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(E#)%8.9%) . HRT5H T1.6£0.55L/d (Z#h335.2%) Thotc, bW ABERNE N ST-D
HRTIOH T&H Y, HRTS H itk bR ABENMES BEME S 2o fz, A X L, HRT20H T46+1. 7% (£
53, 6%) . HRT10H TH0=*1.2% (Z&h32.3%) . HRT5H T42+6. 7% (E#EF15.9%) ThH o7, KA1k
W FEEE Uiz A 2 V3 EE T OREITG0%"Y LA ST b7z, HRT5 B D4 LML Wl % %
ERIZR L TV,

AKX FEEETIX, COD1gdh 7= 0 BFRIIIZ0.35LD A X U N AET 5, HMAIRBR CO N AR AR L A ¥ v
BENS, ARE S0 (§2.5g) O AKX VINEEFNT 5 L HRT20 A T219+41% (Z 8318, 3%) |
HRT10 B C322£29% (Z&)=L9.0%) . HRT5H T180£63% (EEZE40.3%) Thoit, I OFERITIGFIEHK
DI AFREREFLNTNDHTH100%% B2 TWAHA, HRTIOH 235 & & <. HRT20H @ 1. 5%, HRT5H @
L8fFEDUETH - 7=,

SERF LTS A X UREEBEIIEXTH Y | BIHIIBRAT IR OLT A EEL ., (3
TIRECTHE U~ EZEAT DL EZHEL TS, TOED, HILKOF] & & BHCE U2 5 Fofl
~OERDOBENNEZ Y | B EZRA L2 BORIUIMIR O R ERIEENTIZ L A LRV, 512, A
L7ZJREL Oz L CWia Wi B ONMKSREERICEEN LB bND, £, A X V&
R AR D3R5 LA L DR RF ] (LR HE3) 2R L LD &9 2 L, FHRTIZ6R (HARH2A X
%) DLk, @R CiZ4n (HAURRRIL. 30 X3f%) LRI Liuvvbiu T, HRT20 H TILIKR O i B
DNENZ EMEEL HRTSA TIERETEDL I XA X VAKREORADE 2 bvd, UL EORRGER
OFERNS, b LEZHRTIZIOE A% THD LH L NS o 7=,

10
- A
i 9 + —a-HRTRO HI
%ﬂﬁg 8 + /
- —a—HRTAO F I 4
R B /(
NS 6 HRTH [ -
Q\é / -
Xi 5 / Pr
So 4 s
DB A
@E ‘r'
% 2
-1 -
:E- 0 B A 1 T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10 11 12
EHIm]
[ I ] ] ]

X (1) -3 FEHT- 0 DA Z v HAEEE
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7% (1) -3MEA FERIC L 5 FEBRFE RO
HRTIT A X PRED HAEEREL A A gl
%) cv@O*D  (@w/H)ymn cv (@) O (I CcV(% L
S5HICI  42+1.700 15.900  1.6=+0.5500 35. 201 1806301 40. 30
I0HID 50+1.200 2.300 2.8+0.2500 8.900 3222901 9.001

20000  46=x1.700 3.600 1.9%0.36001 18.901 2194101 18. 301

*1 [0 (I ER AR D
2[R & L INER: [ AJFRICODG 72 ) D A # IR [

(3) EirRREBOHETE

BRI O RN, BEOHTZVDOA X T AHRAERIT0.93 L/(L-d) Thotz, /NIA X FEE
WEZ0.7 tOMEE (ARAEMO.5t) TITHOBHA. LTHORA X U AFAERITNAT0 L/dEbN D, AKX
VB ADOBEIFM]/m-CH, TH DD T, 1HHT= VD OAEITHKI2800 keal/dil7e D, ARIFFETIEA X
VREBEIZL o THONTAZ I AT AT TN T %, HAKT O LBEEE 71400 keal/hod ¥ 2 4
L8t HARIERER & W55 oA ff & CHlls L2358 132 Mo ST R AR Th 5,

