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Analysis of a Waste Energy Recycling Society Using Life Cycle Assessment

(A Model Analysis of a Rural City in a Mountainous Region)
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Power generation systems using waste biomass have attracted attention. Such a system can convert waste biomass, which is

discharged from residential areas, into power based on the local energy demand. By applying this biomass energy conversion system,

we expect to improve the energy independence of a local society. However, since waste biomass, such as paper, scrap wood, and

other garbage, has different thermal properties, it is desirable to process them for gasification. In addition, biomass has a low energy

density, due to low volume spread over wide areas, the process requires waste transportation and accumulation, and therefore a large

amount of energy. Hence, the implementation of these systems into local societies needs a prior and careful evaluation using Life

Cycle Assessment (LCA). This study shows the usefulness of the evaluation using LCA by demonstrating a model city employing a

waste energy recycling system. We evaluated the effects of processing speed of gasification, fuels of boilers and heaters on the

energy balance, CO, emission, and the total cost in the modeled rural city in a mountainous region. The analysis showed that the

energy independence and CO, emission can be improved by the use of a carbonization gas.
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Fig. 2. Map of Kasagi town.

Table 1. Regional data for the LCA.

Regional data Population [-]

1,876

Area [km2]
23.57

Households [-]
652

Kasagi town
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Table 2. Feed stock of Kasagi town.

Feed stock Garbage Paper Plastic Fiber Plant Thinnings
Quantity [Mg/yr]| 379.2 158.0 126.4 63.20 18.96 580.0
LHV*! [MJ/kg] 17.3 16.0 36.0 18.1 17.9 17.9
CEC*2  [kg-CO,/MIJ] 0 0 0.0427 0 0 0

%1 LHV: Lower heating value %2 CEC: CO, emission coefficient
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Table 3. Specification of collection and transport

process.
Average of load capacity of truck [kg/unit 2000
Truck cost [yen/unit 8000000
Septic tank truck cost [yen/unit 8000000
Durable years [year] 4
Personnel number [-/unit] 2
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Table 4. Conditions for drying process.

Feed stock

Moisture
content

Garbage| Paper [ Plastic | Fiber | Plant | Thinnings
[Before [%]] 75 | 43 | 20 [ 43 [ 43 [ 43
[After  [%] 20
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Table 5. Specification of drying machine.

Low pressure steam per amount of evaporation [kg/kg 1.4
Power consumption per amount of evaporation [kWh/kg 0.045
Pressure of low pressure steam [MPa 0.5
Temperature of low pressure steam [K] 424.84
Initial cost per amount of evaporation [yen/kg] 100000
Durable years [year] 8
Table 6. Specification of boiler for drying.
Heat efficiency [% 80
Initial cost per amount of evaporation [yen/kg 8328
Durable years [year 15

4.1.1.3 ¥mBIRE
KT, v, #&, 77 AF o7, Mk EA
BROMGH 2 2 2 L 2 8E L, BTRFEIEY)

R T~ A

(b LTt 1o DA BE L7z, By

PEIT RS ) A 7 ViR R Stb 7 o7 v s
A, E020), ESCER T4 v —va by R (B

AEH7 V57 v 7 %, E007),
(&t v 7 X, E013),

7T AT v 7 ik
JTHE 1 HhE AR

(PH A TR U, SC-30) 46 K ONAE ] il

et (fR

A&t 77 v 7 A, E027) #ML, &

MR A A~ A 1 kg H7= 0 DT F L1
K FEBEHEM /A A

2NN TR OB W B R, kS35 X OV
HEHr % Table 7 (27777

5, a2 b e L.

Table 7. Specification of chipping machine.

Intended Energy consumption Initial cost Durable years
waste biomass [Wh/kg] [yen/kg] [year]
Garbage 8.73 0.66 2
Paper 58.8 14 2
Plastic 44.0 4.8 2
Fiber 400 25 2
Thinnnings 11.0 0.21 2
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Table 8. Thinning energy.

Work Weeding Thinninging
Equipment Brushcutter Chain saw
Fuel Gasoline

Energy Consumption EC,, [I/m2] 0.027 0.036
Table 9. Quantity of thinning.

