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A Study on the Validity of Rural Type Low Carbon Green Village
Through Case Analysis
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Abstract : This study examined the overall feasibility of low carbon green village formed in rural area. The check method is analyzing
its environmental and economic feasibility and energy self-reliance. The biomass of the villages was set as 28 ton/day of livestock
feces and 2 ton/day of cut fruit tree branches which make up the total of 30 ton/day. The facility consisted of a bio gasfication
facility using wet (livestock feces) biomass and combined heat power generator, composting facility and wood boiler using dry (cut
fruit tree branches) biomass. When operating the system, 540,540 kWh/yr of electricity and 1,762 Gcal/yr of heat energy was produced.
The region's electricity energy and heat energy self-reliance rate will be 100%. The economic feasibility was found as a loss of 140
million won where the facility installation cost is 5.04 billion won, operation cost is 485.09 million won and profit is 337.12 million
won. There will be a loss of about 2.2 billion won in 15 years but in the environmental analysis, it was found that crude replacement
effect is about 178 million won, greenhouse gas reduction effect is about 92 million won making up the total environmental benefit of
270 million won. This means, there will be a yearly profit of about 130 million won. In terms of its environmental and economic fea-
sibility and energy self-reliance, this project seemed to be a feasible project in overall even if it manages to get help from the go-
vernment or local government.

Key Words : Green Village, Low Carbon, Rural Type, Biomass, Biogas
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Fig. 1. Flowchart of study on the validity of rural low carbon
green Village,
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Table 1, Calculation method of energy yield

[tem Unit Method
Total treatment quantity ton/day Estimate through field surveys
' . ) kg VS _ 0.5m’gas
Production of Biogas m®/da Bi —— X == X——X
g /day omass day IS kg VS s
3 m*
CHa m°/day Biogas——— < 60%
day
3
) ) m 10,550kcal kWh
Met > gas—— X X % 35
Production of Electronic kWh/day Jethane gas day 3 60kcal 35%
3
Methane gas% X m 45%
Production of Heat-energy kcal/day k ;/ o—
Branch—2- x 25250 o 639,
day

- CH, yield 60%
Remark
- Branch 2,800 kcal/kg”

- CH4 10,550 kcal/m?® (TOE of International Energy Agency)

-1 kWh = 860 kcal
- Electronic Efficiency 35%
- Heat Efficiency 45%, 63% (wood)
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Table 2, Analysis method of environmental impact
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[tem

Contents

- Caloric Value

Base Data

- Crude Ol 1 bbl = 1589 L = 0,136 TOE (10" kcal/TOE)

- Qil 9,267 kcal/L (2007, Alternative energy supply statistics, MKE)
- CH,4 10,550 keal/m® , Wood 2,800 keal/kg (Wood yield 0.7)
- Qil Price : $73.95/bbl (2007year, http://www index.go kr/)
- exchange rate : 1,371 WON/$ (2007year Average, A foreign exchange bank)
- TonC/TOE of IPCC Crude Qil : 0,829
- TonC/TOE of Solid Biomass: 1,252
- CERs : 24 $/TCO, (2008Action Plan for Waste Energy Comprehensive Measures ,KEI)
-1TCOz =21 TCH,

Biogas

m30H4/day x day/yr x 10,550 keal/m® + 158.9 L/bbl + 9,276 kcal/L = bbl/yr

Quantity of Crude oil
Crude oil Wood

replacement — TOE/yr +

ton/yr x 2,800 keal/kg x 1000 kg/ton x 0.7 = kcal/yr
— keal/yr + 107 keal/TOE = TOE/yr
0.136 TOE/bbl

= bbl/yr

effect Crude replacement Biogas

bbl/yr x $73.95/bbl x 1,371 WON/$ = WON/yr

price Wood

bbl/yr x $73.95/bbl x 1,371 WON/$ = WON/yr

TOE (Biogas)

bbl/yr x 0.136 TOE/bbl = TOE/yr

Biogas
CO, 9

TOE/yr x 0.829 TonG/TOE x (44 CO2/12 C) =

A TCOp/yr

Reduction of | Quantity of Wood

TOE/yr x 1,252 TonC/TOE x (44 CO,/12 C)

=B TCOu/yr

Greenhouse reduction

Gas CHa

Biogas

m*CH./day x day/yr x 16,000 ton/kmol + 22 .4 m*/kmol
= TCH4/\/I’ g TCH4/}/Y x 21 TCOQ/TCH4 =C TCOQ/YI’

