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Abstract

Since Chiang Mai University has many students and staffs, the amount of energy
consumption and waste disposal are consequently high. In order to solve both consumption and
disposal problems, the conversion from waste to energy is proposed. In this research, the
potential, the economic feasibility and the carbon footprint of municipal waste conversion to solid
fuel as Residue Derived Fuel — 5 (RDF-5) are studied. The amount and the component of waste in
the University including the current management are firstly investigated. Then, the prototype of
the RDF-5 production system is constructed and tested to study whether the system is possible.
The economic benefit and the greenhouse gas (GHGs) emission during the life cycle of the waste-
to-RDF-5 are carried out. Since, normally, there are other waste management alternatives such as
recycling, waste-to-fertilizer and waste-to-biogas of which the pros and cons are different, the
results from waste-to-RDF-5 case are also compared to the other alternatives to find out the most
suitable waste management for the University. In this study, the suitability is considered from 4
factors which are the capability of energy production and waste recycling, the capability of GHGs
reduction, the economic feasibility and the acceptance from people in the community.

The results show that the average waste disposal rate in Chiang Mai University is at
19.34 kg per person per year. Due to this rate, 893.20 tons of waste is annually disposed and they
are all sent to the landfill site out of the university. The waste components include food wastes,
papers, plastics, plastic bottles, wood waste, cloths, metals, ceramics, glasses and others in the
proportion of 41%, 13%, 17%, 11%, 4%, 1%, 2%, 1%, 5% and 4%, respectively. From this

proportion, the amount of plastics, papers and wood wastes which can be used for RDF-5



production is high as 307.31 ton per year. However, from the prototype system testing, the most
suitable proportion of plastic: paper: wood: binder (tapioca) for RDF-5 production is 4:3:1:1 by
weight. The heating value and density of RDF-5 obtained from the prototype is 28,989 kl/kg and
1,009.49 kg/m3, respectively. They are consistent with the general quality standard. When
considering the GHGs emission during the life cycle of waste management which some wastes
are separated and converted to RDF-5 and the remained wastes are sent to the dumpsite out of the
university, the results show that this alternative can reduce the GHGs emission as much as
157.837 kg CO,-eq per ton of waste disposed comparing to the case that all wastes are sent to the
dumpsite. For economic feasibility study, the waste management can be operated with 20,000
baht of Net Present Value (NPV), 12.85% of Internal Rate of Return (IRR) and 3.7 years of
Payback Period.

When considering the potential and feasibility of other waste management alternative
comparing with the RDF-5, the results show that the most suitable waste management for Chiang
Mai University is the scenario which consists of RDF-5 production, recycling, fertilizer
production and bio-gas production. In this case, the university has to collect and separate waste
into 4 parts. The first part, consisting of metals and plastic bottles, has to be sold to the third —
party company. The second part, consisting of food wastes, has to be sent to the fertilizer and bio-
gas production systems constructed and operated by the university. The consumption of chemical
fertilizer and LPG can be substituted. The third part, consisting of plastics, papers and wood
wastes, has to be sent to the RDF-5 production system. The produced RDF-5 is then used as fuel
for electricity generating system. In this case, the university should construct and operate the
systems by themselves. The last part, consisting of all remaining wastes, has to be sent to the
dumpsite out of the university by hiring the third party company.

From this scenario, the 160.26 ton of waste per year can be recycled. The 77.51 ton of
organic fertilizer and 16.05 ton of bio-gas can be produced each year. The 208,050 kWh of
electricity can be annually generated from 73 ton of RDF-5. The GHGs emission of this scenario
is less than that of the conventional waste management. The greenhouse gas reduction is high as
334.438 ton CO,-eq per year. Besides, this scenario can be operated with 3.47 million baht of Net

Present Value, 30% of Internal Rate of Return and 3 years of Payback Period. Furthermore, when



considering all benefits including the community acceptance, the sustainability index score for

this scenario is the maximum at 0.215 points.