- Forest e .

Feed stock . Chip material | Branches

thinnings
Quantity [kg/m2] 7.35 4.64 6.00
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Table 10. Energy of heater.

Capacity 55.8kJ/hx 1 209MJ/h X 2
Scale [m3] 105 576
Fuel consumption FC;,q [MI/h] 65919 359.10
Operating time 0T, [hyr] 3571.4 3596.5
Thermal efficiency [%] 75

Temperature difference [K] 20
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Table 11. Energy of pellet factory.

Rated production volume capacity PV [kg/h] 300
Energy consumption (Electricity) ECp e IMI/] 453.6
ECputa ai__I] 05
2% Load:60%

Energy consumption (Diesel oil)
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Table 12. Specification of superheated steam

gasification.

Format of gasification furnace
Temperature of superheated steam
Processing speed

Cold gas efficiency

Efficiency of boiler for gasification
Durable years

Pyrolysis
1073
30 - 5000
85
64-91
15

[K]
[keg/h]
[%]
[%]
[year]

Gas fuel
Electricity

Gasification energy
(Gas Fuel) [MJ/kg]
Gasification energy
(Electricity) [MJ/kg]

0 0
0 1 2 3 4 5
Processing speed of gasification X 103 [kg/h]

Fig. 7. Superheated steam gasification energy.
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Table 13. Specification of gas engine CHP.

Gas Engine Capacity [kW] 35
Generation Efficiency [LHV-%] 34
Heat Recovery Efficiency [LHV-%] 50
Total Efficiency [LHV-%] 85
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+C0,,. +CO.

2trans _thin
+CO.

2gas

+CO.

2thin 2 food
+ COZcth + COZCHP (1 3)

DA R b R FEHE & kg-COylyear,
COZtranSﬁwaste DR ENE TR D @4’%1 bR HE
& kg-CO,/year, CO,,;, : XK TIRIZE :E&{ b

FHEH & kg-COy/year, COyups shin ULI&
T D ZEEIRFR R B, COypoq + BAIBIE X
5 Kﬁ%ﬂlfﬁ% kg-COy/year, COyper :
v METRRIZHE T 5 bR FEPEH & kg-CO,/year,
COspp *ﬁf’#l& BiF5 = ﬁézﬂﬁf 2 HFH &
kg-COy/year, CO,, : il TRRIZIS T D “{b iR
Peth & kg-CO,/year, CO,py: 7 7\1[21*5 BiFs
fefb i EkEH B kg-COy/year, CO,cpp @ 36 LIRS
BT D bk FEHEH & kg-CO,/year

ik
~l
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54 aX+

ER A MIFTRICBIS2a X M2 MEL, 7
BB L OB X DI 2 W5 L, i
BCHRTH2ZETHEHELE. F£TRICBITSAaA B
OWFILRNE 2 A N, R5F3 A M X2 2 b
Thbd. ok, RFI A MIRIMBIARD3I%E L
72 200 NI, @R R X A BB oRIC
FRE L LT 12 LI EE AW Y. ek, BEG
TEMFFE P RE P2V CEB L, 75 MElE
PO NBEUT 4 N & Lz, BHE FRllorRT.

COSt = C‘transiwaste + Cthin + C‘transithin + Cﬁ;od
+Cpellet + Cdry + Cchip + Cgm + CCHP + Clabor
_Cs'elliele - Csellifaud (14)
Cpy =12-C,,, - P-h=12-(2282-4)-h (15)
Csell _ele = gene _surplus : CEI€7 sell ( 1 6)
C = Cequip + Cmain + Cfud (17)
C
Ce ui] = _— (18)
" Cyear
Cmain = 003 : Cequip (19)

