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Study for the Design of Zero-carbon City through
the Application of Renewable Energies

Younggyu Park*, Jeongin Kim and Kapchul Kim

In order to make the best choice for CO, abatement using renewable energy technologies, it is important to be
able to adapt these technologies on the basis of their sustainability, which may include a variety of environmental indicators.
This study examined the comparative sustainability of renewable technologies in terms of their life cycle CO2 emissions and
embodied energy, using life cycle analysis. The models developed were based on case studies of bioenergy pilot plant in P city
of Kyungki province. Final results were total emission of CO, in Pocheonsi is 670,041 tCO,, around 500,877 tCO, for electricity
and for heat generation, and 169,164 tCO, for transportation. When used 1,984 m3/day of waste (pig manure etc.) and operated
CHP with wood chips of 144,664 ton/year, the CO, emission in P city was left as is an emission of 449,274 tCO, and an
abatement of CO, in this region was increased by 32.9%.
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Table 1. LCI database for the solar energy of 1 MJ”

Name Amount Unit
Aluminium 0.001198 kg
Calcite 0.0044188 kg
Carbon dioxide 0.0028459 kg
Brown coal 0.0104130 kg
Natural gas 0.011862 m
Copper 0.0001249 kg
Sodium chloride 0.0016118 kg
Water 0.000589 m

Input Zinc 0.000039 kg
Limestone 1,6318 kg
Natural gas 3.7603E-03 kg
Quartzite 0.008892 kg

Si0z 2.9855E-04 kg

Shale 1.8764E-02 kg

Water 1.5708 kg
Unspecified chemicals 1.8093E-02 kg
Sulfate 6.4797E-02 kg

Coal energy 8.3686E-02 kg

CO, 0.0075566 kg
Carbon-14 0.00076 kg

Heat 0.9709 MJ

Krypton 0.003414 kg
Outout Radon 1 bpt
calcium 0.005928 kg
chloride 0.001835 kg
hydrogen 0.0034218 kg
partuculate 0.0002312 kg
Waste gas 0.007179 kg
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Table 2. Inventory data for geothermal energy of 1 MJ"”

%

Name Amount Unit
Boryte 5.53 kg
Bauxite 356 kg
Clay 206 kg
Lead 473 kg
Chromium 0.998 kg
Iron 325 kg
gravel 15 kg
copper 84.3 kg
Inout Manganese 0.408 kg
Nickel 0.554 kg
Sand 3350 kg
Sodium chloride 22.7 kg
water 13 m®
Zinc 0.00754 kg
Gas 81.6 kg
Coal 310 kg
Natural gas 208 m°
Kaolinite 0.021542 kg
Acetaldehyde 0.00104 kg
Acetone 0.00101 kg
Aluminium 0.04141 kg
Aldehyde 0.000837 kg
Arsenic 0.001090 kg
Boron 0.013800 kg
Barium 0.000560 kg
Benzene 0.191130 kg
Butane 0.109490 kg
Ethane 0.003871 kg
Carbon monoxide 5769.1 kg
Output Copper 0.003885 kg
Iron 0.0513 kg
Heptane 0.0228 kg
Hexane 0.0483 kg
NMVOC 10.617 kg
Mercury 0.000219 kg
Potassium 0.0674 kg
Nitrogen 0.0584 kg
Ammonia 0.0207 kg
Nickel 0.01300 kg
Nitroge oxide 16.136 kg
particulate 525 kg
Sulfur oxide 3478 kg
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Fig. 1 Pictures of experimental apparatus for measuring
combusted CO, emission.

Table 3. Specifications of Biomass Bioenergy Pilot Plant®

Table 4. Total annual CO, emissions in P city

Electric Heat CO,
ltem Number Consumptlon(15 Consumptlon(z3 Production
(106XKWh) (106%Mcal) (tCO»)
House 44,907 172 1,558 144,843
Building 14,533 264 1,008 103,684
School 149 32 469 70,555
Factory 6,150 304 1,494 238,853
Agricultural | g 453 63 241 52,400
sector
Total 75,672 837 4,770 500,877

Pilot plant for the Experimental

[tem
Measurement

Size/Heat supply capacity 1,150 X 1,070 X 1,810

Input Biomass Maximum 30 kg/hr
System Efficiency 88%
Input Material Pine Tree Biochip
Heating Area 32 m’
Weight 490 kg
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Fig. 2 Variations of electricity and number of house during a
year in the Songwoori of P city
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Table 5. CO, emissions depending on types of fuel, car and
travel distance

COj Emission amount (tCO5,)

e CO, Emission | CO, Emission o
. . ] 1n 12 14 16 18 an 22 24 2 4 L]
Item Capacity Efficiency pgr travel per fue,l O ' clock (hour)
(ce) (k/)™® distance | consumption
(9CO:/km)™ | (gC0x/1) (b)
light 18,25 129.17 2,337 16
small 14.01 169,34 2,338 ON 14
gasoline &
medium | 1114 212.41 2,341 E
large | 7.79 311.34 2,340 g o
passenger medium | 9.40 188.80 1766 g,
car LPG £
large 7.33 241,25 1,764 2
small | 1858 145,31 2,668 5 s
diesel | medium | 13,69 198,56 2,683 ON
large | 10.72 255,36 2684 ©,
8 10 12 14 16 18 20 x 24 % 4 6
light 11.50 152,00 1,748 0 ' clock (hour)
Suv/ PG large 6.80 260.00 1,768
VAN 9 : : - (c)
diesel | medium | 10.86 248 82 2,689
gasoline| large 570 410,00 1762 Fig. 3 Variations of traveling car during a daytime (a) Comparison
PG ight 1218 14475 2,688 of 902. emissions Fiependlng upon cars, (b? Comparison of CO;
Truck : emissions depending upon cars and traveling hour on the road
diese | MEAUm | 1210 222.50 2,683 # 43 of P city, (c) Comparison of CO, emissions depending upon
large 10.67 252,02 2,701 cars and traveling hour on the road # 47 of P city.
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Table 6. Daily estimated CO, emissions by transporters traveled
on the road #43 of P city
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Table 7. Annual average absorption of CO, depending upon
types of tree

