i

f

j:

iy
=

+

SEED

ojo
o
B

5

LTI TaPN

fi b 1L

V=i
=

Z ok

12

20054



fRAEZ AN OB

% Rk

i S LE MHEEAL o w fRiE

#ol I B fALE S U

w AL H R F1I
ES 8 F
% = Bl

PN IPR Y

20054 12J]



A study on optimization of waste heat usage

in the Jeju Environment Facility

Byung Chan Kang
(Supervised by professor Youn Cheol Park)

A thesis submitted in partial fulfillment of the
requirement for the degree of Master of

Engineering

Department of Mechanical Engineering
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY

November 2005



NOMENCL ATURE ................................................................................. lll
SUMMARY .............................................................................................. iV
L. Al B sttt s ssnes 1
L1 G TEHE 7D cevreeeeemsements sttt e 1
1.2 ATEELIE T ] ettt 3
O. oNURAY HAE HFOE o 4
91 B A AR T AJ AL G EF eoreeereeressssnnssssssenesssssissss s 4
D11 FFO N ZEAF ot e 4

21.2 S AT @ 7] ALY BLAE] corvererrrssersssnnsssesssssessssssisssssssssanes 11

213 SEZE T EHEFTE TR ORES AT rveerereerersseesseesesees 13

D14 B2 T2 H] s 14

215 LEG HFA] 2y reereereremseesieiseissississisisesss s 15

92 TG o L] R] BFGHFOF wvvvrrmrrrvsissssscsssissesessssiss s 16
221 G BFQHFOL ettt s 16

2921 0] 8 FEHE FFRHFOF et 16

23 o UR AR HAF Z R I ZPEF e 18
231 TG FFRHFOF creerernritieit s 18

2.3.2 HITEA B e 19

2.3.3 T]BELTFA cerrerrerieen e 20



21

s
=3

~
fils)

i

23

24

=0

=]

2.3.6 3

26

2.3.6 3

=
ﬂ
oK
7
pu

28

=

3.1 ¥

30

]:Q—OJ:

o] 9% o]&

L

31

H

32

o

jang

oo

| o]

ﬂ
4

e

)

1 %

3.1.3 LFG

33

=y

35

3.2 AAA

35

7] @7kek &

=
[}

3.2.1

37

3.2.2 &7

41

i

0

A

323 AA

i
fg

Y
o

XH



NOMENCLATURE

Qp + A1Ed =, [keal/kg]
h, + 5711 g, [kJ/kg]
by o] g9, [kJ/kg]
C . A7t [won]

X @ Z718=, [kg/hl



SUMMARY

According to the renewable energy promotion law which act on 2005, public institute have to
adapt one of renewable energy technology into their new constructing building. The promotion
was started by international obligation of CO2 reduction plan based on Tokyo Protocol. Utilizing
unused energy is another theme on reduction method of CO2 and take an important roll in
energy industry.

Research on the waste energy which has higher potential energy is key items for research
engineers on energy fields. In this study, waste heat of the Juju Environment Facility is
investigated and the utilization method of the waste heat is suggested with economical
optimization analysis.

This study provides a methodology for the optimization of waste heat usage in the Jeju
Environment Facility. The Incineration Plant and LFG Power Plant was considered as heat
sources and the Food Waste Resources Center and the Youth Hostel were selected as heat sinks
of this study. The distribution of the unused energy in the Incineration Plant was analyzed with
load profiles and operational methodology of the plant.

The main objective of this study is on the reduction of the fuel consumption of the heat sinks
and reuse of the waste heat of the heat sources. Energy balance of the facilities were considered
to understand current status of the energy flows. Payback periods of initial investment were
calculated to know economical optimization plan for the waste energy.

As results, payback period of the additional piping that is installed to utilizing waste heat of
the LFG Power Plant for the Food Waste Resources Center is about 1.5 years. Economic profit
of the Food Waste Resources Center during 10 years operation is up to 1,650 million won.
Through this study, methodology of waste heat utilization of the Incineration Plant are suggested

and proposed a economical plans to using the unused heat.
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Fig. 2-1 Infra-structure in the environment center.



