CC) 1.52 84.53 13.95 46.51 5.80 46.98 0.43 0.28 17.43
Absorbent cotton gauze (ACG) 0.14 94.85 5.01 46.74 5.69 47.23 0.27 0.08 16.82
Terylene (TE) 0.49 88.60 10.91 62.16 4.14 33.12 0.29 0.28 20.86

Plastics PS 0.04 99.57 0.39 86.06 6.27 1.93 5.73 0.00 38.93
LDPE 0.00 99.98 0.02 85.98 11.20 2.61 0.21 0.00 46.48
HDPE 0.18 99.57 0.25 85.35 12.70 1.90 0.05 0.14 46.36
PVC 0.00 94.93 5.07 38.34 4.47 56.96a 0.23 0.00 20.83
PP 0.02 99.98 0.00 83.51 10.64 5.63 0.22 0.00 45.20
PET 0.09 90.44 9.47 63.01 4.27 32.69 0.04 0.00 23.09

Rubber Rubber (RU) 10.24 62.83 26.93 89.53 6.70 1.07 0.69 2.02 35.74

A: ash; V: volatile; FC: fixed carbon; HHV: high heating value; d: dry basis; daf: dry ash free basis.
a It is Cl for PVC.
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