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Abstract >> This paper represents an analysis of the economic impact of firing

natural gas/diesel and natural gas/by-product oil mixtures in diesel engine pow-
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er plants. The objects of analysis is a power plant with electricity generation ca-
pacity (300 kW). Using performance data of original diesel engines, the fuel con-

sumption characteristics of the duel fuel engines were simulated. Then, eco-
nomic assessment was carried out using the performance data and the net pres-
ent value method. A special focus was given to the evaluation of fuel cost saving
when firing natural gas/diesel and natural gas/by-product oil mixtures instead of
the pure diesel firing case. Analyses were performed by assuming fuel price
changes in the market as well as by using current prices. The analysis results
showed that co-firing of natural gas/diesel and natural gas/by-product oil would
provide considerable fuel cost saving, leading to meaningful economic benefits.

Key words : Internal combustion engine(Lij 91 7| &), Dual fuel(Z A & X), Liquefied

natural gas(M %7t A), Diesel engine(L|
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Fig. 2. P126TI-Il engine (Doosan Infracore, Incheon)®

Vol. 31, No. 4, August 2020

25190}
2. BAN M5 N Y ZHY 2N wY

B0] o] El 300 kW 2 oA Wl
Y FAReIZalF oJAIncheon) QRlo|T). o] QA&
Fig. 29} Zron wdmo PI26TI-Io|th 7|2
1,800 REMI60 Hy efslo]s] 4tqltetarolo] oy
B vpo} Q= FL 180 2N AHE 2 A
307 kW, BJAF &2 A] 342 kWo ], zpA|§E ApoRe
Table 19] YEFH I
FARlzeae] i Aol 7 Fee
g A 307 kW, B4 &9 A] 342 kWo|A|qt
W71 Ax|ste] U= generator®
=2 A] 273 kW, B4 &3 A] 300 kW.
shoict. whEbA] 2 Aol Rz
F5ko] L} = generatoro] AHE &8-S 7|
9 A AL et 2 o
direct fuel injection ¥-4]o]™ bore 123 mm, stroke
155 mmo|t}. E3F vj7] A= Tier 15 YHERI

~
o
ob

Ty
>
>

o Kl
Moo

B o Fu
LU

5 e

T

i}

N
it
|

of o oY
il
AN
o
Tl
o

2
=
)
flo
i
o (
ot

2.2 O/ WH7| S5t 45

4 dhgel HE o e wE wHs|E A

S

Table 1. Main parameters of P126TI-II”

Model P126TI-II
ENG power (kW) 307 342
GEN power (kW) 273 300
SFC (L/hr) 73.8
Pressure ratio 17
Mean effective pressure (bar) 18.6
Speed (RPM) 1,800
Stroke/bore ratio 1.26:1
Displacement (L) 11.051
Mean piston speed (m/sec) 93
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Table 2. Fuel consumption ratio of P126TI-Il (partial loads)

Normal power Standby power

fuel consumption fuel consumption

Load (L/hr) (L/hr)
1,500 RPM | 1,800 RPM | 1,500 RPM | 1,800 RPM
100% 63.1 73.8 77.6 89.5
75% 47.0 56.0 51.6 61.5
50% 313 37.0 349 414
25% 16.9 20.6 18.3 222
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Fig. 3. Efficiency of 300 kW diesel engine depending on partial
loads

\A
\4
rot
+
B
M =]

2

>

RPN

rrr
ro
ied]

AAA A Aol FUT HEL Wrka AHgstg
oh 24 il B Ae g Rshge] of

dutA oz W SHE AAd B7to] wWol o]
= HIHO S 7K(net present value, NPV)H 1} 3]
7]ZHpayback period)Ho]tt. NPV B2 ojjA|oto]