A B UHEEET DR KCODAMIE20 g/LP Wb TR Y, A RHFERGE T A Lo AR &IXZF
DI DIRE ThH oo, o, BFRRBVREEZAT O IIETSIREZ LONFEEY 2T 52 ENZE LWV E
Wb TWhH e, TSIREZEEICER LS E., MR TOAMEIIBFREE TEO DL I L3 H]
B Thol, TDOH, /WURXAZ UREBEEEIZEBOTHERIEAME SHONIX, A XU TADHRKAE
BN A A RIAD . AT AGRERRE ORI N AREIC D, I TN RPETRITIESLZ &
EEBLEGAE. toREHThBEEEZILND,

EEOR~FERLTEED) 2T EIIC, TRAZEDORKEHUICE X o7 BRIEE NG £
Lo, SORDATABERBCAZ VIREON ERWIHFTES, £/, IAHT D HIB00 gD EANFEL &
THDHI NG, ML REEEER (FFE0.7 t) TiX, 2000530 N REDMENFRETH 5,
(4) ZERBRAV AT LAORBR CBEHRE

FFERBH S AT LOWELZIToTc, iz, RROMEFELITV ., RISTEN OWRIE OIRE %
55CHI0CTRETHZ L& LM LT,

(5) ZEHEILICHES ERY 727 ¥ —OEZIRI

K EEMMICB T 2IREOREELR (1) -4B LUK (1) -3127R7, PR OHEEIZ8CHif: TLE
LTy, BEMEOREIINCIROEEZ ST TICH3CHIEZ Th o 7o, BEEMOIREIZIANTI~
6CLE L Tk, RKBMIHEF TIlIR K30 CEH LT,

BADOKRTOREDHEGO30CL EOKIRSM: T b iR RAKO I EFE ST CHEMLE L
TREBREZMHRFFCEX A LRI LN T,
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# (1) -4, 25HEE R R

AREIRE RUN1 RUN2 RUN3 RUN4 RUN5 RUN6

T SR IR (C) 85.7+1.5 85.7+0.7 85.3+1.0 83.6%+2.2 80.2+3.6 82.7+1.1

AR (‘C) 16.2£3.6 24.6+3.4 26.4+3. 3 16.9+2.7 8.9+2.0 4.6*1.4

AL BITHi S (C) 52.6+1.5 53.4+1.1 53.9+1.7 52.5+1.9 53.3+1.1 53.6+1.0
ARNOIREZ  (C) 5.1 3.8 5.5 6.0 3.7 3.2

B 2RI B (C) 53.0+1.0 53.8+1.1 56.8+0.9 54.0+1.6 53.0+1.6 53.1+0.9
HANOIREZ (C) 3.0 3.6 3.3 5.6 5.0 2.9

EEEEEEEHEREEEE

&0

25 ’Bgsl

? ] L]
v N
15 ti kg
: -
g f W&'ﬁ
—5 l|||||||||||.||ll|l|"|||||r|l|l|'|||||r|l|l'||||||||||
RUN1 RUN2  RUN3  RUN4 RUN5 RUNG

| o1 28 +452 |

(1)-3. FEEEHEREE & JRURRE 0Lk

VFADFER 2R (1) -5I1Z7- T, b LT REOJFEHCEIE T Y U A2 H e 2 & RREHZ &%
LI 6, RIN2ICEBWTEWFADEREN A b7, L L., RUNATARM ZIK
TEIEEIBEIT - THOITHENE & BERRICOW TIERIBIZHA Lz, 71 B4 U BBIERUINA T H K
TEELZENTERNoTH, RUNGTH2MEIR 2 55 1121 H 1E1H OWR 2 K% 3 2 #EiE FIEICE
WLZ & CTUHENARETH > 72, RUNGLIKE TIEZ R E RVFAOZEREIT R 63, M8 GERN T
XDHZERHLMNICR ST, RV AT AT, HEPITFEEZEALEBAEICIToTHH I G
D=, HEHERAAR+STHY, fERETDHZ & THANNEAE SN CTVFAOHEENMESI N EE X
BiLd, Fo. HBERPICERERERSITIARONT, OB EITHO2 < TH 45 70 LN
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HRETH o7,

