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Assessment of Dual Fuel Engine Performance Using Biomass Syngas
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Abstract

Biomass gasification produces syngas or producer gas as low calorific fuel gas that can be used as a fuel for combustion or prime movers as well as
chemical synthesis. Internal combustion engines are readily available with lower costs and easily used for producing distributed power using biomass
syngas. In this study, a dual fuel diesel engine was used to evaluate its performance when biomass syngas is used for fuel. The engine was originally
developed for biogas application with a diesel engine with a 2,607 cc displacement. Both diesel fuel and syngas consumptions were observed at the
different load conditions. The results indicate that the dual fuel engine showed a reasonably good performance and up to 63 % of diesel fuel saving.
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Fig. 1 Schematic diagram of downdraft gasification system (Wang et al,
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Fig. 2 Schematic diagram of Combined heat and power generation system
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Table 1 Specification of diesel engine

Table 2 Engine test condition

Contents Engine load (kW) Opening percentage with valve (%)
Type 4 cycle natural aspiration diesel engine 0 0
Bore (mm) 91,1 5 0, 10, 50, 70
Stroke (mm) 100 10 0, 40, 50, 80
i 15 0, 40, 60, 80
' Total piston 2607 , 40, 60, 8
displacement (cc) 20 0
Compression ratio 22
Rated output 45 Ps at 1,800 rpm (26 kW) ) B ) ) )
Fuel o Diesel AT A|AE0] T4 &4 A RSP Tk
O A Al &2 A (2) 2 ARSI AL, ARl aE2 &2y
A thu] TR = 4] (3)} Zro] Alhtelsich. A
SE S SUUE, 5 2FEH, S 2] SHEE aeo) o makses sjersly] gla) Aahid A2
El, S22 Sk 54| 7k A" o 2 it R E Eolgie ol 0 2]l @ o] S 2 KEFY] IA
3} 311712 = Biogas Analyzer (GSR-310, Sensoronic, Korea) = o] g5t0] ZA 0] 4] (4) 2 AFR-L Arkergon, 9l
| g =
£ 018310 CO, COy, CHy, Hy, 025 231510 A% GERS Co DI A2R F oA 52
SRANEDDIGHANLGE WAL i

Ajgt ool Al ~gel 4 A2 Ao
ehes e ok AHEA A28 ezl (DABB-G2,
Hyundai motors, Korea)2 7 7]19F2] vlj 7158 2,607 cc, 47]
T8 A ¢S Table 1of UeRfigich

O 24, Fig. 2] 7

J—]‘.q 7HEg—‘
e P P rﬂ

9] 5~50 Nm’/h

—f—z; 371 ¢lsto] =
ZFA| (DPE-S, Korea

= 7
E'_7<1__

Flowmeter IND Co. Ltd., Korea)& ‘—_;! ]’6‘} 31, A o=k
2 Biogas Analyzer 2 &3 2442 4] (1 )i AArEr 4
WP A AR10) ZRRsl] BE Tl RR AERS
0~80 % HejollA 2dsto] A= %_‘3'3} ©.1 (Table 2),
o 222519} g WEjo] mE A faeke 25

9J3te] T A AL (CUW6200H, CA s Korea)<& x|t &
17P°ﬂ e A HekR A avlEe Skl SR

© sl Tt shAl7IA0] B3RS wletslr] ¢Jf SAS 9.4

% o|85lo] A8 AH|Eko] Xfo]E B-0]4=2 0.050] 4] t-test
2 {4 B4 skt
LHV(MJ/Nm?)

