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R1.1 FERR LY OMEE - TROLE?

AL HH - B/

FLHA T

e N 2N
EROARE Lo B R
AL 8 19 29 78 619 26,650
SERE 9 20 31 81 681 28,142
R0 21 32 83 739 33,816
FRELL 23 33 85 790 35,510
FR12 24 34 87 838 36,496
FR13 27 35 89 906 34,449

R1.2 HFEH—HBY OERYPEHLED
BT : kg/HH/H

# PR &Et

A4 514 13.0 64.3

A4 ME4 35.8 13.8 49.6
R 25 A A 6.7 26

2R 17.8 6.5 24.3

A4 2mBE 20.0 6.7 26.7
,,,,,,,,,,,,,,,, A 180 7.2 252

% IR 2.1 3.8 5.9

K 3.3 7.0 10.3
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[Barrel] [m?] [ton] [ton]

TESETTEE R 102X 10 144102 10.3X 10" 45X10°
 GEES) (998 (1998)  (1993) (1995)
FHFER 241X 108 2341010 45X 108 3%x10°
L GEES) 4997 (1996)  (1993) (1994)
AR [4F) 43.0 61.6 231 73*
(FH#4E) (1997) (1996) (1993) (1994)
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R1.4 =3V F—HEE TRIGKRBLEO FHIO

19874 20054E
—RIANF —HEE (%) 7,654 (100) 11,820 (100)
Al 3,014 (39.4) 4,002 (33.9)
FIRA A 1,549 (20.2) 2,985 (25.3)
AR 2,243 (29.3) 3,446 (29.2)
KF% 463 (6.0) 743 (6.3)
J&F 386 (5.0) 644 (5.4)
CO, MutiEE*2 (%) 58.01 (100) 86.43 (100)
Al 24.12 (42.6) 32.00 (37.0)
FIRA A 8.89 (15.3) 12.12 (19.8)
G R 25.00 (43.1) 37.31 (43.2)

* R ton (THHEAE) /&
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Solubilization process i Methanation process
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- Biogas production [L/min]

—— Methane concentration [%]
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1.3 NAAVAOFERLE XY VEE

A FHADEENTE R VEHE DB & THE
HRTE 2R/ H 5,

d. A=Yz RXL—> 3> L RAT A

—fRE I T 4 — X VRS O Bsh 1T 20~
5% THY, B O IVE—ITAESDHER

AR EDEREZAINVF— L LTHEEINS,
ZDXIRI» S, TXINVF—RREHEI
FHAT2B5HBFEO—DOPNa—Y i —
¥ 3 ¥ A7 A (Co-generation System, AT
CGS tRE) TH %, CGS & lx T A F —JEH
SN EMRFRFICHEESE L bDLEKS
N, FEIHEVFEET 2HEERZEIL AT
B2 EmB, TRIVF—DBREBFIHARLZED
BIENARER Y AT AL L THEAZEDTY
%30, CGS 13HT L Wil Cld e <, 20 Hic#ItE
WA — I E R L CwieEifich 5, #
D, KHBUEFEFERBEYL L, 20 fiHFcHhE» 5
X CGS A LIZ Uz, SHEU CGS 71
H2ILDDIX, FIBONA AT ADI &
ERBET, T ANF—JEHONE & BRENGH DR
T 2B LDSE S o e O ZE DEHTH
%o Z O BRSO LA, FEIEMOE
B, BREEotaMEcLs bbb, &
D& ST AN F —RONE & BTG MED
— B E LT, Fh, TAALF—E X DEX
HNCRIAT 2 HikE LT, NA A0 A Z2RE L
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C. BIOHR
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TERUKBEE 2 F V72 & D35 <, ERES K HEBE
PROWIAERRN B EID R ONEHETDH
5o

K17 NATHRA, ¥, HVV >, EHOREER M s
NAXH A ¥y FYVr
S5 TE [kg/kmol] 26.18 16.03 96 226
Z 2 % Al (RON) 130 « 89~96 -
X & A — - 16~19  40~55
HE*? [kg/m3-kg/1] 0.904 0.554 0.75 0.83
PR 2R 17.15 - 14.8 14.22
ATk [Vol— %] 5.0~15.0 « 1.0~7.6 0.5~4.1
B KEE [°C] 800 650 500 400
EfiFsEE [M]/kg] 29,970 49,935 43,950 42,694
PRBERIE [m/s] 0.2 0.33 0.38 0.36

*1 CH, :60% CO,:40% *2

Sk DR BN WA D KERHE
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ENEE» 5N T H AT T > BT b6
BT o720 FRTNA X 7 A D LEFEMMRG 72 £ %5
BHLT1997 FB3 N4 A H A 1m? 4D DAEE
&S 2 kr, fEFEOBERZIRDS 2,500 ANiz#E T
52 EER LTz, Eley, WAZXTHTATLT M IF
CO, DHIF & LIS R REIRE DT L
R L 72,

2) Ortiz-Canavate, J. 5 OHFFE3?
Ortiz-Canavate 5 (1981) i 40 kW D HhEIH
FIREFAT 4+ —E VBB R N A 4 4 A« 2
DT 27 NW7 a—T)VH#EERCSEL, RAY
R & ZBBALRFR D O K S G A THEIEL 72,
AL AN F —hOBHOEEX, 15~30%T
bs, EFr@E L TLUTO LS A EE,

—  FREA RS D
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UL, 20X aMatz Ty 5 BB OH
FHIXAR & TR,
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EAFIRIXY ) TREME T OB KB
n, BEIFRIIETY %,

—  EEEA O E

INA KA AEERIEANEIR S RIS &
EhVy 73 mREERRC BT 5 ) v ¥
RIRT AT HRBHIETE 5,

3) Bhattacharya & Q#5240
Bhattacharya © (1988) X438 o FEL 72
EEDONA T HAEACTTFRERT 4 —X¥
HEEH % 38 8E L, Ortiz-Canavate ® OFFFEfER %
BT 57— 28T,

4) T r=—7 ONA A H Ak »
Ty~ —J3EERTHY, BESARICD
W TS OFRFEER L 5 AROBARTER & DL
RORET 1 > 2ED LEEDITSh, &5
BRI & CHIER S W2 L S RFICH 5,
DX RBRIBERE L U TD5ARBREIN A
A AT T S, IS HBERERE >~ A
T LANTANVF —HOEEL SHE ST
5D TH b, 80 FELA 0 SEHENA 44 R
MR DFE IR ENTE T, TY~—27D
PR N A & 7 A O— Bl % RiTR T,
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* B DI
REHEHEB—RHK © 530 H, ERHfrE
JBKBESK - 12,000 58

* SAROHEHE 1 10m®/1 H

*NA T AN

BE 1989 4
HWey 75 150 m?
Feme A iR (40°C) FEEe S
FEROERKET] 60 kW
* A

AR ER AR 1,140,000 kr
HO&#HD (70%)
798,000 kr (91,330 J3F9)

INZ%Z DA
eI A (£ERH 480 MWh  Hiffi 0.6 kr)
288,000 kr
+ BEBEEOHIEE 106,000 kr
INA T H A EBAEE 5,000 kr

= HIAEET 389,000 kr (£ 650 J7H)

5) KA YDA X H AR~
FA Y BMAEHOERETH S, N4 YD
JRAAEFER 1 3,940 T b > THADH 3 5D 4E
EREE->TWS, ZOBPoHHENLEE
FEZEW3%% &, % Z CHAINOOHALE
DREFEVBORIC KX 2 ER2 5 2 1o [15RE
B FEEYSE] Thb, 1994 Fiz /M m S izl
HE, BEEVORENHZKZ ZETHY, K
DERETHEEYOFIHEFZEZ 205 5D TH
%, BEEVMOFMAAEE L TIE, FMd 20k
JFERE e LTORME AV F—L LTOFA
BHY, WTFNDOFER L B0IEZOREES
MBIk > THET I NS, ¥4 Y TEBHENA A
HATT Y NOREET v Y2t b R BIFES
T MNEMBBE LTS, FA VBT S34
I H AMER DK e ERECHI S & & 3R TH 2
73, 1999 FE1Z1E 800 A2 BICE->TWwB &
Ezohbd, LipL, KA Y TIZERR A F

7 A MR & D XA BRERE D3
b. JtEBEXRFAEREFMARERAER>
AT LITERAREFIZE T B340 FHXF

FAWFE

AWIFEE TIPE 2 FE X D /NIRRT 14 —
CUBEZNRIZLTCT a7 V7 2 —T)V T
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BHEITFE 2 FEEEERITBWT, N1
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BD T 4 — ¥ VB O FEAR 2t % STz,
Z OFER, K AR B U 2 BIEER ORI,
RS OKIES KR, A5 ViREHL HE S
L& OBIEEF O &R iRE L,

2) WHEC 3 DR

A R BB 1% T2 RK 3 4R D ZR R I B W
T, WERY 2RV T 27V 7 2 — 1 VR
DOHRELCE O FIREME 2 METL, TS D ORIR
Bhrn ez R0H L,

3) VR 9 SR RS

BEEMIFR 9 FEE LSO B W TEINEF
BB L 2NN 4T ADOREERLY S 21—
VavETI DR EIEL, BWHER R
Y OMRERES 2 B L 72 T DYERL L 72 MERE
BEdb EWCEHEEZEEEALY S 21—
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4) R 10 R EER S0
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EREFEYCET I 2 EONEEE LTEHS R
TWBEEHREFRIRBLANVF—FETDH
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ETENATT AR LTHAT S Z 1R
RO T 2 BEREDO—D & LTHEHID
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FAECHET A REA - IREflIEE < Aons
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Feld D iz,
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IANF—L L CHEIHIET 527012, N4 4
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BT 3 2HE Lo E e, T a7 VT 2 —
IV OBRBERFE R T L, ZhadETL L
&Y, KDEENEWNA 45 AR CGS ~
DHEEH D, & 512, N4 4 H A CCS D
P2 RS RN T = 2SR 2 ER L, S
BERBPNA LT AHACGS ZHEATSLZ LI
Lo TR SN2 EFFIE 2 & 25EHT 2 2
EPERMRORMEEETDH 2,

II. Ta7L72—TIRT 1+ —EIHEEDOE
AERE

INA F AT AN K B NBREEEEERR O FFEa R 1
g2 72 4, Lnd 2 D% I3 KIE A KR
ERWESDTH B, THIENA I I ADREE
RS M KBRS & 0 K TE S KB 5 2
ZEICERNT 39, Lrl, BA-REMALLT
TRELORF I BN, WALORWT 1 —+¥
RSB DEF SRR R TH %59, %72, N4 A4
A% EXVBEMMFAT 27D IFTANVT—0D
FIRAZIENE W CGSIEBE & L v, KEFFET
137 4 — YIRS 2 — 212 L7z CGS DRk}
ELINA AT ARBRT 2, ZOTHIIIN
AZHTABBENCTE 5 X527 4 —¥NWHEES
PUGET B LERH Y, FOHEAREEMS Z
ESHIREHTH B, LicdSo T, KETIIH
KB O/NEBES AT + — VR % v T
INA G HABEEE N TE LT a7V T a—T
NAT 4 —EWVBEEINDUGE & N1 4 4 X Dft
KT & D BRBEIRIL & AR & D FARHE: & R
T2ZEREHNE Ui, £/, fSNEEGIH
BERBET DL E>TT 4 — VKR
CGS icuE L, BAmI BT 2 BET—5 b &
L7z,

A, EREEOIUE

BEE TRz & 51254 4 4 R % PUIRKEEE
BELE UTRIAT 2854, 74 — VB &
LRIABNHEYITH B LWL, KBF5E Tk
7 4 — IV 2R U T, BB O IR I3 R E
HWOFKBLHHAZEEL TwD, K2.11KE
BAEE OIS %3, PR, NA A AR
HEFASEE, BSHEE D 3 D DMK E B,

a. N FHAGHEEE

EEDNAFH AT T M inSFT B84
KB ADEBERLIIFHI 60% 05 X 8 >, % 40% 53
TEBIAEKRFETH D, ZOMICHRILAED
1,000~2,000 ppm BREEZENTWB NA L H
AHNZE E N T 3 H KR IS BRI EEE % I8
BEEMAEEZKRIAR T IR 2720, il
£ % 100~200 ppm, AJAEZ S 10 ppm LA IZ 3
DERDILERD D EEbN T B, Kiff5e
TIEEBED A F A X DZERHRDSREETDH
0, 4B AR EDOFEOSEM R EE
TBIEMEEL WD, NAFAHAEIRIZFET
MR 2R OEGRAT A B ERT 2REEY S 2 —
IISPBETH B, LIzhi->T, AW TRk
DAY e ZBLRER 61 4 DEETRAL,
WALKFE ZEROIZEEED N A 4 H A LR EE
ROEERH A BNAFHADIREAHT A L LTHE
L7z SBOFEBRICBT 5514 34 A LT,
ZDORY v EZBILKRFEOBRRA A 2 EH®RT
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INA K HABHEREE XK 2.2 2R LTz, AF
VETBILRZORYAR, A7 u—a > b
u—7, HAREGHR, dHll - HEA2 > E 2 —
oI hs,~A7a—ayra—J(x
AT v 78, X% SEC-500, —E{bR
F#H : SEC-500MARKS3) 1334 4 4 A D i
EESWICEH - FIETx 2 5B T, BHESHL
TooNA A AR & o TV T BRIE O HIH 2
179 MZEBEDEILEFR 2.1 ICRT YA 70—
avirue—I 25N BERNES X
A/D-D/AZEHR—RKZ@ELT/N—=Y F)La >
Ea—SWABTENS, £, N AT A%
BB HHE T 2 ke L TR FREFR 2 HA
L7zo ZDHERNA A AZBRGENORA
ELSHWCEALTCTFRAL, 74 —EVEEO
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RASTHAARAR
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4
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INATH REFEER