Cost : fE[H] 7t A b yen/year, Cupy yasee © I IES T
FRICET % 3 & b yenlyear, Cpy, : K TFRICES
D AR b yen/year, Cou pmin © HiE LREICHE T 5 =
Z |k yenlyear, Cpog: BWIBIGHRICE ST 53R b
Copetter * ~V v MELRIZES 53X b
yen/year, C,,;, : i LREIZEE S % = A | yen/year,
Cyp : WM TRRIZET 2 3 X b yenlyear, Cp: 7
AL TRRCEY 5 3 A b yen/year, Ceyp: JE7E LR
W35 a Ak yenlyear, Cipr : AN A B
yen/year, Ciypny @ FI T yenlyear, Cyy o : 55BIC K
DINAE yenlyear, Coppoq : BADFIEMFIT K DN
% yen/year, Cyy: BEFEWMLERIZ L 5 INU4E yen/year,

yen/year,

Cu @ B4 yen/year, C, : Wifh yen/h, P: AEB
B, b7 BIRFH hiyear, Co,:i%fii =@ Ak yen/year,

Chor - EEBF 2 2 1 yen/year, Egpe supus @ ARBIFERE B
kWhiyear, C,, oy : 7CEAliA% yen/kWh, C: £ LFE
DA K yen/year, C: & LTRRICET LAk
Coain - TR5F2 A b yen/year, C,,,. : &
fiik% yen, Cyp ¢ ML year

yen/year,

(63)

63

6. MBImEH

FETROHETEEZ L LIS, TxRVFIK, @
fLIRFBEHER L OVa 2 N OFHMBZ 1T - 72, g
MBI DR — L= T EBEIC L. EROBE
A% 365 B & Lz, £ TRERTHWSBEI O 2L
¥ i L O IRFEPEHIEREL P2 % Table 14 127K
T BHPEHY R ANA A~ A DN HEE, b
R FEHEHRE 2% K OGEEMEE 2% Table 15 128
. HS T A B L OEREE A E A ZE L Table 16 35
L Ot Table 17 (27~ 7. #HH A DR T T I KR
HABREHO R —L_—Y BB L. $£1-,
BT T I E S ORI P % AW, 8o 2
A MZ 130 yen/L & U7, AR CIIELR A A OF|H
FIEIZ K A EELEIET 570, @B L O 2k
TRIZBT R A 7 —HEREE LT T 2% H
WA LT, BT AR ) L OV A &
WESEWLT, FE T AR O W T 247 -
2. WA T AR IR T AT A DR & L TR

Table 14. Energy value and CO, emission coefficient.

Energy Energy value CO; emission coefficient

Diesel oil 38.2 [GJ/m3] 0.0687 [kg-CO,/MJ
City gas (13A) 45.0  [MJ/Nm3] 0.0509 [kg-CO,/MJ
Electricity 3.6 [MJkWh] 0.413 [kg-CO,/kWh

Table 15. Lower heating value, CO, emission

coefficient and price of power selling.

Feed stock Garbage | Paper | Plastic | Fiber | Plant [Thinnings
Lower heating value
at 0 - moisture content [MJ/kg] 173 160|360 181
CO2 emission coefficient [kg-CO,/kg] 0 0 2.77 0
Price of power selling [yen/kWh] 17.85 0 17.85
Table 16. Charge of city gas.
Plan Usage Basic charge Unit charge
[Nm3/year] [yen/month] [yen/m3]
< 240 724.5 175.47
< 600 1260 148.7
G 1 < 1200 1440 145.1
enerd <2400 1700 142.5
<__ 6000 3190 135.5
< 100000 6470 128.49
Large supply 100000 < 0 78.1
Table 17. Charge of city electricity.
Basic charge [yen/kW] 1323.00
Summer season (7/1 - 9/30) [yen/kWh] 12.59
Unit charge
Other season [yen/kWh] 11.53
Fuel adjustments [yen/kWh] 0.21
Photovoltaic generation prompt charge [yen/kWh] 0.5
Renewable energy generation prompt charge [yen/kWh] 0.22
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HHAZFIAT D2 & 2B L, RFIE T R %%
BN, 72k, W AFIHOBIZH T A A D
RAREE & UCRIA T 2B a3 T AL TR, #2
PeTREL Uiz, 72, BB LIENLRE, T A1,
Wil BSREDNECESEANCHEH L, KRS EZEEL
7o FBERHCHAET HH AT ¥ OPEUT R
FOHAMETRICBIT DR A 7 —OEJ E L CTH
T2 L 2BE L. £, BYWEEEROE —
Z—DEJRE LT A HElMEHNDLIEE, XLy b
ZRWAEETNENICOW T 21T 72, Iz
T, BB ERICB T o e —F —OEJHE LTH
Ax Y CHP OPBERIAT 2546, FIH LA
WA ZNEIUTOW TR 21T\, il 7277
NElR Y 2T A OHR 2R T2, 7B, B i
RICBWTH AT D OHEAEFI AT 2B OE
SENERL X Al Tk, Ak, Wl TROIEE L
7z. Table 18 I[Zf#HT Mt 2 7.