= (COx12.622+ CH, < 35.86+ H,> 10.788) % 0.01 (1)

Substitution rate(%)
__Consumption (Dual fuel)

= 0
Consumption (Diesel only) x100(%) @
Engine efficiency (%)
_ Output energy(MJ) o
" Input energy(MJ) > 100(%) ©)
Thermo efficiency (%)
_ ATemp X Specificheat X Time X Flow rate % 100(%)
Input energy
“4)
. Zo % o
1. 47 HAxHUA el ARAH EH
A Fhabd AJAglo] 7] g whotsly] 914
AL HAZ A &2 ESE 0 kW, 5 kW, 10 kW, 15 kW
20 kW2 §535191 11, 1o mb= ASAn|ef) g8
Fig. 30l A|A|eF3IL). S HoHE 0 kW R F =3 455, 1?_
3]'%‘ ‘T“X] ?6]—9\}:‘5 ‘IH—J oTrJ— ] o’c: 1.8 L/h= gtﬂs ﬁ

A2 O] 7] Q1 S0 whE Ao = et &Y
B35 kW, 10 kW, 15 kW, 20 kW2 3531 -2 7} 2710
x]2.89 L/h, 3.98 L/h, 5.14 L/h, 6.62 L/h &] -85 AH]5}+4)
o, 91}_194 FEL17.59 %, 25.58 %, 29.68 %, 30.07 % &
F5l7h 7Rl whet X1 7 -faH S ago] 57t
Fo] et
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E
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Fig. 3 Diesel consumption and engine efficiency for different to
engine load
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Table 3 Input syngas flow rate to combined heat and power

system
Engine load Valve opening Syngas flow rate
(kW) percentage (%) (Nm*/h)
5 10 -
50 6.88
70 18.47
10 40 2210
50 2417
80 24,66
15 40 22,30
60 24.21
80 24,05
400
—-1 @
a0
? 200
g 100

(] 10 50 70

Valve opening percentage (%)

31 3P A0l 2448 CO, 11.00~11.80 %, CHy 2.90~3.90 %,
CO 22.20~30.00 %, H> 13.90~15.60 %2 =4 %11, o]o]
w2 Y70 Bt A9 eere 5,52 MI/Nm’' 2 UEhgt
t} o= A AT (Umaetal., 2004; Kang et al., 2014; Wang
etal., 2015)2] $Mg7kA 24 W Hekak 2 Zfol 7} Y]
ook wiiel HAe g7t R hstar, A
A 2Elof] AR ZA] 2839k

A A|AR] 0 & BQIE= g7 0] HaFS Table
30 Alate] AABtATt EH8} 5 kWA= g 7kA
Wl E 8910 %, 50 %, 70 %2 A AFHE.0.0, 10 %ol A]
£ o] mig- H o] Z7g5HA] Z5ATt 50 %270 %7 =
o A 2] G2ko 7+7+6.88 Nm'/h, 18.47 Nm'/h 2 7| =-80] =
7V 70 figo] SR 2 6t 10 kWl
Aol B w2 7L 40 %, 50 %, 80 %= A s}o] 213
slgom, o mE =9l8eke 747} 22.10 Nm'/h, 24.17
Nm’/h, 24.66 Nm*/h 2 UERJTh &8 525} 15 kWol A=
H 7HE8-840 %, 60 %, 80 %= 474510 22.30 Nm’/h, 24.21
Nm’/h, 24.05 Nm*/h 2] SH7FA 2 BQlslt). 28335} 10
kW15 kW20 A= 5 kWel= AFo]sHA] 7H=4 sl
w2 I 7EA fFe] B lgic o] kAt Al AF]
ol A RAtEl= FH4g7129] 9Fo] 25.00 Nm'/hF0 2 o] & ¢
3 10 kWolA} 2o A= Wl H Fiwgof Alatglo] v]s=3t
A7k fago] YeRd Al o2 ke ch

A Axto] o3l Aklst g 7S] et Folake
Edi2 G Al2ge] ERst 9 g7k W A
Tgof i T A= o] IRkt -5 thAlS-S Fig. 42} Fig.
5o e gich &858} 5 kWA= 10 %, 50 %, 70 %2]
=g Wslo] wpel 21212.88 L/h, 2.91 L/h, 2.29 L/h 2] -4
S 2ulEtg om, f tiAE-20 %, 0 %, 20.76 % = LHERT
t} (Fig. 4)