2.1 "NAFHFART 27NV7 2—Z VKT 4 — ¥V

(@ wA7u—arvhro—7 () FREGHHEAOME
X 2.2 A5 APHASERE

BT 2 HETH 2, EEBORER T e XY VREORRY T -5 2T,
INAXHADFERE XY VEENKH e ZOFRERREZERT 2 2 EXAEETH 5,
AL, FEREREC X > CHEMEIIR L 2, A% b. SEHEES

BREBEDOTST > N poFETENA T HTAD HREEBRIZY Y ~—FT 44— L H
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%£2.1 wA7u—avu—J DT

R bk
ek SEC510A SEC500MARK3
e L > ¥ [L/min] 30 20
(1atm, 25°C)
maRFIEERE (%] 5~100 5~100
&M [s] 5 LIN 5 LIN
R (%] + 1A + 2 DA
R (%] +0.50A + 1N
I (%] +0.2BLH +0.250H
=S8 [kef/cm] 1.0~3.0 0.5~3.0

+2.2 BEBEOFERET
A—h— Yrv—F4—¥L
FilGz BERIARG A4 7V T 4 —¥ L
HEBE NFAD6E
RBEE A T
SRR 1
V) A EXTTRE [mm] T4X T2
WITRERR (L] 0.309
H77
T ERS (kW ]/ [HEE8 [rpm]  4.0/2,600
&  K[IkW]/EEE# [rpm]  4.4/2,600
JEst ne 18.4

NFADG6E BI CEEEHNNX 4V 7T 4 —¥
WVHEETH D, ZOEEHTER2.21TRT,
HESABEES o AT 2R ICHIE 3 2 B TRk
IR E (HEFE RIS 810501) {7 D224 1H
BRHETEHE 15T R X — 7 HHE EA-10C,
7.355 kW/4,000 rpm) 2 L7z, IAZES R
ENEE ¢ 18 DI/ A ) RtEH R
A —F 18 NR-2, fERH0.822)1c &V HIE
T2, 7, HEBEICEMS LT IEER
YD AL, EEEARKRENEE ST
Ry v 2 BIREIEE R > 72D 172, &
DR TFATYEYTE—F—IZLDIA~
Z IR L TR R AR T 5 2 L8]
HETH %,

c. BEUR

— R HIIC T 4 — v BB o IE Bk BAEh =K
25~40%FEE T, D D 60~75% = A NV F —1Z
B ECEDHICHRT T, 2ok
KENDTANVF—E2BMFHATE 2—F&
ELT, CGS BETFHND,CGS Lid=ol Lk
DEMNRZRIINVF —ERECEET 2 ¥ R

TAEERTEDSY, KETRE KT ANV F—
ELTEHEBRREL T3, K2.3 128K
HaZE ORERG & £ 2R T, BT v Y Vil
5D EEES, BUIHER A A RS HIE, S D
EUNEATH 2, BARIGRORER LY ) o~ & EEH
DOWHBEREINT 2T+ —5 ¥ 7 v b (BL
T WJ L) LHEEY Atho#EE RIS 2 HE
[UENTHAZR D O D o FE7K 3 2 KIS RS
D W] 5 A>T, BED» S OWHIEE 1 X[E
N4 2, KicHEkEziss (DUT HE £ R50)
L, R OHER Y A S HEREE EIN T 5,
FERRIZ T Y VI T o B AT HAER I3
BERXNOWHETH Y, SMINIEREM THEL
720 WREEHIE X W] OWHIKH AL, HE OWH]
KB L UCPEEHN ABAOTITS, BEET ADH
AT KBS, fhoffs i T RZEN =
BEELC, 7—F 0 l— (FHHEELL
UCAM-20PC) TEHHIL 72fi %, RS-232C %3®
CCarvta—4% THAMANS,

d. B RBIEEE

T4 — YNV THE E SN TWBHERS A
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CAHKIVO U ADRE
OAHKIVOUHOBE
o D REIK BB ALRE
o T REIK B MBEH ORE

ST

. R ARZMBADRE

TE
Te BEARRZBBHOEE
Gy AEKEERE

HHICIE NOx L BER Enb Y, KETIRHE
[N A O NOx PEH & & AR R % HlE L
720 NOx OFFENC XGRS E/ERTE O BB H
PR A A HIEEE (MEXA-1120CLT-L) %M
Wiz HIEIXFZERE I AR F N BRI
SHACLA-B3 IC X > TiThh 5, AEEE T
NO %7213 NOx OEE ZALFEFE CHIE T
‘,Z) 54)0

SR O FHINC I MRS A T — 2 2 —
5 (RF 1+ — LV BEEREL, DSM-10B) {3
3, IR ALY —EEOHER %, K
ZHELUTKEIL, FERFORER TR &R RE
E¥ D, ZOWKICHT 2 KEHDEE BRI
FEHC L DEIEL, RKEPDLOJD % BT
ET 5%,

e. MEREEDEHR

T a7 N7 2—T)VAT 4 — BNV DMERE

FRME A RIS 2 72w fllE L2 EE & LT,
FERIRIEA R, FRBIET, BEE R, N4
AR, A5 RE, BHRHHE, RAESE,
& B, K&E, GHkiE - BEZ 8D
D, BIEfED & MEREE A DO E R IIARGH S E T
DFFEA—EITR LTz,
B. Ta70L7a—TIIEEDKR
INAZAHAFDRA Y EEIL 60%ICEREL
720 MEBADEEESZ 1,700 rpm W FEE L T, K
BHETT &N A 4 7 AR R 2L 2285
FTaT VT 2 — T X BEEIRI 2 1R LT
BTz BEBMCHAG T 254 4 W ATRE T, HEEH
MEHET B ERENA A B ATFRELIT DAY
VS E OB R 1, T, 31, 41, 51, 77, 103, 00
(BHLEER) O 6 SICEE LTz, MRS
Lo TRAZEREN R 570, BEHEBIZLD
IS NDINA AT AR EL 2, 2D,
INA F AT R ERI 7, TR 2 &R
RO EBIfRE <, IMAZER L O—EHE
TNA T T ABEIEE NS, 1, & XY > LERH
DF 2T N7 2a—TIVIZHT 5 ZE[BEFEE L
WFTREN D,

rm:Fim 2.1
B A
A= 0422 F) + (17.15 Fy) 2.2)

ZZT, A ET a7 V7 a—T)ViZHd 58
BRI, 7, BBAEREAY COERL, A
WAZESE [kg/s], Fn 3B icdtibs s 2
& [kg/s], F, 3B ciHiashs@ms
[kg/s], 14.22 £ 17. 15 IZZRBEHE AT > D
HERZERIL [kg/kg] TH 2,
EHEBREEBIC BT B 7, EEBEDONA AN
APHEEDBARE R 2.3 1T T,

AT BB A L 72 2 v F —rhic

2.3 7y &N AT AEHGROBR
7 0 L/min

m
A [rpm] c 103 77 51 41 31

1,500 0 7.7 10.3 15.4 19.2 25.6
1,700 0 8.4 11.2 16.9 21.1 28.1
2,000 0 9.4 12.6 18.8 23.5 31.4
2,300 0 10.3 13.8 20.6 25.8 34.3
2,600 0 11.1 14.9 22.3 27.8 37.0
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58 BN A AD I F I F —EE 2B
KEFRL, TOMEIREIWIENEE L,
SRHSEENZIRN & /N A 4 A4 A DBRBEIC & - T
Ens0T, EEARKE—EE LEHT TR
INA KT ADPIEGRDIENNT 5 L BMEHG I
WOT BFERICE D, 2HEOMENED XS
WCHEBMBIA I AL X — L LTI s %
B 2.4 12RT,

77 7 OB HREES CIHE S 1Ll SO
M7z 0 DA A A sk [kg/h], xR
[kg/h] 2R3, BI21E, EFOHEIE SAE N
PHEAMEE 1 DLk r5E, A5 LR
BHARIIFEL <, BMRBEL 0% Lk 5, &
WARBRERTREE 10% I RT, Bl A
TR 2 L RMAERERIL 0 % T, HIE I
iEic7oy b&h, N XA ADEBERNS
{2 EATHRANCEE#T 2, Licot-> THl
EROD 2 EREDEFT B CIHE S oA 4
HA L EHOBEIC R B,

08¢ 7 |
|
100,
i 50%
|
#RAE E5 3 1,700rpm
N 1)
€ T, [l
2 AR Unstable area
el -
g 70%
#
[
80%
Il
|
8

103 77 51 41 31
1 A HA EE e/

INA G AT ABERAIRF & B HIRGE R 1 3

B84 A A L B E R O BIR

—» ©O
rm

X 2.4

BEBHRIEEEL 1,700 rpm D EERLETIX, /N A
XA ATHER 6 5, WAL ROREEES
ZT0n5, BEARNKE 25 & RSN
D Z B DT, 5REEOBBEAR G U TS
AN 5 HOEIRENFEET S0 NI A HAD
HEENHEZ 2 LEHHEER D R THE S,
BMARBEERS LA L, 7,=31 LT 255D
HIE 5 CRAREREDH 0% 1ET 5,

C. Ta7N71a—ILRT 1« —EINEENE
A

INA KA A LB % RN BRI i L
RIS AT OWT, B, e
[EHRE, IERTFEERIE (LU BMEP & %50,
INA F H ARG E DAL RE I BT T
Bratd 5, FBREMGIIR2.4 177,

a., BRMESREOZE(bICL 2522

2.5 1234 F A A BERGIRF OB SR &
BHER (LUK BSHC & %50 OBRERT,
BB 0 B EE$0132,000rpm D & & L 72,
BMEP 0.33 MPa DR & Tld N A & 7 A it
#EIC Xk 2 BSHC OB HER TE, i
Oritiz-canavate 5 OW5E® L &I 5 4%, 1H
SOk & 32 BSHC OZE iz %o
720

BMEP 0.45Mpa D35 & X4 4 4 X %
23.5L/min (r,=41) BH&7T 2 & EHKHE F
HBHZEIZLY BSHC b I »IZHs Z &k
70 2 DB D7, BMEP 0.67 Mpa Tl
SFAOZ M L 2R R st o7z, K
2.6 IZEME SR I X 5 NOx HEHH & 0 &1L
ERULIEETH S, /N4 4 W ADBHEEAHE Z
% L B E O - THIHARBED /NS
{72 % DT, NOx HEHE XA 3 2 53, B
IR R 72 5 N4 4 4 A BHER OB
WZBbH 59 NOx BEHI R IE3E L < #hn9 2 1Em
Ll b, ZHIZESHOYIHAREED Y 2 CRRBER

R2.4 EBEM

BMRE SR [BTDC °CA]
BEBAEIEESL [rpm]

BMEP [MPa]

INA XA ABHAR (1)

28 BEE (%] 60
BHkFE [L/min] 2

10 14 17.5 21

1,500 1,700 2,000 2,300 2,500
0.33, 0.45, 0.57, 0.67, 0.76

oo (B #A), 103, 77, 51, 41, 31
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24
0. 33MPa
2 lo— e ————eo——=0
20
E) . B—
Z18
<
=
16
% o~ —9o —*
"
m
14
12
10 1 1 1 L 1

-22 -20 -18 -16 -14 -12 -10
Injection timing [BTDC °CAJ
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24
0. 456MPa
22
20
z
=18
<
=
oo g
==
w2
m
14;;;F—f———4:::::4,
12
10 1 L 1 1 L 1

-22 -20 -18 -16 -14 -12 -10
Injection timing [BTDC °CAJ

-8

22—

W12.6
023.5

Do
S

—
(e

Biogas flowrates [L/min]
®Gas oil only

0. 67MPa

—_
o2}

BSHC [MJ/kWh]

—
~

M@L

—
Do

10 ! .

