2013 4 B
1

HEF AN FHTAT T ORIV F—
FIH BT 2 54 74 A 27 A BIEE

20733004 il Ak

. WMERAEEY B TE E

B 2 B 7K o B 7 2

il

R

v

=



1. MY =

2. BEEDOMZE

3. WD HE®

4. FCOHERY

BINE SNAATAOFAFREZIAXF—INZOKRE - - - 11
1. BWY

2. HiE

(1) =R/ F—IL K D kP
(2) YLa2ab—varyETNLORBEELEANALAAT AT T b
(3) YIalL—TaryE 751

1) Y 2alb—varyr&751roME

2) EHOHE

3) BioERE



4) av R L= —BLUOHTARA T =D X LT —5%
(5) Yalb—varvFr—RATLICEZT5%E
(6) Y alb—a o
(7) REHRT AL EORE
3. MRBILUELE
(1) 77> FEEIOER T FLF — LK & o 3L F — 4 JE R
(2) REZNE T AP & o g
(3) NAFHAFMIT AR DEN & = R — A FER)
(4) EHZ XL —DFHLL

4. /NS

FME JA4A 7 A 7 VHEEICEDINA AT AT T b xR L
ﬂ?“”ﬂi@fﬁﬁﬂ' .................. 30

1. BHY

2. Hik

(1) MO EL XL OMEEROBRRICHERT X LF —EOHEH

(2) SARERFICLERZRX VL —EB LOHELLKEO =31 F
— illi fiE o B

3. MRBIUOBLE

4. /NEE



BIVE SNAFTHTZAOMMAERERFEEOKRE - - -« - - - 35
1. By
2. Hik
(1) "AFHAOZR VX —FHEREARRIAT LT —
(2) NAFHRAT T MBI DRI O /5t & P
3. MRBIOBE
(1) 77 v FOFEEEITE DRI
(2) 77V FEBRBBLIOEFREZEE L ZRFILEK
(3) #RWFIN S 3 J7 vk O K At
1) BEREMIC X 5 HERME
2) BIFERESZ T AIC X B I AN

3) B AIRE AL T R L — D BAS] X P T & B U A B

4. /NfE
FVE BABEL . o o o o o o o ot e e e e e e e e . 47
1. fIEETICHLNLLHR L AED HW

(1) dtmBENICB T 2EFERFMPRNALA A H AT N TOZ X)L

X —F H o Bk



(2) T7or=—2CBTFHEREFAMASAL FHTATT 2 FTOT X
L3 — R o BLK

(3) £RMABANAL AT AT T > b OMEERERF X OV & # o
g S
1) 77 FNTORFH G IEO L E
2) NAFTADPiEI K OBRIE O T

3. BRI ~DNA A HAWEIT K DT AFHO B

4. 5% 0 EICKS T L EFEFPAYEAL A HTAT T B TOTX
NF =R T EORE

(1) RAFHAERARAL T—OHRTHAT H5E

(2) "M AHREZavzxb—4—CHATLIHA

(3) NA AT RAERRIEETHAT 256

5. NA AT ADFIR ST KB O RGBS L O H = R L F —F

MGEREZROER
L I T T R S R S T R R I I 65
gﬁﬁe .......................... 75
g[ﬁﬁj(ﬁ'&ﬂ( ........................ 77



&
[a—
It
=

H oMW

AR

b o 3L A4 o fE R IE T 199340 92 75 7 THH A B — 7 (2
L2012 4EBIETIZREOK 57% 2 50D 827 2 THMNEE S
nNTWwa (EMARKEAI46]), — 7. dbifE OB R ZE A BT Lo
ST TEY, BEF 1P O M FEBIHEAITFEAHEHML T
% (Fig.1-1), £7=. 7 U — A b — L 4E8E A RBZE S D H N6 m
CH o (e EEBR AR SRR SERME[19]) . 7 U — X b
— NV AEENDRET HHR S AR (Photo 1-1) i 1E 7¢ % B 78 H 2
Lo TN 5D,

WK S AVIROEFRRZ DO —2I2, A X % (B[R %8
LIERNA T HART T v b 25 (i) e iE B T A 78T [11])
ZOMERTIHESAURE —EREICRF LD OHRIERE Y., K
BT DAL 2 W3 ~Hcfn L CERFE L TR T 2, FEBERFIZIX
B OMEM DRI DN T T ANEET D, O F TR
E. T bRFE (LT, COx & k7)) &R METHLI A X U BNIRE
SN HATHY (Raven and Gregersen[51]), = kL ¥ —L L T
MATHZEnTE 5 (Fig.1-2),

NWNAFTTAFANA T~ AL G LTAESNTZREITHD . B

BERFIZ KR~ &5 COzid, A KIZ X » THEE I Lk FE



MBI > TS, o T, REDOTFHEER TR L L KAF D COz &I
EALZZ2WTED T —ARr=a— 7V EMEEN, 20 COIZIRER)
RAAALLTHESNRNE W) FENH L (B 21X, RHKKESR
[47]. FRE[22]),

NAFTHATZ UV IREHEBHL LI —ry XTI, £&

IMREFBERE T 277 F0ENC, hyEmayRploxx
NEX—EMEEBRERLE T L7 P ELHFET D
(Johnny[27]), NA A H AT Z » MMITEFMEx THET 5 #5]
WT7Z b, HO2WVIFEBORFZTHAT 2R T Z o bR
& % (Schulz and Eder[53]), R+ Y TEEBMTZ o bR £ <
2007 FRFRTH 3,700 FiFELL EDASA A H AT T o N BB LT
W% (Teodorital56]), F v ~—7 TIXEF MM 7T o bR
1% < . 2010 FERF A TIX 23 Mk O SLRF AT 77 > b & 60 fii i%
OEBE 7 Z o N R BEHP ThH D (Rikke et al [62]), 33— 81 v X
TONAFHAFMM G EZR DL, FAYTEEZaY2rL—H
— (LLF.CHP & £7) TENICAE#H L TEEL T 5 (Daniell7]),
X, BAEAREZ X ALX—EORITIZE Y, N4 AF T AHKDOHE
BENELEMETEW ET 285 48 WG SHICRIBORNEA
ENTWLEDThd (KK[2D, Tov~—27 TbENRHLITHAE

TARAVF—HROFEEBENOBANELSN T 5N TEL (PEI44]),



FIWWCHP C=x A ¥ —Z#H L THMALTWS, £z, CHP 25 [
W LB XX — 1%, ZHO/NBEEHERERE Ry bT— 27 TH A
ENTEY . Tr~v—7 ORI HLEREIED 60% % ftfs L TV D

(NEDO ¥4 L AR — R[4, S 6ic, BRBEONA A H AL KRS
ATHELIEMOBEE LTHHALZY, RARTAMBHEIZANTLDY
THILENRTE, AVU2—TFTVTIEZOLRFAHANEALTWVD
(NEDO #4+ L A — K [3]),

AARTIE, FECHBECBWTIASTTAT I IR ERLTE
V. 2009 FFEREA TR 7 Z b A 28 fugk . HEFIHE 7 Z b
B2 B L T D (A H24]), dbVEE TO N A AT AFIH Kk
DHRIF, DARAL T —ZFHCTROLEZFAT D HE, £7-1%
CHP # HHWTE L E N EFMT 2 HIEICKRINT HZ N TE D, 5

CEOFH T AV E XS — e v N e L TA B OSSR DNE <
e A T IT R A 5 O MR LB A AN N~ 2 72 . RFEIEL D
B DEVIREBH L (PILH[39]), £z, EFE. XA F TR
S CTAXY VREREO A A (LT, BRAALF TR LR
L) P EOLP HAZMA, #WHiHAD 12ABKICEET DT X
(LT BRI A LR CHEMT 2B AN0RMEMRTHER (L
T, ORBRIEE LR PRI, EERBRAERSATHWD

i BE 6 R B e B BT PR A AR (17D . MR T A I RAT A BB E



RH AT e DOBRBHNIERT 52 R TE D,
CHP #HWTHE LL-ENIZT. HHE DAL E RFEHERT HZ L

SRR ARE L /D, 2003 FE 4 A 1 HiCHiiTESNnT [EERFEE

A

WA —FONMMIZE T D5 EL] (LT, RPS il
L ERRL) TE, BEXFXREICHLT, FimnxrdF—%5z2zHMLT
Fon2ER/E —EBU LT 22 EBERHE ST bz (B E
EBER TN F— T84, "A T T AZBEE T LHEEND
RPS il E DXk Gt L 72 o 7223, RPS il £ C O HEIE ) BAflii%, #AE
JTHAN & RENLZMMICHRESNDHBERHY (PIL6 [42]), &
ZFEMAICAT O BT T Icid e b o de, 20K, BAEFTRTX
NEX—OFHREZR D 7-HIC, 20128 7 A 1 B2 O HAEMTRET
AN X =\ XD FEEE ) O M EAMEE B E, Wb D FIT i) & 2
hEoT (REEXEEAER- XX —)T[32]), FIT | CoiEH
filiix, RPSHIE X @mWHA & 220 i s [42]0 @2 F 6] Cix
PRI K DK 4~9 OB E RoTc, TDTZD ., NA F T A%
BOYHEANEL, FIT | ERRAE O 1TEMIS, B2 7k DA
FHAT T ERBEBHL TS (RFEEEAER =1L X —F7[33]).
DX, RAFHABEICLD2ENFHIZOWTIE, FIHR
WZmiFrERERMLEINTERE, —FHF, "MATADOZ XL ¥ —

MAIE, BT XS CBE L TORMASHET A & LToOR MR A



BBTHhY., EOXIRAMAFENT XL X =L LR FU 26
THRW 2O Z EBIIZHM T 5 Z Lix. 5%, A 4T ZAHH
DR S ETCEETHD,

TRV X — P SRR I S & TR T 2 BRI I3 BRI REAE o AT
ER S EMB M. 20674 7% A4 7 VA A2 X 5502
VETHDL, 74747 VN FIEZE, 4074707 &
AZA b (LT LCA LER) ©RTA T A7V I TR HD
(F¥%(21D). LCA &id. w5 &7 285 % A&7 3 & IFH O &R
bREMWME, AELT TR, WAoo - BEEBET, 7147
PAINEREZEL . ZORE~DOZEZMT 2 FIETH D (J
PE5[26]), LCA X, 196917 AV A D ah « a—F R Y ¥ —
FTITNVAET T oA BaDORFICEHT HMH%EELI vy FU =X |
R ~ZFELERLIZOBIBEDZLE SR TS (FEE 5 [26]),
T, TA 7V ANV X T TE, BEICHT 2EE (LCA)
T REMFM (7140707 0rax b)) ShaniEh b

& i,

2. BE1ED W
NAFHATZ 2 PCBTF 22X VX —IRICET A58 05. 2

NETIRZHEHAET STV D, EWs13lF, @R AL F T AT



FJryhExGgE L, EHINIZ X AT =TI, 77 b
DERPBIOEEBRICEASNI T X VT —2FE LT /LT —
M 21T > T b, MG 4811k, ERF AR AL FH AT

MZBWT, EHMEEMAE L8R 2 RFKHE R O 5 ENTEE A
BB —ALZEI TRV —ATOZ XX —FABRIZHONT
W LT\ b, Basrawi et al [6liX. HARIZEKIT 5 FAKIGIEE R B
ELTENAFT AT T e Re LT, ARIEBNANAFTTATZ
YEDZRNAF—ANT U RACBLETREELIBRFLTND, b
DHRETONRNAFTHADOFIHFAIZ, CHP TE N LRI EBRS 5 7
— AR LLTVD, EHIN L2 X VX —ORMPIZHET 2 ®E
Tl¥. Steubing et al (54l 3 — 1 v RICBWT, KE AL+~ R,
BERE, FESAUR, TAIGRZ 13 @0 O HFETEH, BB L
OB RE (=% 7 — ) [ZEBL, kAT XALF =2 N (4 < R
TRANLNX—TRELLYE W22 FH k%, LCA O FETH
1,600 0 OFFENLRD TV D,

NAFTHATZ 2 N ERF@E» LR L =% ik, &Il 5 [25]
FEFRAABANL AT AT T bextREL, 77 bOREK, &
i, PEH T RV X — 8B L OVEAL IR o BB 8 78 & & R B FEm L
TW5, Yiridoe et al [58]1X. » T ¥ OB RLG B X ONEKE O A

FHATZ o FEXRELT, TRAX—EPFEIZLDIRBFEDIE



o, EHEMEOMEMEE (SAROBWVER., 7EE OB, M
B ORFME IREDR AT AHNE) (ST 2R EAEEAN &2 1T > T
W5, Stowell et al[655]1%, 7T AU I DOXT T AHITHE T, BE
ZDONAFTHAT T b DOBFEANITHT 2 AILBURIT K DR H R
NeBmat LT, ZhbDMETDONA AT ZOHM T AL
CHP TEHLBIIERT L — 2204 R L LTWND,
ZOXEIICBEDOMIETIE, XA A H A% FIZ CHP THMAT 2
F—AEMNFLLTWD, —F. N A B ZORMI XL CHP @
EF, AR DO LI ICHARAS 7 —RBRHEBELIHY . TNEHAA
FAAOF BN R L0, BHHIZKIT 5220 3208 A5

WZOWTOZTRILX =R ELBHRET LIZRE TN ELE 20,

3. WFFEDH

0 3 ODFMAIRO = x N X—APESRE LT DA,
FEHEINLIZ X VX —DRERA, B, BRI AR DLHT-0D,
NAFHADFEAENL, EHINLIZXALFXF—%2FHT 2EToOx
ANF WX ERFF L2 TNERLRV, TOLEDITE, XA A4 H
AT T MBI~ 2L F -G T o5l L. 7T U FAES
~ER I DT FX L F—E R T LEBEICOT THRFET2LEN H

Ho MERSL, XAFTHAT T PEIKKFICKHE LR ZEXRL IO



Bxx X —3, TAFHFRICL-oTHRARLZZ L E, EHSNLD
TXNVX—OFAFET, TFxAXF—DOBET LIZZIKIZbR 51
HDTH D,

Flo,. "M AT AEZREIEDLDLLDOT T FOERICZ R ILF
—REAINTWD, RAFTHTATT U MIBT LR ALF—ILK
T 27202, 77V POBRFRICHLERZ RV —BEEE
Lic, A4 7% A 7 NVHREEND OFMBLETH S,

SHICEEOZRXAF—FHOGH CIIREEPEEHRIN D,
WoT, 77V FDODEBRDPONANATHADZ X )VF—FHE Tx |
TATZHA 7 NVHREATRFEOICHEM T 5L b METHD,

Z ZCARBGE T, AR L2 AR 0 Sk XL OBETE O WF 98 & s E
. BHHMOKRFABMANAL A TAT T MZBWWT, XA FH A
HARA T —, CHP, FIEE TR T 256 O = 2L F — 4 pE
REB L OREEICOWNT, T4 7 A 7 VR SRR Z1T 5
CLEEHMET L, BEEMITIE UL TORNFICOWVWTHLNIT S,
(1) 77 FPOEBRWEZREST LI NIRRT I b —T 3
IR AEREL, BERRIEORREMFE T TOZ R L X —
WXERD, XAFTHTAOFRAGRBNCEHREN DR LF—&E
TRV F—AEDREPALNITT D,

(2) 770 FPOERBRBIOCSARERIZ PP X VT —BELE



BLT, "AFTAOFHGT BN =RV F—INXZH S I L,
TA T A7 NV E TRz X —FA G A& f I 5,

(3) 77V hCHAEEISN LRV —2{fbaz XX — LT
LDHEORENE, T Po#R, EEHRIIHNDIEMNEERE
LieT A4 7% A4 7 VB A TR 5,

(4) A% OIMEOHIE S < 0 & Rz 7o, &< o kR A

WINRAF AT T VOV —FHGIEERET D,

4. Fi3COHE R

K LIL b DOFETHBRL, FEONEITLTOEY TH 5,

FBL1IETIE, A AT 2Oz xF—FMATEOBR & S % R
L. KO BN EZR RS,

B2ETIE, XHRAFABMASALS AT AT T NOEREEZHEET 52
ENTEDLVIalb—varym s I 8xBEL, I M bE
HENDTZRNVF—DEFENREZ N A AT ZAOHM BN & )
T2, T EHEINIZ X AT —E2OEFFHELITONVWTIERS,