Table 18. Condition of the LCA.

Case 1 [ 2 1 3 4
Garbage 259.2
Paper 108
Plastic 8.64
Feed stock [t/year] Fiber 32
Plant 12.96
[Thinnings 464.16 | 43696 | 464.16 | 436.96
Thinning area [m2] 30,000
Volume of Food factory [m3] 288
Heater fuel Bunker A [ Pellet | BunkerA | Pellet
Utilization of exhaust heat X
Boiler fuel LPG / Carbonization gas
Processing speed [kg/h] 30 - 5000

1. RBERBIUSBE

1.1 BBAXOFNRBAE BYFIEHEZOBRHES

FUARI VDU DOHBOF AR ENRE L

WMEBEREICEZ D
AHTIT = A NP/ MEZ 7~ T A{EDALELE
JE % et 72 A AV EEE DAL & L 7o, A b
B OWMBEE N 2 2 M 2 5BIZ >\ TR
T DI, T AEEE OMBEEE % 30~1000 kg/h
F AL SE RO a A R & Fig. 9 \ZRT. W
T ADRIM I, BFIEH R DB EHS KO A
VY OHROFIAFIECE D 5T, 44T B W
THR—OFmER L. 22T, LT
¥, Casel O A A[bHEE OALERHEE A 100~500 kg/h
F T 100 kg/h BIZZL S B BEOR A FB LW
WiR% Fig. 10 (2R3, W AOFIHFIEICE D

59, A ACEEE OB OB A= R
FMEWR T DT, WAL A RRHRLTWD.
T ACEEE OB E 2 NS H Z iz k7
7 v NOBERHNEL 5. 20D, AMEax
FMEI L= E 2 Bbhus. Fig 5 L0, HAfb#
B3 A MILHEEE OB, ¥md 5. £
D7, AR OB EE OB L, A
b= 2 R38N U7z, T 0 A R Tl 2 b2EiE
OB E OB, FEE =2 A RN L TV
. R TIIREEATADH 7 72 ERBE LTV
W EDTe, T ACIEEIT KV AR L TR T A
I XEIBEIC H A=Y CHP IZ L VW ELXITH. *
D=, HACHEE OB E ORI E, BAL
BEM M7= ORI AENENLZ720TH D &
EZbD. —JF, MBI AFATEAT AEB LD
HLR TR B W THE 3 288 0 2 D ROFREL &
LCHBR AT ARERT 5. 2D, FEEIHEAT
X DHLRE N ANRE Ll hoTelodd, EEIA IR
BAELRP-TEEZLND.

| — Casel — Case2 — Case3

— Case4

5 200
2 190
S 180}

0 200 400 600 800 1000 200 400 600 800 1000
Processing speed [kg/h] Processing speed [kg/h]
Use of city gas Use of carbonization gas

Fig. 9. Effect of processing speed on cost.