-22 -20 -18 -16 -14 -12 -10

-8

Injection timing [BTDC °CA]
X 2.5 BHEREHIC X5 BSHC 0%k

ERERT220THY, I ORESRHAMERIC
£ % NOx HEHEOIEINE £ AF I B W CHEER
KA TH oTze TD XD BN A XA APHEE
HROBE, B0 ER ST 2 ik
NOx HEHEEBOBA» O BEE L B Wn

ik b,

D EofERD» S, BN ER T2 2
LI &) NOx HEH & 3 KIE i 853 2 K,
BSHC IZ RIFTHERD LW Lo, NA 4
B A DIRBEZIEIEAL X ¥ 5 B IR ST
REATLILREZ LBV EHIENS,

b. t#EAMEEREIC & HRE

1) BSHC 0%1t

KBRS T 2 7NV 7 2 — T VRT 4 — ¥
IVESBADMEREIC RUZ T B R T %5, A A

B ANIIRBEEFE DS &\ S B 2 FF D 0 T
BAREEH SIS % &, 1/TFREORBITE L 7
D, HHES NI NA F A ANKRIREED £ FHEH
EN b7, BSHC OBEMMAET % L HEHI L
720 77, TaT N7 a—I VKT 4 — ¥
B% CGS NUuE ¥ 2855 13¥E 0 & 0@ ) %
BRI ANF — & L TERT 2 O THEEO[El#R
Br—BIHRF LT skwn, ZDX5
BRW S, KEOEBRICL>TT a7V
7 2a—INVRT 4 — IR I B WL T EY)
BAEES D SMRENTE B EFH 2 12,

B 2.7 BRI E % 1,500~2,600 rpm £
TEAL & ¥ 72 %4 @ BSHC % BMEP #127R
L 72 o £ AREIC 5> T BSHC |3 R [R5 %L
DT 2 W X DFETEML, R1.71
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1000 1000
0. 33MPa ’\ 0. 45MPa
800 .\\ . g\
= 600 — 600
o Q
S S
X 5
S 400 h\.\ S 400 \\-
200 \\\E 200 G\@\@\e—
0 1 1 L L 1 0 1 1 1 L L
-22 -20 -18 -16 -14 -12 -10 -8 -22 -20 -18 -16 -14 -12 -10 -8
Injection timing [BTDC °CA] Injection timing [BTDC °CA]
1000 @
® (. 67MPa
800 LN =
= 600
Q
&
3 0’“6\}
S 400 \
Biogas flowrates [L/min]
200 [— @Gas oil only
mi2.6
023.5
0 1 1 1

-22 -20 -18 -16 -14 -12 -10 -8
Injection timing [BTDC °CA]
X 2.6 EHEHEC L2 NOx i EOZ (L

R U7 & DA A 4 A DBRBEREE I3 & 0
FELOT, EEEEEHOEIMT L > TN
A T H ADKIRBED % FHEH S CHBIH S &
LCE#an$, BSHC O®MzECks D &
RIS 228, 2 DEFZNIFERE S Bhro Tz,
LU, BEBEEEREDTE TR 29N A
OB 2R TE, T30V F —OEHRER
FERNThE EEZON S,

2) NOx #iHE %1k

2.8 1o BEBA RS D 251k hs NOx HEH & I
Bz 3548 % BMEP A2 /" 3, NOx HEH R IX
FEEA RS DI X D kA BRI Z R L T
W3, L, 2NA 34 ADRHGEDS W, 7,=
31 D¥E 1 NOx BEHE O ERAI B LE T h
D, IHFHERAEEHETE 2 RN A S

AmEBEZI LI ES NG, NAFH A LB
ZRIRRCEG T 2856, N AT RFEFKER
ERBWOTHEEKIZIE LA ERAETH
D, BEEINIZBMOE KD SFEET B KR
Ko TRBEVIEE 5, UL, N4 40 XD
MRS WSS I OER =D, RIEE
NODINA F A A B RBES E 51T OEHE DS
BH S NB VL, 512, BHEKADT OICHE
BEFEOFET 2R SR AKBFLE L CE
BEANREICIE S o

Py A D NOx HEHE I % RIT 3 H5
Hidy ) S NORBERE ERBEE I Th 5
3, BMEP & N4 4 4 2D ES—EDEE
1%, HEEAEHRBIC & 2 IABERE L BT D%
Bid/hE v, L L, BRSNS % &
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BSHC [MJ/kWh]

BSHC [MJ/kWh]

BSHC [MJ/kWh]

BSHC [MJ/kWh]

25
0. 45MPa
20
10 e e *"————”.—’—”4—.
5
0 1 1 1 1
1400 1700 2000 2300 2600
R [EE3R [rpm]
25
0.67MPa
20
15
===
5
0 1 1
1400 1700 2000 2300 2600

HEBIEIEREL [rpm]

loﬁ%

25
0. 33WPa S —
e
10
rﬂl
5 |———®—Gas oil only —0—103 4
—a—77 —0—51
—a—1a1 —a—31
0 1 1 1 1
1400 1700 2000 2300 2600
BEBAEIEREL [rpm]
25
0. 57MPa
20
15 T ——
5
0 1 1 1 1
1400 1700 2000 2300 2600
HEBIEEREL [rpm]
25
0. 76MPa
20
=
E 15
~N
=
=
(&}
j==1
wn
[2a}
5
0
1400 1700

2000

2300 2600

HEREEIESL [rpm)]
2.7 HERAEERE & BSHC OBER
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H2HE e

NOx [ppm]

NOx [ppm]

1000
0. 45MPa
800
200 z e — —
0 L 1 1 1
1400 1700 2000 2300 2600
BBAEIEREL [rpm]
1000
0. 67MPa
800 “\\‘\\\\\‘\\\\\*\\\\\\
400 A
A
200 N
O 1 1 1 1
1400 1700 2000 2300 2600

HEBIEIEREL [rpm]

b

1000
0. 33MPa r,
800 | —®—Gas oil only —0—103 i
—a—77 —0—51
—a—41 ——31
= 600
f=h
S
: &\\\\.\\\\\\\.\‘_¥
S 400 ————
200 :::zzif“_—_ﬁzzzj
k———i——-___*______é______f
0 1 1 1 1
1400 1700 2000 2300 2600
BB EIEREL [rpm]
1000
0. 57MPa
800 \\\\
= 600
g K:
S
>
S 400 q\\ —a
1
20 N
0 1 1 1 1
1400 1700 2000 2300 2600
BRI RIS [rpm]
1000
0. 76MPa
800
= 600
Q
S
3
= 400
200
0
1400 1700

2000

2300

2600

HEBEEHEESL [rpm]
X 2.8 HEBIEEES L NOx HEHiF DRIR
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VTR E L 0, EF EMED R
SHEMET 5 2 ik D NOx FEHE I3 L
TeFEzoNnb,

c. HEAAMICL &

1) BSHC oZ%1k

2.9 BMEP & BSHC @ B % % & #% B
EHEBOINC RS, [ERAFBICBLWTEY ) ¥
NORRBERE B L CBBEE I3 E L, R’BE
[ DINA I B RAFRBED T v
EzoNb, £, ZOHEETIIHEEDREEE,
RSB X URMREEX & >~ O 7 EHE%& T 3oV
F—WKREWDT, BSHC 137 O58Nd 5,
L L, BMEP 25003 % & RBERE - BRBEE
FIndtic BER U, N A A DRBEBSREES R,
I AV F —HEDEA LT BSHC I3E< & -
leeFEZ6N5,

2) NOx HEHiE=DZ1L

X 2.10 I3 BRI B fir D ZE1E A NOx HEH &= 1
KiF 3 2 R BRI R LK TH B,
NOx #EH F & BMEP O & D N A 4 A4
APHEE & 3D S T 72, Bibo X 5
NOx HEHEITMRBERE L MBEETTIC k> TK
% < ZLd % DT, BMEP 03 % & BB
EeESnHEIC R L, NOx HEHEIZBnL 72
CHWTES D, £z, A LB ADEIEDZ
BE21d NOx g B i —E DA 2 7 <, N
A A H ADRFEIEGEIEL T B 2 LR
TE %,

d. WM FHREGRIZ L 22E

1) BSHC 0%k

B 2.11 12N A 4 7 ARG E 2SR
&0 BSHC 2R o 7 DD, TR BNAF
A ARG E OB v BSHC 13383 %, 2
T —ERBRBERRE CHE L S B N4 & 5 A8
BEINU SR & B, NS A A DHEHE
EPD I AR/ S WS, BREEE
WIZZEDNA X B A BT 5 & RBEHE D
BT XD ENEARITY, BB IRE
WELS 2T bbDEEZON, LrL,
Al L OBEEAEESNC 510 T b R ATRER T3
A & H AR OB & > T BSHC I3 L&
¥ %%, BMEP 0.57 Mpa (A2 3/4) Ll_ED
EERFEE Tl1X BSHC O EAEINE L 72D,

BMEP 0.67~0.76 Mpa CIZHIH D HIEHREE &
INA G A ABEEIER E DI KR E L ko
720 BMEP 238 W54 I HRBEIRFE « 1538 »
DTNA XA AWECEHEKLLT 2D, Bl
DOWESTEMEEFE X D 1350 TS K
£ B KRBEENIAL, KRIZBESAEIz A
A A DRNGEDE R 72 B D TEEIM D & D iz
i & 1ZIZE— @ BSHC 2R #EHR & 7% -7z,

2) NOx HEHiE= D%

B 2.12 1234 A 7 A fAG 72 NOx HEH &
W52 28R RT . N4 4 A ABHER O
X LT NOx B I1ZA T 2 EfC b %,
NOx BERAZERTOER L BILKIEIC L > T
FA L, MRBEENORRBEREE & RBEFE 103
EEERLR TV, Ta7 V7 a—T)VEIET
X NOx BEH BN 4 A4 4 A BERS & 0 B
o TETT 35, Zhid N4 44 A 2HHET
L ENA A AT AT 40%E b bR
R L DVBAZELRTWA L, ZOFERBEREE
METEBREL, REEREDNTH 205 Th %,
D. Ta7Z)l7a1a—IIRT 1« —tEILHEED S

BE

a. B

2. 13 13 B BA B % 1,700 rpm IZ B %
BMEP & IEBRESIZE, W] BEINEZIES L O
HE BEUNEGEEOBIMRTH 5, FHElS /- MERE
il 2 R L € BMEP N A o 4 A Fi st
T 2 MERERARR 2 VR L 720

B4 2.13 (N IESRBFIER D2 2 s 0%, —fi
HIftE T & L C BMEP 537 W E L IEBREIR 1%
B85 A KA APEHGE OB & 5 1Kk
BSHR I ARE 4/4 TH % 0.67 MPa LT OFE
BB TBAT2Ea%277T, L»L, &K
@ BMEP T®H % 0.76 MPa (& 5/4) 128
WL, N4 AW ARG RICK & R 2T
22 e L IERBIRIIEWVEE R LTz, 2
FE AR B W TIHRBEEE - RBEE IS
o AT VORBEVMEEINDEDTNA LA A
BHAE R D IERBAGIRADOHEII/NE VW EEZ 5
Nna,

E2.13 ()1 W] 2> & @ BB K % R
L, A 45 AHHEGED % IT EEINEE 13/
EL %%, TNIFRBEENOEREIMENZ &%
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25 25
1, 500rpm 1, 700rpm
20 20
= D\ = M
E 15 E 15
~ ~
= =
= =
\
2 10 210
w2 w2
m m
rm
5 ————e—Gas oil only —0—103 5
—.—77 ——51
—Ah—41 ——31
0 1 1 1 1 0 1 1 1 1
0.3 0.4 0.5 0.6 0.7 0.8 0.3 0.4 0.5 0.6 0.7 0.8
BMEP [MPa] BMEP [MPa]
25 25
\iooomm , 300rpm
20 20
= & = k
=15 E15 =
~ ~
= =
= = :\k\\\%
210 210 ———%
wn w2
m m
5 5
0 1 1 1 1 0 1 1 1 1
0.3 0.4 0.5 0.6 0.7 0.8 0.3 0.4 0.5 0.6 0.7 0.8
BMEP [MPa] BMEP [MPa]
25
, 600rpm
20
= D\
E 15
~
o)
= .\‘\.
210
[92]
m
5
0 1 1 1 1
0.3 0.4 0.5 0.6 0.7 0.8
BMEP [MPa]

2.9 HEBIAR & BSHC OF%
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0.8

A S BETIREIANA AP A I Y s A v—Y a VY AT ADF
1000 1000
1, 500rpm 1, 700rpm
800 i 800
g 600 A = 600
= e
> >
S 400 z//- S 400 :%?\D//(i/. \
200 ?A/ 200 V
O 1 1 1 1 0 1 1 1 1
0.3 0.4 05 0.6 0.7 0.8 0.3 0.4 05 0.6 0.7
BMEP [MPa] BMEP [MPa]
1000 1000
2, 000rpm 2, 300rpm
800 — 800 /
= 600 % = 600 ﬁ
Q f=%
. -/.//J//:éA p /.//?//;/3
> >
- / / - :/D/./éf////
ik %//
0 1 1 1 1 0 1 1 1 1
0.3 0.4 0.5 0.6 0.7 0.8 0.3 0.4 05 0.6 0.7
BMEP [MPa] BMEP [MPa]
1000
r, 2, 600rpm
—e—Gas oil only —0—103
800 | —m—77 —o—51 -]
—Ah—41 ——31
= 600 e
f=3
) ///.//0/
>
S 400 %/,n//f
0 . ! . .
0.3 0.4 0.5 0.6 0.7 0.8
BMEP [MPa]