FBIETIE, "A AT AT T FOREFE XS A REMRIC S
BRIFNX—BEEIEL, MEOEHEEEEE LT 7 A7
NMEHE R TOZ XX — NI Tk 5,

FABRTIEH, "M AHTAT T P THES N X LT — LR



ARt A =2 X —2 8L, WROMHEREBRBE LT A7
A7 VHERTORFEICOWTRERD,
FHETIE, AMIEETIIHELNLLHEREZ L L O, B TOILFE

FIRBANRA T H AT T PO R ILF—FHAFTEIZOWTIRET 5,

-10-



BUE NAFHADOHM G E xR F— LD G

1. HiY

NRAFTHAT T VBEBRCIE, 77 PN TORESAROB
ERTRRAKBEARN T 28N TTOICENPBLETHY (LT,
FESIVREZMBT HTODICEABDMETHL, ZN6OENB LY
BoovBEEIIRF L2 A2 2T 5, o, SARIBEP ETTLH2&T
KRR ENLORARELE DD D, MBI HLEREEN LT
5, ZDEIC AAFTHATT o bOEBERTIZHAHER (KIR)
RHARER (BHOBBREORE) XV ERL, ZOREITT
FU MDD RN NI EL B LIET,
ZITARETIE, "M ATAT T U EHH~Z X — % it
BT o2ETCoBRBBEZHRIC, BT OLRMBUAL T HTRAT T
FCEBLET—F%2b 77 bOBBZHEET SV I 2L —
VarETAEMEL, FHBLOCARMTOT X LF —ILIZD
WTERMICHMT 2, A A D ZF LRI ARA T —DBEE,
CHP OS8R LUK EOLED 3 >Dr—A &35, £,
AFHATZ7 0 NaeBBHTLHEDIIEALILIEAZ RV —&F L
NRAFHAT T b bEHSRET XA —ROLENL, E

IR A FHARBHTEEZRA LN T D, b2, BRALLAT

-11-



ANF—BBIOKBRBIHINLD AT T AFTORXZ U ER LY
IR T ZTIRIM L7z LP T AEPGIREDR T APHEEZ R D,
BICHTHAMIOVWTHLMNZT S, L EWHLMNIT LS
EWZED, EBRIIAAAT AT T N BT HEEO N A 4 A F|
BB, EHZ AV —BLAEEHEROHEN»S ., EEHN

T2 2 LR 2D (il b [41]),

2. Hik

(1) = R/LF — L3O 5P

NAFTAD TR AITHK 60% 23 A Z 2 K140% 23 COTH Y |
RS EELTWEEMHH AL LP 7 A HOBRBEMS TIX A 45
ZEBEELTRIHTER Y, LER>T, XAFTTATF 0 b »
A~z L F—2 G258 123, AL T 2L ¥ —
AT HDMEND D,

Fig.2-1 NN A A AT AT T MBI DT 30X — KO KRG
HAERT, XA HAT T NTIE, XA T A% CHP, T AHRA

 REREE T R L —AH L, B, B BT R EINEIC

o2 EeNTE D, TOB, FHEBOBBICLELRE N
BT ZNZWNT D LP T A%E, T2 MNP OEATOILENS

D, o, XNV F—EHOBRBRICE T, RELRSITHES BEN

-12-



RAET D, T TAETOZIAX—IXOBRFT, EHT AL X
— (B) M B BALA TR F— (A) 2310 T, EH= 3L F— ()
THRLEMEZ T 3L X —4ENE (E-AJE) LEXL. Zhzif
L LT s eT2 (1), ThAbL, XL ¥4k
DEOBEAMEIL L THY , EAKENEEEALIALG = R F—

BLHBLTEHEN 3L —ERRENI L Z2EHKT 5,

L AR R — PEH =R L —(E)— & AbA =1L ¥ —(A) e )

PEH = 3L ¥ —(E)

NAFHAT T F TIEHBRIEREIC LD ANA T T ABIEAET D P,
FEEER R~ B E L CTHAARDBEA S, WLESEH S D 72
W, Fig.2-1 TEHSAREWHILEROFTENZHE R TR LI, KR#ET
DZXNF—WXOBEFE, XA FTTAOFHGFRICEB LS D

Th b, R(2)BAY L,

A =X — (A) +RBENAAFT A (B)

=% (D) +EH=xLX— (E) +----. (2)

S, NAFT AT 7 FTlE, BELEENSOALFE RIS

-13-



7Y hOERICHMAT S0, EIRKROHE = XX — (2O TEF

ficxsLoiC, BEZxLF— (C) 2RO,

(2) ¥YLab—varETNVOEBELE LA TTAT T b

Vialb—valrETNOERLLEMET —F & U SRR R
A FHATZ 2 ik, ACHEE EE o B vERT T BB T o B RT RS
By — (LLF, 77 hek) Thd, Fig.2-2 IZHlHE
T PDVAT AEROME L, Fig.2-3 ICSAROE) & LRI
AT, BEEOBEBRENOIE S LA S ARITIEE S AR T —
FPATHE S AU, 1,600m? O REEEE ~FA SN D, FEMMITE K T
IR St K BTCIHEFF SN D, TR O AL IT A E /M TR S
Wit WikIRITRE % v 7 ek sh, MG~ + 5 E TIHE S
N5, ZEME X, Wbz 7.5 FERLL L, 55CICRFEL TV 5,
X, BEOBZFOHAFSARPIBESGEND T2, HEFRE -0
JRE OILHBIEE B E LTV 5D,

B CHRAELEANAAET T RIIE, AZ U BXIY COz DIENIT,
ALK FERK 0.3% B ENTWD, BifbKFITREEE R 2150 5 72
W, B EE CRESNTEDOL, CHP £330 ARA 7 — 0k &
LCHEHT S, CHP TREINTZENITT T N NOEE OB I

AN, REDFREETHZENTED, £/, CHP £7213 0 X

-14-



WA T =B RAET DIRAKIT, R X O EE ORI

Do

(3) ¥YIz2b—vary& 571

1) YRab—varyETLVOME

NAFHAT S FEEHES I 2L —3a VEFAEHILS[38]0
ELLEETVEERE L, AV Ialb—2aryrE 7 0TI, 7
7 PNOFTEEEOERFECHRIBFEOANNT —F 00, 77
YIFATHETLIZ AL -8 T 7 MM EA~E A7 = x L
F—BEELZHAETLIZLENTE D, RFETIE, 2OV IaLb—v
S VETADOHTAFAEBLSFENT A= —% 77 FDE
WE 2 HIZZH Lz, Table 2-1 IC¥ a2 b— a3 VITHERER
AN ERT, Y 2b—varyOFREIEMERE 1%L
L. Excel VBA Tk L=~ 27 u W TIT 5 (M)t AHFZE AT %€ #h +
AWFger(8]), 1 WA A CHfE L CHAET LI LICLY, XA H
AFZ7 U NDOEBOERIZIEVIRIETO Y I 2 b —v a3 A HE
bbb, YIial—a oL, RIBOELILET I 2 b —3

UHRERICKMEE S, 1EME L,

-15-



2) BHOHHA
HAFASGAN CHP OoB&OEHOFHE X, FiRo FIETIT-
f=o 7B, AAFMAF XN CHP LS OGAE T, BHET X THE
MEDZRHAT L2 L1205,
T)ZORRRTEBHL TV I2BBOHEEENOAHZ 1 sHEICH
95,
A)HEHBENNHEEBENDLV DRI BEENNRREE 2556135
BL, WICARTL2HGGITHET D,
OIVSA FHAZRRE T HHARAY —DOREIL 350m3 L+ 5, &
AR ED 2m3 L EH T CHP IXEEAIGE Th 528, H AU
B H 2m3 Ry D & 348m3 £ THFH I N2 WIR Y . CHP

TEHTETRWVWLDOET B,

3) BoEFE
AAFM AN CHP O %A OO FHE X, Fie o FIE TIT - 7=,
B, HAFMAFTXD CHP DAY E TIE, BUITARA 7 — &
HMAA 7T T 22 Lk D,
TS T NOERICHERBET, M E L THELEEEBERER
FOREREERENOHET L, [RIRITREITOT AKX XET

BRI S 72l OfEZ W5,

-16-



AFig. 24 TR LIZHEFTEIC LN THRORBEB Z 7 9,

T)REBE N E ZICE, CHP CTAEUZZANMEARE LY KXW
D, ERIBAKOBENEA T 228305, £2 T, @WE BN
FAELESGEIE, KO 1M OMERENG Z OE 455 OB L &
Lol 2EicT 5, ZHITEFE S OENERIEKDIRE LF & L
TEMINDLEEZXLNOTHD, 2720, EERIEKIEE D @
W EHFTHE CHP A —N"—b— s T5BZNDHDHT-D,. 4
Oy Iab—vary TERHBERHAO LRAZ 300MJ &L, 2k

AT ONTIET T v M~ TR B i & L TR

ik E R0 EHEFIHABMAS AL AT AT T b TIRERGIZHE
WDOFKEZIT > TWb, Colleran[6lid#h Ry e 7% EH &M 2 FZHIRE

EMBVRFH oM EGDLETRLTED, Y 2b—3 3 TR

B

BEMN B CT 75U EDSKMELE L,

2) HEAEL LUOXR

TS N TOEERREIINRIEDOENICELY ., BN & LAH TR

-17-



KEBeZ (FUsI87T), ok, B EAHOKIROEWE 3
2l —va VIIRBRESEDLIMERD DL, £ T, MW TI7 L FTO
EWT =2 bR THERE - BFEEHRIE] & BEME TXLER
BE L ORFRE Fig.2-5 12, IFREIRE — HEHKIE] & &EE THL
HaRBE L OEBKRE Fig.2-6 [Z7-T, 26O FEHMENSEWHE
EXERIC, VI 2 —vary TOXLERABRERD -,

Fo, HEABLLTREENLPOOKALEETILEND 508,
ME~7 7 o R TOHMT = NbiEZENERODLENTE RN
o TIZT, MO TOFHHERENPSEERBAEZRDD Z L L
L7,

ol 5 [3611%, HREFAB AL AT AT T2 FTH D E RS G
B (LT, il 7 7 beERRL) 80T, 772 AT
HE I D8 X)L ¥ — % 3R ICHELTWD, ZORERICE
HE HEAKF V=2 +ERERA] OHEIZ, 77 P ERETHESN
LR NVF—BEORKNI~4F2HEDOTWDH, KNV —R LT, K
BRig 25 B O BB Lo T ARENTORE LD, ZHb D
Bl & W & OICEEE SN TZHWIEKEEOZ L THD, 22
T, BT b THES R TIRAK ML — X +ELE KRB ORIl E
MARARDI B, 25001 ZREMAEREST DL, REAEITXTZ b

AR THEINDIEED 18~26% 2 HHH Z LItk b,

-18-



Fio, P CGRIEFR) (A0 E KB BT TR oo 3[R R A RN
AFHTAT T b ThLHBEBENREREEZ— (LUTF, BET T
YR EERR) KBWT, OB AZHEL TWD, £ ORERIZ
F2L BENPLOKAT, 77 FEEKTHESINDIBAED 15%
EEDLZERHELNERHSTVD, £ T, Y2 2b—v 3T
DEEBAREIL, 77V P RETHESNLLIBED I H 20% % 5
5ELTEEAELE,

SARIZANBEIICRE SN TV DIRRBITOT AL AT 1999 £ 5

2008 “E D 10 [ ICEH WP S NT-MED 1 ] Z & 0B EE H vz,

3) A E TN R KA

NAFHADRERGIETEIC, &IEKIE. PSA LR X OS5 #E L
D3oNHLH (KA, WVThDOHEL AL FH AP O 40% %
E®H 5 COr2RETDHILETAXUVEEZEHD TWD, @IEKET
E—EDENEDTTZAKOPIZAAF T AEET, PSALETIEEA
TA MR EDOWAEAZmMIZ LIEWAEBENTAA AT ADME - BE

MDA LAT 9, MR BETE TIRm IR 2 U L 72T ¥ = — b iZ,

RF
*

MELIEANA AT A @B IS, BEOBEEIIMO FIEIZE TR
DIPNRRERG TA T F A7) —hEELWWbDILTWS (BEL U

H—F k& —[57]),

-19-



Vial—varET A THWERBREBEO T A —%— X, &
B7 7 0 b CTEMERBRT OB NoRRILE TR o EE &
AKE L7, Fig2-7T ICHREBO T A HE L A ¥ U EE Z I
RY, TOEBO 1R Y720 OWMBRENIX, A X VIREN 61.8%
DJFEEANA FH A 5.39m3 6, A X JRE 89.6% DIER N A 4 7
A% 36Tm3EETDHIENTED, —FH., BEExFEwRLEZ CO2%2%
KB TZTHANZONWTEHEMERNGF N o T JRE A
FHAEHEHAAL T T ZAOERRENOFHAEL, A X VRE 25%T
L72m3h BNELELTLERE L, oB, ¥YIab—varyTiEIn
BOFEMT—2%b Lic, RN AT AMER N A 10 fFl2 L
REME L, ZOREMIZ. XA T HAT T M6 HEAET LA

AFHT AL TN THUEETHHTE2ACHEET 5,

4) a2V XV —HF —BIOHTARA T =D R )LF—3)F

CHP 3 E#& i 7] 120kW TR EL R Z 30%. %% 51% & L
oo £To. ARA T — DA AHEEH EIT 29m3/h T, BLh=R1L 80%
L7, CHP O EMHE, BEBLOHTARNA 7 — DB (IX
BT v TTBET O CHP (EH# ) 100kW) B X OH AR A
7 — (T AWHEH & 29m3/h) TERUMLLZEZHWE, 2B, ¥I 2L

— >3 TCCHP ZEMHHE T 1206eW ICEEL-BHEIZ. XA 4 H =R

-20-



TITU NN RETOINA T T AZRT ZLERSFIHATE /N L

L7272 THh 5,

(5) YR ab—varryr—RAT LIZEZT4M

vIalb—va s —RA% Table 2212, F— AT LD A X
2R %4 Fig.2-8~2-10 [T T, F— AT ELDHARA T —D
BT, F—AOTHEBBAETOIANALA AT AL T XTHATE HDRE
E LT, 6. F—2AQBLV@TIE, "AFH AT T FHN T
BWRAEZMGET L LA MRARAREEL Lz, 2B, CHP B L O'A
ARA T =R AELEENBLCERIL, FE—RIIAAMATHTARATT
Y NOEBRICHAL, RERABRE LGS AT ~ET IRE L

L7,

(6) Y =2b—var o

V3ialb—va oM, FR O X LF—ILZIZOW TR
I1H1HEMH 12H 31 HBETCO365HE LT, £/, AL TOx
FNF—=PWIZHOWTIH, 1 A 12 A 1 B AREMT, £A D

1O ZOHOREHAEETELE, 2B, 2HIEX 28 HE L7,

-21-



(7) REDHRT APHEOHE

REDRTAORET REDNRTAPLHERE - fii~==27
V) (BRBEA - REFEEE[29]) 10k viTole, SOV I 2L —v
S TORAMEAZIALF—1L, BRFEEEPOLEATIENL X
ORI AWMMPLP HATH D, EHIZHOWTIEL, Fk 21 FED
Abvig & & ) (BR) 0 EHEH AR % (28] % w7z (Table 2-3), LP # A (Z
DOWVWTIE, fidO~v=a7riZii#HEanh TnbsdRB)EY, LP X
DIEFE % B &IZHE L, Table 2-3 (2R T HAL AR L Ok H 1R
BEHNT COHEHEARE Lo, 70, NA 4T ABRBEFFIC R A&
5 COslF W —ARry=a— T NVTHIALDEENRIT AL LT
BEINZRWD, BHEFICEAT LA 7T ARTICEENRD A X I
WEDEHATH D0, HERIEEB(EED 21 23] LT COz &I
BB L (BB - BREEEH[9])., bbb, BABAB IV
LP AL D COBEH Db RICA T HAF DA X L NTHOWVWTIRE

IR AZRE LT,

LPG 'E & (t)=1/458(t/m3) X LPG & f&(m3)  +----- (3)

3. MRBXOE

(1) 770 FEBERFOFER T 2L F - E = 2L F—ApERR

-22-



Table 2-4 2V I a2l —va sy —AZTLEDOHFEMOT R ILF—I
XBLOZ XN F—EEDROKERE RS, F—20L@TIE, A
AFHAT T MBI ET L AL AT A (B) 1T 12,110Gd/y ThH
Do T2 L —A@IE, XA FTHARXMD 2 5D — ALV 4Gdly
<75 TWVW5, ZHiE, WITNDOTr—AHLHTAKRNLE —HIZ/NA
A AN 350md FFRE SN REETY I a b —va VO R Z B
LTWLaR, F—2AQ@DH, 1 FMOREKTREOHT XKLL —N
NRAFTHTAFRENMD 20507 —2 L 0D, bbb, NAF
TAHBENEZL Ieolclzd, ZTOXIRFERE R ST,

NAFTHAZTTARA T — CHP B L O ERE THH L THAE
THZRNALF—8& (C) T, r —2QLr—2QBIFIEFLCETH
D, F—Z2AQ@IEFHEMA LP ¥ AEZBRHNTEZTH, o 2 >0 —
A2 LD 1,000Gd/y < 2ot ZhiE. BRI ESTEZ AT A
AZAHRDRAZ PRI &l REBERIT AL L TOZ R LT —EL
RLTWEI b6 THD (HBAD),