Thinning Collection and Transport - Chipping ZZZ] Food factory|
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2 120F
2 100 F
S s0f
X 60
o
S 40f
< 20f
E
z 0
O Q=
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Processing speed [kg/h] Processing speed [kg/h]
Fig. 10. Effect of processing speed on cost of Casel.
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Fig. 11 |24% Case D i 72 (LB 2. &
R ROBE B L OH 2 2 OHEEA ORI
FIEIZED BT, o7 B X —E D Z R L
7. Fig. 10 1V, BRI HRICEST 2 2 X FOfE
IO THD. FDT, BRI OBREHS X
OHAT oV OYROFIA HECED T —iE
DEZERLIZEBZOND. BT AFMEITS 2
ST RV R 7 T AL E O AVELE 13 O i A
7~ L7z, Fig. 10 XV, 8288 7 AR ClE#s i 7 A )
Al L, T Afba A REBLOFEE = A MK
LCW5b. ZIZT, 77 N OBBRERIZFEREY O
MR\ ARAF T D 728, Bl 0 A ORI IEIC 52
I, 2070, T AOFHFIEIZED S
TR MI—EOEEZ R L TWD. AT ZF]
e L, FAfba A PBIUHEEa X FOEM
Bh7ed, MEa A MZEDREBERRE . @EY
AZAFHTIEAE = A N 2RI L7085
AR & s U, ol 2R PR E N K& 7ro Tz &
Zz2ohb.

m Use of city gas
# Use of carbonization gas

300

280 F

260 F * * * *
240 F

220 F [ [ ] [ [ ]

200

Optimal processing speed [kg/h]

Casel Case2 Case3 Case4

Fig. 11. Optimal processing speed.

1.2 BBAROFALE BYHBEZOBRES
FUHARI VDU DHBROMARENTRIL
FUNZ, BEIRILFEBRUNES L TBRK
REAXAHTRIEREVATLDIRIILXEILE
IC5Z2 578

% Case [TBIT DT RLVFINE, ET XL

BB L O R VX HNE % Fig. 12 IR7. #

B AFIH I AT AR &g L, T AT

DT RVFEEEPRKE AR L TWD. T A

FIH TIET AMETRRICB W AT 28 0 2D

REBRELE L CHERB A A ZRAT 5. 2D, #

BAAFREATY 22X 0 T AL RO RV
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FHEEMEE LB OND. L LARRG,
VLR AFIH ORI TR T 5 =3 L ¥ &
VT AR SR L, #IMLTWD. HLRE T A
FIRATEAT A LRRAEE L, T AZFHT 2
TEERBELTWDLED, # TRICB W TR T
ADFIHNMTbeh-lotE2 65, AT,
VLR AT AR TIEA AMETRICB W T T A %
BTHERT LORELIT> TR, TAZ Y
VOPRE R TRIMER T2 LN TE o
o7, Bl AR L, SVMEER L &
EZz b, 7o, Case3, 4 0BT AT AF|
TR 7 AR & e U, sk s
HTFVRHEEDEML TS, AU D
PeEE FIHT DN TE PO THD L
EZHND. HHH ARAIZEBWT Casel, 2 & 3,
4 %L, H ATV DA AR
FIRT 52 &2 X0 BB O = RV X HE
BRI LTS, L Lans, EETES R
ETHhDH., ZHUXT T v MRERFR L i L, B
TR 1B T DR EE OB AR, AT
VUVOHBDOR T ZENTERD S0
ThdEELLND.

Thinning Coltection and Transport |JJlll Chipping ZZ Food factory]

[Jvreter [ Drying I Gasification [ cHP
E= surplus power | A M EIR
12 = = O] ] = = 80 —
< s} ] [ = JoE
; : 40 =
0

|12

Case4

Energy balance [TJ/year]

Casel  Case2  Case3
Use of city gas

Casel ~ Case2  Case3  Case4
Use of carbonization gas

Fig. 12. Effect of various Case on energy balance,
general energy conversion efficiency and energy
independence ratio.
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Fig. 13. Effect of various Case on CO, emission.

(66)

(FENEE IR S O T A VAR b 6 U sl Sy

BWHEIERIZ Ly FEHWD Z LI L0 F
M B LR FBHEHENMEIR L T D, XLy MES
—ARr=a— M ZANEA SNSRI
BROTBLRFERET LN TEDH T, AL
> MOARIC LR FE LA TS, 20720, &
WBIERR B KO Ly b LRI BT D bk
FEHEOGFHEICIIRE < ERITZRW. Ll
NG, BYHEEHER OBRELE LTV y hEHWD
TR REBICHATE L HEM O ENED T
L7128, AL THRED R bR FE PRI L 7.
Flo, FAZ DU OHERER WS Z Ik~
> FLIFICR T 2 B bRFEHHEA R TE S
7o, B bR EYEH RO FTRETH 5.