2.10 BT & NOx HEHE DEIR

0.8
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H2HE e

25

20

BSHC [MJ/kWh]

25

20

15

BSHC [MJ/kWh]

25
1, 500rpm 1, 700rpm
20
E //./
Z 15 /'
\
=
=
210 ¢ =
A
BMEP [Mpa]
—e—0.33 —0—0.45 5
—a— (.57 —0—0.67
——0.76
1 1 1 1 1 0 1 1 1 1 1
5 10 15 20 25 30 0 5 10 15 20 25 30
Biogas flowrates [L/min] Biogas flowrates [L/min]
25
2, 000rpm 2, 300rpm
/////.///‘/ . n/////,////‘/
/ % , /O
~
=
=
210
w2
=)
5
1 1 1 1 1 1 0 1 1 1 1 1 1
5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Biogas flowrates [L/min] Biogas flowrates [L/min]
25
2, 600rpm /
20
;E ,,//////D
= 15 r///,////./,
~
=
=
2 10
[92]
S
5
0 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40

Biogas flowrates [L/min]

X2.11

INA F A ARG & 5 BSHC 0%k
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1000

800

(=2
(=1
S

'S
(=1
(=}

NOx [ppm]

200

1000

800

NOx [ppm]
(2]
()
(=)

'S
o
(=]

200

1000
BMEP [M;
2, 600rpm [lipe] 1, 700rpm
——0.33 —0—0.45
—=—0.57 —0—0.67 800 !
—2—0.76 \
g\\a\ = 600 &
f=3
\-:\A\A\ .
q
>
N «\\x S 400
200 \\*:i/
. . . . . . . 0 . . . . .
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30
Biogas flow rate [L/min] Biogas flow rate [L/min]
1000
2,000rpm 2, 300rpm
AN 800 |
\ [%\A\
[
= 600 P
Q.
=
s\\\\:\\\ - \\;\.:':\D\
\A = \A
1 1 1 1 1 1 0 1 1 1 1 1 1
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Biogas flow rate [L/min] Biogas flow rate [L/min]
1000
2, 600rpm BMEP
—o— (.33 —0—0.45
800 —a— (.57 —0—0.67

—2—0.76

200

—_—
O

0 ! !

!

0 5 10

X2.12

15 20 25 30 35 40
Biogas flow rate [L/min]

INA F A ARSI X B NOx DZEAL
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IERREAZNER[%)

N
o
N
o

-
o
™rT
-
;]

-
o

=)
A1 REEHERIL min]

INAFH RS EIL min]

o

0
0.33 0.43 053 063 0.76
ERFHEMEMPa]

(a) IEBREAGHER

WJER 23 2 %]

0
0.33 043 053 0.63 0.76
ERFHHEMEMPa]

(b) WJEIUREASH R

HEENRAA %] |

e
£
N\
=
1
gzo
=
X 15F
R
*
X 10
5 k.
. 3‘16\.‘.
0
0.33 043 053 063 0.76
BRI F $hE[MPa]

(c) HE[MEUREzhR

2.13 EERFEMESEGhER I RIE T HE

R L, NAZHAEFEIC LD NOx HEHE DS
KT T 2HEELHET 2,

[EIE 2.13 (c)ix HE 12 8 2 [FINESIK T H
2o NA & H AHHE &S 20 L/min, %7z BMEP
73 0.53 MPa % 88 z 72 fE8E CEINEAR 1T K &= <
o TWwb, ZHIFHIET TR~ & 51z, KK
A OBEINEERIC X 3 EROPERE T
FHREE-FEE L, HE I X 2 BINARE 281 ¥
lbDEeFEzZHND,

b. BIERE

B 2.14 ()i BMEP 0.67 MPa 281 %,
BEEIEREL & N4 4 4 ARG EIC & 2 BERE D
%3, HEAERREL 1,500~2,400 rpm 12
BWTNA A A A% 10 L/min DA MG 2 &
HREE ITIFIE 0 BV EE D, NA4 5
A DHHEIC X 2 BERE OEEIREITD S5
720 HERARERE O A = FIEEEK 2,600 rpm 12 B W T
NA FHABRARICER L < BERREN RV,
HERAEIEE A 2,600 rpm D & 5 I EWIEE X
T a7 N7 a—T)VHOBMEEHENSZHEL,
BB D H T I3RS % 728, 2SR I13E A ¢
2, LIzioT, YV YFHNOBERRICIS
TARERRBET 2 BIM O A3 7 » B
BENEL KoEHZEZOHNS,

BJ2.14 (012 BMEP &34 7 47 A G 8
& % BERE OZb 2R Uz, B0 A 0ExR
DEE1E BMEP O NN v SLUEE FE A3 80

0.67MPa

NA FH R 1800 [E]#x4% [rpm]

7
4R & (L/min]

0 1500

2.14 BHEERSE SR RUE S B

L7z28, NA 45 ZADOHHGEI 2 5 & BANR
FEIXIZIT 0 % % TR LTz, BEERETR ORIz
£ES BEERE ORI, BER S - RIEE O
5 b R A A 2 B S o R C B L
TIREPIEFRET 2 Z 212 & 250, N4 T H Af
FEDHEIS 2 & FIRAREIF O X & REDHE
L, #&7E BMEP %23 2 DIz, 2 048 o
HHEEDIE S S N5 2 &I & 0 B E A2
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B U CREEEMET T %,
E. ¥ & &

T 4 — YRR 2 N4 4 4 R L & BRI
HE L TRETE 2T 27V 7a—2 VR
T 4 — X ICHoE LTz, N4 A4 X DG
I FRAGHG AR 2L, x2 v TR
ZDREVABNAZTHAE LTRAL, B
RHF W] & ZEEXOIRE THh % HE »
SEEEINT S HRE LT, ZO& S cduEL
7o T a7 V72— VRT 4 —¥)VEEES % FIF
UC, BRMMEESIRE, MRS, A A AR
e, MEIamNEER I T TRE R R
L7z,

T a7 N7 a—T VAT 4 —XIVEEIC N A
F AR ead 254, BWEHNKHE R 5
ZriZ&D, NOx HEHEIZRIE NS 5 K
M, BSHC W RUZTHEIZ/ NS oTze N1 4
HAETFT 2T N7 2—T VAT 4 —ENVEEE D
BRELE U TR & % 72 902 138 BE B s 501
2,000 rpm AT DS H3/NA 4 A O BRGERERE &2
RTE, AV —DRFEEMLEYEL L
DHRETH 5, AR T 2 & REER
JE « BRBEE 183z BER L, A & B A DIREE
MEHE S T 2L F —BERITED, NOx HEih
BEREINT 2R E R 0Tz, N4 A AHHER
DN & - TR, RETTSA Tk BSHC i3k
B9 298, ARNEK4L/4 OERARTRELZEDON
AFXHABHAE L TH BSHC 1ZEH D A DE
R ZIZEICTh o7z, &2, NA AT A%
BGT 2 ENA AT AFOZBALRFIC L D
FEEMMET LU TRBEIREN T35 DT NOx
PR R 3 U e, BETHIER > S O EINEE X
FEBEIEAR, FERBIET, /A 44 A= D
Iz k> TEL B aEAZRL, BEREZ N
A B A DB & > TERIHESH BT 5
DTO%ZETEAL T,

III. /34 A+ XF CGS DEUE

KRETENAAHAOBENFHDOI», HiE
DOFERE2SF L L, BR/NT + — ¥ VBRI
B &N A A A RERFICHEIE T 254 T4 A
Aa—Yzixv—yaryA5TA (CGS) Dl
VERIT5 120 T 2 7NV 7 2 — )V CHEES %2 38R

3258, KEroRET LI ANF -2 LD
SHERPNCFIHA T 5 7 012 13 %2 CGS k3 3%
DBEFELW,CGS LiF—oDxz AV —%2H
WT 2R EO " RIANF -2 REIE D
YATFATHY, TALVF—OFAFITHL TF
BRTANT =2 bFAGENL WS, &
[T INF —~DEHE £ L%, % 7z, 1R
5 DFERR RN T 2 BB 2 AL T
INVX—REFET B, FrZ, BARINY R T A
BIL T OWmE L e A L LTiRE S 1
8% W] £ HE 2859 2 WK Lo T
WXL, C OWEHKBEBIRARS > 7 WO
B HRES 2T L 2 8 5 ¥ > 7 NOKITERET
AR CEANDERZH S,

ZDEI BRI END, RETEINNAL A%
MELE T 2T 27V 7 2—x )V CGS O HLfE
PEHEIE L, N4 A4 A CGS I3RS, 78
BB, FeEIEE, EERWEAKY v 7, il
R E TR E NS,

A, #EEEnYuE

HAEE (v ~—7T 4 —¥Y L { &
NFADGE ) 1213 2 & $4EM U pfgesE ¢ -
12 EERT — 5 OWERAD Tz DI 2 ZTHEA L2
FEEH & [RIHEAR O BB 2 BHR U CEeE 21T 5 7,
HEEAREB O EEHRTIFRTHI OFK 2.2 IR LT fh
BREBIUTH D, £z, XA AT ADHIEHE
2ELFA—FETH 2 TFRAMG AR ERAL
720 B3 1TIWCEWEL 7284 4 4 A CGS D4
FHERT, A A A AR CGS 1K & < BEBEES,
FEFERRER, FATHIERER, NA A4 7 AHHEES,
HERIC XS a3 b,

a. BHEHSHEHEE

HKERPOFKET BRI ANVFT—DEREL
BB UE — B MR 270, BEEREIERE % [E
ETLHEND L, AETHENL - FEHEEI
3,000rpm T100V, 50 Hz #H 13 % LS5«
BESN TS, LL, H2ETOEERRRE,
INAFTADEIRIC L 2T 27 V7 2 —x )V
BT 4 — ¥R X 1,700~2,000 rpm T
BEOE WA 2R L TWwW B DT, AECTIIHEE
DOEfEH % 1,800 rpm IZHREL, Vb &7 —
V2 & D 3,000 rpm F THEM L THEBK 2K
T2, 2OLD GG TEEBORIREE
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b) E=F—FF74/)N—
3.2 @HEsERE X7 L4

1,800 rpm IZHERF 3 2 7- 011X, BRI D [alHREL 1) HEEE [EIEREGETHIES

WEDLY CHENCHHE T 2O R 2T 2 BEBE MR BEHHIER I3 7 &~ 7 Einc i S nuke

B D 5o O—% ) x>y a—% 9o —EREDO OV EE
B 3.2@) ¢ OICEMBHRERE 2T A2R AUV INT3IECHEREZHET S, EiEL
L7z, LCika—s ) xz>ra—% (OMRON ##,
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E6C2-CWZ3E), & v ~ % i—F (INTER-
FACE ##, PCI-6202), 2 > € 2 — % 7 SR
INTWnb,

u—FVrra—¥hrosRZHEES (190
A /EE) &, AMES (360 2V A/[EHE) 235H
J1d3Nnsd, COARBSZAV Y I R—F»b
FAIRAAT, AVE2—F 05 EERBIHTT S
N3 E3CHREL,

2) RIS SRR

AT wEYTE—FIZI D BREESR A N
PEEL CRMES RO 21T . #EEET
BERHELCHSAYEa—FD7ra s 5k
TAT v Y7 E—F —DEERHE L AHE 2R
EL, ATvEYZE—F—arba—LKR—
F (INTERFACE ##, IBX-7204) ZAJ1§
5, SUWDEHDOFZA4N (A I E—
& —#&l, UDK5114N) S5 AT v E V7 E—
I —IZHIINNVAE L TUEEEED, E—F —
FHEE S N EESTE - AELZDEERL, ©=
T YT LS THNFOBERITS, HNF
DEFRITIEY T v bAA v FREEIN, AN
T OEEERSBHHIFALEZ 2 L AT v ES S
T —IFILETEXD L 51 L TEEMR
2%, 7B, HWNFTIEADRAAL v F 2RE
LTAT Y EYTE—Y —Dili=Y]5 2 &
X0, INFOVNN—FHTHHT L L%
ATREIC L7z, 3 IIWCATYEYTE—F—D
k%R T,

B. BEZNEE L

T a7 V7 2a—x )V CGS X RAKET, *
B, BRKHEBRD LS K2 TOEBE—>D
DEERITHER LTz, FEBRIIEE» S 0%
)V M2 & o TEEN L CBXE 9 %, #EEH D [RIER
#ix 1,800 rpm, FEEEALIE 3,000 rpm WZEE S

K31 ATy ITE—F—DHET

A —h— Oriental Motor Co.
il Ve UPK564AU-TG30
R AEIE v [Nem] 4.0

HARZT v 7H 0.024°/STEP
HJIE G 1.4A/#8

ToE L 1:30

AR [Hz) 0~15,000

NTWwa7, WL REROMICEZFSAT
W3 7— ) OERLE 53 TEREFL THER
DOESHEE 5 Tz, ~UV MEIR Y v FRMELL
DL WREN D ATRE R BT &~V b R ERA L 72,