WICHEHZ R LE— (E) oW THHT S, ¥— 2O TIXES
TT _XTEABNTENR ) ZEIWTRDLEN, BZOWTIEITARA
T—TORAENT T NEEKFICHEE T 28E2L0 20D,
T MAER AR T RE R B R L X — & 3,998Gd/y FEHI T B Z &

T& 5, ry—A2AQTlX. CHP TOREEN T 7 o MEMRKFIZHEE T

-23-



LEBELIVZWED, T MV~ E T RER B T R L — &
834Gy FEH T H Z LN T&E D, BHIZOWTIX, BEBENL ST
NEEFICHET2E N LV W=D, 77 FVEE~ 2,352Gd/y
DENEMRET LN TE DL, 272 L, CHP O A HE &N A
FHAFARIY L EZ Wz, —HAIZ CHP 285 1k 9 2 W i A
AL, ZiCfEn, BEAEIREAIATWDS, F—2Q@Tix, &
ATHZRALF—=NZ3ODr—Z2DH>HLTHRHEZ W, TONRE R
HE, WBABHOHEME KA AWRMA LP ¥ AOHERNZ O ER
EloTWVWD, MMABINWMLULBEBIT, BREBEOHEEE N

KEWEDTH D, EHT XA — 13, BT 20 5,535Gly & 72

277,
%I, EHz R LY — (E) EEBALAZRTALEX— (A) IToOW0
TERT L, EHzxrx— (E) 2B 5720, BALAaxZ %L

¥— (A) ZEASHTVDIOT, BiZAAHENR T R LX—
i (E) — (A) &722%, (E) — (A) 2/R2E. F—2@01%<
=20, F—=AQDIAIZDL R LN, r—AQL T —2Q@ D %=
% 211G L R&ERETHERY, —FH, #AbaA=x X — (A) I
BITL25r—2Qr—2Q@0#EIE, 7 — 2@ 2,660Gd £< . (E)
— (A) OHTIEZ, =X VX —INXOFl & L TEY & ITWV 2 720,

ZZT, mx X —AEHE (E-A/E) 2RkDD L. 5r—20Q

-24-



N095 L/ bRELS . F—20, F—RAQ@DIAEIZ/NES L2V | Fr—
Z@TIH051%E R L, T bbb F—2AQ@QTIEHEE=-LVF—(E)
EFLTOI, TORFESICHE T S2bA X LF—2HAEL TW
HILERLTEBY, X AX—AENREZMOEREE L THY
5Z2LT, EHzx AL HEAMEAT R AT —DBEKIZON T,

HMEIZ T2 Z L ATRE & 72 o 72,

(2) WEZRET A Y& O g

Table 25 2V a2l —va 7P —AZLOREDRETAEHE
xR, Fr—A2AQE T —AQTIEHEABAICLY, ZREN
125.3tC0z-eq/y. 17.4 tCOs-eq/ly DHEHE Lo T2, 7 —AQ TIlE
WEABHDOZ2», BT AWMA LP ¥ AL A7 T AFIZEEN
HAHENZK Y, AFF 315.6 tCOs-eqly DHEHEE D, 3 DD/
—Z2DOHN TR OBIREDIRTAOHPHERZVEER L o7,

Table 2-4 ¥ & O Table 2-5 72 & | EH = kL ¥ —1GJ K72V DI
EHWRTAPHELZEFET L L, F—A2DOTIiX 0.0313 tCO2-eqly.
r— A@TIX 0.00546 tCOz-eqly. 77— A@ TIi% 0.0570 tCOz-eqly
Ehol, Thbb, EHZ AL X —% 1GI B L7012, 7¥— 2B
T —=2Q@0 10 FFULEOEEDRTAZPHL THDLZ LML

NE ol

-25-



(3) NAFHAFHALFRNDE N & T R )L F — A SR

NAFTHAFRA TR R D 3007 —ADFEMOY I 2 b—v
a URERKY, EHo XX —RBIIFREBLH VD — 200 &
b <, Mtk b DRV IX CHP 2057 —AQTholz, L
MLRNS, ZTRXAF—AEHRTHMT L. F—2Q@Q»N &b A
K THY, W =2 HOBDRDEVFRE o7, SHIC
BEDRTAEHEIL, F—2QREBD R, 7F—RODBKLE
Mmole, Thhbb, ZXNAVX—AFENERNPRL, BEICHT D AN
WINS WAL FHZAOFMAGTRIE. CHP 2 W2 56 TH D Z Lo

BHONE o T,

(4) PEH = X LX—0F{HEA

Fig.2-11~2-13 v 3 alb—va v 7 —AFBDO AR OEHT 3L
X¥—Ct X VX—AEEYE LT (Nakayama et al [40]), VT 1
D7 —ATH 12~2 HOFEHZ X AT =NV R roT-, 2T,
AFZDOKIIKR TN, 77 0 P RETHRERB T XL X — 38
L. TARA T —ICEXAERA T T ADWEENEB2X 22O THDLH, W
2, RENEFTHEERE (7T~9H) ik, 77 bR THER
MR VX =N T 70, EHZRXALT XL ol

V3ial—varIF—REIIELTHE, Fig2- 1l DT ARA T

-26-



—HZHAWL T —ATHE, TXAX—AEDRNEFICREL, &F
W/hNEL oz, THEF., 77 bOERIIKLELREAEH (KA
ftAx X —) FEALHLIZERLCETH DN, [IBOEBLITHE
W, EHENDBAZ R ALFXF —IZEVWRELDL D TH D,

Fig.2-12 ® CHP Z# W5 7 — A Tlx, AMOE = %/ ¥ —FEH
BICKREREVWVHAELCL, 3~11 Aix, CHP THAET 8= /L ¥
— XV T T NEERICHET Bz —nDbnizn, B
TRNFXF—% T T MR T L LR AR TH D, — . &
IO ~HEAE FTRE 2R B X L F — DA L 722 0,

T MR IR IR A -0 E L TR, AFO
EELMENBELOND, T72bb, CHP ZH\W5H 75— X055,
T M TRAZRAX—RRERAFIZT T P x L
F—aftifca VW ERHLNER -, WICEFIZIE, AR
47 —BL0 CHP O WFhEHWizr—2Th, 77 b~
AR AR 2 A= R VX —RNWINT 52 EBRH LN E 20T,

Fig.2-13 ORI EZ H 2 7y — ATk, BHEEL2BEH T 5 -
DOEANBHINL N O, D250 —2 L gL T, = R/LF

78

o

—AEFERRITE LWV, L LD, JAMERAEL . R

&

Iy
W]

=S

BRI A L L TR VX —ZEHT LN TELHD, HiaD

3

BEPRHEBNES ThHLEEALND, FlxF, BRIZFEMAIsATY

-27-



DNRNAFHAEHT ) 2O B TCHAATEHEFE T, HHR
BADHEHERSZVERBIZIIERI A0 ZFA L, £FCEH Y
Vo aRT 28T, TEZMUTORENATRELEEZON D,
ZoOXO, FHICIOIRIBEMNRENERMTIZ, £F0F
T MNTORFENRZWO, 77 MEICIE TR R = Rr L
XF—BN DR D, F, =XV FX—% 77 MV~ LA T
LEE. T MMV TORTE MBI T AN E L D AN
HDHZEBHLNERST, LERST, "AFHAFTFT UMb
A~ T 22X VX —OFAHELTHRFTT 256 1CIE. Znb

DRBEBETLIENEETH D,

4. /NFE

ZESNREREETDODRAF AT TR, BETDHAA
A H A% CHP THEESHE CENB IO I LF— L L THHAT
LDHER. NATHAZKEHATS 5 5E, £, TARA T —0
HTRESETCBL LTHHTL2HER DD, ZOXDIC, XA F
TAOFHFEITERBEEI NS, TAFIHBRNR D720,
EHEINTEZA VX —B 2B T 5T TR EDHIEND RN
ANF—ZAELTVDINOHBATE RV, £Z TARETIE, B

B OEBAMPAMAAL BT AT FTERLEZT—2%28 12

-28-



SUNOBBAEBET A I 2L —Ya VvETAEBEL, NAF
HAFNHAFENTARA 7 — CHP B L OB EBOS S TCO T T
Y NEERO T XA XN KO OVWTERNICHE L, BALLA T
FINF—BLEEHZ I LVT—BOWLERNL, RN AL 4T AF
MhEEZH NI LTE, £, BALLLIEAZ RV F —EB LUK
BEFIZHEH SN A T H AT O AL &b IR T 2R L
7o LP HAENGIREZNRT A HE L RO RBEICX T2 AWM
DOWTH B MNIT LT,

ZORER ., A4 1,000 HG DS AVIREEHRTDINA T H AT Z
FTIE, Z XX —EEDRP RS BRI AFM T CHP & M
WEGATHLZERRALNERST, T, HEDRITAHE
Db VWA AFA T EZ CHP # WA Tho ., kb
DIFHEHEBRELFHALIELG A Tholz, EHZRXALX—1GI K720
DIRBER R T AP EIT, BRIEELZFH LSS TIE CHP zHl
HLESGED 10 G ETHDLZ W LNER ST, EHT XV
X —OFHLEIT, EFBICT TV FPATORFEERZ 2D, 77
VRN~ TR R AL X — BN DR R K CHP & A
WTBT RN X =TT M THHT L2 —2ATIE, 77 F
A TOFTHEEIMBICTNUNELCDIVREEDR DL ZERHA LN ER

277,

-29-



BME T 7 ATV REICEIDIRNATH AT T PO X)L

X — L% D B

1. HiY

BUNETIE, XA FHTAT T b LA~ XX — 2 G
DETOBBENRIC, XA LT AOFAFENICZ 2L F—IL K
ZRAONIC LI NATTAZEET L2077 FO#R,
HHRSAURDEWRPMLETHY, TNDHEITI ZOITITTRLF
—DEANRLETHDL, —FH, HILRZEHE L THHATL2ZLT
LR A EZHR CTE 5720, HLRAAIZ X (LF R o R
BIZHBERIZRAAVF YRS AT AT T b EHIATY
HERBTZENTE D,
FZITCARBETIE, 77V MEBRBLOSARERIFICRAT L
INF—BL, FUIETHLNILET 7V b EHEINLD T X
NEX—ELBEHL, MXOEFRFEREEZEE LT A 7 A 7 VHIH

HMTOZR VX —INLZEZHLNMNZIT D,

2. HiE
(1) FMHOHEBL MR OBRICKHLE LR, XL —EDOHEH

NAFTHAFNHEM TCH DT ARA T —, CHP B L R EE %

-30-



WETHIBICKLE s 2 VX —aEX, OESREMETT O [#EE
HERICLIREANBENMNT —% 7 v 27 (3EID)) (M7 5 [45])
FHAWTHMB L, 3EID TiX, RICAEHE /MY ORKEA
PR BEANEHINTWD, @FICOW T, EAEHME & BAH
itk 2FEMNH Y . 2 ZTiE, BEAEZMA Y 720 O 5 B AL % 6]
L7, £7. 3EID Tix, MXH —E 2% 400 L\ IR 5N 73K
O LTEY (M L5, TR TOMMIZB W TSR
ML 720 OJRBEANEBEHINL TWDLI DT TIERY, 20O, &
f o ®EIZFHEMPEE SN TS T2 oMo — B S & O
dh ) (BEFIE 5 219) & Lz, A LB Am R A (A # i 5
N—R) T 34.028GI/E T HTH D, k. A AT AR H&AH D
X, 2FLO0RBEXITHI Y HEAE2 Hvic,

NAF AR LS DT T bR E ORGSR R F

—BIXOEMOEFRICHLE R XX — 1, () dbifEE B+ AR
ZEAT[10] CH I L TV 2 fii 5% WD COBEH &%, MM DIE=

R T AP AR E[28] TH D 0.0185tC/GJ (=0.0678tC0O2/GJ) T
BAHZ L TCox VX —BICHE L, &RE. ko EHER IR

il b o> Jel A {5 A S L LT

-31-



(2) SARERFICLERX L —EE XOHEIIKO = 2L F
— il it > 5 H

SR OEP IS X ONWEAL IR o0 TE M - WA RS 1, E R O OB
ELT|MAHEE I NS, (M) dbifE B3 LA ZERT (10l TlX. &
Ao DR O SR 35 X ONE AR IR O Sl - WA RFICHEH S D [ COq
% 105,244kg-COs CHH L TW5S, 2 Z THHHEICL D= 2L
F—wmIT B OREZRT AP EEE29]TH 5 0.0187tC/GI (=
0.0686tC02/GJ) THIDH Z & THIAE L7z,

HAL K O = v F — i i% . EALHR A S K0 AT 68 72 1k 7 IR
Bt 2 8E T 5B ER TR L —EP D RO, (LFIEEZ R
TOBRICBER T XX —8E, KARMIIOMEZ I vwiz, HILHE
O AEEFE Ay 1 Ol) Ak R IE BR % LR AFZE AT [10]l D o A s R & T L
7z (Table 3-1), 723, WAL F D IEELEK 59 O F ~ T FEE &
FSICEDICRIN SN D DT TIERWEZD, ZREMET HZH0
RS (b R BeH[18]) A2 F U C. R AR R FEE O
ExH ML (Table 3-2), HILR O AFERE X, 18,250t/y (50t X

365d) & L7z,

3. MRBXOE

Table 3-3 IT7 7 v F&RIFOREB L OERICEBAI N XL

-32-



X—®&ERT, FIETCHLNILET 7 FbEHENS X
x — & (Table 2-4) T, WFhoU AFMGTAbK 2,800~
3,000Gd/y TH Y Table 3-3IZ/R L7 1K= OFAT RILF—
BB THEEHZ AN —ERZWVER L 72572, Table 3-4
IZ 5 RGBS X OB IRGER: - BAARFICRA SN = XL ¥ —
% . Table 3-5 ICIHALIR DAL FIERHRAFIC K 2 = %L X — i fE %
=T, HibROMFEARRBRZCL 22 ArF—EIT, SARBIWV
HILEOBEWRICKLE LRI LT —BILVEZWVWHERE R ST,
I, 777 FOEEBEFERE X VXN DG E T A 7 W
A7 NVEIHEBETHLNZT 27O, Fig.3-1~3-312, 77 » MNElA
tEN D 35 FHETOZRX AT —HFABLEENREL AT, EESE
¥ew 35 4FE L Limoix, MHAFEEN KL EW CHP 2 2B EH T 2 &
TONXERDTDTHDL, HAFMGANTARA T —=FHD T
— AT 6FEAUKIC.CHP Al X OHBILEN A O Fr — 2 T
THEHUBRIC, XAV X—EHENERAELZ LRSS ZENRHL N E

r o7,

4. /NFE
NAFHABEFETDZEODT T FOBEHE, BHPHFEBTH D

SR DEMREFIZIE, ZXNAVF—RANRLETH D, o, HILHKE

-33-



ZIEEE LTRSS Z & ThREIERENEZHIB TE 52720, #H
fEEFI I L 0fbFE o REICHERT X VT —FHY RN A 4T
AT T INPOEHSNTWDERRTZILENTE D,

ZITARETIE, 77V FERBILOSAREMRIFICEAT D
AN F—FE, FINETHLNIZLET 7 P LEHRINLD =X
WX —BEEHL, WEHOMHFREERB LT A 7V A 7 Vg
RTOTRXNNF = ZH] 6N LT,

ZORER, WTFOHTAFHGRICBWTS, 77 M#EERB b
BEFRHELITTHFAURBII ALV —EHEN X LT —K AR

ZERDZENRHLNE R ST,

-34-



BIVE A FH 2O TR & RGO B

1. HiY

FMEE TICRARTZL I, XA FHT AT T b oA~ AE
AR TR F— 1IN T HAOFA TR L > THELRYY | B &
N ERTAOETHET I ENTEDL, ZINDLDOT R AT — (T,
oAz —LRET 2R TEr0n, REATRERIA
TRNF—FEERGFAEL, £, A3V F—Ofitk s L= x
NE—BIIENENRERD, o T, NXAFTHAT T Mo b A
SRS FTRE 72 = R L X — ORI B AR &2 FEAT 2 7Tk, AR
R fbAT 2L X —RIICHREFTO2LEND D,

Fl, TRXAXF—FREHTIVRAT ALK E L TORFEMZ M
THLEDITIE, RAFT AT boOdFRE, MMEEFHEZBLIOE
FEEZEBE LERAEEEZRNTOILEND D,

ZIZTARETIE, "AFHAT T2 b LA~ T HE 2 = %
NFE—LRBFARERMIEAZRIANTF—Z2BBE L, WXOMHFEREL S

BLIZTZA 7Y A7 VRRETORFEZWASITT D,

2. JiE

(1) SAAHAD=RAF—FIF & AT A T F ¥ —

-35-



NAFHAADOFMPEAIT, EH SN DT 2L F— & REFTHE 7
ftA=rx X — L OEFEE Figd-1 1T, XA T HAEZTARA
Z—THHTL2H5GICITERKRKEELRT S5, RETRER AT R LF
—HRDOEAKIT, NA T =TT, AEM, @l A, LP T R &K
BT o2 —AL L, RAT—ORBHFIZ80% L LT,