VFADZEN B DA IEpHDE TR Z 0 . FFICH I CTIIpHR6. 5L FIc b Z &R o7, @
HOAZ UHEBEOEA, pHB. UL FTIEA X VHEBARE L T LE I o, MET AV H Y (HKE
FTRUDL) ZIRIML CPHOREE AT o7=, TAH U 2N LI EER CIEEREN @ 25 72
D, TOEFEEDOREBHZH D Z ENEHEL L 250, RINGLIBETIEIT AR Y 2RI 5 Z &7
SHEEEDRFREE R oD WLIROFRER R HIHFTE 5,

< (1)-5. VFADE R

VFA RUN1 RUN2 RUN3 RUN4 RUN5 RUN6
pA SNb EY AETHEGE AR VFAH# PR BRI N
COD& Fif (kg/nd + d) 3.2 1.2-2.4 3.6 1.6 1.6 3.2

HRT (d) 10 10 10 25 10 10

[z (g/L) 9.3£7.8 18.7£4.6 4.7£1.7 2.3%*1.7 0.4+0.4 0.1%+0.1
i (g/L) 0.5+£0.6 2.3%+0.5 1.4%0.9 0.6*0.7 0. 02 0.2+0.04
70t AVER (g/L) 0.5£0.3 0.8%£0.1 0.9%£0.1 1.1%£0.3 0.3%£0.2 0.8%0.2

AL PRE, AZ BB Z VRO R 2 #R (1) -6 LUK (1) -4, 5127”7, RUNITIE,
IR DD A X VBEN LR TICHID AREOBIZEYM 2% L=, RUN2TIX, JFE %
BRFELIAIANO BRI TERBIILV A VREPALZENLLEE GRS o572, RUN3TIX, A
ZUREORIENLONTZN, 6 EFEAMOEBTHRPLICRKE KT Lz, RUINADIEELE X
FBOREN EAT 2L EHICRELRELZHRE Lz, b EIFCAM OB L 7o H M L4
IZBWTIE AR A X UL FROR RN G ONT, AX T AL, AXRELFELCL
RUNADLRIC EF-2A A B0, 1HIZHKIB00L (XA A H AL LTIEKIGS0L) JE4E LT, T AT TOREE
LD, 1RO RINRAIRETCH -2 (FE(1)-2), £7o, A X IUEIZHOW T [EARIZRUNS
I TR b BWERN GO N,

UL EDORERD S | R 2 R IS E R CHRA LT, WMOIRE TR L DMERIET S
e TCHEENARE L R oT, Fo, RRAEZFIA L BN T3I~6COIRELENHAT L EERS
HETFICBNW TS RERRAENTRETH 72, DFEV ., BH DA X U RRBERMRICHRE SN DHFE
1. ReRE . BRSO S O S FEH R A HIBR L 722 A R TEHZ R LF — O Luvh
HBEA X VR AT DEETE DL ZEDRHLNI R T,
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AR B AN RORE R
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RUN1 RUN2 RUN3 RUN4 RUN5 RUN6
N SEH B ETHEE AR VFATH 2 R A far B8 0
COD& faf (kg/m + d) 3.2 1.2-2. 4 3.6 1.6 1.6 3.2
HRT (d) 10 10 10 25 10 10
AR PEE (%) 49+16 38+9 5410 42+9 52+8 56+4
AL 8 (L/kg = d) 10573 11177 118+54 190118  302%+112 22137
XA R (%) 42+21 47+20 35+16 54440 87+32 63+10
80
70
o 60
X
W 50
L
A 40
Rt
X 30
20
10

RUN2

RUN3

B (1)-4. A X EEOHK

RUN4 RUNS5 RUN6
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5. AMFRIZK VB LT RE

(1) BEHER

IREVE T/ A 2 BRI BV T OB I 2 L, BIRBUBHEA L W0 D S/ETH | LR
BORLL LD A Z R REGOND T EBRH LN o7, o, pHMEBEAIZEH L7e< TH
IR GEZ TRT D52 LT, pHR TR BRQRRERENT I 2 EBEILEINT,