%7z, BIAWOHIENI N BRI &fr o T
DIF[RE & 75 2 BIMETIL Y 4 7 O & fiikhiss %
MLz, ZHIEHRERED» o FKET 2BRICE
Y% 0 » o HEME TR S CTAM 2N
LEBETHD, 2O XS CARETELSMZ
TeafiEE, B AW TEIL 2. % 3.2 12
FER L ARTIEPIE, £33 WCE N OETE
R, M3.30@~uEEEBEDEEEZRL
720

C. BEUNFRDEE & FlfH

Eo2BDT 27NV T 2a—ITIVRT 4 — IV
B2 & BRAH U 7o BACHRER 1T B I O W HIAK 2 T
LT WJ & BTHagah o BRI L 721, £ 0
iiﬁ&?%ﬁﬁf%%OZ@;iﬁﬁﬁwﬁ
THEN S EBTT— 8 CERBEE2EE L L
T, ARETITE D ZEENLBEIERE O BEE
Hiy & U CIEBRREATHLER D YGE 21T > T2,
AR CHRUE L T 2 ZEIGR O RS B % X
3.41ZRT,

BIRNBTH R T LA

WHIAKZZ YO W] FHE2rS VY
NIZA3, 22Ty y D W] 2§8&L, =

F3.2 JEREM, AMEFROEEHET

FERE = PEiL e
A= — Yo — HLIZEESE
I, YSG3500A-6 RZ-100-4B
ERGH ST (&) [kVA] 3.5 4
BE [V] 100 100 (AC/DC)
Ei [A] 35 OFF 2~40
F¥E [Hz] 50
i B
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£3.3 ®WhEtOoEEFHT

A —J1— H & A0

I 3166

HEy >y [V], [A] 600, 500
BEIASIHE [%] LY D10~110
LESiTWabee RMS (EDERHE)

AT EE [MQ], B Q] 1.3+10%, 0.8+10%

(@) (b)

(©
X3.3 JHEH, armihis, Shstoer

YR L 2 BO—E BN 5, RicZ %o WHIARDA — N~ — s RFGILT 2707
DEHIK 2 PGB L, PR A5 VI —F ZREL, WAKOBEELHK 80°C i
PESIEEO—E %2 —REINT 5, ZOHREBR 22 LEWR VT (2 v 8 78, SM-105) ©
KE ¥ 7WCAY, BBEKS > 7 AOKEZ S HEIBEIRAIC & > THADKS 7 ¥ = — 5 2l 3
BDTHVPLY YYD W] NCRLIERATH 5 XYV Z Do wHIARIBAR > 7 Z2HH



ARk BTN AN A IV 2 xV—Y 3 Y Y AT ADBF 143

M : Valve(motor)

P : Water pump
T.C. LP.: Injection Pump  S: Valve(handle)

F.M. : Flow Meter

T.C. : Thermocoupl
P.S. : Pressure Sensor

Hotwater

Hotwater Water
Supply Inlet

.C
Exhaust Gas

* Measurement position of unburned methane
@ : After Combustion Chamber

@© : Before Heat Exchanger

@ : After Heat Exchanger

Heat Exchanger

Exhaust gas

Synchronous
Generator

Biogas

Diesel Fuel —= ,:JJ

Air Inlet ‘L] Surge Tank
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A —H— IRAT Y7
ik LD5-TATAAA
I [L/min] 0.3~3
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BN O O SAEHIRED B RIREI S D 41 EL %
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KA1 EEE
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MRS [BTDC °CA]  12.5
0.60 (1/4), 1.21 (2/4), 1.81 (3/4),

2.41 (4/4), 2.66 (5/4)
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WAk E [L/min] 3
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O
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0 7 7
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20%

Gas oil supply [kW]

Methane supply [kW]

R 4.1 A A7 ABEHEEF & B0 AEIRE I B
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WEXAINTREET 2 -H 2605, N4 F
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Load
o 14 —m 2/4 34 o 4/4
- 0.06
o Biogas : 20 [L/min]
< 0.05 Methane density : 60 [%] |
T
O
3 0.04
g — .
23003 — =
C
3
S 0.02
= T
& 0.01 — g
=}
[on
< 0.00
After Before Heat  After Heat
Combustion Exchanger Exchanger
Chamber
Measurement position

X 4.10 KX > OFEBREE

5 il T & % PESHSBAEC s D BE & 1l
LU THRET ZELINSB L EREOZE THR
BEL TR E M 2, PESA A & LTHRE S
NBKRRA S > 2D IR 572D ITHER I
L ORMRA S DRAEKIGZEES DL LD
—FHeFzOND, ZTOKE, SR
ERIGR  TORS 2 HKIRE) L BT RS
L3N, HERBEEIIER o O EINEE2YE 2
%72 CGS DB HIEIMb AIRET H 5 £ %

Pollgtants NOx : 335 [ppm]
in

SMOKE : 0 [%]/

ZoMNb,
F. /N1 ZFH XFH CGS n#EhE

Bl4. 11 AW THIEL JoNA A H A
CGS DHHEZ T AN F — 70 —TRT, VAT
DHHE LT NA A H A LD AV ¥ —&
2100% & LT, ZhIZHT 323 F—5h=
% IEBRENSNEE, FEBIGRNEE, [BEUNEGIEE, &
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720

c. BIEE

WA X AT DO IR BB & > THREI S 1
=y 7ariAv, RSEELFOEEY
B < 72 12 24 O RS EIER 2 A L CEOE R
FTHHIZRE S 2 L2 k> THRORE %2 HH
U7z, G HE OB I MABE B RT O RS 1 2
BEINTwWaUOFay —YRIEER GtHEE
&, PGM-1KGM46) =Hw, 77 v 7 A&
1" BCERE 10 A 2 iz o n T 3EOHIE %
To THFHERR STz 2 —06DEFIR
O3 ARES GERIESELSE, DPM-310A)
EHWTHERL, EHEE® ADZ#L &
$k « TRz, BIEEOBRE XTI E B D
FEERE 2L S 2 Z L ic L DL,
B. EBEHH LUHE

K NNEY, EGR, G033 4 4 4 A CGS @
MR RIZTHE LR T 570, BFHFETT
BERE % 3R U CHERE & RBEEFR & T L 7, E
BrCl, HEEARES X AR 2 —EICED,
NAFHALBMOBEGHEE 2, BUHER
(BSHC), #E5A ARGy, BINEZHIE L7z,
7z, WRHFOMRFEE 2 HE L T EGR FiC
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L 2 BFRREOE M ESHL, BERHFORMR A
7 BB REIE LT RA Y OMRBEEE 25T L
72o

£ 5. 1 ICEBREMEER T, N1 44 ADHEHG
#13 0 ~20 L/min (X ¥ > ¥EE 60%) % TN
XHT5HOMEERIT> 72, ARMEIZ1/4 (0.6
kW) & 2/4 (1.2 kW) OIEATFICHE W TEML
72o EGR &38#E12BIL T 3/4(1.8 kW) & 4/4
2.4kW) OBEAMIIBWT Y ERBREEML
720 WRNINERF DR SR 1% 20°C, 60°C, 100°C
D 3EFEE Lo EGR EIX 0%, 10%, 20%%
X O 25% D 4 ZKHE, EEGEIZMEAG, 10 kPa,
15kPa, 20 kPa @ 4 K#¥EIWCEE L 72o EGR ¥
(Veor) I ZRBER RS R IS 2 FHER S hie
PSR, T b bHRARE OB E TRA ZF]
AL TRD I,

Viecr = VOI_/ Va x100(%)
0

(5.1

22T, Vo 3EGR 220 W& DR E
(L/min), V, X EGR 2 »J7:8E& 0 kK=
(L/min) T» 3, %72 EGR & & 0 s,

RSIRE % 25°CIZ#ERF L 72 COLD &t & 60°C

@ HOT & L7z,

C. BIUMBDIE

1/4 &f, 2/4 ATICB W RIS X 3
T a7 V7 a—T)VORBESERIR %K 5.2 ()
~AIZRT,

9 1/4 AREORBRCBEL THFET % &,
H5.2@7N58S N XN, 4T AL
B, RSHNEAETTS 2 &1 & > THINERIZ
D UTz, Ei2, BWHERORAEZ, B2 13N
A & B AENIEBH 42% D5E TR IES 80°C
W ERT 3 Lz 1.9 MJ/kWh RREE A

®5.1

L7eh3, /XA & # AFIE D 75 %6 K O B 13
#19.0 MJ/kWh T, /N4 4 H A OEIG ST
IFEREL ke pfHMERLIZ, L L, B
D HDIEE DHE TS % ML U 7 W IRF O 2A0H
ERPMEPMITBENMERZ R L T b, ZHERK
BED LA o BENED T 2 & IR EEDS
WY, BHMOESREEICE Y 2 B8] VD%
{5 ZEVFRREREFZ 5N 5%, BIHERD
&I 3 2 IE %K 5.2 b)DENFEEE D & 247
T2E, RKEIEAT 3 Z L1k > TRGEE
W EH L, FH KB A ATDC 15°CA 2 5
ATDC 7°CA ZH#EAT %, 72, ARNESID
BEINU CTRRBEREE  FRE L, MRBEREINE < 7%
289, Z DFER, T2 7NV 7 2 — T )V OBREEDME
HEEN DO TRKEE D EFIC X 2 BGHEFRIX
WO LIZbDEEZONSE, UL, ZORREE
BEOFHIZX5.2 (00 NOx HEH & 2 #ghn s
FEEREL 5Tz, N4 A HAEEREVEE
@ NOx HEHE I BRGBED LHIC L > T 35
MESHEMU 720 X ¥ Y RBERIZR R INE
Lo THEMU 72 WSNENC & 2 IS & OWD
RN D/ NA F 4 ABRE R AR S € %
iz, BBEREDO LREELCIELIDT, N
AT T ADREEDERIL LI ZLicksbDL
WHIS Nz Ta7 V72— VOBFEER
(RHR) 2 5 HiR U 7o fE R OMEE 21T 5 &, K&
KB TIEVL 70 WIS IR RIS R bER 1 %
ARLTWEY, BRERELE L 25 L RHES
12 & BUTHIREER 12N A A A A LM DOBEAER
WRBEIC & 2 FRBEHIVHENTWE, 2D kH 7%
TRBERFIE DFSR, RIRX & V25D, BHER
BB LIzt EZz o605,

2/4 BTREORER b, 1/4 AT & R OER

KBRS

Operating engine speed [rpm]
Electricity output [kW]

Biogas flow rates [L/min]

Methane density [%]

Cooling water volume [L/min]

Intake air temperature [°C]
EGR ratio [%]

Supercharging pressure [kPa, gage]

1,800

0.6 (1/4), 1.21 (2/4)
0 (Diesel fuel only)
5, 10, 15, 20

60

3

20, 25, 60, 100

0, 10, 20, 25

0, 10, 15, 20
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60°CE T LA LIDT, AETIIEEHTERR
BEE% 60°CIciREL T, Zh% HOT EGR &
L7z,

1/4 &1, 2/4 AR BWT HOT EGR %)
REFARERZZRZNK5.3@~@)IZR
T,1/4 &I EGR B2 H o % £1¥ 5.3 (@)D
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EGHER (BSHC) IXME L, A 44 2ADEE
BEWIZEZDEBIEIIAE %D, EGRICX
% BIH B O i KRR 1347 9.5 MJ/kWh T
bote, £z, B5.3ONTRTEFEROMEA
%#H 2% L EGR 2 J2wigE1d ATDC 15°C
A TEKDIEE 573, EGR F3 25% D54 1%
ATDC CA TEKEIED, HXEAVFEL K
D, BRERODE—I7 D LEL BT, 20D
k912 1/4 & Tk HOT EGR #1795 Z &1
FoTCTFaT7 V7 a—2VDEKBENEE 2
& HNTIRBERE BN L T A 5 > OBRBERDS |+
B, FaT7V 72— )VORESIERITUEE X
N5 LE2WRL, TNEHERY AFORR
RYUDEIERLTREET 2 2 &, BEOPER
A BRI ERT 5 2 12 X D IRGRED
ERUCEKBIGBSR £ 2 & 4hic, WIHIRREER
T OMRBERESBENN L 72 C L1 X % HEHI &
N5, —MCEHEER CRSIERE * —E I HERE
T 28546 EGR EX#INT 2 L RAF OB EE
BRI X > TEKEBNBSEL 250, NA4
H A 2 HHET 2854 EGR KON & - Tk
LB D EFNA 5 A OBREE 2 LS ¥
LREREKENIIALELS R, K5.3@IR
SNTEIWECAY VRBERITE L 2%, 5.3
(NZ NOx BEHIE 7R L7245, EGR EH388009
% & NOx HEHHEIFER L, ChixBRKRCE E
NEBRPZMBLREL EORIEEY A DN
&0 ERBEHAM O RBERE ME T L2 F5R T
b %, EGR 9 % & NOx HEHE DKk
PRODZZEFEISHMOENTEY, NA 4
A ABAERF I D NOx HEHI R IZ AT 5D T
HOT EGR 7 2 7V 7 2 — T )V EE D B
ik & Iz PRSI S IC b RERI 7 H ik
LEZoNS, £72, EGREZNITB I LICED
WMAZELRCEENIBBREMET T2 eh