NAF I A% CHP TR T 258 1CIT BN EiRAKEENT D,
RETERLA =R VX —HEOBEBNIZEHAEN L Lz, BAICS
WTIE, Al DO RA T —DFr—X ke Lz, £, RBETITR
W2, CHP 2 b S =& 1%, EET 5 2 & T £ i Al E 23
EEND, £EZC, FITHIEIZCLIS2TEEBLITOLEEZEE LT,

NAFHAZFREBCRHHAT 256 CIE BRI RAZERT S,
AT 2O MREIZ, IRO@EY . RA 7= RAaraTofAB
FOHBHEBEEE L TOFARATRETH D, £ 2T, RETRE L
AR XF—13, [TH. AERMB, #AHATA, LPAITR, YU LL

77‘/,
— o0

(2) NAFH AT T2 MBI D RFIE O
Fig.4-2 N A A H AT T MBI 2RFI L OB #HE%Z R
To "AFTHAT T FOWAIZK, EHINDZ RV —DREFMN

i, WAL O RFRMME, BEXNXHT 277 FHHEO

-36-



3O>Th D,

PEHI SN D = XX — DR HEE I, RETRARIATRLF
— Ofli#E N B HE H L7z (Table 4-1[15,16,23,30,31]),

AR O 8% 3 AR 1L, R AT 22 (L EIE R O ik 2> B B H L 72
(Table 4-2), AL o AR 2 1% O) Ak ¥ 58 BA % + K #F 22 A [10]
DOWAERZMEA L7 (Table 3-1), 723, MALHE O JEEK 2 O
T RTPEFIE & RFEICEDICRN IS DT TERWZD, £
NEMET D00 RERMDR (dbvERB18]) #®& LT, €
Br b FIEeto &% B H L7z (Table 3-2), H/L#R @ £ E &1,
18,250t/y (50tx365d) & L 7=,

() AdevE B % EARBFZERT (1011, 727 » PRI L 2 REH
RO —2 & LT, {HBIEE R FIC R CAZNT 72 2 M8 o I 15
HFHIh R 2 B LB 72 D #5R T 21,657 H/y LEEH L T 5%,
ZZ T, ZTZTIiX 1,000 BH7 ICFE M 9 5 21,657,000 My 277
NIHE L LT,

NAFHAT T bOIXHIT, MIEEIIXHT L2770 PERE
(Table 4-3[10]) . BHEXHT 5 77 v FiEfEEE (Table 4-4[10])
BLXOKERMOEFEL L, b, 77 MEBRERHEICIZ. A
B EHE ARTBEBLIOCBALA XL —BEREEL T

Do FTo. B RO EHFEBIIBLS Lo REAEE AN FEEE LT,

-37-



3. MRBIUOBE

(1) 77 b OFEEITE DRI

ZZ2TlE, Figd-2 TR LERBFWNZOBTFEMEO 5> 6, ZHO
HHOZ 7 v FERBEBLIOEHRELZBRVWERFEIN L E BT 5,
Thicky, HEEICBTL2 77 v VERRE L 7T 0 FERIC X
HWANOEBEHLNCT HIENTE D,

Table 4-5~4-7 12, A AF|H J7 X5 o R /R b A= 1L F —
BOWXERT, TRTOF —ATHEEBERELVRADZOFER L
Y RBEWNIN A TR D eidenrote, REATRR{LA
TRAX—HEOLBETIE, WTFhoTAFAFRIZBWTS, I
DONWTIEABREBTRETIHAORARRK LD AL, LP AT
BT 25800 ANKLEL hol-, BhHEEHT S CHP O —
ATIX, MEBDENRETD7r—2 L0, FITHECTREET D7 —
ADIFHHK 2,000 T My ZWHERE R FIT #IE CTRE L T A

LPHATREBETLEFF—ADNEZBRERHZ W ERHLNE o T2,

(2) 7T VEREBIOETFEZEZE L7 BFIK
T, T U NERERBLIOESE L, BIVES3. (1) TH
SN LT EERFFOBEEFEINE/ND, 77 0 b OEIRES & KR

XEDOEBETA T A7 VERATHLNCT 5, 2B, B

-38-



RRfbazxrdF =3, WARRODLRWABRBOLGE L. AR
BbZ W LP W ADORE T+ 5, 7. & FIT il & % Fl A
LTRET 225G THMT 5,

Fig.4-3~4-5 (2, 77 v NEBREBENS 35 FHETOR ALK
HzRd, EEFELHE 35FELE Lok, MAFEES KL EWV (16.9
) MRS 2HEEHRTLETCONXERLTOTHL, TAFMT
KB TARA T =D —ZATiE, WALEZXHOENRE /NI RD
PRI EEE A% 13 FHETHY, TOEIT LP TARBOLEA T
—218 B M., ABEBMRBOLET—4718 H M Th o7z, FEKIZ
CHP ® 7 — A TIE A & D EDN b /S < 72 2 4F 5013 58 §i5 5
H%k1IBHEBETHY, LPHARBOHET—217T 5 M. AE MR

BOYLAET—2711 B Tholc, BREED Fr — A TIL, WAL
KHOEN R /NS L R EHITEGR L% 124FHTHY, LP A
ARBOLET—390 B M., AEBARBEOSHAT—655 HAHMHT
bole, Tbb, WTFholr—2AThH, WXT~vATFTATHDZ

EMHL N LR ST,

(3) W IN Stk 07 1k O ey
1) s MBI & 2 5 H

B D LS, 77V FPEREBIOCEFEZRVWIZHERE TO

-39-



BHENZIE, WITFNDOFr—ATHL T T7RERDLIN, 77 NERE
BIXOEFHEZBRE LI IA 7Y A4 7 VAR A TORBEIN T, W
THNDOTr—AThb~v AT AR EENPHLNERSTZ, Lo
TRFEN L 2EZETDLIHFEDO oL LT, @xBEOAHERET 5
ZLEERET D,

ZIT,. ST UVNRERBERO 250 1 24T EBELE
Lt o, EBEHBEND 35 FH EFTOWAL X% Fig.4-6~4-8
~Y, 2L, FIT #lEDEETHMAIT > TWwbd CHP FIH D 7
— AT EERMICE LT DB VARV L — | Hi#i. CHP
AWM OGN LT, WAFBIFANRTARA T =D — X
TIE, AREMREBEOLE TEININ T T AR N2Tb DD,
LP #ARBOYLA CEERGEEG 9 FRICNEZN T T A L2 13
FHICHRBINIDPLESN LTI B ER o, LI LRR G,
ITHBICEAY RSN TR 2 D2 5720, EHE~D
MBIZBE LR NIE, 27THEB L 32FHEZRE, NWXNR~ AT X
D 2 ERRA LN ERoTe, TARMGAN CHP O5A Tlx,
LP T AMRB O A6 THEEMME 11FR I, AEMNREOL A T
BB MG R 12 FHICNE D T TR RDZEDRRA LN ERoT, &
BN N KBS N D OITEEMIGE 1I3FHOLP T ARBEDSLE T

+110 5 A &7, L L6, EEBAAE 14 4 B LU O IL

-40-



XIE~ AT ATHRBRT L EPALMNE R o, T ARMIT B
TALE O — 2T LP T ARBEOL A CEIMGA% 12448 & 13
FHICNEN T T AL RS Te BN 14 FHUBIZIN N~ A T ADF
FHER L2,

ZOXIE, T U MERE M TLILICED, FERKRO
HHAEHZDETIINEIN T T AERDN, BHEOMB BTN

X, ZOBROININEI~A T ATHR T LI LWL E RS T,

2) RIEBNZ T AR X DU
EFTNELEKXFERMBABAAL AT AT Z 0 Mx, WFESAURE E
JREE T o0, MITRAT LZ2OMDO AN T~ X ZEREE LT
AT LHZENTED, L, BEROEIKRZIER & L THH
TLHZENL, BIEEIE LTHHAT LIS~ RIE, AEVELE
FNTWRWZ 2R THILENDL, METZ7 2 FTZHET
WA ST N A A~ 2T, BTN TIHAE LG OFg kil 5 e
RILELH B, BEINTCARSE LR ERH DL, 06 ZEIEE &
LTZTANDIBICZTANRENZHBINL TEY, ¥k 19 F£E 0
FRETIX, ZOBN 4,152 FHEHRESN TS () A%
Arlol),

Z 2T, B 4,152 THORIFEEZITFANEDOIRAZEE LY

-41-



A0 EGRBELNS 35 ER T TONAL TH % Fig.4-9~4-11 IZ7R
T, B, T TITEREICH T OMBIIER LRV, AR T
AN HTARNA T =D —ATiH, AEBMNRBEOLG CTHEIRBH A% 26
RN T T 2280 £ LP TARBEOLA TIX 1044 HIZ
WXNTTZALRYD  ZOH%B—FFHIZYA T AR D DD, 20 4
HUBOWN LT ZATHRT LWL NERoT2, T AFH
AN CHP O — ATk, ARMMAFOL A CHEHIEM K% 11 4 H
W, LPAAARBFOLAETI0FERICNIN T T RERY | £DH%—
R~ A T AR b0, ABEMMAETIE 21 £B UKD, LP
HAMRBETIE 20 FEUBOINIIET T 7 ATHBEBT 22 L 08H LM,
Elpole, HARMGAPEREED r—2ATld, ABMREDOY
BTN T 7 AT eblerolen, LP TARBOY A TIX
EHEAPH AR 12 F RSN T TR &R 20Kk, —KHIC~ A
FTRERDLOD 22FBUBON LT T T A THBET 52 &2
Hnkirol,

Zo Xy, BIEEZITANICEAIRASENCE Y, EMIZIX

WXNTTATHBT L ERHLNE R ST,

3) RIFMREARL A = %X — OBl & I X 2 A

HARMG XD CHP O — XA To&EIIF, FIT HEZFH L T

-42-



TETOILATIHMAEIT > C&e, ZThik, FIT il E CoOEHEI
it N HE D OME LV m<RESNTEY, WANREZLL DT
HTHDH, FITHIETIZ, BACHOVWTOHAFTNET XL —FHO
FMHOMREZ RN L LEEMERESE LTS, 22T, 1kWh=
3.6MJ &2 & FITHIE TOD XX FREEN ALIE O B B A 2
40.95 H/kWh TdH 5 D T, 1IMJ B 720 Offi# %, 40.95 1 +3.6MJ
=114 M EBEZXDHZENTE D,

ZZT, REBTRbA X LF —Oflitgksx 1MJ 4720 11.4 [
ERELEGAETO, EiEHHENAD 35 FHETONRAL X%
Fig.4-12~4-14 IC7%, BB, ZZ TIIERG IR T L4813 EE
LW, WAFHALFEXNTARA 7 —0 7 — A TiL, EEEHHBE 12
FERHICNIN T T AERD ZOHR-FNICYA T RIZRD DD,
283 FEHUBEDOIN L, 34 FHEZRE T 7R R ERHL N E
Ipote, HAFHAGAN CHP @7 — A TiL, @G % 134FH T
WAEHDEN—149 BIMEHR /NI BRDIB, WEBT T A
2D Z L3 mhrote, WAMMAGANKREBEO 7 — 2 Tix, &
BRBHAE R 2T B IS XN T 7 AR DN 28 FHICIE~A T RITDH
EV L B0FERICNIITIHRT T AR50 33FERICIEFT~A T RIC
RHZENHLNER ST,

IO, RBATRERRMEAZ XL X —O MG & EIFIZ K5I

-43-



ALY, TAMALTRXRNHTARAL T =D — 2 TIERBH A
WIZT T 2E720 BRIEBFEOF —ATIE—KWIZT I AERD
ZEBHB MM E R o, — 05 AAFMIT A CHP @ 7 — X Tl
HNETHAARERZRANF DL NENTHY, BEREBET D1
AR ILF =13z, o >0 —2F N dEL %

N Tz,

4. /NFE

NAFTHAT T b~ AR = X VT — (3 A Fh
ADFAFRIC L > TR B EH, BRIV 2O THET 2
TEMTEDL, INLOZXAF—F, BEFEOMLAZ R ALF— &R
By enT& a0, REBEATRERMA TR LVFE —IZHEBGFEEL,
FLMAAZAALF—OMEB IO RV —BITENENERD,
Wo T, "AFTHAT T MO~ AR/ = 3L ¥ — D%
o B AR & BRI 2 72 I ix . RO ATRE e b A = R L — RIS R E
TOMENDDL, £, TXNVF—ZHENHTILIVAT LAEEKLEL LT
DRFIEEZFMT D 0IE, XA FHTRAT T FOdERE ., HEFF
EHRBEBIOEHEZEE L-RBEELERFTTILERD D,
ZZTARETIE, XA T AT T2 oA~ ATHE 72 = %

NE—LREFREREAZRILVT—ZEH L, BROMHFELREZS

-44-



LT A 7 A4 7 VR A TCORBEEELHA SN LT,

ZORER, 7TV MNERBEBLOEGREZRVIZHEE TORE
WEOBRFTIZ, TRTOF— XA THEEBRE LV ILANRSORERL
20 RBEWNIN~A TR D I LT en ol

T MPREREB IO E & BEEOEERFININE, 7T~
NEEEBND 35 FHETORFENLEZ 7 A4 79 A4 7 VAT
BRE LR, WThor—ATHERXIE~YAFTATHDLZ ENH
L& ol

T, REWM KX LEFELE LT, EREMBIC XD B,
A RUBES2 0 AU K 2 A HE N AU AT RE 78 b A = % L F — o HAll
Bl BIFIC L AWMABEMD 3 >0 HEEBEL THRELE, £ 08k
B, 77V MEBRBEHO 20O 1 26T 2 8BELLEEAT
. WFhor—2Th, FEMEOEFR 2R L F TIINN T
FALBRDLD, EHBOMBBRTHIT., TOROINKIT~ A F A
THBET L ERHLNE RS T,

BEEDOHIEE S HBIT, BF 4,152 HTHORIFEZ T ARE O A
FRELEHATIE, WTFhor—x2Tb, BRI T Z
ATHRBT L ENHLNER ST,

FIT fil £ Cco&E T EIMMiME 25 EI1C, AETRRIA =L X —

DOffitg %2 IMJ 4720 114 ERBELESLATIEZ, VAFHFAN

-45-



HARA T =D —ATIEEEMHITITINERN 7T A CTHRB L., Kl
EEOFr — A TIE BRI XN T T AR EDHLNE -
7o —FH. HAFMMBAFEFRN CHP O/ — 2 Tix, WXKiF~A1F 2T

WBITLZLEPHLENE R T,

-46-



W
<
¢
o
R
18

1. fMEECICH/ALNLEMREAREDORW

AKX OFENETIE, RESAVRERERE T OINAFTTAT T
MZBT DAL FHTAFIHIZONT, XA 4 H A% CHP TREES
T TENBLOARZ XL X =L LTHHAT L HIE, N T ALK
BFHT D HiE, VARA T—OHTRESETERLE LTHMAT S
FiEEWB LT, RO AT AR EEH LM LE, £
DR, TR NVF—EFEDRP b BV ZAF %I CHP & 4
WEBETHLIERRALNERoTz, £70, EHZXIALFXF—DF
A ZRFTLIEHERETIE, EFOT 7 VAN TORFENZ W
W, AFZT T AR RELAIRAF ‘R DRI RD T
EBB LML T,

FBMETIE, Y7 MERBILOSAURERFICRAT L= 1L
¥F—EéL, FUECHLNILES 7 L EHINDL R LF
—BAEHL, MROMMEREEZER LT 7V A4 7 VIIHE AT
DTRNLF =W EZWLNI LT, TORE, WTHhoTZAHMTT
RIZBWTH, 77 NEEMGEZ 6 FH 7213 7THEBLUBEICT X
NFE—pEHENZ XL —FAELX LRI ZEDHLNE RS T,

FIVNETIZT, XA FTHAT T P0IBT RESR = XL X

-47-



— B FOMATRX L F—ERBLEGEOREEITONT, N A
FHAT T FOEFE, HMEEHABEBLIOCEHELZE L 2R
EATodc, 77 v MEBEREND 35 FHETONZLE 74 7H A
VBB B TR LR, WTIhoFr—ATHIIXN~ AT AT
bHZEPHLNER ST, 2T, BEFEWN XL EBSFIEL LT, &
B AN X D SR, BB AT X DI, AR ]
FER b AT A ANX —OHMG & EFICL2ABMD 3 >0 5ik%
BELTHFLEZ, ZofE. BIEBOZIT ANEDOINAZEEL
EHATIEH, WTRo T AFAFATH, BRHMICIIRIR T 7 A
THBT LWL R o7z, Fo, BT bA T RLF
—OHME & LFEHELZGEE T, WAFMAFTARTARA Z
—DHAET, EMHRINEN T 7 ATHB T2 ZERHLNE RS
77

