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Impact of driving behavior on real driving emissions from

heavy-duty vehicles equipped with diesel engines
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Abstract: In order to investigate the impact of driving behavior on real driving emissions (RDE) of heavy-
duty diesel vehicles, a total of 9 times of smooth driving, normal driving and rough driving were carried out
on three vehicles using the portable emissions measurement system (PMES). The dynamic parameters
U+ s [95] and emission factors of the urban, rural, motorway section and total travel distance of each
vehicle were calculated before and after the three tests, and the dynamic parameters v-a .. [95] were used
to analyze the effects of pollutant emission characteristics. The results show that compared with smooth
driving, the NO, emission factors of the three vehicles under normal driving and rough driving behavior

increase by 33.73%— 621.10% and the PN emission factors increase by 21.26%— 122.40%. At the same
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time, the correlation between CO emission factors and the dynamic parameters v-a,., [95] is not obvious,
but the NO, emission factors and PN emission factors of suburbs and high-speed sections have a strong
correlation with the dynamics parameters v-a,, [95]. It can be seen that the impact of driving styles on
vehicle emissions cannot be ignored.

Keywords: driving style; RDE; heavy-duty diesel vehicle; dynamics parameters
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Table 1 Routes characteristics

KB CPEEREE/ RAERRE/ FRILERNE/

M km m m (m-(100 km)™")
Test 1 132.7 283.9 1.9 780.3
A % Test 2 128.1 278.0 —1.9 865.8
Test 3 127.0 281.4 18.8 843.6
Test 4 123.3 304.4 —69.2 1132.9
B % Test 5 121.0 309.7 —82.6 1 143.9
Test 6 131.7 309.0 —66.9 694.8
Test 7 112.0 286.7 33.3 1 064.5
C% Test 8 136.9 279.2 2.3 834.6
Test 9 108.9 287.4 33.8 1115.4
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Fig. 1 Vehicle driving routes
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ST 9 YR I HE IR K H A& HORIBA 2 &l OBS-ONE £ 81l {# #5 28 HE ik I i £ 48 (PEMS) L 1%
R FEEAH L RF AN MR S 3B A AR (OBS-ONE Gl CO,CO., , NO, i HEj i s PN
Heu) 200 & PN B, Hop CO SR AR 43 6 40 b 48 W Ui BY 43 #1 42 (nondispersive infrared analyzer,
NDIR) . NO, Il & % A4k 5 & 68 53 81 (chemiluminescent detector, CLD) , PN % [ #4569 5 R & 711
LD, LA LI 2,
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Fig. 2 Emissions test equipment
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Table 2 Vehicles information
LaE R kR R/« RRIH /LW BRAT Y LR km J& Ak 37 5
A% N2 s 3.6 110 5 859 SCR+DOC+DPF+ ASC
B % N3 AR i 15.1 278 2 852 SCR+DOC+DPF+ ASC
C#%# M3 3k i 12.0 162 4 406 SCR+DOC+DPF+ ASC
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Table 3 Vehicle windows information

I G 798 4 Dy A 5 AH A R EL R? Dy B H/ % FRE T %
Test 1 5.3 0.98 16 50.36
A% Test 2 4.6 0.97 14 50.21
Test 3 4.8 0.94 16 51.74
Test 4 5.1 0.95 20 66.18
B 7 Test 5 5.3 0.95 20 68.33
Test 6 4.3 0.96 20 59.43
Test 7 5.1 0.95 10 55.32
C% Test 8 6.2 0.90 18 52.77
Test 9 6.0 0.93 13 66.57
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Fig. 3 Dynamic parameters under different driving behaviors
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Fig. 4 Emission factors of vehicles

I 4Ca) AT, Test 7 R CO HEM R R M 1.976 g/ (kW-h), Test 5 i K CO HERHAL N 0.029 g/ (kW-h);
CO R S5 MW h 14 S 8T RS . A 7RI 5 25 M A T AR 25 B 5028 B e 1 5 25 3 CO HE I 43 5] 38
J50.41% , —37.87 % ; [A] B B 443 BIB4 N — 74.05 % .42.44 % ;C ZE43 480 —78.68 % ,64.16 % ., 3 Wi 4 9 Ik
R CO B EL R MK T B A 22 B S HE R A 6 ¢/ (kW -h) . HIE 4 (b) AT, Test9 i 5 NO, HE U 7 >
1.364 g/(kW-h), Test] HEURAR N 0.043 g/ (kW-h) . Ht A % 1 5 28 B V- Fa 28 B 38 8 25 B 458 1 6 25 3
NO, HEf 43 570 3G I 621.10% . 250.70 %, [A] B B 42 43 3 34 0 191.40%,33.73% , C 43 39| 3% i 350.50 % ,
119.20% . M 4 Co) AT AL, Test9 i 5 PN HE 3 e & 2 9.95 X 10" #/(kW - h), Test3 i 5 &z /M H
1.04X10" # /(kW-h) o A 72 TF 25 Bl 51 A2 2 Bl B 2022 Bl A 1 5 25 3 PN SRR 3 50035 21,26 96, 24.84 %0
[ B B 24270 B4 h0 122,40 % .45.34 % 5 C ZE43 48401 52.46 %, 23.60% . 9 YR B PN L HEM AR T [ S d i
BRAE1.2>X 10" #/(kW-h),
3.3 (TEHIANESHSHHRMHEXE
3.3.1 CO M v-a,,[95]FEHX %