BREETho7:, ThENA 45 AfMtlER
WIS 27 OB > THRET D
FIVE—DHEINT 2 DT, % OERIMOEEH &
KD T &I & D EEEEEE D U TR
OFEPIF I NI LIk 2 b LHEHIS R

%88)0

2/4 ATFEEIZ EGR 2175 £ X 5.3 @)D EH
BRIER T % 2, mAAERIE R 2.5 M]/
kWh T, % OIEJRIEIZ 1/4 Bk L 0 I3E,
% 72 EGR OB & - TH KB L H
72D, FIHIBEIERILT 20T, 25D
BRBEFR T E S Tz, B5.30@E@ICRL T
NOx #EHi & & B EMEE OEM L ik
1/4 AR E R BRENE SN TV, L
U, EGR E2 25% D5 1354 4 7 A BG5S
F< T h 1/4 ATl X D EEEE S - Bk
S M—ERARREE L 72 2 D THRERHEH Sz b
DEFEZH5ND,

5.4 D) L (b)IZ 3/4 &, 4/4 AfTDEE
#2381 % HOT EGR O E 2RI, HIZET
AT & D WCEHATRE TR N 4 4 A DOHHGE
DBEEMLTH T 2 7V 7 2 — T )V DORREERIER T
FEnotz, UL, HOT EGR 2175 2 &2
FoTELTOBEOENKLDTT 27V
7 2 —TVOMBECERE R 5 2 2 TREEL b
%, EBICK 5.4 D@7 SEHO A2 L R
1213 EGR 28 L 72358 OBIEBE RN L
ER Uz, ZHIBHTERD & 512 EGR # A »3it
Mraniagy, BRIEEDRK S O CRIHOREEC
MBEE T EWENED 20 T L h SO REE
KPET L CEMBERIEML:EE 260
2, L L, NAFHADEEHEVEE X
EGR XD & 2 BWHBEROE T IZEH %
Mo lz, ZHUKMEAFREE L F U < RGO EE D
FRST 2D TNA FHADOBEEDEREI NS Z
L, EIERT 2RRA Y > OFBREEC X 5%
ORI X 2 B OBRBETEAL L AR T 5
LB bDEFEIOND, —F, K5.40)
DONOxHEHH = ICBI L T EGRE D LRI
X o TKIBFHAYS 2, 2D X 512 HOT EGR 1%
FHAFMKICBL T O BHEERLER IV
235 NOx HEHE % B T & 23R 21570 6 1
%,

PLEDO#ER D 5 HOT EGR 1315 & 1 i fx
NA AR CGS O HRENE & NOx BEH &
BRI IRCRIE R D D, HERE A W TR
Er PR SN 20 TINEEEEZ L IS
BEENE NS Z L bR LB,
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% EGR # A 2 €& % T¥HIL 72 COLD EGR
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X 5.5 @0 1/4 &k, EGR RO X %
BUHER I LA T 2EAE R L TW 573,
FOEBFHRANI.IMI/kWh Th-o7, %72,
EGR RO X > T&EKFtEH ATDC 15°C
A»5 ATDC1IYCANEENT WS, ZOF
JOENDSENNT 3R & L CRRER T O HE
EDOBWANEZ 515, ZD L) ICRKEE
ZHEIRIZHERF L7z COLD EGR 2175 8413k
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KRBT 2 2 Lo, FEROICBHEELENE
FEBLZDDEHEHISN S, £72, K5.5()
RS A Y RO _ERICBI L TIZ R D
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KDL LT, N1 4T ADEIED 60% LA
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BHIGENZD LE L &0 W1 3 5
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BEGHEROBEN E A ¥ VIRBEROE T I3 H N
7 IFIF—EOMEE R L TWw5b, K5.50)D
NOx PEH & ICEI L T i3 EGR RO hic -
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BINDARTREWIE EBRNE « BBERED LA
20T NOx HEHEIZBEINT 2 53, HER A A
DOFEERIC & > THRBEREET L NOx HEH
BWEA LI EHEZ oS, K5.5@IZRTHE
SR IX 1/4 AR & FRRORRZRL T
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5.6 D@ EMIZ 3/4 &TF, 4/4 AFRTOEEA
ki B 5 COLD EGR D& %R ¥, M
D AT & 2 EERRFIZ 13 T OB SRR A 1
ko TEGHBRIMEIM U 72o 72, NA LA A
DEIEHE WSS S EGR RO & % B0
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FEER b DTIEEro7, LL, K5.60D
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NOx #EH R I L TIZ EGRE D EHI1C X -
TRIBICRA L, ZHIERMET 212 & 5 TR
BEHARIOMRBERENMET T2 1k 52D T
»%, 20X 3512 COLD EGR B EAfRICE
WTRBWEER ST LR S, NOx B
HEOHIBIC IZZIRETH - 72,0

Z? &S5 COLD EGR BEATFTIZB T 5
T a7 V7 2a—T ) CGS DESNRBFEITITA
ERENED Sk wh, NOx HEHE DK
BB L TR FEO—DOTHL I &k
TR L 72,

c. HOT EGR & COLD EGR MLt

EGR 3 25% D56, TR D/NA 4 A A PG
E&12h3 5 HOT EGR & COLD EGR O
BEM5.7@~@WRT, K5.7@IRLTz&
512 COLD EGR %5 % L BiHE= X HOT
EGR O&EIZ EDRBIIENBF SN LW &
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PRBERFE Y D IE EFEER IR T % b 00,
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X 6.4 1287 B & BRENEHIC & 48 % R
9, BITEMOEINC & > TIGSHERIEE L &
BEM ZRL, BENTA—FFME T CENH
filixs 17.6 F/kWh (4.9 F3/MJ) BUFicx 3 &
IS Y o £k B DT, BHEMEDRRILEAM
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7
0 2 4 6 8 10 12 14 16
E (F], B [F/M]

X 6.4 FE)7HAM & BREERD N A A A H CGS
DOIESFeR I BT T 2

BRSNS 5, UL, BHEMSE
ThEn 213 EPGEREEIIR LA L, Bt
L7 OBHEMS 1 MHEL &5 2 & TP
B3 13 AH/M] 3o LR T %, £/, BEE
BOBINZ X > T HPEREBIE LT %,
ZDEI R LN LA AHCGS D
fE, NA AR kﬁﬁ@ﬁﬁﬂi Z N4 A H A
CGS DREFHICIZTTHEN R KIS WERK
ExhZ k?ﬁ:%ﬂb?gfto

b, F/NFA—45 OEEFEERIC & BUNESHE

#

F6.1ICR LK/ T A—8 OILHEAE &
(6.7 HEHT 2856, DESHEHBIIH 48 J7H/
kWh (13.4 FH/M]) £%0, ZHIFHEMHES
LIz D DNA A H A CGS Mikg B Hy13.4 F5
FI/MJ BLFIZ 72 % &R MERL AL O S 081%0F
WETEXLERERT 2, LoL, AETH
R U768 %03, BAEINEE, B o iU
BIEBHAY X7 LOBRESFLLTVRED
T, B UG EOMREE L D 3BV & F 2
5Nd, L7cdioT, FED XD EWIEREE%
BEMEOFMCEA 3 2 & DERERIT S 51
ERIB b FHaND, £/, baloH#E
B2 LB E/N1 4 4 AH CGS ZEMHD
HCHERT 2 ERSHEEII—0.7 HH/M] &
%0, NAFH A CGS DREFM IR T E



180 TVBER RSB IR S B 5% B2
%R 6.3 FHE - FETHGNOEANA 4 H 2 CGS i b5 Tl
BIOCGS # A
gy TEAATA HATED 2 & BRI CO, gkt
e '[EJEE]& Felb it BIOCGS & fit [J5F/15%4F] [ton-CO,
) [m3/H] [kW] EHD EHD /4]
EEREE-(i5 Se R
25 55 5 240 —950 29
50 111 10 480 —1,900 43
75 166 15 720 —2,850 65
_ 100 221 20 960 —3,800 87
S Ua 150 332 30 1,150 —5,700 130
200 443 40 1,930 —7,600 174
250 554 50 2,410 —9,500 217
300 664 60 2,890 —11,400 261
50 38 3 150 —580 13
100 76 7 340 —1,320 30
150 111 10 480 —1,900 43
4 200 151 14 680 —2,640 61
(2L E) 250 189 17 820 —3,220 74
300 997 21 1,010 —4,010 91
350 265 24 1,160 — 4,540 104
400 302 28 1,350 —5,330 122
500 97 9 430 —1,690 39
750 145 13 630 —2,480 57
. 1,000 194 18 870 —3,430 78
1,500 290 27 1,300 —5,120 117
()i29] _
2,000 387 35 1,690 6,650 152
2,500 484 44 2,120 —8,340 191
3,000 581 53 2,560 —10,090 230
W ENS Tz, £6.4 FHEH1HYYOERIEHE
c. BERBR~NDEANIZL BB MM ¥ [ke] FRlke] &atlkel
ab—rar WAL 514 13.0  64.3
BIEI DGR D & EBEOBZERFKIT/NA XA A At WIEELE 35.8  13.8 49.6
FICGS # M A3 2 B & DRFHECHET 2 v HRAE 119 6.7 24.6
Sav—vavERAR, &8 A—F O 2iARWE  17.8 6.5 243
i 6.1 CROE LR e Lo, T 2ROLE B0 6T a6
AEOFMS T arv—varvidhb FTHE e ) 3' :
o . ~ \ W A . .8 6.0
6.1 DX X =% OFEAEIC X HERT, £H FIEK 3.3 7.0 10.3

HoBEAMEOEICE> Ty T av—y a vk
RBYyEbbI b, ZOYIal—yay
BEEERTRAET L TV AREDEHE - fEHE
BONZATY, e ERFERE G2 R L 125G
DFRNA A B AFL T, BATRED N 4
A CGS F&, MFIEDOREREERE6.3ICRL
Tzo Eiz, FREEAI1 HY47D O5ARBEHEIX
F6.4IWTRLTZ0, 72, 2 TIREYE R

fifi 238 09 2 B8, N4 4 A A CGS » & 4
SNLEHOEELZEFKHEAT 25 LENIE
HAFRET2HEO DD EFHE L2,
EhroRohd X5 CHEASZEBEL TV
BRROGE, 50 EABEOREFK T 10 kW (36
MJ/h) A A 7 A CGS DBEAMNTFFET,
BAERDOEHIAM £ TOMFIRIF 480 TH &
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BB, LinL, NA A XA CGS »oFET 5
BN R BNEHATEET 25 G5 IR ABEERDOMHE
HEARITH 2 15 F/IFY 1,900 JTHOIBFR 1 F
ET BT EER%B, 300 EHBEDESE TIX 60
kW (216 MJ/h) fROFANTE 2L Z S
FIZEIR 2,880 BT &Y, Bz 3EE
PR A3 2,880 T 60 kW kDN A #+ 4 A
CGS 2EAT 2 X 15 BB T 2 2 L TIBEA
EOEINHSATEE, 960 FHTHEAT % £/ 5 4F
THEINNARETH L Z L 2B KT 2, Ll Z
DEE, HEEEEFRIEEY T ICEB ISR
Ho T N2BBNEMDEH T CEET LI &
W27 % LAY 760 THOIBE LR Y, XA
# A CGS DA & 3R R S N4 A H A
FHCGS ZBET2 2V y bERWVWEEZ O
Bo LIz T, NA A H AR CGS » 5 DAEFE

ZEHFKHEERED L LCHET % D0%0E
MThY, BT —a v /8D LS4 F
HATZ v N oEESNGENZ LY EMT
BEAL T M2 ARHIENER I NS,

REDEE AL LV FKET 2 HARDED
WY, BATEX B3NN A4 AHCCS DERED
W& %, BlZIE, R 350 TR D BR S
BMATE 354 4 4 A CGS 1% 24 kW (86
MJ/h)#ETH Y, EKOFEERFK TIE 3,000 FEH
EEDOHE1F 53 kW (191 MJ/h) DA DTHE
ThHb,

1) #4100 BHETE B—ROBAL

AT TY I av—ya r LERD
AN, ENTRAFOBERRKPS WILHEED
Bl % BARHNC RN 2 Z L2 3, JLHEEN DS
FERR—F 472 0 O EEEEULA 100
B THD, —HODSARIEHEIZH 6,400
kg 1278 %o PSR 200y BB L2355, &
EERJRE /RN A 4 # A B3 KT 220 m®/day T9,

BANA A H A CGS OFERIT 20 kW (72
MJ/h) & 3&E L7210, [ 6.5 ICHAL AREH

5ODINA F A AFER L BAINA X T A8 D
EETRETH 2 EH L BEOBKRER L,
WNAFTHARCGS hohFEENIENZH
REBET 225G, YIalb—yaricks20
kW N4 & A A CGS DR EME & RAE
AORESH L OREFRERXK 6.6 D@, X 6.6