AT 717 ot T tell FE= 2 A A

Bz} £l HHA FARE TSt A

4

>

oy,
XL ol
= -

[
e

NI ol

N
rE
flo
)
i
rO
o
o
N
i
tlo
Kl
iy
ol
ol
N
§2

o 4
o N,
~

(M dg 559 ARH ZHAE argsto] &

Qlg(olARE)e] d Rl F4=7|7H(discounted
payback period) o2 Ut E dqoA= o)z E
= 2R Al BT TS ol gskeith &9 Bl
717EE NPVZE 00] E= AR ofnfsh 2] (3)of A
NPV7} 00] &= ngfolch. NPVE 55}7] 95to] o
AEHES] A7E =0fo] Ho|efojof 5, 2] (2)2
ol Azt A il olap AZF AmH]g Xk
L2 H4e 1o 212 FHEdh WYE =2l E(internal
rate of return, IRR)o| AFGA9 dAVlet A&
zo) WE QANATE WIgE FelEw, 4
@A FARL] NPV} 00] HES sl 18-S
ojuie.

s

G]I[t = R 2lectricity (CFuel + CO 1[) (2)

Table 3. Performance parameters of P126TI-II (partial loads)

Load Diesel engine Generator Efficiency
power (kW) power (kW) (%)
100% 307.0 273.0 37.57
75% 230.3 204.8 37.59
50% 153.5 136.5 36.95
25% 76.8 68.3 33.99
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Table 4. Heating values and density of fuels®

Heatmg. oil Diesel By-prf)duct LNG

(test oil) oil
HHV 8,790 9,010 8,800 10,400
kecal/L kecal/L kecal/L kcal/Nm3
LEV 8,200 8,420 8,200 9,420
kcal/L kecal/L kecal/L kcal/Nm3
Densit 0.79-0.85 0.83 0.8021 0.7976
Y1 kgL kg/L ke/L | kg/Nm3
LHV 42,384 42,473 42,802 49,448
kl/kg kl/kg kl/kg kl/kg
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ig. 4. Low heating value (LHV) of diesel engine fuels
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Fig. 5. Specific fuel consumption depending on diesel engine
fuels
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Fig. 6. Diesel consumption depending on loads for duel fuel
diesel engine (300 kW), mixing ratio: % LNG
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Fig. 7. LNG consumption depending on loads for duel fuel die-
sel engine (300 kW), mixing ratio: % LNG
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Fig. 8. Annual fuel costs considering fuel cost changes
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Table 5. Fuel costs for each engine considering fuel price
changes (diesel & LNG)

Diesel engine |Duel fuel engine|  Fuel cost
Year fuel costs fuel costs savings
(‘W million) (‘W million) (W million)
2015 481 334 147
2017 530 347 184
2020 614 380 234
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1400 1 T T 1 1 1 1 1 1
——¢c— Annual Fuel Saving Cost
1200 |- -
1000 | -
§
2 800 Shale Gas Supply
5 =4
g o0 | c
?
Q
© a0 | .
200 -
0 W 1 1 L L L L L L

2016 2020 2024 2028 2032
Year

Fig. 9. Annual fuel cost savings considering fuel cost changes
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Table 6. Economic analysis depending on loads and mixing

ratio
A 1 Fuel
nnuaj ue Acost Payback | IRR
fuel costs savings (yearly) | (%)
(W million) | (W million) | Y4 | 7°
Normal diesel
480
(load 80%)
Mixing
271 4. 2
50% 7 93 36 8
Load | Mixing
252 111 . 4
60% |  60% > 3:33 3
Mixing
70% 234 130 2.96 39
Mixing
50% 314 107 3.67 32
Load | Mixing
70% | 60% 293 129 2.98 39
Mixing
70% 271 150 2.51 46
Mixing
50% 258 122 3.15 37
Load | Mixing
0% | 60% 334 147 257 | 45
Mixing
171 2.1 2
70% 309 7 7 5
Mixing
44 1 2.4 4
50% 9 53 6 6
Load | Mixing
41 184 2.01
100%| 60% 8 8 0 56
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8 21 1.71
70% 387 5 7 65
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Fig. 10. NPV curve for 300 kW duel fuel engine
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