U EDOFERN NG, XAFHATZ 2 N TOHAF R %R IRk
VEEDLHTZDITIE, REHMMICLEE LI AZRER L RITIE R L2
WZEBHOMNERoTe, EEL, TRHDOBRFTIZ, 3 DDOHEAL
HHAFAFRONTFRTH, 77 v MM ~EBATRERZZ 2L X
— NI RXRTFHINLGZEEZBEL TS, LrLanb, EEOD
NAFHADZ XNV E—FIHRRERD L BETLZXLXF—D

Db, FIZAT X ALX—ZHDICHTL THD LTV 2220,

-48-



ZZTCARETIE, AW EICBITL2EFEFMBYAL AT AT F b
TOZRAVXF—FHOBREZERT 5L L bic, HEFPA A F
HATZ o FOFAERBPEERT v ~— 7 ORPExE L, 4 #
O EICB T A IFEFAB AL FH AT T FEIER L= 3L

F—FMHGEZRET S,

2. dbvEEICB T D ILER PN AL AT AT T b OB H S E D

T

i

(1) kM ERNICB T LERAMAEAAL T T AT T B TOT XL
X —F 1 o Bk

2013 FEBIE AL EN CTBE L TV b ILEF AR A 427
ZUyhME 2 EEdH D, —oF (W EREFERE 2 —], &5 —
O THEENRERS2E X —) Thd, Miligke b, BELLEA
A A A% CHP TEAHLBIIEWH L, EHITHE-—RIZT 7 M
WaROBBICFI AL, Y OB AT FITH ELZFIMHL TEEL T
5. CHP 2O RAL BT, BEERELIMET 572D L.
AN ARRT LB IWIETARA T —Z2H W TEZMHBE L TWD,
Miisx & b, BALKSDWTIEEIRENLTRE, HENTXD
T A AE LD Rl ZHhEiToTCWVWD, — HFEAIZHODWNTIE,

AZ=ZiL CHP "o ot D B TIX 7 7 o M NEki| O BVFE 2 4 % )

-49-



RO ENTERVED, HARA T —ZFHWTAHRET 2L MG
LTEY, 77 b~ ATRE R T 2L F— T AE LR,
LWL NBEZFIZIE CHP 2o RBAETLHAE I . 77 N H
THETIEANDRNWED, 7T M~ TR B R L ¥
—NFEETDH, ZIE, BARKELTERET IR, 77 FNEHBETE

FIZAZ RNV X — 2 MBELET O NP RN, V7 —%HW
TRAHA~THREIICERL THL20MRBRTH D,

F 7o BE AT 55C E TR S L7 THAL IR 2> H O FE MR 7 B 0[]
RiFfrond., mBOEFERBAOHIEITEE~BEXIND, Ol
7T RNTIE, BREELOHEHLEITEE BT 2P T, RE A
IFRE L TWVWOIZAMNEZBEET 2RI LR TNDIN, T AEHNOD

JBE 2R 2 MR T 2720 I RICEA LB L TWD EiTWn 220,

(2) Tov~—2 BT L¥EFEMPBAAL A HATT o FTOT X
v —F o BLUR
T~ — 27 TiE 1987 ENSEFEFHABANAL AT AT T b DR
J& A ke L C & 7oAy, 1998 LUK, Frc L FRI AR AN A A H 2T
Ty MEBEEINL TV >7= (Moller et al [35]), L2 L 2012
AT, 8,000m3 DHEEMEZ TH (S b b EREHSARM) A

7 v~—2FENKKDNNA AT AT Z 2 b, Maabjerg bioenergy

-50-



WML (P43]), Tor~—27 TIHIE LA LD AL FH AR
CHP THIH &, EE N ITEEM~7E L., BUIHIBEF £ 721X
BREREICHMBESNS, SA 4 H A X, CHP #fFAL T\ 5 = %)L
X—ft~RELIED, XA FTATZ7 AN CHP 77 b
EAHAE LD T8 60355 (Moller et al [35]),

EHIT 2012 10 HIC,. T v ~—2 DA A HAT T v b & HE
ToHOMEESE, B, fidoTFr~—27EHANRKKDO AL 4T
ATV NFEMTHLIENVAT Ta—idi b, BERBEO AL 4 H
AT MK 60 KNS AETIOINA T T AL, DAL T T A
TH R LHMOMBKREFEHR E CTRETL2FELFELTNDLY 7
Fa—br7 AXry—rifiTthd, Vo7 Fa—br 7 AFxxy
— W TIE, 1,500m3 O3[R 2 2 S 2 7= ComBigaS Z# %2 L /=
(Photo 5-1), Z D7 J7 » ME. BET D54 A H A F T & Hilk
EEM R~ T DL R T WD, 2D, FEEM O MRS
Te— MR 7E2BERAL, BEEEOBEENLEERII L, & O
ERBEEOMBICHEHAL T2 (Photo 5-2), V> 7 Fa—bE2 7 -
AF - CIEMIEERE R ORE L, oM TIEBE, X
WA Zz2RMMALTEY, CHP1 A& KRATARA 7 —2 5 Tzt
FLTWD, Rk, RERITRAEZANAFTH AU EZDFHE L 2o

TWb, ZO X9 ENTFNIC 13 kb, Tor~—2FENE

-51-



KTIT 450 L EO MR 3B L T\ 5,

RIVAT 7 a—1i THE L7~ Maabjerg bioenergy Tli. H& 5
R B TR E § D BEREEEE O IE 0N, T KT TR % B O % B S
2 Bz o TWnd, ZESARE TRIGIROFEE TR IX P #EIC
SENTWD, ZhiE, EEEDOFEES AR & /I AN
DB, TARBEMBCERDIBALRZRNESIICT SO THD, BAE
FTOINRAFTAD 35D 1LIEFENANAFTATZ 2 FNO CHP THIA
L., SHIZ 3400 1 XTI 2 MIREREFEME ~KTEL, Z0 O
353D 1% 15km Hff v 7o M BVIE B i 53¢~ A Bl & Vv THE L
TWo, TN OB FE ik TlE A 44 A% CHP ORE
& LTHHEALTWAD,Maabjerg bioenergy Tl ki Iz % L T 70°C
T1IRMOEREZIT> TRV, HE % OB T2 T T
JRBE & DO TEAZHE AT > TV D (Photo 5-3), T DA A H AT
7y hTIE, BREZOEIR DB EZ B L THREM ~EAT DR
BoMBCHMATH2ET, 77 "NTORFH O EE @D,
AEEA~RTFTET HNNA T T AZEIMSIETWD,

ORI T v — 7 TIEHIREARE N L BAET D700
CHP TRALELEN LB ZHAMAHTL N TE D, £, 7
AFHTAEZMBTHMTHLLANAFTTATT U NI, 2L DA F

HAZRFTBLED ET DD, 7T FATHEHET L4 4T A

-52-



R T HEOICHRAHKE., HE I TWD

(3) HFEFAMARAL T AT T FOERERPL L OEEHEO
o 42

1) 77 v NATORFRR GO WE

iR D X5, dEENTEE T OLFEFPREANAL TR T T
RTE, XA FHA%ET T FHNO CHP THE L BT £ H# L TH
HLTBY, £FFITARA T I 5B8MBEbITWRns, 77
VENANTHERBEZEEL TS, LLLARBL, ZEM T 55CIC
IR SN2, BEROFIEAOEEE~B XS, BT X
KPASHAL TWD, HILERTOMZ XL X — 2R ~FEAT S
JRBFOIRICFI AT 5 2 e TEIE, HICAFTIZIE, TARA T
—WCROBMGEBWO T Z LR ARERY, TOME. T M
At xrF—\ RN ENTs2EEZx0n5, £2 T, &
% OHECIRIRE N 55CHh D 45CETIR T T 20 I YT 58 &
2,093MJ/d % . AL CHREHEROINRICFI AT 256 218 E L
TR NF—INXEHRFT 5, Table 5-1 I I ab—varyruas
TALATHHALEMRZRT, BlIZAAH SN o X AT —BEEZRT
(E) — (A) . WFhoyrIalb—yaryr—2xt 32~33%0D

Wimeeole, =X VX —AEHRNKS LV CHP Z2FH 42 7

-53-



— ATIX, BABK T%HEML, 2K 89%H L 7=, Fig.5-1 (Z
CHP ZHfH+ 20— 2D HBMDEH X /VF —L& 3 )LF— P
B AR, BARKOBRABI 2T\ — X (Fig.2-12) & g
LT, BAEIRZITH X —ATRHAZFOREENBEMT S L EHIC
T MR TR AR R L b EHIND Z E RSN
Elolt, F 3A~1I ARz AV F—pEHELHIML TWVWD,
ZOEII, WP D OBEIINEITS Z & T, EHo ¥ —L
TEABIVCBALZEINEELZENARETH D BB O A A~

EEATNETH D,

2) NAFHAORiA I X ORI O f# R

FERICAA A H A% CHP THREFMHL TWAI AL A HTAT T
FTIX, CHPRED F 7 7V BHEICHAEL TWDLH, TOJRK %
W L E IR ey (Ol) JbvigE BE 28 LARFZEAT[10]) . 2 D #
HEICIXCHPEEO T 7 v E LT A AT 2ADRELE|, CHP
NDNA FH ABAEEE O FZE, CHP OEEIC L 5 B R DFE AN
WAL TWD, £, CHPEE#ED N7 7 /LTI WAN, NA F T A
BEREORENTZ  FPHNTRAELTEBY ., £ ORKIIMEKP
AFTTUDOHFHIZEDERNENTWD, N FHAF37TCITHIRES

NTVWDLHEBEANTRETLILED, ZEOKEAIDETENALTWVD

-54-



Flo. NAFTTAZEHALKRBER T ENT WD D, FENES &
A A UBRFrHEND, LR ->T CHP 2ZE L CEMSE 5729
I, REHEREEZLZEIETCALTHTADORA Y VREOEE % D
KFTrLeblc, SMMATAFORE EBME 75121795 2 & E

HTH D,

3. BRI AMEHE~DNA F T AGEC & D H 2RO
BVE2., (1) TR Ko, BEDIMEE T 2 2 [F R A
N F AT Z 2 FTIE, EHEND2Z=2 X —0D 56, BAx X
NE—ZHHCHHATE TR, NXAFTTAT T FbERS
NDT R NVFE—ZHBCHAT D010, HIBNTOH -7k %
NE—FIRAHTEEZRHNT A LERS L, AiIROT ~—27 OHEFT
A FHAEMIBEEER £ Tk L C, CHP Bk & L TF|
HALTWwWs, dbifEo# T Tk, KA FEEXOBEB L T D
I NEET D0, ZESAROFEAMBE L ITHELTBY, T o<
— 27 O XD I AR AL E N OB Ok 206 A L TIT 9
ZEIFELY, £, FRXEESARDBEAET AT VT,
Wi ICHIR AR B 2B HT 22 bB26n050, BEEED
FEREREHFMIIA =T Thsd, BLENTIER W, 22T,

MEICBWTHFEICDTE D TAEEORKEREGREEZT-HE. *

-55-



D—=DLLTHRMAKT=NADBdHD, T T NAFTHAT T P b
BHETDHENRA T T AR LEORMEE TN, T T4 THBELT
BT =V ONMHEICHAT 2560 2 F =B X OREEZ
BEd 25, 22Tk, BB TORALFHADNNEHRITE T 5 F
MR o c 2 FH 3 25 (e BT [20]), RIBNA AT AT
TV hDOMBIZIEINA AT AETARALA 7 —CTREFHL., T LL
GhDINAF T ANEINA T T A4 THHRLE~ABETDLIREET S,

Flo, 77 NOBBICKLELRBNITTXTHATLIZE T D,
Vialb—varoptRFEZ FEVE2. (3) THRIFLE, #Hik
o BE RN T 5 5&M4FLT D,

Table 5-2 12, R ONAFH AT T v O R F— IR
R, T T MDA A~AG AT RE AR N A A H AT 6,191Gd & 72
o, 7V MNOBRIIHLBERENITIT XTHEAT LI LE DT
D, T RNAXF—APEFEIT 0.83 Loz, Fig.5-2 2 HBID /N A A
AT X NLF—FE | BERKT— LV THEIND Ao A Eil
THRNALX—EERT, BB, 3 AFERARO LD 7 — VIXHE L
TWVWS, AFICZFTAEMOYSREDOT RV —EENA T HAT
REBAETHDIN, WICEFIT, AEHMO SHEREOZ XLV — &
ENAFTHATREAETHY . "M AT AZBOHTHAT D L

REBNKEIZHAETDH LI D,

-56-



ZTZT, TV BEINTEANAAL T T A%Z CHP TE ) & E
CEBLTHAT 27— A2 HEtd %, BT FIT §lE 2 v T
BT DHEMET D, Figh3 KX ORERT, FAOKEST T 70
EMICAREMEZRA 7 —CRESELLEIICHELNIAT XL X —
oL, AMICANA AT A% CHP TR HE - L EITHEONDE
HNERTXNF—%R-T, B, AIRO@EY | LW IT A AT A
DHTHERAELZRETDHENTERNVWLED, AN AET H5E
CIXEMAA T —CTBRZH®ET 2L T2, £F1T CHP » b it
WBINLIZENDLT-O AHBMOHBEEELBA L. TH~9 A TIiL,
CHP "Ll SN 2B DA T A BEMOREZREARETHY . RFE
B AEREITID RN,

ZOXIE A AT AEZBTFEORE 2R E THB®E L THHA
TOHETH, NA AT AOFHFIEZ L TEHIS LI R LF
—DOFABRICECRELD, 22T, XM AHTAT T bt
HAEHINTEZRXAFXF—DNFHICFHIN T D0 EFFMT 27
D, AHCHAT LI LR TERPoERF R L —% (F) &
L. X (1) TRLEZAAXF—EFEDRDO G2 D (F) Z50ni-
lxa, =3 VX —4EMAZDE (E-A—F) /(E)) t&&TDH (X
(4)), =XV F—AEFHADROERKMEIZ1T THY, HEHARKETW

FZETT P TOZRX AT —EHOENREL, o, EHIND

-57-



TR NAF—PEEK RS ADHAEN TV LEZE®RT D, 20
TRAX—EENANREZEEL T 22T, XA FHTATT b
TODZRNLVF—HEENL, TOZRALX—EREWIZAHET 5 F T

Bl LIS E T D,

T RAX—APERI R R=
PEH T 3L —(B)— #AMELA T 2L F—(A) — 28— 30X —(F)

FEH T 3L ¥ —(E) @

TIZU NPT VAN BREINTEANAAS T HRAE T ARA T — TH
HT 25275 —ATOHEM VX —HEFHNFIL0.561 L7200 N A
FHA%Z CHP CHIHT 25 —ATiX074 L7 >7, 37205 CHP
FHWAHZ LT, BEOBI XL —DOREEZ LR TDEIENT
EH, TRV F—AERPIRPIREVERLE - T,

TiX, KT ZZ2AFTHEORERMHERETCHEL AT L7 —
ATIEFHEITHAI . BRIV AZHYUOEGET ARKIHITHKEL T
N7y TWETOHEEMFT 5, 2 2 TIE NEDO 2 LT Kk %5
B N2 THONTEEREZ B, 77 b T —LE TOIE
WIZorr28 etz 2L E LCEHET D, 2o/R, MR X%

T NVETBEBELTHT AR, 7 —F721% CHP THHT 57— AT

DTN —=EEFMADRIT, HAFHATADNTARA T —D5E

-58-



TO0.12,.CHP D& T 0.37 & MH L bARNEOERLE R T,
2O, BRI AZHTARALA T —THHATL25GTO 7T~9 HoO
TRV X—EEFRADEEI~A T AZR LT, 2HE, 772 8T
FEHENIBER AT AOZF AL —X0 b, EEICH»DIEAT R
F—EBEBLORF XLV —BNRNEL ol Th D,

O, TR VX —AEFADRDPDBE o7, NA T T A% A
774 TB®ELT CHP TR+ 27 —RIZHo>WT, BIVELFH
MOTBET, "M T T4V ORREBILOT T P EORRERD

CHEFRFE BB EBE LI TA 7 A 7 VR RENXEZRFTT 5,
ik oA REE [20]1TIE. VARV =F Lo %% 3.7km &
TOGAEOHME 12,000 FHEHEHBE LT, oL T 7 v

FEERBEICMZ TN L EZBRFTT D, W AEOMMAFELIE. BiHl Lo
WAGE EAEE N 13FEL SN TWVWEED IO EHHAI %, Fig.5-4
W2, 77 FEEEAS 35 FFHE TOIMALIIHZRT, LA
EXHDOENR /NS RDIEBITEERBE 13 FH TH D2,
ZDEIT-395 EHHTHD, TOBRBNINT T AR D T LT
o, T T, NATITAVHERBILOT I FEREM D
20D 12T HZE2RBELLSLGGO ., EEREND 35 FHF
TOIWANE X% Fig.b-5 12”7, 7Z2d. FIT il & 02 E Talfll %