LA 10088

PR ¢ 158
= ZESRE : 0.064n°/day
\ 4

1B ERHEHE : £96. 4n°/day

¥R In®
NAFH A : 34, 6m°

NAFHA
S B :2.2kW BE : 3. 0Mcal
\ 4

&7 : K9484kW/day

& : $9660Mcal/day

\ 4
20kWiAk /A A A7 A FACGSTE#ER FIBE

6.5 #RE»PSZINVF—EFEETO70—

N IFEFEER 2B RE T 255D
A & H A CGS OB FEE L HEFHDO R %
a~L7z,

@)Dl LIPS TR FE D W IR A B AR D
ENEHCT, WHEEEEFREEDEA T 284 4
A CGS OFEME TH 5, M SHHS
X WCHEALEROEINER 2 15 £ &
Licit, REEN*AREET L N4 H
A CGS » 6B 602 BTk, T 72bb#H
ST AT T BN A A A A CGS D 3% E ik 13
#1960 HF L HBAS Nze F72, BIRD L S 12
INA FH A DESfli B HE L kWIS ORELE
METT % & L, 1389 218 75 /kWh (60.5 J5 14/
MJ) &£7%%0, N4 A H A CGS OFEMIEAH
9%%H&6%33$f?1§$@@ﬂﬁm%
L%, LrL, LEBNEFET 25513
4 % 4 A CGS OBEEIGEE - & E%ﬁ%ﬁ
L, 15FfNA A7 A CGS B8 T % &
TERAEIIRI 3,800 A TET 2, &7z, A
FH A OHAM R FEE L WIEE ORI 2 et
T 2% &L 1E—20.75H M/kWh (—=5.75 5 4/
MJ) & 720, 15 SR OMBIERELH 400 T &
%%,

Fie, NAFHTARZINVE— L L TERH
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15 Y A S e S S
14 —__JI...,.l __n__-|_\__x___1.__4___|_ _:___
i N X HADE & |

13 poor=y ZH LU NES

Y L S S AP SR S
10 FoonfoorgioyoonionTn

:Nﬁﬁﬁxwﬁ&%
EZEITLEE

BIOCGS D& E i+ [E A H]

0 2 4 6 8 10 12 14 16 18 20
BERADEIREH [£]

(a) BHZERHETSEE

0
T N
E-w . INA F H A DIk
o | EZELAVES
i . N S
K oo Lot .
% BN Y i
1 TP T jﬂ"‘ﬁ"
U _ag becboioii
@ o0 [T Lo P
B BRI SEETEFEEE SRR AT EEEE - -
8 S N B
B-40 - INAFHRAOEREEF- N
S ! EETHHE | -
— F=- " T~ " T~ " T-"T-"71-"7°-7"7
m .

_50 1 il 1 1 A 1 L

0 2 4 6 8 1012 14 16 18 20

BIOCGSMD ixEhFE & [£]
(b) EHhZE2FRETHESE

INA F A A CGS DEEM & B ABTAR
D ENEEEL

X 6.6

S 270121334 4 4 A3 CGS Btz R4
TR EOEIE LTRIAT 22 bHEETH
%, ZOYE, NAAHTRAZBAZANVF—D&H
WEHESNS, £6.5 3K CERELEEE
ROSAREPSEEININNA LT T AT R

V¥ — UTHRAT 286, N 45 ZAH CGS
ERA T —DHAC L 5 TE SN 2% % Bl
HIUTAERTH 2, R4 7 —DOEZNFEIZ 85%
CIREL, B - BEIZER 6.1 OREHEES
Fr Ll BOSWERLIEEIENA AT AR
NA XA AR CGS Ok E UTHIAT 2854
3B/ EBDEIRFEENTE, R4 7 — %
FIAT 25650 b 2 B EORIEE% LTS
Nd, ZOLI BRI ELONAITHRARFAT
72 NA A H AR CGS Bk b#E L T
% Z EHERS LTz,
d. RIEAFOFHE I 2L—> 3>
INAFH A CGS DEAD T2 DI 1ZF|F I
FORFUEHEETH 22, BEICKITTEE
LI T E 2w, KEITIENA A A AHCGS
DEAIWK L 2 COHIBFEMRECEHL Ty 2
V—yaryiikahd, BATLENNAFTAH
CGS DEER CO, HITk = DR ITE 3 1Tx
L, ARETIEAL 100 EEABTRERD 20 kW (72
MJ/h) $SA A H A FH CGS 2HiHE & L Tl
%,
INAFHATERAEZIEERT DV ATHED
TRBEIZ X % CO, DEEHZEIRIZ 2w, L L,
ANAZTHARCCS BT 27 V7 a—1 V)5
RERAL TCw 20 THrEOBRMBHEES L
%, Lichio T, ZOBMOBREE X % CO, #E
HELZZERTILEND L, KETEEL»S
WU BEREE 67% 2 W CEFE L 72,
INA A CGS » 6 DERFHEEBNRE
HE T 2ABNEMEKTE 2 LI, N
4 4 7 A F CGS @ 4F [#] ¥& & & 1% %7 633,600
MJ 7D, N4 4 H A CGS 75 OFERIC
X3 2% CO, DHIFEEIXFEAES O CO, FEHR
B L OBR» 5,

633,600 MJ/4FX0.0992 kg —CO,/M]J X0.67
= 42,000 kg—CO,/4F (6.10)

b,

F7z, WAL AT A CGS » o F4T 5 EE
1% 241.6X108kcal L, £TWARA Z—TZ
DEEREET 2555 L VLT O CO, HIFEH
e L %,
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+R6.5 NA AT AOFEAI & 2 PAgHE

BIOCGS #Ml R4 7 —#MH
INA FH AFEE [m?] 220
INA K AFEEE [keal/m?] 5,500
T A RER = [MJ/h] 72 (20kW) 180 (50kW)
EEE [M]/day] 1,728 —
ERERGE [M]/day] 2,774 4,324
RIS [/day] 14,560 6,620

1.01X 108 MJ/4EX0.067 kg—CO,/M]J X0.67
= 45,000 kg—CO,/F (6.11)

Z Z7T0.067 kg—CO,/M]J I3 B LA ZE »
50 CO, HEHREI? Th 5,

Z DR DOHRED & N4 4 4 A CGS %
HAT S Z L2 Lo TERMK 87 ton D CO, HE
HEHRIESIFTE, 2NEHI3.0had 7
F A 1 ERNCEE T 5 B bR ERICHY 3
B, F o, NA KX H A CGS 354 A H A%
ELE T2 2 L5 CO, &V 20 5L EiRREML
SRR DAY 2L TIRBES 5 2 &

70, HEKEREEGIEICEMS T2 EH 25
B,
D. ¥ & ®

INAF A CGS DY KD Tz DI IFAFFME
DR ETH D, RETENNAAATAH
CGS ORFMERBZ WM T E 25K %2 1
LT, %3 X — 8 BIOWRSHRE R MET L 72,

—NAZXHTAHCGS DEEAWR L ->TEL S
VA & X E 2 Bl o F 2 -5 &
L, DEsEH e RO 2 RNEER LT, 2 OIS
B NA A B A CGS DHALH 7472 D i
AMMRE L DK E & 2B L REFESEILT 5,

—NA & AHCGS ORFER LD DIC
W3NA 4 H R EBHEHOET, BHIfO -
H, NA A HAHCGS DM L b HE
ThHbZEexHSMLIZL,

— B 100 3 (A4 BUEOFERRKIC
20 kW (72 MJ/h) DA 4 H AH CGS %
AT 2854, INSEEE 48 HH/kWh(13.4 5
/M) &7 0, BABEROEIFL ZK 15 F
ELSE, BROBEEICRBENAFH AN
CGS DEEMFEIZHT 960 7 L FEHE 7z,

—NA F H A CGS D#E A & > THERFKY

87 ton M CO, FEHEHITHRNE B D, HIERIEEE
1R IRICERRT X 5,

VIL. #& &

A, Ta7ll7a1a—IIRT 1« —EILEBEOE

B%RE

T 4 —XIWET B N4 A4 4 R L [E]R i
BT 3T a7 V7 a—T VAT 4 — BRIz
WL, EREBIZIT27 V72— VR
7 4 —EIVKEEE, A A5 AREGEEE, #acH
BOMECTH D, N A HTADHIEIETTFRE
HREFHAL, 25> ZBILREDREN A
BNALHTAE LU TRALz, Bt WJ &
—EEROWTEA TH 5 HE 2 6 8% BT
R Lz,

ZDEIRCBE LT a7 V72— VR
T4 —YVEEERRFIH L C, RIS,
BARIEEEL, N1 44 AftiGE, $EIarfozk
WX BEBBEOREN 21To7z0 Ta7 b
72 —INVRT 4 —CNVEEB AN A T H R Al
WM oA, RINEHNFHERD L LIk
NOx HEH &3 KR 8503 % K&, BSHC I
RIZTHERZ DL olc, 20T & o BRI
W2 T 2 HEE T a7 V7 2 —T VR
T4 — YNV I B W THIEOFETIZ R WwE
Zzohbd, BEEREICEL Tk X —H 8¢
DEREHEE L D HFARNTTDNA A 5 A DR
BERER 2R T, TAVF —OREEZA L X
BEEDRARETH oz, Tz, HBEATR I
s 2 S REERE - RBEE I3 BER L, N
AT T ADRBEPEHREI NS DT ANVF —1H
TAXIRA T 2 2%, NOx FEHEAHIINT 2 #5HE
Lo Tz NA X A AR REOHEMMC L > T
KA M TI1X BSHC 3 EH7 %23, /\ﬁaﬁ
4/4 DERBERMTIIZEDNNA X T ARG L
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T % BSHC BB O »EiRE L IZIZFE LT
Bolze Elz, WATHARMIET B N4 F
HAFDOBILRIEC L BB EEBET LT
MRBEIRE N THA %O T NOx BEHEE A L
7o BAZHER D © O [ENE R ISHERA TR R, B
BIETT, N4 47 AEGEOEIMCEVLE <%
LIEA ZE R LTz,

B. /N 74 ZF CGS MEUE

INAZAHAEBMDT 27 V7 2 —T Ve
BELTHIATEYRATLAELTNA LA AH
CGS DBAERTTo Tz, BEDNA X 7 A H
CGS I3 HERARERY, TEERBAAHAER, FEHIE,
BRI SY > 7, HIHSEEC L > THRSINT
Wb,

MO E 2 HENCHESITE 53 1CL T
AR O — BN TE B X512 Lz, B
RIS AT A RPEERT 2 ipElAB T Y v &
HESR A A > & Bz AU U THIRIC 3R T 7o B BR
KY Y 7WRZAD, § > 7 NOKEGEIKPEEL
i 2 52 L, £/, N4 X AH
CGS ORBERICES >y — 20 10 TE
NEZFHETE S X5 Liz, ZOBNEZS
s 5 2 eick->TEKEN, HXEY, &&
BRBEFE T, I RFET] LRE75 & OBRBERTRENT
DHBEIC 5, X512, HERE L THH SN S
KIRA Y OWERREL, X8 VRBEEEGT
BHTXx3L512L7,

ZDESWCHEYEL T NA & H X CGS Dl
H et BEMb T 2 B CHIER 7 7 7 A
LEHHIR 7 0 72 ARER L, &% OMELL 7
a7 T AEREEET A TS T A
TERR UTze F72, 702 AREORE SR H
FT—2 OEHE LTy A7 A OERI & 08
TE5 X1z,

C. /N FHRF CGS MEsriFit

EREEYDOFRED SFET A X H A%
BENFAT 234 4 7 A CGS #HWT,
NA FHADUKGE, BIAR, A7 VRER
NI R=F L LT BREM T TEBRL, N1 4
A A CGS OEAFHE & MERE 2 3 L 72,

E—DBE AT TN 4 H ANEEHE S
% L FEEIHRIZET Lz, BHAMIEL &
2 LIRS R ORI £ b R WIRBERE - E

S1D LR CHBIRNEIIE L K otze —EDN
A AT A RMHEGT 285G, BHARKIE %5
CHER T ADBELE L ko T, [EINEE I3
U7z 20D & &84 4 7 AREHAR OBt
LEINEEDOZ IR R S kb - Tz, BB
BEARIZB W T NA A 7 AHEER & OiEy
FHEIE 72 < 68% &% o Tz,

T 2 TV T 2— )V DRREEIREE B AT U 72
B, BOEHAFTIZB W TNA A4 ZADREHE &
HIZTF 2T V72— VOEKKELLEL
D, BRBERFR b MO, o, ERBEE T &
BRERDMET LT FRHINA 4 7 AEEDE
WA IIRBEEEEE TH 2720, EEREE
FEST & % ORHADOMERS T E 5ipo 1z, BRBER
ROBES ABEDMOEEL D EW D, B
HEIC L 5 CGS DEBIETRE W EHMT L
720 LU, [El—D/NA ZH AEIGT L CE
TETBEEINT 2 EFJCENEL 2D, &E
BRBEE S, BRSNS B b c®, Ta
TN T 2 =T DRBERIFRITRE S Nz, 4/4
TS ATHR IS U 72N A 4 4 A DS D K
B OMBET 5 2 L BHER LTz,