1.4 ELBAROFALE BYHEEBOBRHS
FUHRIVOUOHBOFIAAFENIR b
125z 58%

% Case [CBITAa A FONRBLIOER =2 R
% Fig. 14 1T, @RETAFIHAEZITO Z LI12LY
2B LW, BB A MBMRKT 5 —F, EEIC
K DWEEN 0 Th 5. HE A% T AL TRRIZEB W
THERT 28I T ADOREBREE LTHWD Z &
WCEVBRE 2 X MBHI L2 ThdEE XD
Wb, Fio, BT A EH T ADREREE LT
WD T80, FEIMEHATE DR T AN 220,
FEIAPBIOITBEICLANENR 0 &2 o7. L
MU D, BEICL DL 0 &0 D 2 & &g
L, TAbB L O%E 2 R MIBIT HHIEN K &
<, FEfa A MIRVMEE R LT

Thinning Collection and Transport - Chipping ZZZ] Food factory|

- Drying - Gasification D CHP D Labor
E Surplus power Im[[ﬂ]]l Selling of food

o =115

= g10f ® . u F

x S10sf L] [ = L] L] L]

5 3%}

o > o

© =90

Cost balance X 10° [yen/year]

Case2  Case3  Cased
Use of city gas

Casel Casel  Case2 Case3  Case4

Use of carbonization gas

. 14. Effect of various Case on cost.

=
4o



B 31T 2 BEFEMIEBRIUAL 43 121011 ) 72 LCA AT E 7V D4

A AR HIZ BT Cased DR = 2 F2MEW
BERLTWD. HRAT LD r OB A BWREEE
FHICHNDZ LI L 0Ly FOEEEMERE L,
MRICET DA 2 BRI L7272 TH D &
Ezbhb.

8. #E

R CTITMBAERAT AR E VAT 2% A

Kz

it
B oM E L TEEREARERZATS

SRR AEERT (S L2 BRIC BT 2 =R LRI,
TR FHEHERS LA X MOV TEHMZ AT
ol RRIZBW TR LR Z LU TITRT.

(M

2

(€)

1))

2)

3)

4)

5)

BB R OBREE LT A EHlEHWD 2
LITEVRE TRV REW R LV EIR 28
M B350, “EMbRFEHEHERS IO
RAERT 5.

AT Vv DY B FIE R W5
Z IR VAR REWS R LY EIR
2L, ZbRFHEL L= 2 L O
WA FRETH S,

VR AR EITH Z &2k EIR M EL,
TR bRFYEHER X O A R OHIE ATRE
Thsd—J, REFEEBEBENEETTRES S
VX ERN IR T 5.

S5 X

JIARTh, “BEFM IS B Z D AT A F 7T,
BREL LG T AR Y U ARG SCHE, 2008 (18),
13-19 (2008).

IR SCR, WRBUENR, “EiR RIS T 2 MRS
FAEBOHER & MBI BT D RRAENZE, T
¥ —F I, 6, 186-195 (2007).

RS, BRIHERE, LI, &1RE, N A
TUUIRITDHIES v Y = AOREERENE”, H
AT B 1 EE) - LR —HIF S R
U0 LTER U, 8 (6), 109-114 (2006).

TH AR, GHEREEAL, SRR S, =, A Mk,
“HRHBEHEY) = F L X — R K B =R L —H T
HHDOA A =TT T 07, BRI, 31 (1), 29-34
(2011).

AL, AR, RIEE, =T, “BEUKZERR
THAEL AT A DOBRFE”, OHM, 8, 4-5 (2010).

(67)

6)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

67

Bk, LRSS, 5 RS, TH RS, “REEYD
TARNF & VTR BRI 72 LCA fifbTE
TV OREE”, RS TR R, 54 (),
10-18 (2013).