Table 2-1 Energy balance at the Incineration Plant with each type of garbage

Heating Value | Garbage Inflow Useful Energy Maximum Steam
(kcal/kg) (kg/hr) (kcal/hr) Generation Rate (kg/hr)
2,200 4,166 9,166,700 12,820
1,500 4,583 6,875,000 11,400
1,000 4,166 4,166,700 8,600

I High Pressure Stemm Header

Srearm Turliiie
| Generabor

Wasre
Hemt
Boiler

A

INCInETaion
Using Heat

Eoiler Wiler
Supply Pump

=

High Prasaiire:
Steam Concdenser

Sl b

ko

Lo Prrassure
Steain Conderser

Fig. 2-2 Schematic of waste heat utilization at the Incineration

Plant




Table 2-2 Production of steam at the Incineration Plant

Heating  Value Winter Summer
(kcal/kg) 1,500
Items 2,200 | 1,500 | 1,000 |(w/o pow.| 1,500
gen.)

Steam generation(Ton/hr) 25.54 121.40 | 17.86 21.40 | 21.40
Supply air pre-heater 0| 1.62| 1.62 1.62 1.62
Secondary air pre-heater 0| 210 1.72 2.10 2.10

Process |Ammonia evaporation tower| 0.02 | 0.02 | 0.02 0.02 0.02
(Ton/hr) |Gas reheater 1.68 | 148 1.36 148 | 148
De-aerator 1.89 | 093] 0.71 0.83 0.92
Recirculation 0.11| 0.11| 0.11 0.11 0.11
Absorption refrigeration 0 0 0 0 0.56
AHU 2.06 | 2.06| 2.06 2.06 1.37

Available

Generator 14.13 | 13.10 | 10.48 0] 13.10
(Ton/hr)

Resort 5.87 1 0.20 0 5.87 0.33

Low pressure condenser 14.13 | 13.10 | 10.48 7.53 | 13.10




2,200 kcal/kg heating value

Table 2-3 Inlet and outlet conditions of energy utilizing facilities in case of

Header Quantity Inlet Exit Reference
pressure(ata) 19 3
High pressure discharge(Ton/hr) 0 0
for safety
steam condenser temperature( C) 250 90
enthalpy(kcal/kg) 694.6 90.0
pressure(ata) 9 3
discharge(Ton/hr) 0 0
Absorption chiller for summer
temperature(C) 180 90
enthalpy(kecal/kg) 665.2 90.0
pressure(ata) 3 3
discharge(Ton/hr) 2.06 2.06
AHU - to be used
temperature( C) 161.4 90
enthalpy(kcal/kg) 665.2 90.0
pressure(ata) 5 3
discharge(Ton/hr) 5.87 5.87
Resort - proposed
temperature( C) 225 100
enthalpy(kcal/kg) 694.6 100
pressure(ata) 17 1.3
Steam turbine discharge(Ton/hr) 14.13 14.13
to be used
generator temperature(C) 245 106.6
enthalpy(kcal/kg) 693.7 618.0




Table 2-4 Operational status of Jeju Incineration Plant

Capacity 200 Ton/day
Garbage supply per day app. 100 Ton/day
Power generation 400 kW
Internally used energy 23.7%

Used energy for power generation 50.3% (29,234 Gecal/year)
Energy losses 17%
Condensed energy through the air 9%(5,230.8 Gcal/year)
Steam temperature 250C

Steam generation 12,000 kg/hr

15ed heal i the
s turdhine

dizcharged hem

gl loss

Wi pweT Sl

Esedl hiedl in
i
ncineElie
plani

withaul power

dischargad
heEl Lo i

hieat loss

Eenerniion

Fig. 2-3 Energy supply trend to each facility with or without operation of

power generator at the Incineration Plant
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Table 2-5 Specification of the Food Waste Resource Center