RBEIRE « ENTIC X > TREELEILT 3
NOx Bk B 1 EiE 0 854, B AN
241 kKW IZBWT 676 ppm TH o725, /N1 4
HAREAET 2 2 212 L > T 335 ppm £ TR
T L7z BIEIIEHMORREEC L > THRET S

0% % TIERT L7z, BEF4/412B8VT, NS
A HARD R Y YEE ORI - TFERED
FIFETRESD, BIEEITZE(LD 2 WERA %2R
L7zo A8 VYRED 80% D& I3 AER Y
90% Iz L, BEEEESRLE T NOx HEHR
EHEEML 7z, UL, S RIIEd L <

QA A DRRA & > FA 13N A A A AH
BN L 75 B ML 7., EBHAR MR
BERRRA Y > OFE L LD, BHARHS
g 2 & x5 RBESRIE A U TR N A A
B ADNEITERIREE LTz E 72, BRBEESH
BRIRA S VIR~ =R —v R & PER B R
FROMTERBEL, BRI RKFIcHEH S
BRRR Y A Uz, DR DRSS
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WRBEIEZ CGS DFBIEDET B & R
RBFOHT AR ZERT 2DT, KRS
Y OERIIIEFICEETH 5,

DX AR TEEL TN AT AH
CGS OMEREIX B AT 2.41 kW, /N4 4 A A
BHEE 20 L/min (X% > 60%), @HIAFE%Z
3L/min O &G THERL 2854, FKEmRBDE
26%, AN 429, SFEEK 32% THREE)
FIX 68% & 72> 70
D. /31 #H XF CGS D4R E

BARICB T 554 4 4 2 H CGS DHEREM
EERHME LT, BREME, EGR, &G, @G
YEGROMHERTICE BT a7 V7 a—T )LD
HRBE & PESURIE 2 T - LR L 7z,

RSABAEIT S LEKEBNPERET 5 &4
T a7 VT a—TIVORRBERRES N, N4 F
A A CGS DENZEUZ TR BRD o 1Lz
DD, NOx HEHEIIHE 2 2 O THKINED
A TIPSR E L TER TR w» S L
720 HOT EGR B EiROHELR A A 2 KA H I 5
WT 22 ek DV BRKIRED LA L O
7% L CIRSIEC X 25ENE S5,

HOT EGRIZ T 27 V7 2 —T )L D BREEI
# L NOx BEHEEBO M 28R BFED o h
720 UL, COLD EGR 1334 % A f CGS
DIRBENZE I IIFIEBEBDL SN b DD,
NOx HEH B ORI 135 b BRI TH > 72,
WG 21T L EFKEBENITE L 72> TRFEEN D
FIHSIRENEL BY, N T4 A LZEZLROR
BuEES N, BEKORIERENEL 550
TEHEERZHD LTz,

E7z, WEEEL S, BREKOEEMT
20T NOx HiHHEIZA LA T 223, HAE
BFENIEEEL Bhot, T O#EE & HOT
EGR ZRIEICH#HAT 5 2 LI k> THEKEN
PEMEI NS Z &2k > TREEEEIZ ERL,
RBERE MR B BDTT a7 V7 2 —T)vdD
MREEIEE S Nz, L L, NOx HEHHE DA
ZHERIZIEHE B 5 13 HOT EGR O A L 72
BEIOREL Mo, B# & COLD EGR
DFERFIZE 3 % & i - & EGR HIRKF X
D IFBHERMMER T E 25, #wiE £ HOT
EGR DO EIFE AR & D 13 % OEEEB{E» -

720 L2 L, NOx EHEDHIFEZIR T E» >
720

DX BRI EPSERERIIBITZT 27V
7 2 — T )VDRBENEE B TIT o lefkr e
LR L CTAH D E, BWHEERLE XY ORRBE
KT WZHRTH %2 01X EkE & HOT EGR
ZRFFCEMA T 2 HETHY, NOx HEHED
{3k BE U T4 & COLD EGR % [A]RF I %
BUEETH->12, Lich>T, HRCE
B CEFEEHEYNCEINT 2 2 EBBLETH

%,

BiEs—E
A WA ZER R [kg/s]
Au HER A A DBENEIE [m?]
Apsn FBEGEA Y > 7 NehEE OIREAEIRE
[m?]
A, YA bR [m?]
B RERHE E [kg/h]
ba B E R [MJ/kW-+h]
bam BOHEE [MJ/kW-+h]
By A Y R [MJ/kW+h]
Cy INA A AR FE [F/MJ]
C. CAL YN [F9/M]J]
C, L2 e LAl [F/MJ]
o BN AR B [F1/MJ]
Cn INA ZF A CGS O#ERE [H/M]]
Cexn HES A A HL [J/kmol-K]
combeny A ¥ > IRBER [%]
o WRBEA A DB FELLER [J/kmol-K]
Cy IRBES A D B ELE [J/kmol-K]
Co B HIAK L E, [kJ/kg*K]
D PRBESE DINEE [m]
ds PR A A B DIME [m]
e BATHER DIME [m]
E, INA N A [MJ/h]
E, BHEE [MJ/h]
Er 2iHEE (E,+E) [MJ/h]
F, Bt E [kg/s]
F, 25 AR [kg/s]
G B ATE [kg/s]
Geor ALK RBA R [kg/s]
Gexn  HEKE®E [kg/s]



186 ARSI RB SO 258 25
H, S SN ot (7] Ym WAZER ENA FHATFRELKTO X
H, BRI (f7) FeEhE [kcal/kg] g Vs E DB R [—]
h 77> AEDHE [cCA]l S, B R (%]
i 1 [BEEDH A 7 V3 (-] s 172 [m]
A INZRHEEL [FM/MJ] T TEBI 2 A DR (K]
I BANTRFRT S 72 0 S [F9/h] T, HERIEE (K]
L. BT 0 OGS [M/MJ] Tows VA=Y %7 v MHOOBHIKEE
l HEFERR S [m] [K]
I S AEOEX [m] T s Vo —8 Y%y M AODWEIKEE
Ipe EEGEAY o AEEEDORE S  [m] (K]
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Summary

I. Introduction

Recently, increase of human population
and the accelerated development of human
activities have been major sources of environ-
mental problem.

Problems, such as rapid increase in acid
rainfall and global warming due to excessive
use of fossil fuel are serious all over the
world. One of the solutions to decrease
these problems is to utilize biogas as a diesel
engine fuel.

The purpose of this thesis are;

— To investigate the operating characteris-
tics and performance of a dual fueled diesel
engine with biogas as a main fuel,

— To construct a dual fueled co-generation
system (CGS), composed of a power unit and
its heat recovery system,

— To investigate the operating characteris-
tics of the dual fueled CGS, and combustion
analyses of dual fuel,

— To improve combustion in lower load of a
dual fueled CGS using intake air heating,
EGR, supercharging, and
together with EGR,

— Finally, to conduct economical evaluation
of dual fueled CGS by a profitable model.
II. Fundamental performance on the dual

supercharging

fueled diesel engine using biogas and

diesel fuel

The test engine was a single cylinder,
water cooled, vertical, 4-stroke, direct injec-
tion chamber diesel engine with 0.309 L and
4.4 kW/2,600 rpm. The compression ratio is
18.4. Experiments were carried out to inves-
tigate the operating characteristics of the
developed dual-fueled diesel engine, conduct-
ed by varying biogas supply, engine loads,

injection timing of diesel fuel, and engine
speeds.

As a result, supplying biogas into the
engine reduces smoke density and NOx con-
centration in exhaust gas. A heat recovery
ratio of the developed dual fueled diesel
engine indicated from 35 to 5094, The total
energy efficiency reached from 50 to 80%.
To improve the efficiency further more, it is
necessary to consider proper combination
schedules of biogas supply, engine loads, and
engine speeds.

II1. Construction of the biogas CGS

The CGS is consisted of the diesel engine
and an electric generator, a heat exchanger, a
hot water tank, a controller, etc. The con-
structed CGS was able to create electric
power and heat from the engine.

This CGS consists of following compo-
nents,

— Power unit: The power unit of this CGS is
a water-cooled 4-stroke direct injection type
diesel engine, which has a displacement of
0.309 L. Biogas premixed with intake air is
ignited with combustion of a diesel fuel.
This engine is always operated on dual-fuel
mode. But it can be also operated with
diesel fuel alone and supply both electric
power and hot water.

— Heat recovery system: The heat recovery
system consists of an engine water jacket, an
exhaust gas heat exchanger, a hot water
storage tank, a coolant heat exchanger, a
coolant circulation pump, an additional radia-
tor, etc. The exhaust gas heat exchanger
was designed based on a counter flow, shell-
and-tube type.

— Control and measuring systems: The
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engine speed was measured by a rotary en-
coder to regulate frequency of the electric
The PC controls the set
lever of speed controller by a stepper motor.

generator output.

The flow rate of coolant is measured and
controlled by a flow meter and the electro-
magnetic ball valve, respectively. Eighteen
thermocouples are installed to measure the
temperature of exhaust gas and coolant.
IV. Performance characteristics of a devel-

oped biogas CGS

Performances of the CGS, such as elec-
tric generating output and heat collection
efficiency, were tested under the operating
conditions of electric power output (0.6~2.6
kW) and biogas supply (0~20 L/min). As
often seen in biogas engine performance, the
output efficiency decreased at lower load,
while it increased at higher had. The maxi-
mum electric generating efficiency attained
about 28%. Methane contained in biogas
could not burn completely at lower load, and
Consid-
erable amount of the methane burned in the

it was discharged into exhaust gas.

exhaust pipe, however the total heat recovery
As a
result, the total energy output efficiency sum-

ratio was about 409 on heat balance.

ming electric power output and heat recovery
reached to almost 709.

Because methane has a higher spontane-
ous ignition temperature and slower combus-
tion speed compared to diesel fuel, combus-
tion temperature and pressure in the engine
cylinder have an effect on methane combus-
tion process. At the higher load range and
lower biogas supply rate, the combustion
temperature and pressure increased with the
amount of diesel fuel. Therefore, it was
suggested that operating dual-fueled CGS at
higher load range could provide higher per-
At the

caused slower combustion and higher unbur-

formance. lower load, methane

ned methane emission. To solve this prob-

lem, complete combustion of methane is
essential.

The performances of dual-fueled CGS
were;

— Electricity production : 2.4 kW (50Hz,
100V)

— Hot water production : 120 L/h (+30°C)
— Total energy efficiency: 7095

— NOx concentration : 335 ppm

— Smoke density 1 0%

In order to obtain the complete combus-
tion of methane, several methods; heating
intake air, introducing compressed intake air
to the engine, and re-circulating exhaust gas
(EGR), re-combusting exhaust gas were sug-
gested.

V. Combustion improvement of a biogas CGS

In the utilization of the biogas CGS,
witch has a problem that its thermal effi-
ciency is decreased under dual fuel operation
in lower loads. It is supposed that the causes
of the problem are the emission of unburned
methane that loses energy of biogas, and the
decline of combustion speed which decreases
conversion efficiency from heat to mechani-
cal power. To solve these problems, the
CGS was remodeled with the intake air heat-
ing, the exhaust gas re-circulation (EGR),
supercharging and the supercharging
together with exhaust gas re-circulation
(EGR) to improve thermal efficiency.

The test results indicate that the intake
air heating is effective on improvement of
combustion and on reduction of unburned
methane emissions although it increases NOx
emissions. EGR also accelerates combus-
tion of methane due to higher intake air
temperature, and reduces NOx emission
because it decreases charged O, concentra-
tion. On the other had, supercharging is
effective to improve of combustion and
reduce unburned methane emissions. How-

ever it is little effect to decrease of NOx
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Supercharging with EGR also
accelerates combustion of dual fuel due to

emissions.

double effects of supercharging and EGR, and
enable to reduces NOx emission. Therefore,
supercharging with EGR is the most effective
method in improving combustion of dual fuel
and reducing unburned methane as well as
NOx emission.
VI. Economical evaluation of biogas CGS by

a profitable model

The economical evaluation of biogas
cogeneration systems is important for the
installment and spread of the systems in rural
districts. This chapter was intended to
establish a simple calculation model of profit

for farmers.

As the result of evaluation, it became
clear that the higher charge of electric power,
the lower charge of diesel fuel and biogas,
and the higher performance of the systems
have critical limitation, respectively.

To put it concretely, when a dairy
farmer owning 100 cows equipped with 20
kW biogas CGS, the profit index comes to
480,000 yen/kW. If the total cost of the
systems is about 9.6 million yen, it can be said
that the recovery of the invested capital
makes possible in 15 years. The reduction
of carbon dioxide of 87,000 kg/year, which
ability is corresponding to 3.0 ha of the beech
wood, can be expected using biogas CGS.



