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Abstract 

 The objective of this study is to explore the potential of producing energy from open-dump solid 

waste from Rajamangala University of Technology Isan Surin Campus. Heating value as well as the 

physical and chemical compositions were analyzed. The composition and heating value were compared 

to refuse-derived fuel quality standard. All waste samples were separated into combustible and non-com- 

bustible matter. Paper, plastic, food residue, textiles, rubber and leather were classified as combustible. In 

excess of ninety-nine (99%) of open dump waste consisted of combustible matter as follows: mixed 

plastic (45%), textile (19%), food residue (18%), paper (14%), and leather and rubber (3%). Non-com-

bustible composted inert material consisted of only 1% of the open-dump solid waste. Moisture and total 

solid contents of open-dump solid waste were 51.6% and 48.4% (wet basis) respectively. Volatile matter 

and ash contents of those were 95.14% and 4.37% (dry basis) respectively. The heating value of the open-

dump solid waste was 29 MJ/kg, which is higher than the refuse derived fuel quality standard and re-

sults reported in earlier studies [8,10,14]. This indicated the potential of open-dump solid waste to 

produce refuse-derived fuel (RDF). Therefore, it is possible that energy recovery through RDF pro-

duction can be an effective waste management option for Rajamangala University of Technology Isan, 

Surin Campus. Further study should focus on production of RDF in terms of moisture content removal 

and compositions of RDF. Furthermore, characteristics of RDF should be determined to explore alter-

native sources of renewable energy. 
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Introduction 

Currently, solid waste disposal is one of Thai-

land’s most pressing concerns. Waste from daily life 

leads to environmental pollutions of soil, water, and 

air, and these problems become more severe each 

year. Municipal solid waste (MSW), in particular, 

is one of the biggest challenges that requires pro-

per management. Thailand continues to face pro-

blems associated with improper waste disposal. Ac- 

cording to the Thailand State of Pollution Report 

2013, of the country’s 2,490 municipal solid waste 

sites, only 499 sites (19%) provided for proper dis-

posal: i.e. sanitary/engineer landfill, controlled dump- 

ing (smaller than 50 tons/day) and incineration with 

air pollution-controlled system.  In contrast, up to 

2,024 sites (81%) disposed improperly of waste, 

i.e. controlled dumps with capacity larger than 50 

tons/day (1%), open dumps (78%) and incineration 

without air pollution controlled system (2%) [1]. 

At seventy-eight percent (78%) open dumping is 

the most widely used waste disposal method. This im- 

proper method is generally found in areas governed by 

local administrative organizations where waste col-

lection systems do not service the entire area governed 

by the administrative organization [2]. Open dump-

ing results in accumulation of solid waste, causing 

release of toxic substances and creating unsanitary 

conditions that are highly detrimental to human well-

being. The practice of open dumping is a critical 

environmental issue that needs more and better 

management. 

Energy recovery from solid waste is one of the 

most attractive options in waste management. Nu-

merous research works have focused on produc-

ing energy from solid waste, especially municipal 

solid waste due to its huge volume and ready 

availability. Several forms of energy recovery, such 

as electricity, liquid fuel and gas fuel have been 

reported in the literature [3, 4, 5, 6, 7]. In Thailand 

only 2% (by weight) of all municipal waste is used 

to produce refuse derived fuel [1]. Determination 

of physical and chemical composition of solid waste 

and its heating value was necessary to analyze 

its potential as an energy source [8, 9, 10]. 

From April to June 2013, 3.2 tons of munici-

pal solid waste were generated at Rajamangala Uni-

versity of Technology Isan, Surin Campus, Thai-

land. After collection, the waste was sorted by its 

recyclability. Only 39% of municipal solid waste 

was recovered as recycling material, including me-

tal, glass and plastic containers, while 61% was 

discarded to an open dump site (Figure 1). 

 

 
Figure 1 Main components of municipal solid 

waste in this study (% by weight, on wet basis) 

 

Figure 2 shows a canal used as an open dump 

site at Rajamangala University of Technology Isan, 

Surin Campus. This open dump site area measures 

about 400 square meters and is 2 meters deep. Mu- 

nicipal solid waste is allowed to accumulate to a 

certain level before being burnt. After burning, ad-

ditional waste is dumped at the site and the pro-

cess is repeated, generating major local air pollu-

tion. Waste-to-energy was thus considered as a pos-

sible solution.  