Fuel co.isum;tion

Factory 1 : 384{, Factory II : 95¢

Fuel type

Light oil (LHV: 9,200 kcal’kg)

Energy price

1.93 x 10° Won/yr

JEnergzy demand

2,240 Geallyr

Steam demand 4,051 Ton/yr
Steam temperature 160C
Fuel amount for heating 1 ton of
] ] 72.40
water from 100T to 160T
Ener rice for generating 1 ton of
&P £ 8 55,024 Won
steam
_l._ T\Veiéht T Y T T | T i T T T T T ] 9600
660 —o— Fuel consumption .
4 8800
o—-o0 ] _
— —
600 | ] -
_ -4 8000 g
& 40 N {70 E
o | £
= y \\ © @
46400
%0 4301 y 5
/ ~ :
3 . 4 5600'0—:.;
420+ / -
d S 14800
360 C 1 " ) WU W § PO " | T 1 1 A 1 1 1 4000
1 2 3 4 5 6 7 & 9 10 11 12
Month

Fig. 2-4 Inflow of food garbage and fuel consumption
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Table 2-6 Annual steam demand in the Food Waste Resource Center

Price of fuel Thermal capacity Steam
[1,000 Won/yr] [Mcal/yr] [Ton/yr]
Factory I 55,176 640,179 1,157
Factory 11 137,940 1,600,448 2,894

2.1.3. sl E

Feel AAgzdel WA ) A% A L 7
Table 2-72
2.5 @l zES Aot

#ee e o

Table 2-7 Specification of the Han-Hwa Resort

Area 9,221.48 m’
Room No. 396
) ) 2 Gcal/hr x 3 EA, 1 Ton/hr x 2

Boiler capacity

EA
Fuel type LPG (LHV : 12,000 kcal/kg)
Fuel consumption 563,737 kg/yr
Absorption chiller 200 RT x 2 EA
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Table 2-8 Specification of the Youth Hostel

Area 2,512 m’
Boiler capacity Main-300 Mcal/hr, Sub-2 Mcal/hr
Fuel type Kerosene (LHV : 8,700 kcal/kg)
Fuel consumption 2,500 ¢
Demand energy 167 Geal

_14_



A

ol

T
Ha+e=

= LFG ¥

5

u| g o X7} wHAl
Far Qlar, w852 2593 olutE 56004t o]

=
R
5|

Zzpigolgle] v

2 km el $14]

Fig. 2-6° YERISITE.

[e)
pu

a9l 47

S

d

t 2 MwelH, LFG

3
pul

=
[}

WA )

Fig. 2-6 View of the LFG Power Plant

_15_



2.2. O[&g o X gLt

o P el u

oA 7HA ol E &EHA X v &g ¥

2hA Tha

9] 9o AT

719

EUREEIE = NE AP

S

71¢] FH= 3

=
o
o geow AT ¢

71E F5t

el

s

Ho Aoz 47 ol g

—

0

0
Plo

&8 7hs et 2E7F ofy

& 272
o wi§- WA &7} vt

I
o
M

ARy
S U

&
=

FAY

S

AR Fol AR

4o

il
H)
BR

Pyl

oy

bl Qlojx = 189 o]

S

ahel A

Ol L= 100To)

F2 "ol A4

-hs]

3

de] o7 2%}

M= A&

ol
=2

A2 gt = o] o EpA]

ST 7R AR

AL gl 971& 7k 0Tolskal B9k =

=
=

we @

F7]oll =

S

el
el

Qo] AjozH s

oF

iy

)
o

¢

i

X

el
A

B
B

B

—

<

Ho
)

aig

H)
il
B

—

<

i

)

olo

0

AA] wYFEd o] §

o|J

)

AL ZFANM =52 ez A5 &85

_16_



ol

2o 7hae gHE v

2o

ojt}. 7} 9]

A
Al

o}
ﬂ
)
o
ﬁo

719

Njo

= 71 H ol

)
X

K

AL 25

Agolth

7}

71

o

7} ool

il

g
el

=0

ojo

X

H

_"