AR, BRI, AR, T RS, “iEEh
KEKAKT AT AT &2 WAL F~ A
HAFEERO TR LT CO2 PiHED
TA YA I VFHE (—HIEEE, T AT T b
AL, KNS A~ AN AT K B BERT—) 7,
H ABS I 722 i SUER, 80 (820), 1-15 (2014).

Mt R A — o= Fk 17 FEBHHAE,
http://www.e-stat.go.jp/SG1/estat/GL08020103.do? toG
L08020103_&tclassID=000001007609&cycleCode=0&
requestSender=search, (accessed 2012.05).

AT AR — 5 X— 7 http://www.town.kasagi.lg.jp/
machi/gaiyo/kasagi.html, (accessed 2012.05).
BB R R A — 5 ~— http://www.stat.go.jp/
training/toshokan/faq01/faq01a03.htm, (accessed
2012.05).

s A B VG SCAL SR AT JE 80 T HEMERE A, A
PEFEY) = F OV R BRHIEE I L D RRFE - e
A OREE FEREE, 21 (2010).

M. Ishikawa, “A logistic Model for Post-Consumer
Waste Recycling”, Journal of Packaging Science &
Technology, 5 (2), 119-130 (1996).

kR, BHET, “LCA (2L 5 RDF BEHED
BRVECBT 2800 - )RR C o o —
ABT 47, BERW T 18 (1), 37-48 (2007).
W RR AR — 52— http://www.kenmori.biz/
anything%20dryer%?20index.htm, (accessed 2012.11).
KA AFKE R — L=, FUZ VI Z T,
http://ene.osakagas.co.jp/catalog/steam/steam-10a/,
(accessed 2012.11).

BASHT VT v 7 AR — L=, K .com,
http://www.fjtex.co.jp/kankyo/, (accessed 2012.11).
PR TR A E AR — 23—, hitp://www.seiho-
kiko.co.jp/products02.html, (accessed 2012.11).

RS I B SR JERT, “Fopk 22 AR
il S <0 Y SR HEHE SR R E T, 87-105
(2011).

RS IR B EERTJERT, “Fopk 23 4RI
Htek-5 < 0 i AR R HEE SR E A £, 6-24 (2012).
JoF R N B P SCAL AT ATF SR 0 T HEE AR, <A Bk
FESEM) T L X —SE IR X B IERE - o
T I R ORER RS, 7-40 (2010).
], SRR, “HARIZBT DN, AT H )
—VODEFETA ML CO2 Bl = A N oHr, AART
FILF—Z42E 86 (12), 957-963 (2007).

=t
[T



68 (IR I s S e A VA o2 e sl = & IR

22) JEAEGHINE R — L— ) SRR 22 AR B TE R
A OMESL, http://www.mhlw.go.jp/toukei/saikin/hw/k-
tyosa/, (accessed 2012.11).

23) BREEA B — L=, IRER AT AP EREICE
9~ 5 M B, http://www.env.go.jp/earth/ondanka/sant
eiho/kento/index.html, (accessed 2012.11).

24) BREEEAR—ALN—Y, J ) — R LF—CO2 Bl
AH Y4 ERRFER B, http://www.env.go.jp/earth/ondanka/s
uishin_g/3rd_edition/ref2.pdf, (2012.11).

25) KRB AR EMA— L=, B - BRI
B A it f5 . http://www.osakagas.co.jp/company/,
(accessed 2012.11).

26) BREEA R — LN — U BB T AP R RO 72
oo HoE X kOB R B — B
http://www.env.go.jp/earth/ondanka/suishin_g/3rd_editio
n/ref2.pdf,(accessed 2012.11).

27) EMHEER—AN—Y, AR XL X —OEE
iR B Bl 2, http://www.kantei.go.jp/jp/headline/rene
wable energy.html, (accessed 2012.11).

28) RIKH AR StEA — L=, Kpftaao 7
m3 Ll )BT Z ) http://ene.osakagas.co.jp/price/av
erage-cost2011.html, (accessed 2012.11).

29) PBIWEENIMASHA — A=, BIEERNE
S00KW 45t ) D 33 A%, hitp://www1 kepco.co.jp/yakka
n/high 3.html, (accessed 2012.11).

(68)