e Fuel Efficiency ' Travel Number of |CO, Production
(km/1) distance (km)| Transporter (g CO)
Very small 18.25 43 448 2,025,385.6
Small 14.01 43 6536 38,738,218.4
Medium 1,14 43 5016 37,290,699.6
Large 10.86 43 1720 14,978,964
Bus 11.02 43 824 7,286,800
Truck 12,10 43 4136 32,209,100
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Forest Area Annual Average
Tree Name  |Percentage (%) (ha)® CO, Absorption
(tCO2 €q)
Pitch Pine 10 6,337 14,258
Japanese Red 125 7,921 12,594
Pine
Black Locust 75 1,814 2,884
Jgﬁ:;ii? 133 3,204 5126
Mongolian Oak 18,7 4,534 19,179
Variabilis 95 2,318 3,686
Acutissima 5 1,209 3,784
Korea Pine 45 2,741 6,230
Daimyo Oak 2.1 504 801
apanese
FIO\A\/JerFi)ng éherry 08 202 s
Rhynchophylla 1.2 302 480
Japanese Larch 1.7 1,056 3,263
Betula costata 1.6 403 480
Sargent Cherry,
North Japanese 1.6 403 480
Hill Cherry
Etc. 10 2,418 3,845
Total 100 35,386 77,894
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Fig. 4 LCA results for the bioenergies (a) LCA result by wood
cultivation and manufacturing biochips using Simapro 7.2, (b)
Life cycle energy by wood cultivation and manufacturing
biochips*®

TEE Hagede gefste] A4 A H A g CoxE
T2 ARSI P Al A9 U] AT 52 Table 7oA
HIZo| AIZUE 18 7% 714 o] AA)eta theo 2wt

—lEI M o

T

7} 13.3%2 ThF O R Wil H4(12.5%), SUF-(10%),

U9, 5%) 202 10%0)4F 2T o] ejo= of7}

AJOPURRE, Adpup i) WEUH AU I 59 U

FEo] 48t o]&0] Zh= CO, TS EEH0] Q=

W2 (ha) 2} vl ste] Ahlsto] 2 AT} 1d0]| 125,716 tCO;
ol FEe ALE AXL Hoit

el

1o

3.2 Wit AlyeEle &4 9 2%

3.2,1 CHOkA|Lt2| R 11 HfO|27tA 0| 2t HoflLX|#2]
CHA|
P ZAl= %7120 g A3t vl walA SR 71 e

24 | Aol X

Transport

1kg
Energy prod. from
pigmanure with
-0.0574 kg CO2 eq

5m [ 0.0072M) [ ] -0.133 M) -0.108 M)
Car (diesel) T Electricity (natural Electricity (natural Heat (oil)
gas) gas)
0.000998 kg CO2 eq_| 0.00131 kg CO2 eq |_| -0.0242 kg CO2 eq -0.0101 kg CO2 eq
%
0.0003 kg
Diesel I
8.52E-5kg CO2eq | |
(a)

TEEES
rage/
[L1E5 kg coz e

e,

snkw o
“compnents for

lB.976:6 kg 02 e

n 135 m
B
L0.0220 kg 02 e

]
(o)
Lo.0101 kg co2 e

05 K TSR mzsm
Desel 1 Diesel, 3t Desel, ot
e U remenRER U
loszEs ko coz ._. Js.35E6 ko co2 lss7es
ToEST
[Bacirty, mect
Vokige,
production UCTE,
losees kg coz
7iE
ecticty, hoh
okso
srodicton UCTE,
lpases ko coz
1kg
\Wood pelletsi]
[0.717 kg cO:
1kg
Pitch pine |
10.355 kg CO2
0.013 kg 0.151 M3 1.03 tkm .55 tkm
Crude oil Electricity Trailer T Bulk carrier [
N-sea(a) T Netherlands
10.00198 kg 10.0350 kg coL] 0.08 kg CO2 4 10.243 ka CO2
0.0533 M) 0.0832 M) 0.00657 MJ 0.0292 kg 0.0702 kg
city Electricity Electricity Diesel T Heavy fuel oil
UCPTE coal I UCPTE gas UCPTE oil I 1
l0.0159 kg CO! o.o18akg col]  |0.00165 kg C 0.0083 kg CO! l0.0191 kg O]

Fig. 5 Estimation of LCA result for the bioenergies (a) LCA
result of heat energy by biogas generation of pig manure, (b)
LCA result of electricity generation by biogas generation of pig
manure, (c) LCA result of heat energy by combustion of biochip.
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Table 9. LCA results of CO, emissions depending upon types of
energy sources

. Heat Source Electricity
CO, Emission (kgCOz/kg) | CO, Emission (kgCO2/MJ)
Biochip - 0.642 0.0000069
Biogas - 0,082 0.0405
Coal 0.423 0.095
Diesel 0.578 0.0897
LNG 0.318 0.0596
Solar - 0.0211
Geothermal - 0.00815
Nuclear - 0.00857
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