‘REEE

T
_z#ﬁ

M
Mo
Mo

ojy
B

L
s

gl

e}

= ohi} 7

wE
g

el
0

eyl
B

Fol #

S

R |
A4

T H A Y Q] ZpA ol A A AEIA O =

2.7

2 e

10

1%

to AL FRaE HATH

5]

=
=

24

G

A3} ol

she

= 2oH]

o
=

I

B

<
T

goR AHgE

A o]
I

7} wobr A%

25

CERS

i

B!
fite)

oo

o
B

—_—

=y
ol

ey
=0

g oyA e Egof gt

&

7}

oF

2 Ao ard

stEE HQ

AHg

=
=

A7) A 7F b ar ey A]

Jifolt}

S

b A

5
pul

th S71952] Aol ZelA e SH7] oA A

sto] arekel WS = Mg

12 H]

bl 357

5]

&

]

o

il

il

7
Njo

A~

=
=

A ]

5
=]

F71eh A7 72EALE el A 7] 7}

o
=]

A Aol 2l A =

o|J
o

i
o

o
l
ojp

PR, §2 Aol 2ol A

bl %

S

SRR E!
BATNE D FoUAR A

o= o
m, AL Aggoletes A YA mfo] vl > Al AFolTh

2 Abgatel o

2 277 A
A Y71l =7

=
-

2

fER, 22 A4 vt

S

=13
=

=
=

feig
=

il AU ol

!

IR S e o B e R |

S

&

A

e} =
2o deE

(e}
3.0

P
T

_17_



2.3. OAXIXHE =|Hst Z2O8 Y

SAAEA T el Sl= AR FelA Sae22d7] A2 s d 9 gad
oFF N 7kl fFE UL e® ARgEtaL vk 7RSO ® QlE] AR
e Sroldt A= v oluA] o] &ete] Jio] tiFE AL glow, o2t AlthA 2
TARG theat] flske] tRe] H AR AR G oA E T olyA] =8
=9 AT AAEE AMUAAARY] FEo] AAs] atE A Qi

& Aol @Al AR E] = AEZT 3] o|AAE A RS H A 5o
BAVIH AdA €] &EAdo] w2 AMUAE FAH R Adest= HA Y oA &&
bebs A szl gty 27] ZsddAls oAy A 8740 7MY =2 e
de Aoz dAo] ntgsta ol AAENE e &
of thate] oA At &-gt= et

SHRAAIEA T o m &g U AE ded dAAE Tkl AAE Aol AA,

s

=
AF W el B FHAHQ H g2 yelstd R G £W, wed dguew
U9 FREFFOL Astel AT FE Gt FEF AFS FFAA ¥
S 4Fe 1elsy] PETh ol g el B AT

O

=
2% FERALe A $AE9 A, B L AN SL sters] of

webd o] BAEE weistel BANAATIY A Sl v 3717
e el Aesv, oled BUHY ARE ABedshl Pelstn Mo ¥
N % Qe /1Mol Basth oA BTt £ AHaE AAstel AN
AIA e FgAo] B %, oUAY {827} B UAE SAHOR Hestol
18T 5 Ut AXe quA BEYLS AT Bast Yk

_18_



A Hhamle
2 ggatx] Eata s AAolrt

AP FrolM UFoE WS 94

ot
Az
e
A
it
o
ilfg
2
i
&

AANE o] 2] gk Al oA A sk H A S Al

1dS Hdigk &835t7] QM= 24
oA Fatell wheba AR ofy el 2-Fe thsto] {7149 MEArE 4 5o
A wf 7k A T)so] Hul® B3 Eo] dAS] AAY a&e A FtE ot
=, 9 A A A FEEE dFI FoA N A AAsks AU AITE 29
atol k3o sEAola vy A ow yud w Ao
7hsl A A Al E e
Fig. 2-7-2 <u#] 9]

