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Waste management options associated with greenhouse gas emissions reduction
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The main objective of this thesis was to investigate waste management options considering sensitivity
and uncertainty analysis of parameters which effect GHG emissions and behaviour of dioxins. The specific
objectives were as follows: 1) To measure waste generation rate, and composition in Surabaya, Indonesia,
2) To estimate PCDD/Fs emission factor to residue in open burning.and to discuss control measures, 3) To
guantify GHG emissions from waste management employed with applicable options and to discuss
management options.

1) Waste generation rate and composition in Surabaya, Indonesia

Waste survey was carried out at the source of generation in Surabaya, Indonesia. The average waste
generation rate was slightly different among income groups, amounting 0.30 kg/capita/day for high income
group, and 0.33 kg/capita/day for middle income group and 0.25 kg/capita/day for low income group.
Food waste was the predominant fraction, ranging from 54-67%, which the largest fraction measured from
the high income group, followed by the middle income group. Plastic was the second largest fraction,
followed by paper, ranging from 12-20% and 8.9-9.6%, respectively.

2) Open burning of waste and dioxins emission
Two open dumping sites with different management practices were investigated; particularly soil layering
on top of the open dumping site in Surabaya, and the other without soil layering in Palembang. PCDD/Fs
in soils of the open dumping site in Palembang ranged from 61-310 pg-TEQ/g, and 6.3-32 pg-TEQ/g for
DL-PCB:s. In contrast, very low PCDD/Fs and DL-PCBs were measured at the open dumping site in
Surabaya, ranging from 0.075-0.098 pg-TEQ/g, and 0.00032-0.095 pg-TEQ/g, respectively. PCDD/Fs
emissions factors to the residue from open burning of waste were analysed and simulated by mass balance
model. The ratios of waste burned at an open dumping site were adjusted based on classification of
disposal sites considering methane correction factors, ranging from 0-72% of waste burned. Through
sensitivity analysis, the maximum PCDD/Fs emissions factors to the residue could be 5600 pg-TEQ/g.
PCDD/Fs can be controlled by improving design of the solid waste disposal sites. For example,
transforming the unmanaged-deep disposal site to the semi-aerobic landfill could reduce emission factor of
PCDD/Fs to the residue from 5600 pg-TEQ/g to 390 pg-TEQ/g. 3) Waste management options and
greenhouse gas emissions

A simplified life-cycle assessment was conducted to estimate greenhouse gas (GHG) emissions and
energy production from each component of biogenic waste treated in an open dumping site, composting,
anaerobic digestion, and incineration employed with additional options. We found that open dumping site
was the largest GHG emissions source for treating the components of the biogenic waste. For example, net
GHG emissions from treatment of food waste by open dumping could range from 0.30-3.67 Gg CO,
eqg/Gg. In contrast, net GHG emissions from anaerobic digestion (biogasification) was the lowest, ranging
from 1 0.72-0.10 Gg CO, eq/Gg, followed by incineration, and compositing, ranging from 0.10-0.26 Gg
CO; eq/Gg, and 0.15-1.05 Gg CO, eq/Gg, respectively. Our results also revealed that the moisture content
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of food waste and the biomass-derived carbon and methane concentration of the landfill gas of biogenic
waste subjected to open dumping are the most sensitive parameters across all the treatment methods
because they have a significant effect on the amount of GHG emissions. Waste management employed
with applicable options could potentially reduce more GHG emissions. Such applicable options at the open
dumping site included soil layering, gas collection system, energy recovery, and semi-aerobic system.
Transforming the open dumping site into semi aerobic system was the most effective option, which could
reduce GHG emissions up to 57% (1.16 Gg CO, eg/Gg) from the treatment of only food waste. The other
applicable options such as soil layering, gas collection system, and energy recovery could reduce GHG
emissions by 10% (0.20 Gg CO, eq/Gg), 28% (0.57 Gg CO, eg/Gg), and 31% (0.63 Gg CO, eq/Gg),
respectively.

4) Conclusions and recommendations

Waste management with applicable options could greatly prevent the formation of dioxins, and reduce
GHG emissions from considerable amount of waste treated. It is desirable to use semi-aerobic landfill
and/ or to adopt biogasification system rather than open dumping. Biogasification system was the most
effective waste management option associated with GHG emissions reduction, indicated by the lowest
net GHG emissions, ranging from [J 0.72-0.10 Gg CO, eq/Gg. Semi aerobic landfill site could be the
most attractive applicable option because of reducing GHG emissions up to 57%, and emission factors of
PCDD/Fs to the residue over 90%. When biogas either produced from semi aerobic landfill or
biogasification is used to generate electricity by gas engine, PCDD/Fs could also release to the air. We
estimated net electricity consumption from semi-aerobic landfill, amounting 4400 GJ/Gg, and 2100
GJ/Gg from biogasification, with gas engine efficiency of 37%. By subtracting net energy consumption
(2300 GJ/Gg), and considering mix energy generation in Indonesia in 2009 (using 49.5% coal, and
19.2% oil), and emission factor of PCDD/Fs to air from coal-fired power plant (10 pg-TEQ/TJ), and that
from heavy fuell power plant (2.5 ug-TEQ/TJ), additional PCDD/F emissions released from the semi
aerobic landfill could be 12.17 ug-TEQ.
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