(2) REBSR~DORMK
<TBABRICFERLERERE>
L

<TBMNFRTEERRATFNDIAERED>

KU AT DL, FARREHBEOXF—U — NI A->TWS TERIEA] | TERFE] . T1ER)
(24 . TREHE] [2E - B CERT 227 A5 THSH, BRI, BRERFAN TH
WA | VAT ALK THEBFMRERHE T X LY — - BEDREHEIEIL KRFEZ | B
L DT XX — At EEIEFAIC X 2 EMREED . THER) #4212, =23V — U X LITL- T,
MBREHE] . MR, Btk (S - i) ([o7n 5,

AARENIZ, RVATLAZEAFGRE LB X ONLPHIRIT. FIRIRE42CLL E o 2[E13860 % BTl
RTHDH, ZTNHOERIZ, RIvATAZEHEALEZLAICIE, K< AEH > T200 tC02/year d Hl
WOAEEND D, 72, MAEARASF~ATFAX— BRERHS 2T L2 KR %8 L CH
%éﬁéﬁﬁﬂﬁ@%\it\y7%&bfﬁﬁﬁwﬁﬁé X D HUIBRRRFIE L S RIAD D,

ERAME 2, BEBRES & LT, O BRHIZBT D 0BAN A 2 o 2T K oE AR
@ BEHMEZEE Loy —U X AOH#EE m*wghé

6. ERILERFREZEDRN

el

7. WEBEROFERIRDI

(1) BBERR

wmxX (E@qdbv) >

(1)“Investigation and basic research of a small-scale methane fermentation system using

heat from a hot spring” Takashi SUZUKI, Ryosuke TAJIMA, Chika TADA, Journal of the Japan
Institute of Energy, 91, 892-899(2012), (in Japanese)

<EFMRICET I RREER> ( [FHAgERtts - BUORMES % OREO L EBEA, )
AP

<X DOfhEE L¥FR (EFEaL) >
L
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(2) AERER (%)
1) $ARZERE. HERN, ZHTE HBTEIA AL 3~ AR Pa3% (2012.1)
MESRB AT Lo/ A &2 35 FE S 2T LD BRFE
2)  ERGEEl. HESET. ZH T, F48E H AKERREE ¥ (2012.3)
(BRI BT LIRIR A 2 R EEO BN D T2 DRI
3) #ARLEE], HBseir, ZHTE H21E B AT XL F—F2 (2012.8)
[ N2 NEREHE B L7 iR SR BRI BN B A 2 58S A T B DB 38
4) RGEE], BEsEIT. ZH TE, BRERE LYRE 22201286 R KRS (2012.9)
(A5 FBERIR TR Y — U X LDOREEE
5) $ARLEE, M. ZHE T, LR A AEGERE %2 (2012.9)
NESRBAZFIH L7c A 2 o RBEOBSE & B EE~D R
6) Suzuki T, Tajima R, and Tada C. Development of a small-scale methane fermentation system
using heat from a hot spring. The World Resources Forum (WRF) conference 2012 (R A% —)
7) Tada C. Construction of “enetourism” which tourist bring leftover food to methane
fermentation using hot spring. U.S. National Academy of Engineering Engineering Academy
of Japan, 2012 Japan—America Frontiers of Engineering Symposium, October 29-31, 2012, Irvine,

California  http://www. naefrontiers. org/Symposia/JAFOE/32546/2012JAFOE. aspx

http://www. naefrontiers. org/File. aspx?id=36919
8) $WALEE, MBS, ZHTHE FS8REIAA A~ AR FERE, (2013/1/9,10) JA

(A5 BRI = R Y — U X LD FERE R R
9) Tada, C. Suzuku, T., Tajima, R. Experience tourism, “enetourism” , producing biomass
energy using food garbage at a hot—springs resort, Water and Environment Technology
Conference 2013, 2013. 6. Tokyo,
10) Suzuki T, Tajima R, and Tada C., Pilot test of a methane fermentation system using heat
from a hot spring, 13" World Congress on Anaerobic Digestion, 2013. 6, Santiago de Compostela,