8
FAR evA &g ATE

Hé'd

Racyeling plant ol Tood garbagea

5] - Iﬂ 8 an Ha
Ikum'--_r-ﬁl;.':f.’.wf.'.'.i-.. :

Fig. 2-7 Schematic diagram of energy network in the Jeju
Environment Center

2.3.2. Wl #AE

FERS Y AL IFARFYH FoAM] FEFOEA duA Y aEHdl

2 1
ol o] bsaHl i AowA A £ A% FEAY] AL MHEE T



gaolof gk B Aot FAI} wol S3 A4d4o] WolAt A shujeh
Al gk Ssteith A e st ek b 9 vigkge] £ R

A, B 8l o] golstal FAMZE AA 57] wZel & Aol duA s E Y

Aq7ke] A AHdoz 7MY skalth

o 7S AEALAE S A 600 m
o AP A ;600 m
o A7V 3B ZES A7 : 1.6 km

SAEAASAE ] A : 400 m
e AEe] e 800 m
B3l 2E A9 1.6 km

Z 5 glvkm 74y

b el Al

& ATelA st wjdEAE HE
SHLaL, A El s 98] kmd 689 A0 ANSE O, AL
0% Nzew AUNE ArA,

Tcz
tlo
)
ofo
ol
rlr
N
N
>
(e
o
oY,
do

N

AFE FARF AAneddels] FEEE F716l thatol 7 FeAN T
s emojool tepsht AFEE S5 REE FHAL ATE Foarbgel

2.3.3. 7] ¥ 714

AAAAA T AL A g A A4 wdel e gD g AL 3

_20_



o,

o).

S

et el 1,800 kealkg® . A7

ﬁo

2 7] g

A5},

=
=z

°
o

9,200 kcal/kg
22 8,700 keal/kg

A glrel e
<

9

9

)
LPG? A A=k 12,000 kcal/kg

[e)
3

st

[e])
=

[©)

Bl o
= =

A

q

=Nye]
ST

e,

[e]]
=

=

S IERRE LAY

g

Fol mj e

S

A A H] = 1 kmE 6.82]d o E AAE

o)
sl
ol

4
|

uiA| o] ol

0=

R
fu

EEE R

FolA HEE ot FHTh

S

N  am
F=dx= AF

7} A A

71BN o] weh AH PR SV ENY HdR

ZIER1Y HdRde =

=
o

g3t}

F1be] €$] 717](package) = 7l

SRS

ofpy

)

o

~
o

I 2,500 L =

Ry~
o

30,000 ¢ ©] 37, 3+t

)5
257 ]

ol

AA 7

L
fu

F470] Be Al

@) A

okl

o=

= 7€

Y

&

3 AL

]

=

_21_



A Aol tiste] F-atalElS UeEbE Fig. 2-8% 21, Gl RES] 9 ARARY

%
o
18

30000 T T T T T T T T T T T T

2

1

Fuel Consumption (kg)

Fuel Consumption(kg)

20000 - g

10000

3l E 2 Fig. 2-99F 2t}

‘ I Fuel Consumption
5000 E

5000

5000

0 2 4 6 8 10 12
Month

Fig. 2-9 Fuel consumption of the Youth Hostel
80000 T T T T T T T T T T T T

I Fuel consumption
70000 —

60000 - E

50000 R

40000 i

30000 E

20000
0

2 4 6 8 10 12
Month

Fig. 2-9 Fuel consumption of the Han-Hwa Resort

_22_



AT FAH7|Za7A 4 = 27|zt diar s diFo]l wAsht
A= Ao AA DA of AFgsta dy= B0 W FUIENE Fe
Aol ARES FAlol Do Hde VIR WES vk dE ZA Y AR &

Incinersi=on Lﬁl.ﬁ i Arcyclin plant 3 lood gsrbesoss

i
i
LI

1N —Hwa
ra &

Bl 3

O i |
Youth hosisl

Fig. 2-10 Schematic diagram of energy network in the Jeju
Environment Center

_23_



2.3.6. 3ATHH

Aol A SFAFAEA G A HAE 95k o] 2 B FA A= A
FALH S AHEsHA T

AZAGHL Aol ol HAe vE&S HHox 3 427 2 (Mathmatical
Programming)©]] ©]-§-¥ o] HA ZA|E 5213} sfo] HA 3} wA2 sE TAXCE T
s W oltt.

