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Realization of Zero Waste Clean City to Low Carbon Green Growth
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Jeong-Ik Oh - Soo-Jeung Ahn - Jong-Yeob Kim

FFEATHTA EAFHATY 5 G AT
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ABSTRACT : Zero waste clean city was visualized by designing the environmental fundamental facilities such as automated waste
collection and bio-energizing system of domestic waste, which was categorized into food and combustible waste from urban area.
The biomass circulation position was applied to the domestic waste collection position combined with bio-energizing system in the
zero waste clean city. Bio-energizing system consisted of bio-gasification, bio-fuel and bioenergy-circulation process. Food wastes
were treated by bio-gasification with anaerobic digestion, and combustible wastes were made of bio-fuel with pyrolysis/drying. Bio-
gas and bio-fuel was utilized into the electric generation or boiler heat in bioenergy-circulation process. The emission of carbon
dioxide(CO») and construction fee of the environmental fundamental facilities related with domestic waste was estimated in the
existing city and zero waste clean city, assuming the amount of food waste 35 ton/day, combustible waste 20 ton/day from domestic
area. Consequently, 2.7 times lower carbon dioxide emission and 15% construction fee of the environmental fundamental facilities
related with domestic waste were obtained from the zero waste clean city by comparing with existing city.

Key words : Low Carbon, Waste Zero, Automated Waste Collection, Bio-gasification, Bio-fuel, Bio-energizing system
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Table 1. Examples of zero waste clean city in developed countries!0~12)

City

Principal contents

Hammarby Sjostad, Sweden

+ Energy is produced in a renewable fuel-fired district heating plant in the area

+ wastewater is treated, the heat recovered for heating houses and the silt is converted into biogas

+ Combustible waste in the area is recycled as heat and food waste is composted into soil.

« The area has an experimental on—site sewage works as well, plans are to extract nutrients from sewage
and wastewater via new technology for use on farmland

Masdar City, UAE
+ Geothermal cooling system
« Water recycling

+ Carbon—Free City by renewable energy
+ PV panel on the roof/wall of building
+ Waste to energy : Product energy using the urban waste

.

Milton Keynes, UK

+ Geothermal heat pump

Biofuel CHP (75 kWe/150 kWth)

« Biomass boiler, Gas co—generation (1,413 kWe/1,505 kWth)

+ PV panel : 20% of roof area (375 kW)

« Intensive insulation and airtightness (34~49% advanced performance)
» Heat recovery ventilation system

.

Zlin/Louky, Czech

Solar collector : 50 detached houses (900 m?2), apartment house and public bath (300 m2)
+ PV system — 40 detached houses (2 kWp/house)
+ Biogas co—generation by waste

Weiz & Gleisdorf, Austria

.

+ Energy Region Weiz—Gleisdorf (ERWG) Project

« Solar collector : 40 detached houses (600 m2), apartment house, tourism (400 m?2)
+ PV systems on 20 households : total 60 kWp

The district heating systems using wood chip (8 units)

+ The largest solar collect system of the world

 solar sludge drying plant
Neckarsulm, German ¢ ying p

* Wood pellet power plant

« Solar collector : small scale building (2,000 m2), large scale building (500 m?2)

+ PV system : small scale building (200 kWp), large scale building (300 kWp)
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Table 2. The assumed information of area, house, population, waste unit, amount of waste emission for

waste clean city

target region of zero

Area(m’) House(households) Population(persons) Waste standard unit(kg/person - day) Waste Emission(ton/day)
Food Waste 0.250 35
4,090,160 53,039 130,998 Combustible Waste 0.146 20
Domestic Waste 0.396 55
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Fig. 3. The concept of automated waste collection system for domestic waste, (a) Structure of automated waste collection pipeline
network, (b) Waste slot in domestic area, (c) Collection place of domestic waste.
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Fig. 4. The concept of bio—energizing system with automated waste collection facility.
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Table 3. CO2 emission units of domestic waste facilities

Facilities related with domestic waste

CO2 Emission Units

Automated waste collection system

Transportation fee
* Transport

* Blower electricity: 150 kWh/ton Waste
+ Operation time: 300day
* A number of truck: 55

distance: 10 km/1truck

* Truck's fuel efficiency: 15 km/L gasoline
+ Operation time: 300day

Final disposal facility
(Incineration)

* Incineration fuel usage: 0.9 ton LNG/ ton Waste
* Operation time: 300day

* Hydraulic

Bio—gasification
* Electricity
Bio bio—energizing system « Efficiency

+ Operation

+ Solid concentration of food waste :
» Methane formation rate : 0.42 ton CHa/kg Volatile Solid

* Low level caloric value of methane : 8,600 kcal/ton CHa,
2,150 Kcal/KWh

retention time : 15days

10%

generation with methane gas :
of Electricity generation : 30%
time: 300day

Bio—fuel
« Efficiency

+ Operation

+ Bio—fuel production :
+ Caloric value of bio—fuel :

4800 kcal/kg
of Electricity generation : 34%

time: 300day

0.5 ton/ton Combustible Waste

Table 4. Construction units of domestic waste facilities

Facilities related with domestic waste Construction Units(thousand won/ton) Waste Emission(ton/day)
Automated waste collection system
) L ) 600,000 55
(slot, automatic transport pipeline, collection place)
Transport truck (1ton) 200,000 55
Transportation fee of domestic waste 32,077 55
Final disposal facility (Incineration) 700,000 55
Bio bio—energizing system Bio—gasification 250,000 35(food Waste)
with automatic collection system Bio—fuel 250,000 20(Combustible Waste)
Bio—circulation 250,000 55
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Fig. 7. Comparison of annual oil consumption estimation in
the case of the existing city with the zero waste
clean city, (a) Existing city, (b) Zero waste clean city.
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Fig. 8. Comparison of annual CO2 emission estimation in the
case of the existing city with the zero waste clean
city, (a) Existing city, (b) Zero waste clean city.
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Fig. 9. Comparison of the construction cost for domestic
waste(total 55 ton/day including food waste 35ton
and combustible waste 20ton) treatment facilities in
the case of the existing city with zero waste clean
city, (a) Existing city, (b) Zero waste clean city
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