 Figure 3 shows the waste products that con-

stitute the recyclable and non-recyclable compo- 

nents of solid waste. This study focused on the non-

recyclables. Non-recyclable waste consists of highly 

combustible solids which can be reformed to pro-

duce energy. This research aims to determine the 

physical and chemical composition as well as the 

heating value of municipal solid waste from the 

open dump site at Rajamangala University of Tech-

nology Isan, Surin Campus. 
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Material and Methods 

 This study was conducted by taking samples 

of municipal solid waste on five occasions during 

April and June 2013. The waste was collected from 

an open dump site at Rajamangala University of 

Tech-nology Isan, Surin Campus, Thailand (see 

Figure 2). The samples were obtained from the top 

layer of trash, avoiding the burnt waste below the 

deeper level of the canal. Samples were collected 

from the five sampling points shown in Figure 2, ap-

proximately 10 meters apart. Each sample consisted 

of about 200 liters of waste. The five waste samples 

were combined then followed the conning and quar-

tering method, sample sizes of 250 liters (30 kg.) 

were created. These waste samples were then ma-

nually separated into combustible and non-combus-

tible materials, using the classification in Figure 3. 

Moisture content and total solids were determined 

by drying in an electric oven at 105
o
C until com-

pletely dry, based on procedures defined in ASTM 

D3172 [10]. Volatile matter and ash content were 

determined by heating in a furnace at 750 and 950
o
C 

according to standard procedures provided in ASTM 

D3175 and ASTM D3174, respectively. The heat-

ing value of the waste was then determined by bomb 

calorimeter based on ASTM D286-96 [10]. Three 

replications were conducted. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Open dump site and solid waste sampling points  

in Rajamangala University of Technology Isan, Surin Campus 
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Figure 3 Classification of municipal solid waste at Rajamangala University of Technology 

Isan, Surin Campus, Thailand 

 

Results and discussion 

1) Physical composition of open dump 

solid waste 

 Figure 4 shows the physical composition of 

open-dump solid waste at Rajamangala Univer-

sity of Technology Isan, Surin Campus. Ninety-

nine percent (99%) of the waste was combusti-

ble and one percent (1%) was non-combustible. 

By weight the combustible waste was 45% mixed 

plastic, 19% textile, 18% food residue, 14% paper 

and 3% rubber. Inert material made up only 1% 

of the total waste. 

The percentage of combustible material in the 

open-dump solid waste obtained and analyzed in 

this study was high compared with that reported 

in several other studies [8, 9, 10, 11, 12] which 

ranged from 72% to 93% of open-dump solid waste. 

Figure 5 shows the percentages of combusti-

ble and non-combustible material in municipal 

solid waste analyzed in the current study, compared 

with those found in other studies. A higher per-

centage of combustible material indicated that open-

dump solid waste has a higher potential for ener-

gy generation via incineration, during which the or-

ganic component of the waste is converted to CO2, 

water vapor and heat, which can be recovered as 

renewable energy [11]. The results indicate that the 

typical open dump-solid waste in this study shows 

high potential for RDF production. 
 

 
Figure 4 Composition of non-recyclable solid waste 

from open dump solid waste in this study. 
 

2) Thermochemical characteristics of open-

dump solid waste  

 The thermochemical characteristics of open-dump 

solid waste are presented in Table 1. The percen-

tage of moisture and ash content were 51.60% (wet 

basis) and 4.37% (dry basis), respecttively. Mois-

ture and ash content both influence the heating va-

lue (HV) of solid waste. Since the moisture con-

tent measured in this study exceeded the maximum 

permitted value for the RDF standard (20%, wet 

Municipal Solid Waste 

Recyclable   Non-Recyclable  

Metal : Iron wire, cans, 

               metal parts 

Glasse : Glass fragments, 

               glass bottles, mirrors,  

               glass balls 

Plastic products : plastic bottles,  

              tubes, plastic toys,  

              plastic containers  

              bottles               

 

Combustible 

        Paper : Packaging, cardboard, office paper,  

                     toilet paper,  ewsprint, magazines 

         Plastic : Plastic film, polyethylene bag,  

                      food packaging foam 

         Textile : clothes, shoes, cotton, chemical fiber 

         Food residue : Rice, food residue, meat, 

                        vegetables, fruit residue 

         Rubber : rubber shoes, waste tires 

 

 Non-combustible : inert material such as soil, rock  
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basis), pretreatment of open-dump solid waste is 

recommended to remove excess moisture content 

before RDF production. The ash content was found 

to be below the allowable level RDF quality stan-

dard (Italy) (20%, dry basis). The sorting of non-

combustible components such as glass, metals and 

ceramic improved the thermo-chemical characteris-

tics of the open-dump solid waste. Volatile matter 

content also affects ignition of solid waste during 

incineration. The higher the volatile matter content, 

the more easily solid waste can be ignited. In py-

rolysis and gasification, volatile matter influences 

both composition and yields of the gaseous pro-

ducts [8]. The volatile matter of open dump solid 

waste in this study was 95.14% (dry basis). 