Spain (Poster)

(3) HERH
FRICRL#R T N & FH I AW

(4) voRPU L, I %K (FROHL D)
BRI RS X I

(5) w~RAa3IZL~DAR - - HiES
D (BFD) KX A 22 (20124E1H1H, 2H)

2) 5 B 7 201246 4 221 [(ZDOR/_FELTHTAEYHEND |
3) £ H Hr i 20124F6 H 220  [IRIRENT/NA A4 R4T )
4) 17 b 8T 201246 H 220 A ~5% LIRRELVTH AATIT )

5) KIgE 2 A HA 20124E6 A22H T AR AR > M AT


http://www.naefrontiers.org/Symposia/JAFOE/32546/2012JAFOE.aspx
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6) KX A LA 20124-8A8H [T IRRGOEHLT KL F—|T]

7 WA EHE 201248 H17TH  TAI=xIZHkds ‘IR L ZHOATIZ )
8) NHKd» &A F  20124E11H 15 H Jiks

9) IVYFTFLE 201246H21H =a— Rk

10) & 20124E6 H 21 H = = — A Jfi%

11)  MEkS-style TOE=F —Y 7 — (20124£10H 13-14H)

(6) Zofs
OZM AAHERIIERH FORLARDE  $iA%T
A, HBIA, SETE AREERIER (2012)
RSB EFUR LT A 5 2 RO R & 28~ B

HEMITRE
(BB XFEE 7272011~ HE (2011/11/4-6)
(2)IBEFIE R DV 422011 ~D HE (2011/11/11-13)
G)JIEABRAEIC TR (2012/3/4-5)
(4) M IR R A E S 2012~DHE (2012/6/23-24)
(5) M T /N~ D BB HE 2% (2012/6/28 )
G)ER I 22—V T L~DBREHERIE (2012/10/21)
(7) )1 W N T 25 2 =8 (2012/8/4, 25)
B)VBIEESIMBRE_FE L A X URBERT Y — 1 XA GEEE) ., &2TF/\EFH (2013/3/25)

NNy
(1)JICE ®&[E kv K¥4AE F X b2 =2 F (30N)

PYUXRAT7 =T BE

(DB &EE 7 = 72012(2012/11/2,3)

Q7 7V EYRAAIHT =72012(2012/11/16)

(3) WALk 7 7'V v ¥ AAIH 7 = 72012 (2012/12/5)
() WAL KA /) _R—3 3 > 7 = 72013(2013/1/17)

8. BlHCHR
) MHENBRARRERAEE 2 —, TREFEEZTICBT24AETAHERLET
VAR (BE3E Ml s SR B I BT 2 JUNRRE R | (Fn3) , http://
kyushu. env. go. jp/recycle/data/100331a_4. pdf (2012/2/8Z% M) , p.1-17 : Japan
Environmental Sanitation Center (for Japanese)
2) HEbZmEsLT, MamiTsatiigs®s ) (30 , http://www.mlit.
go. jp/common/000172760. pdf (2012/2/8% /%) , p.5-19: Ministry of Land, Infrastructure,
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Transport and Tourism(for Japanese)

3) B Rfdin, FCE, CRHMER, @M ILERTFIERE, 39 (1),
p81-87(2006) : Nogami, K., Li, W., Nishina, N., Res. Bull. Fukuoka
Inst. Tech., 39(1), p81-97(2006)

4) #WHEAE, AARBERFSEE, 107 (1023) ,  116-118 (2004) : Masuda, M.,
The Japan society of Mechanical Engineers, 107(1023), 116-118(2004)

5) ANF, WL, a3 —3, W BV, BEEDFRmIGE 19 (3) , 182-190,
(2008) : Tanikawa, N., Furuichi, T., Ishii, K., Nishigami, K.,

Journal of Material Cycles and Waste Management, 19(3), 182-190(2008)

6) BREEE HARERELR, TERIEERRFMRI Fi30) , http://www.
env. go. jp/nature/onsen/data/riyou_h21.pdf (2012/2/8% M) , p.1:

Ministry of the Environment Government of Japan (for Japanese)

7) KB waR, [ RIEMHHEEE) (30 ,  http://www. city. osaki.
miyagi. jp/annai/toukei/download/new20100sakishi_toukeisho. pdf (201
2/2/8% M) |, p.122: Osaki-shi (for Japanese)

8) RMIKPEE KE BB, [RAKERF 2L R 7 AR EHHA
NEEERE) HEEROME) , (i), http://www.maff. go. jp/j/tokei/pdf/
loss_gaisyoku_21. pdf (2012/2/8ZM) , p.1-13 : Ministry of Agriculture, Forestry and
Fisheries(for Japanese)

9) BREEAKEBEHEEEY « VYA 7 VIR MBERY X RE, [AF TR
b (ETHAZ V) Mk~ ==7/v] (Ff13X) , http://www. env. go. jp/
recycle/waste/impr_facil/man_methanation/full.pdf (2012/2/8% M) |
pl-60 : Ministry of the Environment Government of Japan (for Japanese)

10) HphiEth, Ao A~ ZHATAM,  GEEEAMBE REER Nt 2 —)
p. 115 (2009) : Noike, T., Baiomasu Gizyutu Nyuumon, (The Japan
Association of Rural Solutions for Environmental Conservation and
Resource Recycling), p.115(2009)

11) Heinz, S., and Barbara, E., /A AU AERHEr, (A—2%k) , p.28
(2002) : Heinz, S., and Barbara, E., Baiogasu Zituyou Gizyutu,
(Oomusya), p.28(2002)

12) B, S A~ XA, GEEVE AMUBERER N 2 —)
p. 118 (2009) : Noike, T., Baiomasu Gizyutu Nyuumon, (The Japan
Association of Rural Solutions for Environmental Conservation and
Resource Recycling), p.118(2009)

13) fex KR7zE, FER BEEZ, FHEAMK, KEREFPSE, 22, 12 (1999)
Sasaki, H., Li, Y., Seki, K., Kamigochi, 1., Journal of Water and Environment
Technology, 22, 12(1999)

14) REHEMERES, [REHICBT2ESAHERLET VEEXRESE) (fn
) , http://www.city.narita.chiba. jp/DAT/000041357. pdf (2012/2/8% M) , p.1-22:



RFe-1101-15

Narita-shi (for Japanese)

15) BREEAE HLERER BT R s R R Rtk et =, TR RENREDNR T A A
U MU SREE20114E4H 1 (Fn3X) , http://www—gio. nies. go. jp/aboutghg/
nir/2011/NIR-JPN-2011-v4. 0J_web. pdf (2012/4/10%88) , p. 1-560:

Ministry of the Environment Government of Japan(for Japanese)
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(2) BAZESMAEA T IE - LB RT HOHE

RAERZFRZEHER LHETE

Wpk23 (B ) ~24F R G THE © 214 TH
(9B, P48 E T HE - 68T M)
TRET, MERE LS,
[EE]

FREEDDHEH SN D2 BE~FE LIHAEZITV., B LRITHISY GO THEE300gT, £ DR &
LTCIHEBB a2 b EBHLMNERSTZ, FoT, TNHLORNELEAX VHEET D B
TIE, @LZEEICTHAZ ERALMNCR T, o, BRERAX VHEBE~ABFELERAT LT
XY=V RXLZBMLTIBMEDT 7 — MERLG | BULEOBLITRE S, MIFO TN ELR
STHENVWEEZTEY, ZORVBEARIZOVWTERTHD ERE L, TXAX—I12T 25
DREESTZEVIEELEZL, KRVATAIBT 2REHBEDRENE <, BOLOHURIRELIZ b
FaTSLTHEND EEZEZLND,

