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Abstract - This study is aimed to investigate the US code and European code on the evaluation of fuel
economy of natural gas vehicles and deduce the formula suitable for domestic natural gas fuel. The fuel
consumption formula have been derived by carbon balance relation between fuel composition and exhaust
emission. The US code does not limit the composition of the test gas, but European code should be used the
reference gases such as G20 and G23. In the case of NGV using domestic city gas, it is confirmed that the fuel
economy determined by European code is 12% worse than that of US code because of difference of test gas.
Also, a method of determining the fuel properties from the calorific value is proposed to evaluate the fuel
economy of natural gas vehicles.
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0.866 X HC+0.429 X CO+0.273 X CO,

mpg =

o7]A,
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FC= fuel consumption( ¢ /100km)

D = density(kg/ ¢)
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Table 1. Reference gas fuels specified in the Euro-
pean code for emission test(UNECE R83

Annex 10a)
Items G20 G23 Average | Rem
Compositio CHy 100 925 ]
ns(vol%) |y, 0 75 -
CWF 0.7487 0.7487 0.749
Properies l?f;]fcl? 0.6798 | 0.6286 | 0.654 | kg/m’

I HO

St 1714 G239 AAgE-L CWFSH 1= ARt
Al AL st o ks Tk flol H8H Al
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44.655 < A2+ 667.08 X A
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( 9.104 X A+136

) X HCH0.429 X CO+0.273 < CO,|

o7]A,

FC= ¢19](m’/100km)

A= HCNG 98 5 947k &3 BlE(vol %)
HC, CO, CO= HI&E7t2 & ZH3E9] &%
(g/km)

Table 2. Comparison of the constant included in
fuel consumption formulas of European
and US code for CNG and HCNG fuel
(see Table 4 for fuels)

CNG HCNG
Items
Us EU uUs EU
Carbon weight 1
fraction, CWEy 0.7556 | 0.7485 07202 | NA
THC - 0.749 - 0.710
CWF, | CH; 0.749 - 0.749 -
h
Al | NMHC | 0.809 . 0.809 .
compone
nt co 0.429 0.429 0429 | 0.429
CO, 0273 0.273 0273 | 0273
20T 0.733 - 0.538 -
Density
15C 0.746 0.654 0.547 NA
CWFxg*Den? 0.554 0.490 0387 | 0417

Y The constant in the formula is expressed as 0.1336 instead
of (=1/0.7485/10)
? Reference temperature of density(20C for US, 15Cfor EU)
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Table 3. Relations with composition according to
calorific value of city gas

Calorific value,
HHVMI/ND) 41.0 42,0 43.0 44.0
C1H4 96.71 94.58 92.44 90.35
C2H6 2.35 3.62 4.85 5.99
C3H8 0.57 1.12 1.72 2.37
Compo iC4H10 0.07 0.23 0.38 0.52
sitions
(mol %) nC4H10 0.10 0.25 0.40 0.55
iC5H12 0.00 0.01 0.02 0.02
nC5H12 0.00 0.00 0.00 0.00
N2 0.19 0.19 0.20 0.21
H/C 3.923 3.863 3.806 3.754
CWF_ng 0.750 0.753 0.756 0.758
CWF_xmuC 0.806 0.808 0.809 0.809
0C 0.744 0.765 0.786 0.807
den,
3
(kg/m’) 20T 0.693 0.712 0.732 0.752
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Fig. 1. Relationship between heating value and car-
bon weight fraction(CWFng).

ATHE SollA A AnakE dAA e A&

& Sltk A 106319 B AAtng T1ES

2 973 A Ae] BAE Table 39 Akt

=A7ksE A8A7E B AshdEs) INGE 9

et

SR oA AzFale] FFEHE Feloly A =
A7t BAE A Aolr. AP zHowR

B dn] Aol dad gaST %

A8kt

Fig. 12 T3} gaFuol thet
2 Uepd Zolth
= WEes 23
H(CWFnmie) &
< & g Aok oA =)
o HEdFOoTHE BaF

H] o}

HCNGS} #o] 471 30% E3Hg 712
T BAFHHE foA duE T
Ttedze] 2o 2RE HH
Z] 5}t
. 24 Azt

31 old| M=

A7 AsAke] AHl A& 9
U FEEHIL AE EAIZF%
7}2= 70%) &3 HCNG 50l
LAFS FASAT WETke T
A&, 5 WEHCHy), Y4kstea(CO), ©l4t
(COy) B &hslpaid ol gk
W 22740 AvfE #AA LS ZHE
T Aok

=47

L il
e



[e)

=

)
ZS|

Wy Py

&3

&

Table 55 $1¥] 4F&S 93] CNGH 229} HCNG
wzo tE wWErke 24 A5 dsska.
°of AuEFE w=oA AlkE WHE0 CFR
600-113-12)3% fr oA AAIgE W (UNECE R101
R3)ol i) AnE 4= S ok

ASEAY &7t ARE vl"goZ CNGH

Table 4. Domestic city gas composition and calo-
rific values including HCNG fuel

T & HCNG city gas Remark
C1 64.63 9233 mol %
2 3.44 491
c3 122 175
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 0.0
Sum 100.0 100.0 mol %
LHV, 0C 30.41 38.87 MI/Nm®
LHV, 20C 28.32 36.19 MJ/m’
HHV, 0C 33.93 43.06 MI/Nm®
HHV, 20C 31.60 40.09 MJ/m’

Table 5. Typical emission data for CNG and HCNG
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Table 6. Fuel economy of CNG and HCNG buses
based on US and European codes

Items CNG HCNG | Remark”
US code 3
(40 CFR 600-113) 331 290 fan/m
EU code 3
(UNECE R101) 293 249 kmm
Difference 12% 14%

Y Reference temp is 20C in US code and 15°C in EU code

Table 7. Fuel consumption results according to re-
ference temperature change(case of CNG)

buses
calorific
value density fuel consumption
Items CNG HCNG
(LHV)
Item
CH, 0.717 0320 temp. voulme energy
MJ/m3 k g/m3 based based
NMHC 0.054 0.045
. km/m’ km/GJ
Emissions co 0.014 1.858
(g/km) 0C 38.87 0.787 3.56 91.5
0. 61034 48573 temp | 15C 36.83 0.746 337 91.5
NOy 0.844 0.075 20C 36.19 0.733 3.31 91.5
-5 St 7} 4~ 83 2] A219 A6 2017 12€
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