213} 10 kWO A= 40 %, 50 %, 80 %2] /=& Hs}
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Fig. 4 Input energy [a] and diesel substitution rate [b] according to valve opening percentage at 5 kW engine load
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Fig. 5 Input energy [a: 10 kW; c: 15 kW] and diesel substitution rate [b: 10 kW; d: 15 kW] according to valve opening percentage

of| wpa} A-g-AH]EFo] ZFzF2.70 L/h, 2.91 L/h, 2.23 L/h, 8-
A &-0] 2821 32.16 Y%, 37.44 %, 43.97 % = UERytth uhx]
1o 2 SEESHS kW7 oA A3t /i =8 40 %, 60 %,
80 %o]| wa} 2+2F3.72 L/h, 3.50 L/h, 3.31 L/h &) A-G Au|ek
T}, 27.63 %, 31.91 %, 35.60 %2 73 thA|-&o] e}
(Fig. 5 (c); Fig. 5 (d)). &5} 10 kWl B]sf 15 kWA 7
+ diAlEo] 2% FHaste At Uebt=t, Park et al.
(20110 w=H g7k 0] Gifo] WL, Felxzio] 57}
shH Adlzle] g7)eFo] S7Fste] WA 7] Wf Aau|go] ot
2w, =obzl Aaxnlgo ofsff st Hut =7} =7l 5
FATEETE A A4aF89 Asrt Wagsket], 1
201} 15 kW0l A 10 kWol| v]3)] W2 7-f-as]gFo] Lt
Ept A0 2 ekt

ZH3}5 kW, 10 kW, 15 kWoll Tl -2]4=30.059]1 4
G-o)A BA41L 3t A} p-value”Z| 2+ 0.67, 0.03, 0.02 2 LE}
o, o] =10 kW5 kWollA| Z-f-asn|gke] TH47} g4
7k2of gt A o & ek

A7ES T G A Fo 9 7l g wsle] o
ANZF-E-E Table 40| AA|5FT &85 5 kW 2710 A
7AW E HEE-2 10 %, 50 %, 70 %2 A4S o

Table 4 Engine efficiency according to engine load condition

Engine load Valve opening Engine efficiency
(kW) percentage (%) (%)
5 10 15.55
50 12.77
70 9.83
10 40 16.55
50 16.25
80 16.74
15 40 21,19
60 20.97
80 21.61
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1
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oju, 7]k & th Al 8-S vl aLste] Fig. 6] e ick
Aol AMg3H EHAI7EA 0] FERe 5.52 MINm' (H Dk &
4712 1}6.68 MI/Nm® (LG5 g7k~ o),

&

B35} 10 kWol| A4 22.10 Nm*/h, 15 kW ol 4] 24.21 Nm*/hS Z+
ok

S5 10 kWollA A ek g4d71e] 749-2.70 Lhe)

BHE AHleton, AR A& 32.16 %= LERTH

(¢

-

15

hEs

204 LA A7IA FU0) 49192 Lh ] A
aHjsigon], A6 AES 5176 % ek &
25} 15 kWoll 4 A 2lek 3H710] 49 -t o
Aj&0] 2+2+3.50 L/h, 31.91 %= et o, SdxAd 198
o 3LA7FA 0] 2 1.86 L/h, 63.81 %7 et RE XA
ol gH7hA0] Gleo] S71gtel whet g dulao] 7
s, 4 oAl o] 27 Z7FsHs o] Utttk Jung et
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Fig. 6 Comparison of diesel substitution rate according to syngas
calories [LE: Lower energy; HE: Higher energy]
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6.68 MJ/Nm’o|n, 28553} 18.47 Nm’/h, 22.10 Nm’/h,
2421 Nm'/he] GH7kA7} BFE i Gahia Al2xg)
02 BEQIEl = Yro] G52 15 Liminolw, Ym0 2=
25.0 T2 dAT 428 A YL A|28HS &
3 & 3|5 9t 200] 2= S-S 5 kWA
43.9 C& AM53al9 00, 44.05 MI/he] Ho) 345} &
FE3}F10 kWA= 46.5 TR L7} 431901, 80.92
MI/he] gego] sl=E|3let. E=Ra} 15 kWRA= 50.5
C7HA 44531921, 96.01 MI/he] gegFo] F]4=xE|of Q%]
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Zl8)ah, 20 kWol A= BQIg ARgg o & Qla tha &
AT -27o] YERd A o= withEch