1. iZU®IT

INET, RENPLOEITIOPHEIZONTIE, —AHTDVT00gE NI RERH LN, B
FRLIZOWTOMEFNL R oTo, Elo, BUOLENBEELIZOWT, MEZEZXZTVDHLINEICD
WCOREBL 20 o7y SHIC, "M FAVYAZRIAXF—FERKBRTHZRY— U XAENH VR
TEABIRNHFT, ZOF Ry —U XL L TORERIZOVWTHLNITHILERD -T2,

2. BIEBAFEBER

AR TIE, BOLFICE DR TORNE VR AEET D2 LT, AX URBEORE L LT
DRPEZHGNCT D28, Fo, BULKICEI - TRVRLZERT L Z LI 2 #aM 5
MCT DT L2 BMIC, IREETORANIK LEEBRHAE, BOLFORNFKLICH T 2EMME, B &
VXY = XLBMEDEHBHE LT o7z, SHIT, BOCESIMUA Z AR XY= X4
g2 OB EZITV, BEEICIDERLUER S AT AORE(LZIT -T2,

3. MR GE

(1) REETHORNE L ERBHE

AL, R KIR TS R IR I D D45 FTOFREE TIT o 72, ZALHITINAE N335 A0 5113 A D)
RO AT Td o 72, HIRIZ20114E8 H30H 22510 A 18 H ., FAAERIEIZAFH11E, 290D 399 A4 D
AREHEORNFRLAEI L, EREE (B, ZiE, D A8 KA. 2oft) | R0 LU0
W% MR, FERMEICEIR L TR 2T o 70, Bk LITeRE (O% - 485, @Qffr -/ -0 - &
H, QB X, @IEY - FEowH, OWre - ¥ 2, ©ORZFE - E8) ITHEL T, BAERE, BKE,
RFERE, BRELZF Lz, ek, R E 3Kk < ERHIC AR E e IX B B BERAN L2, F
oo BRELZFAELLZOAD S BEAICIE, RtEncf8FOFRLHE L, I, FHE~OR
FEE AT Z IO THIE L BILERBFE LB EEZRICEE LAY ROV THOMERE Z &
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HELTRDIZ, BEEOHPIZIZT X AMENY (UH-3202-R, =— - T2 K« FA M) | FKk=E
DFHANITE RS (D0-450FA, 7 AU 18 | RFEEL X OEREOFHITIINCT FF A H—
(SUMIGRAPH NC-80S. Sumika Chem.Anal.Serviceft#d) % Hv /-,

(2) BAEOEBAE
TR, B IR IR ORI R IR R OFREE IS A LB R A xS E i Lz, 201820 5801k 5 482
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[Abstract]
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In Japan, 12 million tourists visit hot springs areas each year, and the amount of food
left uneaten by tourists who stay at hotels or ryokans in the hot springs resort region is
about 300 g/capita/day. This leftover food can be used as biomass to produce energy by
methane fermentation, which is effective for treating biomass with a high water content.
A system in which tourists participate in recycling food waste for conversion to energy
has been instituted at a hot springs resort. We call this system “enetourism.” After eating
a meal at a hotel near the hot spring, tourists put their leftover food in a paper bag and
bring it to a small-scale methane fermentation reactor, warmed by hot spring water. The
fermenter converts the biomass to methane gas, which is used to light a gas lamp,
enabling the tourists to see how their leftover food has been converted into energy.
Additionally, the digested materials from the process can be used as liquid fertilizer for
vegetable gardens at the resort, allowing the tourists to see another benefit of this
recycling system.

The results showed that it was achieved more than 80% of methane yield from leftover
food with the small methane fermentation using hot spring. The volume of biogas made it
possible to put light gas lamp for 2.3 hours.

Value of pH in digested liquid was kept around 7 without reagent for controlling pH
value by the returning operation. This operation made EC value of the digested sludge to
around 6. It made possible the digested liquid from the reactor could utilize as liquid
fertilizer for soil culture of vegetable.