IToTWDH e, EERMICOWTITMBOMLRN LRI LIz, &

-59-



LB IS FERHICINEN -9 A ETCLIES DN, 14 FHU
DI~ A T ATHB ST LN E R T,

WA, BFMW G HwEHEE L TRIERZ T ANIZ X DA Z
BME LB REEZ Figb-6 ICnd, ZOHEG., @REICHT 5 M
BaZE LA Th, EEMH%E 18 FRHICRALEZHOERT Z
ZT6EHITMERY Z2OH~ AT RERDN, 24 FHLUBENS 33
FHETIET 7AW EDLZERPH LN E R ST,

SIHl, REBET kA= 2L —D g & LTI X5 AN
EHELEHAORAERE Fig.5-7T 177, @E T3+ 2 #h
FEB LA TH, EEEKE ISERICREA-12F5 /M ET®
BL, B2HFBICTTIRERDZEDRHLNER ST,

ZOXS BAFEPRESRMERE TSI T AZBEL, £D
s TAA A H A% CHP THIH$ 252 & T, CHP o pEH S LD
BEANHHTELZ LN ERST, Ll b, 74
T ATV RTREEEREF LS E. FITHIE TOREESE A
HHORBETIEINIIN T T RIRDZEFhroTc, 770 FOR
WM 22 S A RN S 2 72D, FBIREZ T A7 EIi2 LA
BEMZEZr26E RS D, £, BRBEOZ T ANEZITLRVES
X, FITHIEIZ L 2B NIMERED L S, XA AT AHKOEHT

AN X —FHREDIZD DOFIRHEZRETLI2LEND D &HF X

-60-



5D,

4. %O EICE T 2 EFEFMAMUAL AT ATZ o FTOT X
X —FIRTEORSE

JbEE Tk, SRR 25 45 3 A Tt Rl 5 R 22 e T LA
M (R) ~ & IR 205 M L 72 B ifee w7 Re 722 Ml fE v 2 m i T~ [14]
ELODFEEHTVD, ZOHBETIE, THBELA KM LR HICHE B
L, HEHEZADIEHT 2200 BMOET V] BN5ORENT
B, ZoPo -2l THEMIKET V) 5, Z0OET LTI,
ZESIVRERBEBIEMER S ZNNALA LT T AT T FOFEY 54 KE IR
ODENERICROMrE L TWD, o, XA AT HTAT T FDJE
WICHEEBEROMRZEBI T TEELAZERT L LTS,
EHIC, NAAHAEFDME~OERE, BEHMHEBKICHALEZY .,
AR EFEREHFORE L LTRIALZEY T2 MARRIN T
W5, ZZTUTFTIE, 2o THEMEET V] 22512, Ak
TARNLF—NIXBRFMERPOCHEON LML EINZ T, XA FTHAD

TANX=RHGEERET S,

(1) RAFHAEZHT AR, T—DOHTHHETHEHEE

NAFTHAETARA T —DHRTHEAKELTHHTIEAS., TA

-61-



FIARBRMBR Y TV lcd, REORBEBRB LOHREEANES T
D, Te2L, BBz X v F— 3 HFICESEH I, £FITHRLR
LDRER DD, EFICHHRTEEELLIAD LMk & it kicd
DHLRETHDLH, TOBE, AFICEABRET L0, o= v
F—ILLOBME N T RO MR EZEIALILEND D, BIE
ICix, &L, BARKT— 1, £EEEE~DOIRKMEBEIK L LT

DFHANEZ BN D,

(2) "AFHAZaV2x L —F—THHHTLIHE
NAX T A% CHP THHT 256, EAHLEAOWMGT Oz 3L F
— G5 ENTE D, IEBNRENLTCOEENESG T D,
BUIAIBR O ARA T —OHETRIBLIZEBY, BFICELLEHS
W, SO 2B ER L0, BEFIHT 2 MO ®REIC
HEPLETH D, BERIIE, BT =, £5EE~DRAKH

WA L LTORMHAREZ LN D,

(3) "AAHALERIEETHHT 256
NAFTHAZREREETHHT 256, RB’TALFAFOT A%
BHZENTED, BEVEI., TR LBY, HMRT X 2T~

ML THARA T — CHP THHT 5 Z Lid, =% -4

-62-



FIRZRNPEZEZXTHE L TWD EITWR Ry, 4, # i T
MAABEE~SKERTAZEANT LD Enagerole (KW XA
(60D, LU 722236, MEME T T A EEREMHINALTVWD &
ZAHAEBED RV, LR T, MBETAEZFEZRZNZT]MY I
LA EBEXLZLEND D, BEMICIE, KAV ABB)HEI|Z
FAREzZOND, BETRINW TWDHEBEICIX, ANV, BF
NTw o7 NR, BRERERHL, MBINLITAELZHET D
DI L-HfE 82 EETL2Z2L T, AACHARNELE XD
N5, L, FUNETRERNZLOIC, EFIZIFTLAFTORN 2[F5DE
"WAAAPEHEIND, TOD, EFOEHEBEICO LY LHE L X
ETDHENITIHERETARLFTICARART LI LICRDT2D, RKRH

A WIS DA T D HLEN D D,

5. NAFHAOF TG OGBS X O L= R X—F|
MHEREDE R
INFETICHFLIEMRROME % Table 5-3~5-6 ICF & D5, I
5 R 1,000 BEY D SAREEBRT DAL FH AT T MTE W
T, TXNVFXF—HFENREL TRV —AENMADROR S BV
HAFAGRIE, XA AT A% CHP THHT 25 —ATHHZ &

MWLM LERole, £, BREMITARDOBENTH D SAREHIC

-63-



EoOWA (77 v MRIAE, HALKOIERHMEME) &, EH VX
— R FOA X LF—ERBET HRFEME DS TIE, BT
TRV DR NER o, BREMEPRLT D7D, EHT
2B FITHIE TCORENLATHY, UL 1MJI 4720 11.4 H
BEOES WK CTRETLI2LERDDLZ NP LN LR oT,
INHLORRIT, BIRESCBREREE N LRAFMHAB AL AT T
FUMORBEREBRHTOBICHATRETH D, £, BAEFTRET X

LE—ThHALAHAORPIRE S EERAT 5 BICERTE 5,

-64-



ES0
HLEF

ALHEE OB R 1R 4720 O FFEEERITFELAHMLTEY
PENPOFREETDERSAVROBEERERNEEL 2> T WD, K
REAROERRMR D — D2, A2 5B (MK 2RALE
NAFHAT T2 M hb D, ZOMETESARE —EREIC R
U728 b BRI B & . JEBE IR 12 5% D WAL & [ 45 ~ oA L C IR g
ELTCHMT 2, BERICITABRY OMEY TR LD SA 4T A
MEAEL, 2RXLF—LLTHATLILRTE D,

NAFHAT T EREHEBBHL TN DLI—8 v ST, NS A
HAZAY =X b —F—TENEREL TREL, AL EBITH
WMIEREY Yy hU— 2 TR LTWS, £, A4 H A5 RERL .
RKAAHBHEORE LTHEAL TWD,

AATH, ECHBEICBWTAL AT AT T FRER LT
o ALHEE TONA FHAFIHGEZ, HARA T =2 H0THROD
HEFMT 2 5L, £7201E CHP 2 W TR EE N EFA T 5 F ik
CRBIF D2 R TE D, o, BHF, BB N0 N EH LK E
MBS, BRI AEZRRTAABEST X 2o ORREHT A

THRMERRNERmM SN TN D,

-65-



ZDOEIT, XA FTHTAOFHFRIITARA T —, av=xl
— & — RBHREENH LN, BBIEOMETIT, Bt T 52D
3 DOFAGTRIZONTOZ RV —ERERFE 2 g U TRl L 7=
WETNELER N,

ZZTARWMILTIE, BHMOILRFHABNALS I T AT T MITE
WT, RAFHAEHARAL T —, aPz=xl—F— HHERET
FAT 250X NVF—AEDRL IOREEICONT, 747
YA 7 VRN OFM AT > 72, BEMNICIE, LFTORNEIZHOWD
THBMNIZ LTz,

(1) "AFHAT T FOERRWZHBET L LR Y
2ab—Vvar7yunr I hEBEL, BRliEEORIEEMETTO
TRAX WL EZRD, XAFTTAOFHAGABICEH I L5 X
N —BBILOZ R VX —AEHREHL NI,

(2) 770V FORBEBIRSAREBIRIZODD2 XLV —EEE
BLT, A" AT AOFAFAPZ =RV F =N E 52T L,
FA T A7 NVHEATER X —FH G &5 L7,

(3) FYZ v hTCHREINTZX VT —%2bAZ VT — L RBET
HHEEOREN.EE, 7T PO, HREEHIIIONDIEREEE

L7944 7% A 7 VAR ETEML -,

-66-



(4) 5% OAWHEOHITS < Y & RIFR 7. 526 HiT o 37 F A

BINAAHAT T bl Loz v —FHGTEZRE LT,

FBOLE ANAFHTAOMAFREL = 2L X — IO RKE

IR DX 91, NA AT AOFMAGTEITELEBESI DN, T A
FIABMBENRRL -0, EHIR oA AVX —BE2 KT D20 T
X EDHEPR DRI XV —ZAEEL TWHD 0O TR
W, ZZTAETIEZ, BT OXFEFMHABANAL FHAT T 0 FTHE
MLl —22b2 77 FOBBAHET L2V I a2 —32a v
BT NEMEL, A AT ARHFENTARA 77—, CHP B LW
BREFEOHATO T T FEBHFOZ X LY N LIV TER
Wik L BAEA R VT —REEHZ X LT —EOLENDL
BRI N A T HAFIHIFEER LM L, £, #ALIA
TRNF—EBIOERFICHHEN AT T ATDORAZ &R D
NIRRT AIZIHRM LT LP TAEPLIREDNR T AHEZRD
BEICHTDAMICOVTHL ML,

ZORER ., A 1,000  HG DS AVIREEHR T DINA T H AT Z
FTIE, =R F—EEDRP RS BRI AFM LT CHP & H
WEGAETHLIERRALNERST, Eo, HEDRTAHE

DLV RWHTAFAFTEIZ CHP ZHWiHATHY . &b E W

-67-



ONFEREBRBLZFA LG ATHoT2, EHZRXALX—1GI ¥720
DIRBEHR T AP BT, WREEZHA LSS T CHP zFl
HLESGED 10 FUETHLZ DR LNER ST, EHZ XL
X —DOFHEIL, EFOT TV MNTORFERZ WD, 77
v MBI TR = Rr L X —E N DR Y K CHP &
WTEAZ RN X =% T T M THAT L7 —Z2TIX, 77~ F
A TOFEEEBICTNDAECLIWRERDL Z ENHLNE R

o7,

BME FJA 7V A7 VHMEERICEDIRNAL AT AT T PO R
F — I 3 D Bt
NAFTHAZEEST D200 7 FOER, BHSLFELTH D
SNUROEBRFFIIE, TXAF—FARLETHDL, £o, HILIK
ZERE LCHRIAT 2 2 e TlRFIEREREZHIB TE 2720,
ELIEFIHIC E VLR O BIE I L E R R VX —HY BN A A
AT INOERINTWDERRTZENTE D,
ZITARETIT., 77V FERBIUOSARERFICEAT L
FNAX—BL, FUETHLNILET 7V P LEHIND T X
NE—mEBEHL, MROMHERZZE LTI 7Y A 7 VIIH

HMTOTRNLX—INLEHGMNZ LT,

-68-



%@%%\ b\ﬁ—h@ﬁXﬂJﬂqﬁiﬁG:%b\(%\ 7"?\/ ]\Eiﬁﬁﬁﬁﬁ
BEeEREFIITEHUKICZT I LY —EHENT R LY — AR

BRI ZENRHELNE R ST,

BIVE  ANA 3T AOF TR L REEO R

NAFTHAT T P A~ AG AR = R VX — 1T AT
ADFHEFRIC L > TR B B, BT 2O THEGET 2
TENRTEDL, INLOZ XX — X, BEFOLAZ R L F— LR
B2 enTEon REBTRERIAT XL —IZHBGFEET D,
Frh AR L —DOMEBE IR XAV —FEFTENEN AR S,
o T, "AFTHAT T b HAFH~EAG R = %L ¥ — D%
B AR & FEAT T 2 72 icix . R ATRE e b = R L ¥ — B R FY
TOVLENDD, £, TRXAVX—ZEHTHAT LK ELT
DRFEZFMT DT, XA A HTAT T FOEERE, HEFF
EHEBIVCEFNEZBRE LI-REMEHEMT I2LERND 5,
ZIZTARETIE, "AAHAT T2 b b~ T HE 22 = %
NE—ELRFARERIEAT XV —Z %L, ROMHAFERE
BLEZTIA 7 A7 VIEA TORFEEZH &2 LT,

7T v NEWEE 35 FHETORBFNLEZ T4 7 A4 7 LI

PERTIHMLIZHER, WTFhDOr —ATHNE~ AT ATHL Z

-69-



EMB B NER ST,

T, MEWM KX LEFELE LT, BREMBIC XD B,
A RUBESE 0 AU K 2 A B3N, AU AT RE 72 b A = % L F — o Al
l& EIFIC L AIMABMD 3 oD HEEBE LR E21To72, £
DIER, 77V FERERAO 25O 1 2T 52 2BE LY
BT, WTFholr—2Th, FEBHROEH 2 2 5 F TIEINX
WNTTRAERDN, BHREOMBMMA 2T I, ZOBONKIE~ A
FTATHBET L ERHALNE RS T,

BEEDOMFIEE S EIC, BF 4,152 T HORIFEZ 17 AR E DI A
FRELEHATIE, WTFhor—x2cb, BRI T Z
ATHRBT LI ENHLNER ST,

FIT #l £ CoEHEBUGIME * S EZ 1, REATRRMIAT R LF—
Offiks Z 1MJ Y4720 114 HEBELELGIE. TAFH G
ARA T =D —=ZATiE, RMWICIINENT 7 ATHRBT HZ &
BN E o, —FH, HAFMA AR CHP @7 — A Tk, W

XIFE~ AT ATHRBT LD LWL E RS T,

-70-



M EANTEBTORFERFBAE AL AT AT T NTHE, N F
HART T PNOaY XL —F—TCTEHEHEBICEHEL THAL
TBY, AFFIHARAL T X HBMEHBBITVRNL, 77 b
NTHERBMEEELTCND, LLAanb, ZEM T 55°CITE
ENTHEAEIZ, BBEOETERAOITBE~BE S, BT KEAT
NEL TV D, HLIRFP OB T R L ¥ —% | T~ AT 5
BEOIMBIZFHT 22 N TENIT, FIZAFTITE, TARA 77—
LBV Z O T2 ERARERY, ZOME. 77 2 M
~ER AR R X VX &N MM T 2B 265, T2 C, BH
BWHACRIBE D 556CHh 5 45CE TR FT 20 Y T 28 E
2,093MdJ/d &, BALZHE CHEEHEOMBICF AT 256 2B E LT
TANANF—[NXERERH L, ZOME, XAV —EEHIENRD
Fwavaxrv—2—%FfPT 575 —ATIX., 77 M~ HEAG
FIREZR B AINK T% ML, BARK 89% WMLz, ZDXHIT, 1H
BIE» S OBEIZITS Z & T, 77 v MMV ~HEE e/ = 3V
X—L L TOENBLOBAZEMNIELZ ERAETHD . B EIIY

DHEFMHAZBEANT XETH D,

2. BRI MR~ S A AT AGEC KD HAF OB

F U — 7 OFHTIE N AT A % IR R % TR LT,

-71-



AV R —F—ORELE LTHM L TS, dbifEE o #R i # T i,
R BVEE B HE X OB L T W AR A FIET 208, FH& S5 ARDIE
AR ITBER TR . T — 2 O XD e AR G EE AL E

NOBMEORBEAZEFERA LTI ZLIFH LY, 7. FI2ES S

N

PRANFE LT BT AT ERIC d5 vy T L 7 7o (T OB 5 i i & B % Z
ELEZLONLID MAFEEOERBREXRMITAN—TTHDHID,
BEMTIERY, 22T XMATAT T D LRAET DAL
HAZHHLEORGRETNA T T4 TBELT, BAKT—1D
IRICFHI AT 25 A0 =X VX — KB L ORFEEZFEM L=,
TR, BETOIANAFT T AEZNAT T4 TT—)LE THIE
LTCaveaRx b —H—THHATLZr—AT, ZRXLVF—PENRR
ZEBHLMNERSTE, L LR, T4 7Y A4 7 VIHE A TR
FEEBRA LR, FITHE CTOEE L A Tl o R TR R
TITARZR D F ol Thibb, 77 FORBIARINK
ZRANL S E DO iE, BURESZ T A7 ST X 0 AN & 1
LHWENHDZENHALNERoT, £o, BIRB O T AN 21T
LA, FITHEICI2EAMBRED L ST, N4 FH A
sk D B = 3oL X — R AR HE D 72 8 O 1= 2n il JE & AR+ D M