AgratxdE ARTEJAFS o] 85t FH HA L g
A7t Ea A Al ARl] QI a3 2 5-8-8 Table
5o Helstoint AR daolxl=s 2 2Rt o dixla
£0]17.59 %, 25.58 %, 29.68 %= L}EF oo, M7t~ &
20| A= ZF &2 55}ol A 8.80 %, 16.70 %, 23.73 % 2] <l A
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Fig. 7 Operation characteristic of combined heat and power
generation system at dual mode
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Table 5 Comparison of energy efficiency according to operating conditions

Energy efficiency
Load (kW) Diesel only Dual mode
Engine efficiency (%) Engine efficiency (%) CHP efficiency (%)
5 kW 17.59 8.80 43,61
10 kW 25,58 16.70 54.25
15 kW 29,68 23.73 65,92

ago] Yepyith EEeld A Al 7k E4
ANAF-E xJol= 712+ 8.79 %p, 8.88 %p, 5.95 Yop = &
S7t 57T 7 ALt FHd 7S Tl A 9 A%l B
Atoli= FHash= Zeko] Uekith E3t &85l 7
H]ZFo] 2}o|= 7F240.6 L/h, 2.06 L/h, 3.28 L/h 2 &8 Ha1S
7V 7 v ﬂ Atoli= S7Veh= ko] UEkyt
t} dwsly)of o3t AaL-o Btz 34.81 %, 37.55
%, 42.19 %= e, o ?,;LHW A& Hof| A o] HA| B&

B3l 7004 43.61 %, 54.25 %, 65.92 %= LFERGTh
j_ 191 Kim et al. (2000)-2 SA]1 &5 #H7|& vlo] 97}
= o]g3lo] 81360 kWollA 85 %2] 775 thAlls)
201, Uma et al. (2004)-2 -E3] FAI7IAE o] &5t &
5130 kWollA AR5 87 % tiAISHI T & dtollAl=
L g FHYTIAS o] L5lo] 2B HE} 15 kWA A=
63 % ThA|ST =, A3 A-tol| vl -2 thAl &S B3Ik
ol & dtollAls At vl W2 S Fstol|A &
WA AlARY] 42 2FYsrel7] wiZolm, dwehd
A A AH O 82 Z71A7]7] YA dRol deke =
Sh= 74 Agoll fEst Ao

717
N7 AL HefE el £

n B e L

:10

oll

>

l

= e
v. 2 B

H Lo A= A7 E49 2 (D4BB-G2, Hyundai
motors, Korea)2] <12 2A] vfo] Qujj A 314 7}A9] ok}
Qlepe gelato] A3-e WAL, o] T g 40l
AU MY o Aol 48 P £

%‘% 2 A dof] FEQlE = g 7EA ] HRkS 5.52
MJ/Nm’T} 6.68 MI/Nm’ 0.2 gajslo] A8S 21885192
], 247+ 2253110 kWO A 43.97 %, 22 E3}15 kWol|A]
63.81 %2] 743-5 thA|st3l o, Lof| wh Rl a8 72t
16.55 %, 23.73 %= LFERG T

S 7IA TA AEbd A 28 EE)5 kW, 10 kW, 15

kWollA Da-8-2 771 34.81 %, 37.55 %, 42.19 %2 LRt
o, A A|A-O] F o YA AE-243.61 %, 54.25
%, 65.92 %= LFEPsiTE.
AT A 272] &A1 A A Aol vla] FA7s
B0 AL oy R g0 IR N S s FUlekrE 1
zjol 7kAsta, AG PAE&LS Zrkel= A dFo] YepdT)
o] st IHTHFA A|AEIO] T4 A g 2 A FHAY7IAS] A8
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