Evaluating the environmental impact of this study was revealed that both energy
consumption and GHG emission of initial materials inputs were divided by 15 years
because the depreciation period of this system is assumed as 15 years. Concerning the
balances between the environmental impacts of initial and operations and the four
alternative effects in energy consumptions and GHG emissions, the balances became
minus except for the balance between inputs and only methane utilization (0.1 GJ/year,
0.504 tCO2/year). It is suggested that our system has the reduction effect of
environmental impacts. It was compared the costs of our proposed system and centralized
larger-scale methane fermentation system, when the systems were introduced to the
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Naruko hot spring area. The costs per ton-garbage using our system was cheaper about
30,000 yen than that using the centralized system. It have been considered that to
introduce any bioenergy system is difficult in hilly and mountainous regions in Japan, but
our proposed methane fermentation system using hot spring could be a effective system
in such regions. These results should facilitate to rethink about the establishment of small
biomass use system and our proposed system should be one key techniques of the
reduction of environmental impacts using biomass in hilly and mountainous regions.

The participants in “enetourism” were asked various questions about their experience.
About 88.2% of the participants answered “Yes” to the question, “Did you increase your
interest in energy after participation in enetourism?” . The answer indicates that this
type of tourism offers a good opportunity for thinking about energy. In addition, 91.2% of
the participants answered, “Yes” to the question, “Do you want to participate in this
program again?” Furthermore, 88.2% of participants answered, “Yes” to the question,
“Do you agree with enetourism?” These answers suggest that the program is of interest as
a tourism option.

The development of enetourism, whereby tourists bring leftover food to a methane
fermentation reactor warmed with hot spring water, can reduce CO; emissions and the
cost for treatment of leftover food. Furthermore, tourists can effectively learn about
biomass energy by participating in enetourism.



D RFe-1101 S ESMEBRE LA Z VHEEBERIAY—1) ALDBED-OHDHE

MARERE REXZFXFREFHREM ZHTE

(D,my'i*ﬂé‘ﬂﬁ% L,T— /J\%E*ﬁ% 7 UFHEE @I*‘J— ) ALIC & HHERE - EdE
Y N REDLDEAELE— )\:Ft’J?,oo g

HFEIHATER > C/NEE20

-> x’ﬂ/%ﬁ%l_ﬁu—ﬁﬂ |

B~BLORT

Ql. FlePo>THEWTTH?
LR

ﬂ%?ll\*ﬁiﬁ%tﬁ%{’é
IRY—NALSMEDT T MEREY
. N Q2. I#M'—l:‘;b\‘:(rﬁ\ﬁ‘ﬂi')ibft‘? ri: \\_._ \
RREBUCE O TRICHESS CHEFFA AT RE e SEREHENRHEL

BEOKZE

AR

B % [ mm | mom | wem | MY gae | R0 INAFHRATHELTT BHRLT
421 230L 305L 300 L 4L 200L h

W L 4
« [EU S ¥ B O CH, SR IR 3R 80% LA S Bl J 'JZAL‘L'C_IHI:'PEETU

- RUT %ﬂzﬂ#?&lzo \L,u:EEaé

@m%ﬂTI*V—UXAw%A Eﬁ

@A 5 VB EOREN R, - e BT ERMIC
NHA-N  P205 K20 S G5y i EREASEIGEA L

G/ tCO/AE

OO 166 0331 TEEAR O FHEBE1EEA
i *x 2.24 0.361 % tt $§

AORATLDOFEY 18 0.1 1.5
AR FEEESRT X EC33.5 ms/cmee 2~ g

A% HH -3.80 -0.188 N=| N = N
S TEHIEZIZ+ 9 ERAEEE . i WA 659 -0.460 —imRAIV LTS }\-/.--.
:I'? Jﬂ'd)di'i SHER SR LRI o141 -0.643 ﬁ)f: UL X3 AHZ
|s.|=A| Xb = TguuSEM BB 1290 §7.2 - ot et
-IRIEERHIREN R HY

BRMANDINRRAZD RS AT LDBEAZERZELT: TAFAIIYI a0 ]

BREREN(=IHY— X L)DREL

FMRRIBEARTE BARE] [EBR3E] [BR] 2] REHE]
[ - BE)] OF—T—RERT - RRATEIB IV—-—UIA

SBERERE BRIRY—Y XLIZCKARBEENEIE - BAR]