CERs

(A + B + OTCO/yr x (24 $/TCO» x 1,371 WON/S)

= WON/yr
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- Cvillage
- People : 80 household, 165 person
- Fruit tree area: 52.17 ha

Distance : about 2.5 Km

Dairy cattle : 70

o N ‘
B Greenhous area : about 17,000 m? A Y 4
¥ Distance : about 1.5 Km | Sy /
\

— P
New Facility

R " = place
- Pigs : 5,000 - {
- Operating composting facilities 5

- A, B village
- People : 4% household, 118 person
- Fruit tree area: 5217 ha

Fig. 2, Mapping of target area as low carbon green village,

Table 3. Available quantity of biomass energy source from Y di-
strict's green village

Item Unit  livestock excretions Branch  Sum
Quantity of Biomass ton/day 28 4 32
Available Quantity of 28 2

Biomass Energy fon/day (100%) (50%) 30
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Energy Product System

| Biogas - Cogeneration System I

Branches off

Solid

Wood Boiler

[
e I

-------------------- - Compost ; I
 Fod FOY- 5L RN |
\ J
Fig. 3. Energy system of Y district's low carbon green village,
Livestock Screen Gas o . Electric power
excretions — Selector storage > Desulfurization —>{ cogeneration
) Anaerobic
Foreign Storage . N Storage 5 Wood Ash
materials tank d'%z;tllon (Natural drying) burning boiler treatment
. Dehydration Sludge
Composting [€— siudge [€&— Dehydrator |[€— Storage tank Crusher Dust collector Landfill
Word branch
Return to Sewage -
Collection and Stack
farmland Treatment Transportation

Fig. 4. Process of the energy production system in Y district's low carbon green village.
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Al S

AEsteict. © Table 19] A1& ol g3t on], ALgH Q% ghe J1E B
A3} A AES B8l AFEE oy A AAEFS Table 4 HESH O AEAZHTS 6.5%, VS/TS 0.73, 0.5 m 7]-/\/kgVS
of 2} A AETE o 87T hol ol ol AEE e 60%)7 HEste] AEeherh vhol ok AL

Table 4, Energy vield of Y district's green village

Target Biomass

[tem Unit - - Remark
Livestock excretions Word branch
Total treatment quantity ton/day 28 2 Total 30 ton/day
Running time day/yr (hr/day) 330 (24) 330 (8) -
3
m°/da 636 - _ 0
Production of Biogas s Y TS 6-53/0' V8/TS 0.73
m°/yr 209,880 - - 0.5 m°gas/kgVs
m°/day 382 -
CH, s - CH. 60%
m°/yr 126,060 -
Production of Electronic kiWh/day 1638 ) - Electronic Efficiency 35%
KWh/yr 540,540 - - CHs 10,550 keal/m®
Production of Heat-ener Meal/day 1811 3,528 - Branch 2,800 keal/kg
o Mcal/yr 597,630 1,164,240 - Heat Efficiency 45%, 63% (wood)

ChetEr B ataix| | 332 M 1251 20116 122 |
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Table 5. Approximate installation cost of the energy production system in Y district's green village

Item Cost (10,000 won) Remark
1.2 billion won/ (ton/day)”
 Biogas fclity B0 | e cept: Cogenetaton Wsenatt reaomen
facility)
(@ Pretreatment | Meter, Screen, Mixing tank 60,000 | 0.2 billion won/ (ton/day)*
® g\izlaeirtce)tr)slc g/l;e;h;rgf afs;r?ae:lt(ahon tank, Sludge storage tank, 150,000 | 0.5 bilion wony (ton/day)"
@ Other facilities | Dehydrator, Composting, other cost 150,000 (@=0D-@-©
Generator Desulfurization, Cogeneration 60,000 0.2 billion won/ (ton/day)*
Wood facilities 1,2 Incinerator, Steam boiler, Dust collector, Stack 84,000 Wood Boiler company survey (2 ton/day based)
Total 504,000 -

* Related companies survey : Approximate average

Table 6, Approximate operation cost of the energy production system in Y district's green village