FYAGH 3 Fokdl AFAEHL Table 2-9°] e oj2] 3gHEoko|A AL

Ha glor, g4 W FdelA e EAES 2 vE 5 7] "ol 4771,
Z1QA Sl ARGl gAY AB el de o] &FH AL 9o, Aok @

w ohuel 4bel, X B EAIAE 5 ole Rope] BEHT uk
AP L oot 2 Gl BHFE AN S AU Yok $4 B4

Eooke 2o 1449 PR el S o,

ali

m (¢, Ty + oy ++ =+ ¢, 1) (3)
go) BARLE BBy 9 FHEAS e L 14 AYLEA9] FrE
A e,

aypx1tapt -+ apxy<b,
aypitapt - +apn=>o; @)

ayx1tapt -+ apxy=b;

Tkl 4%
Q= A% ol Ul A AT BRE & otk old @ AFALNS E] A o
H o2 oA (Simplex Method)©] AE 4 02 AFEE T Ql=d 12} AHLG 29 o] &

_24_



s wgoz s Qo] oIt 4u AEHE Tt

Table 2-9 Various application of linear programming

Field Target problems
Industry Production plan, time schedule, location plan, stock control, marketing
Energy Technology, investment, investment plan, capacity

Water reservoir plan/design/management, riverside development plan,

Water resource
water treatment control

Purchase plan, stock farm, insecticide management, equipment using

Agriculture plan

City water resource, land resource management, community

Urban plan .
development, garbage collection, waste management

(Integer Programming)®] 2}
a7 IR Q1 sl Rl kA o) 9}«214' ArAEY o= 2d A

o] &duke =E3 AAEIHoIL &

X
ot
)
Jet
S
ofN
2
>
oX
A EA =
:Oé
r\j

S o
o
It
rlr
ox,
o
il
o
&
é
n:E

A =

s ez vy aA AQFAGR, EFEFAIR, 0-17)
= 0 52 19 gte 7HA<k k= &

" (Truncation Method), @AW O &2 FH3 &

=l oA Ak o] gl whEo A= 7hs 3l

A Arals 2= o)y, A H S

sl AR AU A AH 3FAE RE P BE s Asts
1

X
BL

o3
=
PARAMY EEAS AL, BARS D gkl o5 F9ud, WA
A GAE & A9FoRA Y FHE HANT @A AES Aol wet

B e e KA i

ol
)
e
o
ot
W,
(ot
o
oZ
i
o
%0

o
X
=2
1o,
)
N
N
N
2
i

_25_



d

o FREAE o] e AR F2 F 9 7R A s dEks wol At
DA A EAE AT e oty EA R v fh
A TAFFAN FEREAE oAWA dest =1k Aol o] gt A Th%
A2 e AR s Al E e SA 72 AR

U HA35ksh7] gk Wile s ofe] 7AWl glon £ ]
e

Z

§2

0_1_, UE

re

A

s
H

=

oAl Slelx] Bue AFADY L Ak 27 FAH O EA EF
Mg At Ea 7179 £ L XS dehie 0148 e weah,
AEADEE F7) fletel EAFIULS o] g3t

BAGRE A7guelv] 2 (5)o] vhebd vhe} o] Azt mgulsh AN 9 o
2 e, RS 2 Axwe A A E Hase) fetel SAdNe 5

ZZ‘, (CLx X' xH)+ A3taL7 Hl) (5)

MIA FEE A% AUEE F/E U 2 5wl 7)71Ee] AgHtn
HUE W HAFF FEZAAGNE B3t gol AUAREE (D, D) B
SN A3t 2 71719 Qg ARGOE g gol ek, 8 01MEE

