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Abstract - For the HCNG bus using fuel which is the mixture gas of hydrogen and natural gas, the fuel effi-
ciency and CO; emission characteristics were analyzed based on the WHVC test results and compared with
that of the CNG and diesel buses. CO; emission characteristics were also analyzed by contribution effects such
as carbon emission factor and fuel consumption. As a result, the fuel economy of HCNG bus was evaluated to
be 11.5% improvement compared to CNG bus, and it was also showed equivalent to diesel bus. In addition, the
CO, emission of HCNG bus was reduced 20.4% and 34.5% compared to CNG bus and diesel bus respectively.
It was concluded that the CO, emission characteristics were influenced by the carbon emission factor depend-
ing on fuel composition and the fuel consumption according to the engine performance.
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2.1 HCNG A & s’HAI*E'.:I
Flg 1] Ho]l= HCNG = KIMM(Z=714)
Tl A AdtE HONG OJXLE @A Ao
E XPO‘HJ%H%oM A 25tk HONGS d31&
EURO6 CNG 7S 7|& 2dlZ sl @ ARZES
HZA3 3 Aoeg HONG 59 U = 4EXNHoE
S l 1059014 12.00.2 Biﬁé}gigtq o234
< A83lo AL E /NSt 39 Eu

Z

] }2)

=2 %f& &7k s Azﬁ}o}i’it} Fae] wh
£ dagEe) ES% 219 SAE o83t 17
A=FHEGR) HIES EUOZA @AA@} A4
< A= 71%% &3 Aol 5ot A8
A58V F234ES 18 typed 8718 B

ATt oFA s akEE gl A AL o] F
AR A kol AlFgoZ 3t Adelolth
HCNG d5E Fgs9sEl 48 A4 +
Alh MAA 2B CNG A7} =425 EFT &
EW‘W £ AA3le] AAeZ AW £
Hl < T F A FAAN=E S TEI U,
2]. o] A 2®le HONG 8% olUet 458 35T
F e A5z FAEFENEL A
2 30+2% FFo 2 AWEA CNG A59 £33}
o 24 AR87ol 20071402 SR 5 yl =
AEtgom ONG ZHZ2717 g8 A28 o]t}

22 NEAIZ I Q| AEHEHY

HCNG ¥ 2~2] Au|54-& valsty] 23] Table
13 o] HONG W28} 559 EURO6% CNG H
28 APSHAOM FF A5 b DMz A
FA gt s vustdth APE FA =9 WHVC
(World Harmonized Vehicle Chassis dynamometer
test) ZEo| T3] FAsA o o] AHE Vo=

Fig. 1. Developed HCNG Bus(290PS).
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Table 1. Specifications of tested vehicles(HCNG,
CNG, Diesel)

Items HCNG CNG Diesel
Bus Bus Bus
Displacement 11 liter — —
Vehicle type BS106 — —
Fuel type HCNG CNG Diesel
moe | M|
CVW(kg) 10,470 11,100 10,066
GVW(kg) 14,110 14,740 14,356
Tested inertia Weight(kg) 12,290 12,920 12,211

Table 2. HCNG, CNG compositions and heating

values

Ttems HCNG CNG Remark

C1 64.63 92.33 mol %

(e/] 3.44 491

Cc3 1.22 175

i-C4 027 0.38

n-C4 0.29 0.41

i-C5 0.01 0.02

n-C5 0 0.00

N2 0.14 0.20

H2 30 0

Sum 100 100 mol %
LHV, 0T 30.41 38.87 MIJ/Nm®
LHYV, 20T 28.32 36.19 MJ/m®
HHV, 0C 33.93 43.06 MJ/Nm’
HHV, 20T 31.60 40.09 MJ/m’

Carbon weight 9.295 13.279 kgC/kmol
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Table 3. Densities and carbon weighted fraction
(CWF) of HCNG, CNG fuels based on

28

Table2
Items HCNG CNG
Density | 20C 0.537 0.732
3
(kg/m’) 0C 0.577 0787
CWFuone. ¢ 0.720 0.756
CWFnmuc 0.809 0.809
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MJ/m32}t 28.32M]/m3°]t}.

Table 4. Emission results of CNG, HCNG and
Diesel buses by WHVC mode

(E$1: g/km)
Items THC CH., (60) CO; NOx
HCNG 0.36 0.32 1.86 485.7 0.08
CNG 0.77 0.72 0.01 610.3 0.84
Diesel 0.034 - 0.05 741.1 0.77
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Table 5. Comparison of fuel consumption among
vehicle types(HCNG, CNG, Diesel)

fuel consumption Calorific
Items value(LHV)
km/m’, /Gl MJ/m’,
km/1* MI/1*
HCNG bus 2.89 102.0 28.32
CNG bus 331 91.5 36.19
Diesel bus* 3.59*% 102.8 34.92%
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Fig. 2. Comparison of carbon emission factor and
reduction rates(based on IPCC).
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Fig. 3. Comparison of CO, emissions among test-
ed vehiclestHCNG, CNG, Diesel) and re-
duction rates.
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Fig. 4. Analysis of contribution effect on CO; re-
duction when converted from CNG bus
to HCNG bus.
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HCNG : hydrogen(30 vol%) mixed with CNG

CNG : compressed natural gas

G20 : CHy AE°] 100% 1 A7k

G23 @ CHy(925%)% Ny(7.5%)2 =44 A9
7t

LHV : lower heating value

HHV : higher heating value

CWF : carbon weighted fraction
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