WooHEEZDBND,

-72-



3. A%OIMWEIZH T HERAARANAALAFH AT T MaeZe L
lexx X —FMHFiEORSE
NAFTHAETARA T —DHRTERAKELTHHETIEAS., A
FIRABRMEN Y o TV 7picd, REORBEB LOHFERANRNES T
Do T2, B x v X —FHZFICEZLEHI L, £FITAH LR
LHFENH DT, BFRICHHRTFEEL RLIAD D % i dkics
WLERETHDLH, TORE, AFIZIEBANRNARRET L0, o x v
F—ICL2BMEN TEDLIRMEMALEILILEND D,
NAFH A al =R —2—TCHMHT L2545, EH&EOMm);
DTANX—%H{HIENTEDH, & BHMEN L TCOEEN
BHThbd, B, EFICEZEHI N, £F DL 725 R
b DT, Ba R D ik EILEENRLETH D,
NAFHAZfEREBRCRHHT 2856, RERTALFEEDONT A%
HIENTED, WU TAZEF~ERLTHTARA, 7=y
2R —=F—=THMAT LI LIF. ZXAF—RNPLBZZTHE LT
WL EFWRRW, LR T, BT AEZFEZNZ T 2L

DHEMHPEBZZDULEND D,

4. NAF T ZDOFH T A O R R d X OVE H = R L —F]

MG EREOEE

-73-



PSR 1,000 HSDOSAREERT DAL T TATT I
BWT, =23V XF—AENROKS BT ARMMIGT L, N4 A4 H
A% alzRxX b —F—THMHTLr—2TbHoHZ WL MNE RS
oo FElo, BEMIZ, SAREEIZHEI A (FZ7  MFIAE, 1H
Ll OIEEHMEE) &, EHT VX —2BEFOA T 30X — LK
BT o2REMMEOALTIE, BFATEARANVWIERHALNE R T,
PR MEDN RN T 2 72Dk, FEH T 28 1% FIT #l £ TO5EED &
HAThHO, B 1IMJ 4720 11.4 HREREO & WK TlRET 5053
MDD ENRHLMNERST,

INOLORRIT., BIERSLREREZENILRMABANAL T AT
T MNORREBFTOBRICFIHATMRETH D, £72. HAETREZ X

WX —=THDLNAF T AOMMAEETIEEZ R T DRICEHRTE 5,

-74-



i

ARG S DAERRAT S 72 0 | B R R K e B SR T SR R R T
GEAE LI, HMEOEBBLORXO LD FLHITONT, K
MABENCHRE L CHS L L bio, RECDODEYVMBEZTE N, #A
TREHFHL LT 2D, £, BIEZSEZ T THWERRETREKT XK
FREE R ER R SE LB L0 EmE i #fiy 3L 0
Zo7d THEEZEWZ EICEATEHEHR L LT 5,

ARWFFE T AW I T — & %, Gl Ak v 5 B % R A 28 A (B (k)
TRWFGE AT M L RIFIEFT) S ERE o THEM L S LG
BT LERE - BRBER e Y2 b THLALELOTHD, E
1 7 N 05T A B 5 VA o 0 0 = W ol ST SN £ ol = SN O
HAT T N THRLNET —XOMITBLOIYIalb—varrna
77 LDFEIZONT, ZL<OIZHE L THEELZHN L, £, [
W ERR 2 F — 2 A HEM FEMERIZIT, XA T TAT T~
NCHRONTEEET —FORBICTH N ZTHEW T, B EE L (o
FEM b ORIF T MR B v — T R) X R O FE
RS TMLUCTES LB E LaTEW, FUFZATEFRR 4
F—ABERE EREE S L OKIEEMERE TR E I, i
FHEEICE L CEEE W, TOIErOBMBEELBHEL 7 LV —7

WREDH 2 12iE, 20 ZHhxEVE, U Eo&Mica L, #

-75-



ATREBRLLETD, £/, THEEMMICK T SRE - BIIEER Y
2y b ICBWTEERREZIT o7 7 P B X7
7y hOERIZIX, W77 hOBEBEBEEBSIOEL OENE QW)
AW Z EIZEHE L BT 5,

FHERE RFHHBREZRBEDSEICIT, XA T T AFIHO = R LF
— I FAL HFIEICOWT I EHEWE Z LICEH B L BT 5, duifl
ERPALEHRORBEMNLE S LICE, EEE AN T RAFRSICTLD
TR IHREREIZBNT, XM AHTAT T MCEAT LD
ik CHORTE W Z L ICE# B L BT 5,

MRt 7 = 77 045 FEITRICE., BRIEHEEO T

Z gk TH o, BIBEIR G OWa E — K KO o R E BT BR 85 P

1

U —EOERRBFRIZIT, BENREREE X —DT — 4
RTHNCBR L CRETELS & & b2, "AFTATRAT T b 2EERT SR
Dk RERIZOVWT ZTHREAWL, U EDOAMICH L, EH P L

EF 5,

-76-



51 SC ik
1.RAFE. 2008. XA FTHAOFEM. NA I H A0 FKFH .

B (WEREME, TEBESEE). 279-288, ¥—x AP —H

. RO
2. WEAAL 2006, 3 B 5 Hi WA OSLERH B.FA Y, B

JE A T T AL AT LD « B RREE, % 1 ke (H)HE .
R~ FHEFREE), 174-179, BEFRKF= 7 27 v
g vt Z—. L.

3. NAAT A+ m A =% 20074 (EU), 2007. NEDO 4} L R
— b, No0.1007 : 21-31.

4. WA FIH A« "m A —2% 20084 (EU), 2008. NEDO 4 L AR
— b, No0.1035: 1-15.

5.Basrawi,F., T.Yamada and K.Nakanishi. 2010. Effect of
ambient temperature on the energy balance of anaerobic
digestion plants. Journal of Environment and Engineering,
5(3): 526-538.

6. Colleran,E. 2000. Hygienic and sanitation requirements in
biogas plants treating animal manures or mixtures of manures
and other organic wastes. In: Anaerobic Digestion: Making

energy and solving modern waste problems. Ed. H. Ortenblad.

-77-



AD-NETT, Herning Municipal Authorities, Denmark.: 77-86.
7.Daniel G. and R.Fendler. 2010. Biogas production in Germany.
SPIN background paper. 6-7. Federal Environment Agency.
Dessan-Rosslau. [http://spin-project.eu/downloads/0_Background
_paper_biogas_Germany_en.pdf (2013/11/25)]

8. () L RWFJE T 2= M L ARMFFERT, 2006. NA AN AT T KR
Yalb—varvruasIha Tals T AEEY P8S06 1.

9.0) LARWBEZEFT, 2011, HEFEMAL A VAT T FaE L Lot
W 4 A ~ 20 @R MM AT L O R K.
[http://www.pwri.go.jp/jpn/seika/project/2010/project2010_16.
html (2013.11.12)]

10. ) b i BR 36 TR BFJEFT, 2005, FAHFEMMICI T 2 RE - &
BAGER 7 v ¥ = 7 MR RwEE.

11. i)k i & B %6 LR BFZE T, 2006, BETEMHIZB T 5 LS
IR EXRE LEERFEFHABANAL AT AT AT LEANDBER
k. 22-27.

12,081 = r L % — - FEEAN R G B, N VPSA 2 vz
INA T ARBHME TR BRF | E . 20009.

18.&Ww%, THER, RHEK, EHIFA, KEM, 2002. {5

BERANALFH AT T hO RV X— M EEAG. E¥E,

-78-



33(1) : 45-52.

14.db g8, 2013, witRIEFRBEEZEZMET VER ().
[http://www.pref.hokkaido.lg.jp/kn/tki/jisedai-hoppougata-kyoj
ukukan.htm (2013.11.13)]

15. b E & NS th, EAROEENK (FE). [http//www.
hepco.co.jp/userate/price/unitprice/unitprice04.html1(2013.3.30)]
16.db#EE 7 A&, 2013, B4 —E £, [http://www.hokkaido-

gas.co.jp/home/ryo-kin/menu/ryokinhyo.html (2013.3.30)]
17. 46 ¥ 2 BA 56 J7) BA 76 B PR 0 BA 8 G A AR, N A A X LA B9 IS B
TOMPERIE T T VAR EREE, 2008,

18.db v E B BEs, 2010. dbyEEfEAE U 4 K 2010 (fi AEAZ % - 22 Wr

=il

AEUE - BB S
19 0¥ R BOH A O 7 A HE MR L EIRBLEE, 2010, by E B A
% E AR E B 2009 EE K. [http://www.pref.hokkaido.lg.jp/ns/
tss/kankeitop.htm (2013.11.21)]
204k iE BEGBHT, 2002, BEBR N A A4 A sk FEAIC L D
MR IZ BT D NA T HAEHIERREFERERSEE.
21.F% 157, 2006. F2=HFE3H MEANA T T AL AT LHEAD
FTATHA TNV O ER, BEAA T T AT AT LDt

W) - R ROREAM, 5 1R ()IG. PRYE -, THEFEE),

-79-



46-49, MEFZR KFT 7 AT v a vyt ¥—. LHl.

22 JFREYY. 2008. ANA ABRBORA LM AL T4-75. BRAZ T
My A7 A B,

23. — M HIEANR AT XL F —REMEFTABIERE > & —,
2013. — fi% /N 5B Ml 4% W& b 45 30 7 A . [httpi//oil-info.ieej.or.jp/
price/price_lp_gusu.html (2013/3/30)]

24, WP, 2011, NAFHAT T FRERRF-EEZO-BITR
Hollid. HEONIE, 65(2) : 46-51.

25.0 )&, T9HEA, AHEH, BmEA, ZEET, WK,
IR B, TN RME, ZRHEE, 2005, BERIZIT 5 LFEFH RN
A FAAT T b OREFEREAMR . 23R E AT ZE, 43(1):194-199.

26 F PR, HMEEEME, A=, 2007. LCA Biim, % 1R (Ff
W, FAREEE), 35, thtHEANEXREEE B, KA.

27.Johnny L. 2011. Anaerobic Digestion Study. Final Report.
12-19. The Soil Association. Bath.

28.BRBEA, FH 21 FEOEBRFERE T L OEI HARE - HEE
B % o N £ 12> vw T . [http://www.env.go.jp/press/
press.php?serial=13319 (2011.2.7)]

29.BR 554 - R EESL, 2010. HEDRTAPgHERE - @iE~

== 7). Ver.3.1.

-80-



30. 1M W EEH G =~ VX —JT, 2013. A il B 5 Al A GE A
[http://www.enecho.meti.go.jp/info/statistics/sekiyukakaku/
(2013.3.30)]

BLEWRE XA I = %V % — T, 2013. [& & i #& 5 He il
[http://www.enecho.meti.go.jp/saiene/kaitori/kakaku.html
(203.11.12)]

B2MMWHEREEW T~ R/ ¥ —JF, 2013. BAEFRET R/ ¥ —EE
fili # & Bl £ 7 4 K 7 v 7 . [http!//www.enecho.meti.go.jp/
saiene/data/kaitori_jigyousha2013.pdf (2013.11.25)]

33 MMHEEXH AW~ XV F —JF, 2013. HAETMRET RV ¥ —HE
o oo HON R B o v T (7T B R KR )
[http://www.enecho.meti.go.jp/saiene/kaitori/dl/setsubi/201307
setsubi.pdf (2013.11.26)]

B4 MBEEXEEW - 2L ¥ —JF, RPS #5Ah — L X — U,
[http://www.rps.go.jp/RPS/new-contents/top/main.htm1(2013.1
2.5)]

35.Moller,H.B, A.M.Nielsen, M.Murto, K.Christensson, J.Rintala,
M.Svensson, M.Seppala, T.Paavola, I.Angelidaki and
P.L.Kaparaju. 2008. Manure and energy crops for biogas

production. 13-16. Nordic Council of Ministers, Copenhagen.

-81-



36. 9 LA, KEIEMM, A MIE, 2004a. 550 % 505 53 5R i 3%
TOTFVF —{HE. LM E B % AN ZEFT H #, No.610:43-49.

7. LA, FATFIIE, KIRIETE, 2004b. LA S AR A X V5 RE
MERICB T DT XA XWX OTYIab—var. BELRER
FIRTEBRAT A =k 16 FF MR R SRR EFTHE, 39-47.

38. 11 L AL, ATFIIE, KREIER, 2005, = /L F —IL0 5 A
T A B2 U REEER TR O DR EER TTIEOBRE. BELARFSERE
BRAF Tl = im SCEE, B 1 5 1 25-35.

39. 7 LA, hAFANIE, KRIRIEME, 2006. A X > FEEEHE i O = F
NF =N ENBEICE 2 55RO 8. dbifEE B LR e
H¥#, No.634 : 54-62.

40.Nakayama H., S.Hoshiba, T.Ishida, M.Yokohama, T.Imai,
T.Hishinuma, S.Morita. 2011. Seasonal Changes in Energy
Outputs for Three Different Biogas Utilization Methods. CIGR
International Symposium on "Sustainable Bioproduction
-Water, Energy, and Food". Proceedings CD.

41. 9 i Ea, F9%ER, AREW, BE R E, S HRIT, EHET,
BHEE, 2011, XA AHAT T MTETEHAFAFX0E N
WIERRFO = 2L ¥ — I R IF T, B¥EmE, 420) :

109-118.

-82-



42. 91 fEE, FHER, ABRETM, MEBERZE, RHEK, 2012,
EAMAE HEH EEAFMBRICBT DO T ATAT T O EIH
MiZonWT., RERE LFHESRS 2012 F4RRKE2EHEF,
CD-ROM.

43. 9 LHAL, 2018, Ty~ — 7 DARAFHAT T v MIERE.
fR3E EoARbEE, 35 : 53-57.

44, PIRH—.2006. 55 3= 58 WA OKERS AT ~—7,
FEIENA T T AL AT LOFhay - B aEn, 56 1 8k (FIE .
TR~ FHEREE), 165-173, BETFR KT A7 v
g vt Z—. il

45. FEEHLAT, ROt —, HEFE, 2002. EXHEHPEAXRICLOIREA
WAL T — &% 7 v 7 (3EID), (Jh) [ELERBEMNFZERT.

46. R MR KPEA, 2013. HEM A . [http!// www.maff.go.jp/j/
tokei/kouhyou/tikusan/ (2013.8.1)]

AT R MROKESL, 2018. HEE o i@ . [http!// www.maff.go.jp/j/
wpaper/w_maff/h18_h/trend/1/terminology.html (2013.11.21)]

48 /NI 18, IR, ML, 2003, SA R - R RE O A
O URBERBRIZR T HERT — ¥ O, BEEWYT =W,
14(5) : 258-267.

49 R AR H, 1991. SEICB T A X VX —%hR, SE O,

-83-



545 B 6 5 732.

50. KB 7 AR W& 11, 2010, KA A7V —T7 OEE~O RV
% .[http://www.osakagas.co.jp/company/csr/pdf/EcologicalValu
eChain.pdf (2013.11.13)]

51. Raven,R.P.J.M. and K.H.Gregersen. 2007. Biogas plants in
Denmark: successes and setbacks. Renewable and Sustainable
Energy Reviews, 11: 116-132.

52.Rikke Lybaek, Thomas Budde Christensen and Tyge Kjer.
2010. How the history of Danish biogas innovation can help
shaping future public interventions in the biogas sector.
International Sustainable Development Research Conference
2010. [http://www.kadinst.hku.hk/sdconf10/indexin.htm1(2013.
12.2)]

53. Schulz H. and Eder B.. ##H RHAIEIFR. 2002. A AT AEKH
k. K. 1-16, A — Atk H.

54.Steubing,B., R.Zah and C.Ludwig. 2012. Heat, Electricity, or
Transportation? The optimal use of residual and waste
biomass 1in europe from an environmental perspective.
Environmental Science and Technology, 46: 164-171.

55.Stowell,R. and C.G.Henry. 2003. The economic impacts of

-84-



various public-policy scenarios for methane recovery on dairy
farms. Conference Presentations and White Papers: Biological
Systems Engineering, 52: 1-7.

56.Teodoria,A.S. 2008. biogas HANDBOOK, 7. University of
Southern Denmark Esbjerg. Denmark. [http!/www.lemvig
biogas.com/BiogasHandbook.pdf (2013.11.26)]

BT L U Y —F k& —. 2007. H A5k - KRN, 51K,
16-25. (BRIRLV VI —F k2 —. HK.

58.Yiridoe,E. K., R.Gordon and B.B.Brown. 2009. Nonmarket
cobenefits and economic feasibility of on-farm biogas energy

production. Energy Policy, 37: 1170-1179.