A
Ao wi= 71719 A, 1w s o] eeh

=

Ml'n(clxl-l- Cz.?C2+"' +Cnxn) (6)

a11x1+a22x2+~~'+a1nxn2DH (7)

A X1+ @gxo+ -+ a9,x,= D (®

_26_



minx ,x8,<x,< maxx,xo, ©)

x:>0,(;=1,2,3,) (10)

A4 FIAFS BANS AFAGAOH, 2/ FANE ZYUE el ) stol

A7 §H S Al

_27_



ol
gl
=

3.1.

ohvlel, @AM AA T A

E{l_

HH
RUN

gl

[e;

o] 71 % LFG(Land Fill Gas) #7#

Fedl o e

S

Aol A sk H A= A3 10,950 Geal7} T4

o
=

LFG

B3N 24T

[e]
ey

AlZ171el 28 olU A &olth. Table 3-1

—_—

RS EE

2 Yepf it

71EL

F3t Fig. 3-12 4

ot} 3712

& Bafol

It} Fig. 3-1

o
M

o3

hvi
=

] Tl = S| zEZF 7B B AqUAE

Z

o

]

o

e AL

=

=]
s

3

o3
=

HRBA LA T-olA A

she

A gk A7 B2 Aol EA

vl A
=

o 22l A Aol

= U

1ol A

sof 2

F71 915k el o

S

HAo 7 &&

S
=

Fo] oF 59.3%9] HLES A

J|

ZERS A

=
o

_28_



Table 3-1 Annual steam production and demand of the facilities

Facilities Production (Gcal/yr) Demand (Gcal/yr)
5,230.8
. . (with power generation)
Incineration Plant 34,4648 -

(without power generation)

LFG Power Plant 10,950 -
Food Waste Resources
_ 2,240
Center
Han-Hwa Resort - 5,412
Youth Hostel - 170
800 - —— Han-Hwa Resort B
A —#&— Food Waste Resources Center
\ —&— Youth Hostel

600 ‘\ /A

400

Load(Gecal)
/
)
/
AN

200 =—a—8a—8—8—§—§—§—8—8—8—=n T
0k . . i d i b ° ° ° d d . 4
I I I R I I I
0 2 4 6 8 10 12
Month

Fig. 3-1 Building load of facilities
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Table 3-2 Economical analysis for the three types of network (unit: 103Won)

LFG - Incineration plant-| Incineration plant-
Supply and demand
Food Recycle | Han-Hwa Resort Food Recycle
Investment 272,000 680,000 408,000
Depreciation(15yr) 18,130 45,000 27,200
Energy price per year 279,000 357,500 279,000
Capital(15yr, rate 0.2%) 8,270 20,690 8,270

Table 3-3 Calculation of payback period of three types of energy network (unit:

10*Won)
) Running i Net return| Payback
Network Energy price Saving :
cost money | period(yr)
5(10°Won/Gcal) 11,200] 267,800/ 238,470/ 1.14
LEG Plant - | 10(103Won/Gcal) 22,400 256,600/ 216,070| 1.26
Food Waste

3
Resources Center | 15(10°Won/Geal) 33,600 245,400, 193,670 1.4

20(10*Won/Geal) 44,800( 234200 171,270 1.6

5(10°Won/Geal) 92,300| 265,200, 127,900 53

Incineration plant_ IO(IOJWOH/GCEID 119,400 238,100 73,700 9.2

Han-Hwa Resort | 15(10°Won/Geal) | 146,400/ 211,100 - -

20(10°Won/Gcal) 173,500| 184,000 - -

5(10°Won/Geal) 11,200| 267,800/ 229,400/ 1.79

Incineration plant-I" o | os\oniGeal) | 22400 256,600 207,000 1.97

Food Waste

15(103W0n/Gca1) 33,600 245,400 184,600 2.2
Resources Center

20(10*Won/Geal) 44,800 234200/ 162,200 2.5
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