 Table 2 shows the comparison of heating va-

lue obtained from this study and those reported in 

other studies. The heating values of combustible 

waste material analyzed in this study was up to 29 

MJ/kg, which exceeded the RDF quality standard 

[14], and was higher than the values reported earlier 

[8, 10, 14]. Moreover, the heating value of the com-

bustible waste analyzed in this study was compara-

ble to that originating from Nonthaburi dumpsite, 

Thailand [15]. This indicates high potential for us-

ing open-dump solid waste as raw material for RDF 

production. However, before transferring the open-

dump solid waste to RDF production process, 

moisture must first be removed as noted above. 
 

 
Figure 5 Comparison of combustibles and non-

combustibles in municipal solid waste from the 

current study and recent studies. [8, 9, 11, 12]  

  

 

Table 1 Characteristics of non-recyclable solid waste in this study 

Chemical composition Unit Open dump site Refused derived fuel quality standard (Italy) 

Moisture  %wt, wet basis 51.60±4.56 25.0 

Total solid  %wt, wet basis 48.40±4.56 - 

Volatile matter %wt, dry basis 95.14±0.85 - 

Ash  %wt dry basis 4.37±0.74 20.0 

Heating value MJ/kg, dry basis 29±1.62 15.0 

 

Conclusion 

 The main component of municipal solid waste 

from open dump in this study was the combus- 

tible material, representing 99% of the total volume. 

This component comprised mixed plastic, textile, 

food residue, paper, leather and rubber as well as 

inert material in proportions of 45%, 19%, 18%, 

12%, 3% and 1% respectively (wet basis). The per-

centages of chemical compositions including mois-

ture content, total solid, volatile matter and ash con-

tent were 51.6, 48.4, 95.14 and 4.37, respectively. 

The heating value of 29 MJ/kg exceeded that al-

lowable by the refuse derived fuel quality standard 

(Italy), and higher than some published data pre-

viously reported in studies conducted in China and 

Korea. It also was consistent with results from the 

study of Nonthaburi dumpsite, Thailand. Accord-

ing to the results of this study, it can be concluded 

that municipal solid wastes from the open dump 

site at Rajamangala University of Technology Isan, 

Surin, Thailand is suitable as a raw material for RDF 

production. However, further studies should focus 

on production of RDF, especially in terms of mois-

ture removal and composition of RDF. Furthermore, 

characteristics of RDF should be determined to ex-

plore alternative sources of renewable energy. 
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Table 2 Comparison of the combustion properties of this study with other reports 

Studies composition of combustibles 

(%wt (wet basis)) 

Heat value  

(MJ/kg) 

H. Zhou et al., 2014.,  

China [8] 

Wood waste 2.94, food residue 55.86, paper 8.52, textiles 

3.16, plastics 11.15, rubber 0.84, non-combustible 18.36 

5.3 

Y.-M. Chang et al., 2008., 

Taiwan [10] 

Paper 13.38, plastics 17.90, cloth and textiles 14.76, 

leather and rubber 4, food waste 30.54, wood and garden 

trimmings 7.15, other organics 5.34, metals 2.17, glass 

1.34, ceramic 1.20, sand/stone and inert 2.53 

14.4 

C. Dong et al., 2003.,  

China [13] 

Plastic 30.53, paper 43.51, textile 4.83, food residue 7.38, 

grass 1.02, metal 7.63, glass 5.09 

17.4 

Tawach Prehthai et al., 2006,  

Thailand [15] 

Plastic and foam 42.5, wood 9.0, textile 10.0, rubber 1.0, 

paper 0.7, stone 0.9, glass 1.8, soil 30.9, metal 3.0 

29.5 

The current study   Paper 14, mixed plastic 45, textile 19, leather and rubber 

3, food residue 18, inert part 1 

29.0 
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