-85-



Abstract

Evaluation of Energy Usage in Centralized Biogas Plant from

Life Cycle Approach

I. Introduction

As the number of dairy cattle per dairy farm increases in
Hokkaido, an appropriate treatment of liquid feces and urine
generated at cowsheds is essential. One of the facilities that treat
such a liquid manure is a methane (anaerobic) fermentation-based
biogas plant. It is the site where feces and urine is fermented under
an anaerobic condition with a certain temperature. After
fermentation, digested slurry left over is spread over fields as
fertilizer. In the course of fermentation, organic matters are
bio-decomposed into gas, which can be used as energy.

There are many biogas plants operated in Europe. In those plants,
the combined heat and power (CHP) system converts biogas into
electricity to sell to power companies and households. Thermal
energy is used under the local heating network. Biogas is also

purified to use as fuel for natural gas vehicle.
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In Japan, Hokkaido leads the country's biogas plant operation.
The form of biogas utilization is categorized into using heat
converted by gas boiler, and using both heat and electricity
generated by CHP system. In addition, a portable equipment has
developed to purify, compress and replenish biogas, which has
been tested to demonstrate that the purified gas can be used for
natural gas vehicle and gas burners.

Biogas can be treated by gas-boiler, CHP system and purification
equipment. However, there are no previous reports that assess
those three forms of biogas utilization by comparing their energy
productive efficiency.

In this paper, the authors have conducted a life cycle assessment
of the productive and economic efficiency of biogas between the
three forms of utilization (gas boiling, CHP system and purification),
given that biogas is used in centralized biogas plants in cold
regions. We particularly focused on the following objectives:

(1) to establish a program in which biogas plant operation is
simulated, calculate the energy balance of biogas under the cold
climate of Hokkaido, and clarify the energy volume and energy

productive efficiency of biogas utilized in each form;
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(2) to clarify the energy balance of biogas utilized in each form in
consideration of the energy volume required for plant construction
and maintenance, and conduct a life cycle assessment of each
energy utilization system;

(3) to conduct a life cycle assessment of biogas' economic
efficiency given that the biogas energy replaces fossil energy, with
consideration of costs for plant construction and maintenance;

(4) to propose possible methods for utilizing biogas energy
generated at centralized biogas plants in cold regions, toward

future community development in Hokkaido.

II . Form of Utilizing Biogas and Energy Balance Assessment
A simulation model was created based on measurement data
gathered from centralized biogas plants in operation. The effects of
biogas utilization methods on energy balance during plant operation
were compared quantitatively for cases in which a gas boiler, a CHP
system or a purification system is used, to determine the most
efficient biogas utilization method. The greenhouse gas emissions

were also measured from the amounts of fossil energy input and
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methane in the off-gas discharged during refinement, to clarify the
environmental burden.

The results revealed that the energy production efficiency was
the highest for biogas plants treating waste from 1,000 dairy cows
using a CHP. The greenhouse gas emission was the smallest in the
case using a CHP and the largest in the case using a purification
system. The greenhouse gas emission per GJ of output energy in
the case of using a purification system was more than ten times that

of the case using a CHP.

Il. Evaluation of energy balance on biogas plant operation
from Life Cycle Approach

Energy is used in constructing and renovating a biogas plant and
in transporting excreta, which is the raw material. However, using
the digested slurry that is produced by such plants as fertilizer can
reduce the usage of chemical fertilizers. Therefore, it is possible to
regard the use of digested slurry for fertilizer as offsetting the
energy required to manufacture chemical fertilizer.

In light of the above, this section compares the amount of energy

that is consumed when a plant is constructed and when excreta is
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transported to the amount of energy that is produced at a plant
(covered in Section Il). The aim is to clarify the life-cycle energy
balance in consideration of the durable years the facility.

It was revealed that the energy output exceeds the energy
consumption from the sixth or seventh year of plant operation,
regardless of the gas utilization method, i.e., those using a gas
boiler, a combined heat and power (CHP) system and a purification

system.

IV . Form of Utilizing Biogas and Economic Efficiency
Assessment

Biogas-made energy is supplied from the plant in three forms:
heat, electricity and purified gas. These forms of biogas energy can
replace several types of fossil energy as alternative. The price and
the amount of energy vary according to the fossil energy. In light of
this, the economic value of the biogas energy supplied from the
plant must be assessed by fossil energy type. Also, the economic
efficiency in an energy-generating system needs to be assessed in
consideration of expenses for constructing, maintaining and

renewing biogas plants.
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In this section, we compared biogas energy and replaceable
fossil energy, and then clarified the life cycle economy of biogas in
consideration of the plant's durable years.

When we conducted a life cycle assessment of the biogas plant in
economic efficiency, its economic balance was found to be negative
over 35 years since operation commenced, regardless of converted
biogas forms and replaced fossil fuels.

We assumed three possible methods for improving the economic
balance: reducing expense with construction cost subsidy,
increasing revenue by accepting auxiliary feedstock, and increasing
unit costs of replaced fossil energy. We then re-assessed the
economic balance under these conditions. In subsidizing half the
plant construction cost, the economic balance was positive in all
forms until when main facilities were renewed. With no
subsidization for renewal, the balance subsequent to the facility
renewal fell negative.

In accepting auxiliary feedstock equivalent to 41.52 million yen
based on previous studies, the long-term economic balance was

positive in all forms.
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In defining the unit cost of fossil energy as 11.4 yen per MJ based
on the feed-in tariff (FIT) system, the long-term economic balance
was positive in the form of gas boiler, whereas it was negative in the

co-generating system.

V. Discussion
1. Proposal on Technical Improvement of Centralized Biogas Plants
in Hokkaido

Digestive slurry heated to 55 °C in a sterilization tank is
transported to a storage tank outside, where the heat is lost into the
air. If thermal energy of the digested slurry is used to heat
feedstock fermented, this may help reduce the thermal heat supply
from gas boiler in winter. It may also allow more amount of energy
to be supplied out of the plant. To verify this, we calculated the
energy balance of the three biogas forms, given that the heat lost
when the sterilized digestive slurry is cooled down from 55 °C to
45 °C, 2,093 MJ/d, was used via a heat converter to heat the
material slurry. We found from the calculation that the CHP system
was the most efficient in energy production, showing that the

electricity supplied out of the plant increased by 7%, and the heat
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by 89%. Thermal recycling from digested slurry can increase the
amount of electricity and heat supplied outside of the plant. Thus, it

is necessary to introduce the thermal recycling system.

2. Biogas Transportation to Facilities that Utilize Heat

In Denmark, biogas generated is transported to district heating
facilities and is used as fuel for the CHP system. In urban areas of
Hokkaido, meanwhile, there are district heating facilities in some
areas, remote from the places in which farm animal manure is
collected. This present condition makes it hard to introduce the
Denmark style of biogas transportation. Building district heating
facilities may be an option in areas where the manure is collected.
However, it is not practical in that most conventional houses use oil
stoves instead of district heating system. In today's local
infrastructure, one possible facilities where biogas heat can be
used yearly is a heated swimming pool. We assessed the energy
balance and economic efficiency of biogas when transporting
biogas from the plant through the pipe line to the heated pool in the

city centre.
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By assessing three forms of biogas utilization, we found that the
CHP system is the most energy-efficient. However, the life cycle
assessment of economy revealed that the sales of electricity in the
FIT system to replace A heavy oil would never make the economic
balance positive. Therefore, it is clear that the revenue increase by
accepting auxiliary feedstock is necessary to achieve a long-term
economic balance of the biogas plant. It is considered that if
auxiliary feedstock is not accepted, a system similar to FIT should

be built to promote the use of thermal energy from biogas.

3. Proposal of Utilizing Energy Generated from Centralized Biogas
Plant in Hokkaido

In converting biogas into thermal energy to heat water, gas
boilers are simple-structured and easy to install and maintain. In
light that thermal energy is generated more in summer than winter,
operators should ensure that there are facilities that consume a
sufficient amount of heat in summer so as not to have excess heat
in that season. The operators also should ensure that alternative
type of energies are available to supply heat in winter to

compensate the shortage.
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CHP system of biogas can bring us with both electricity and heat.
Electricity is easy to be transmitted via electric wires. The amount
of heat generated is subject to season: it increases in summer and
decreases in winter. Selecting facilities which use heat needs to be
carefully made.

Biogas purified is equivalent to natural gas, but it is not
appropriate, in terms of energy efficiency, to transport the purified
gas to remote areas and to use it by gas boilers or CHP system.
Therefore, some systems are required so that consumers can
receive purified gas on site, for example, consumers drive a natural
gas vehicle to the site and refuel the purified gas. It must be noted,
however, that purified gas generated in summer is twice that of
winter. It means that the amount of feedstock manure and the
resulting purified gas to fill the demand in summer cannot satisfy
the winter demand, and then natural gas needs to be purchased

from other areas to supplement the shortage.

4. Significance of the Economic Assessment of Biogas by Utilization

Form and the Proposal of Utilization of Energy Generated
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In a biogas plant capable of managing cattle manure of 1,000
heads of cattle, the most energy-efficient method of utilizing biogas
is using biogas by the CHP system. In terms of economic efficiency,
biogas management never gains a positive figure by solely
replacing conventional fossil energy by the energy from manure,
assuming that the revenue is gained through manure management
at the plant and economic value of digested slurry as fertilizer. For
an economic benefit, the electricity generated needs to be sold
under FIT, and the heat needs to be sold with 11.4 yen per MJ.

These findings can be applicable when community associations
and farming managers construct centralized biogas plants, as well
as in designing the methods for promoting renewable biogas

energy.
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Photo 1-1. Cattle slurry in free stall (Photo by Nakayama)
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Fig.1-2. Recycling of livestock manure
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Table 2-1. Input conditions for the simulation

Input conditions

ltems related to the generation
and consumption of biogas

Concentration of methane in the biogas

Generation of biogas

Gas storage amount in the gas holder

Energy efficiency of gas boiler and CHP

Gas consumption of gas boiler and CHP

Purified gas production volume by purification system
Amount of off-gas

ltems related to the operation of
the biogas plant

Power consumption of the mixer and pump

Running time of the mixer and pump

The amount of heat consumption in the fermentation
tank and sterilization tank

Heat radiation from the hot-water piping
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Fig.2-7. Flow of gas in the purification system
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Table 2-2. Units using biogas in each simulation case

Simulation : . :
Units using biogas
case no.
@D Gas boiler x 3
®@ CHP system x 1, gas boiler x 2
©) Purification system x 1, gas boiler x 2
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Table 2-3. Coefficients used for calculation of greenhouse gas emissions

ltem Unit Coefficient Reference
Actual emissions coefficient of .
Hokkaido Electric Power Co., Inc. tCO/kWh 0.000433 1
Unit heating value of LP gas GJit 50.8 %2
Emissions coefficient of LP gas tC/IGJ 0.0161 x2

%1: Ministry of the Environment [28]
%2: Ministry of the Environment and Ministry of Economy, Trade and Industry [29]
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Table 2-4. Energy balance and energy production efficiency

(GJy)
Simulation case @ Gas boiler @CHP sy§tem " ® Purlflcatlon'
gas boiler system + gas boiler
Fossil energy input (A) 1,042 145 2,705
(Breakdown)
Purchased electricity 1,042 145 2,108
LP gas (as an additive to purified gas) - — 597
Biogas (B) 12,110 12,110 12,114
Generated energy (C) 9,688 9,797 11,225
Electricity (CHP) — 3,273 —
Heat generation (CHP) — 5,565 —
Heat generation (gas boiler) 9,688 959 5,690
Purified gas (including added LP gas) - — 5,535
Loss (D) 9,154 9,069 9,284
(Breakdown)
Loss during combustion 2,422 2,313 1,422
Gas discharge during purification (off-gas) — — 64
Power consumption during plant operation 1,042 145 2108
(purchased amount)
Power consumption during plant operation _ 921 .
(amount generated by CHP)
Heat consumption during plant operation 5,690 5,690 5,690
Energy output (E) 3,998 3,186 5,535
(Breakdown)
Electricity — 2,352 —
Heat 3,998 834 —
Purified gas (including added LP gas) - — 5,535
E)—®A) 2,956 3,041 2,830
Energy production efficiency((E—A)/(E)) 0.74 0.95 0.51

Notes:

1) (A) to (E) correspond to their equivalents in Fig. 2-8 ~Fig.2-10 showing the flow of energy.

2) (A +(B)=(D)+(E)
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Table 3-1. Fertilizer component in digested slurry
(FM%)

Total nitrogen(T-N) Phosphoric acid(P,0s) Potassium(K,0)

Digested slurry 0.28 0.10 0.39
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Table 3-2. Fertilizer efficiency for converting fertilizer components in
digested slurry into fertilizer components in chemical
fertilizer

Nitrogen Phosphoric acid Potassium

Digested slurry 0.4 0.4 0.8
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Table 3-4. Amount of energy consumed during transportation of
livestock manure and digested slurry

Energy consumption(GJ/y)

Transport of livestock manure 822
Transport of digested slurry 488
Application of digested slurry 224
Total 1534
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Table 3-5. Energy value of digested slurry that can be replaced with
chemical fertilizers

Amount of energy (GJly)
Nitrogen (N) 1258
Phosphoric acid (P) 92
Potassium (K) 382
Total 1732
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Fig.3-1. Estimation of change over the years on energy balance for
gas boiler
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Table 4-1. Replaces fossil energy and sales of electricity in the FIT

Amount of money

Unit (Yen) Reference
Kerosene L 104.7 2013/2/25 value x1
A-type heavy ol L 93.1 2013/2 value x1
Municipal gas m? 167.95 2013/2 value x2
LP gas m? 695.1 2013/2 value x3
Regular gasoline L 158.8 2013/2/25 value x1
High-voltage power kWh 10.6 2012/7/1 value x4
Sales of electricity in FIT kWh 40.95 2013 value %5

%1 : Ministry of Economy, Trade and Industry [30]
%2 : Hokkaido Gas Co.,Ltd. [16]

%3: The Institute of Energy Economics, JAPAN [23]
%4 : Hokkaido Electric Power Company,inc. [15]

%5 : Ministry of Economy, Trade and Industry [31]
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Table 4-2. Price of chemical fertilizer

Amount of money

Unit Reference
(Yen)
Ammonium sulfate (N) 20kg 1,034 Estimate
Superphosphate (P,Os) 20kg 1,234 Estimate
Potassium sulfate (K,O) 20kg 1,506 Estimate
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Photo 5-1. Farm-scale biogas plant in Ringkgbing-Skjern (ComBigaS,
Photo by Nakayama)
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Photo 5-2. Heat pump for recovering heat from the digested slurry
(ComBiga$S, Photo by Nakayama)
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Photo 5-3. Heat exchanger for recovering heat from the digested
slurry (Maabjerg bioenergy, Photo by Nakayama)
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Table 5-2. Energy balance and energy production efficiency in the case of
supply biogas to the out of biogas plant

(GJdly)
Simulation case Gas boiler
Fossil energy input (A) 1,042
(Breakdown)

Purchased electricity 1,042
Biogas (B) 12,110
Generated energy (C) 4,735

Heat generation (gas boiler) 4,735
Loss (D) 1,184
(Breakdown)
Loss during combustion 1,184
Power consumption during plant operation
(purchased amount) 1,042
Heat consumption during plant operation 4,735
Energy output (E) 6,191
(Breakdown)
Biogas 6,191
(E)—(A) 5,149
Energy production efficiency((E—A)/(E)) 0.83
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Fig.5-4. Estimation of economic balance for CHP in a heated swimming
pool
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Fig.5-5. Estimation of economic balance for CHP at a heated swimming

pool in the case of including subsidy for plant construction cost
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Fig.5-6. Estimation of economic balance for CHP at a heated swimming
pool in the case of utilizing organic residues
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Fig.5-7. Estimation of economic balance for CHP at a heated swimming
pool in the case of assuming unit cost increase for replacing
fossil energy
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Table 5-3. Energy production efficiency in three forms of biogas

utilization
CHP Purification system
Gas boiler + +
Gas boiler Gas boailre
Case that QO not heat 0.74 0.95 0.51
recovery of digested slurry
Case for heat recovery of 0.79 0.98 0.55

digested slurry
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Table 5-5. Energy production and utilization efficiency in the case of using
biogas or purified biogas at a heated swimming pool

Biogas Purified biogas
CHP CHP
Gas boiler + Gas boiler +
Gas boiler Gas boiler
Energy production 0.83 0.83 0.55 0.55
efficiency
Energy production and 0.51 0.74 0.12 0.37

utilization efficiency
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Table 5-6. Summary of economic evaluation for CHP at a heated
swimming pool

CHP
_|_
Gas boiler
Plant operating years Shorttime Long time
No subsidizing plant construction cost X X
Subsidizing half the plant construction cost X X
Auxiliary material acceptance A A
Increased unit costs of replaced fossil energy X A
O surplus
A : deficit after surplus
x: deficit
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