[tem Cost (10,000 won/yr) Remark
Labor cost 12,000 200 million won/ person 5 person (anaerobic digestion facilities (30 1) : 5 person)'”
Power cost 1,477 1,492.7 won/m®
Fuel cost 2,347 2,370.8 won/m®
Sawdust 14,504 ?;%;?; 14,651 2 won/m® Reconstituted ref, 7
Repairs 2,914 2,943 6 won/m°
Interest 3,843 3882.8 won/m°
. - 660 ton/yr
Wood raw materials 3,300 - Wood chip cost : 50 won/kg (Related companies survey)
- 9 i il si -
Wood ash treatment cost o9 Ash ?,7@ (Related companies survey) (Sudokwon Landfill site management cor
poration : 16,320 won/ton)
Wastewater treatment cost 8,095 - Dehydration liquid 78% (11,232 won/ton)"”
(Sewage connection treatment)
Total 48,509 -

| Joumnal of KSEE | Vol.33, No.12 | December, 2011
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Table 7. Sales profit of the energy production system in Y district's green vilage

Remark

Item Cost (10,000 won/yr)
livestock feces treatment cost 13,860
Power cost 6,540
Compost cost 11,550
Heat cost 1,762
Total 33,712

28 ton/day (15,000 won/ton)*

1,638 kWh/day (KPX : Average unit price of SMP (2008) : 121 won/kWh)
28 ton/day x 10% (125 won/kg)*

5,339 Gcal/day (10,000 won/Gcal)*

* Existing treatment cost
** Related companies survey
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Table 8, Economic analysis of Y district's green village energy
system

[tem Cost

504,000 ten thousand WON
48,509 ten thousand WON/yr
33,712 ten thousand WON/yr
- 14,797 ten thousand WON/yr

Construction cost
Operating cost
Sale profit
One year profit

National support

Deficit
Period of Deficit 0WON
dissolution  National support 221,955 ten thousand WON
(15year) Support
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Table 9. Environmental impact analysis of Y district's green village energy system

[tem Contents
Biogas | 382 m3CH4/day x 330 day/yr x 10,550 kcal/m® + 158.9 L/bbl + 9,276 kcal/L = 901 bbl/yr
Quantity of Crude ol 594 ton/yr x 2,8007kca|/kg X 1090 kg/ton x 0.7 = 116,424 x 107 keal/yr
Crude oil Wood — 116,424 x 10" kcal/yr + 10" kcal/TOE = 116 424 TOE/yr
replacement — 116424 TOE/yr + 0,136 TOE/bbl = 856 bbl/yr
effect Crude replacement | Biogas | 901 bbl/yr x $73.95/obl x 1,371 WON/$ = 91,369,136 WON/yr
price Wood | 856 bbl/yr x $73.95/bbl x 1,371 WON/$ = 86,785,945 WON/yr
TOE (Biogas) 901 bbl/yr x 0,136 TOE/bbl = 123 TOE/yr
O, Biogas | 123 TOE/yr x 0,829 TonC/TOE x (44 CO, + 12 C) = 373 TCO,/yr
Reduction of | Quantity of Wood | 116.424 TOE/yr x 1,252 TonC/TOE x (44 CO, + 12 C) = 535 TCO,/yr
Greenhouse | reduction one | Bo 382 m*CHa/day x 330 day/yr x 16,000 ton/kmol = 22.4 m*/kmol
Gas 4 985 | _ 90 TCHa/yr — 90 TCH4fyr x 21 TCOu/TCHa = 1,889 TCOy/yr
CERs (373 + 535 + 1,889) TCO/yr x (24 $/TCO2 x 1,371 WON/$) = 92,032,488 WON/yr
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Table 10, Energy-selfsufficiency of Y district's green village
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ltem Contents Remark
- Electronic power (kWh/Month/house) 200 - Average electric power of household
. - The number of household 129
EI:r?;rrc;r;lc - Electronic power (kWh/year) 309,600 - power consumption of village
- Production of Total Electronic power (kWh/year) 540,540 - Leftover Electronic power (230,940 kWh/year)
- Independence ratio of Electronic power (%) 100
- Vinyl House (EA) 42
- Use 12 ten thousand WON/month (charge of electronic)

- Calory of Vinyl House (Gcal/year) 337 — 3,267 KWh/month

Heat- — 39,204 kWh/year x 860 kcal/kWh

energy - Total Calory (Gceal/year) 1,415 - 33.7 Geal/year x 42
- Production of heat-energy (Gcal/yr) 1,762
- Independence ratio of heater-energy (%) 100 - Leftover heat-energy (347 Gcal/yr)
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