CO 43 P& BeALBATFE A LEHE B BE v -a por [95]Z8FLCFR UNIET 5 BT o BT H /N RIS S 22 40 1 4 A 4 % B 1 i
OB K bR R B 2R 3 AT AR BB . R B S AT B AR L C RN R OE R 2 B R A,



¥ 6 FR M E BAT AT A S K R R AT B HE A K 40 Y 27

CO Fl vea o [95 ] FHRMEII A B MR R B R A 0.227 7T LI, A HERMEMR AR B % .C E4r,
9 0.635 1, {02 3 MiZE LMK L CO 531 1% S8 v-a,. [95]HRHEAR L,
251 20 [
° SR ® o
= 2.0 ° o BFE ~ 1.6
= =
z 15+ R=0.635 1 z 12 [ R2=0.8762’, ®
=2 .~ 2 ’
S 1ot .. g osr ,’1
S I LI v
02 N "-"‘ et R=0. 0191, """""""
R*=0.143 6 o .I
0.0 o - 9 ) 0.0 ) LN B B
0 3 6 9 12 0 3 6 9 12 15
v- P05[95] /(m?.57%) v- l,.,5[95] J{(m?-s73)
(a)A%E (b)BE
357
30T o
£ oast
=
| R=02277 e, g 07764
S 1o} ."'\"‘\Q
e
05} ® .“
0.0 1 1 1
0 2 4 6 8
0.0, [ 95 ] H(m?.s7)
(c)CHE

BlS COREv-a, [95]FHXE
Fig. 5 Relationship between CO and v-a,, [95]

A& 5 ) AT AT A 745 A I BEAH C R B0CR 0.635 1, AR 2B CO BEE Zh H1# S5 v-a 0. [95] 38 KMk
AN AR IR BT . B 5 (h) AT AL FE SRR S B L IE H S B CO 2 BRI A HE R L (R 3 80 g i
CO HEGRE RN ; H B 4 CO Ffi v-a .. [95] —ﬁrir%,,jﬁaé/?éﬁzﬁ 0.019 1, MK 5 A %1,C % CO
FEHEACBE v-a 0. [95 1R BA —E M ES M., RERIEF B ZMEIE . COMH v-a,. [958 T
B MR BRI %'ﬁﬁhttﬁkﬁﬁzmﬁﬁ?wk B A 56 2B 0.227 7, PR X AL 0 R S
CO 7= A ML RS AL A A58 T XA G Sl 2 02 & SRR L Tl CO 7 A 2 R U R B, BT LU 3 30 CO HE
S B 12 SRR R W
3.3.2 NO,M v-a,,.[95]Fk* 2

HHEAR BT RN B R NO, WHEHE v a0 [95] 2K R AE 6 Fras. B A, 3 4240
NO, HHEBCFE A5 T DX B A5 O H 43 6 B W B S 0% A S M  (E 2 7 HEBR 1T X B B0 I H A o6k
FEHE , YA BRI A e . Al — AR 2 30478 IR HS NO, B v-a .. [95] 28 fhAH &M AR AR &, AH 56
PERACAY C ZIEH 23 78 FHIREI T 0.702 9, BK L3 HEME I I F S8 v-a,. [95]13 1. NO, #f &
BEE I NO, X v-a o [95] BYBURME By 5 BRI C %2 A 4B 4, [ 3 342 S AT R0 NO, e HE
JHBE ©-a o [95] 3G T 3G 0 f A B4 R AS 5 i DX 43 % B A T, T B T X0 B g AT R T A T L Y A



28 TR K FFHK % 14 K

25 [ o HEBATIX) 20
© S BIAETIX) L
207 e e e ~ 257
ol =
S st : R=0.999 9 K4 = 20T
) /7 R=0.7473 bt | ®
% " & 15 R=0.7534
= M 5“ e,
% R2=O.016.5. .......... R z 101 R=00136 .. Py X8
il /7 ® 05 r ) o R=0.842 8
[ )
o - o0
0.0 . 29 - : , 0.0
0 3 6 9 12 15 0 3 6 9 12 15
V-0 [95] fm?s73) VO [95] #(m2s3)
(a) A% (b)B%
30
25 [ o
T
= 20r
z R?=0.903 9
R
=) L ®
S el 4
05|  R=02056 .. : : >
e 4
N
0.0 ; ® (- r=07029
0 2 4 6 8
v I,‘],;[95 1 #(m>s7%)
(¢)CH

6 NO.FEv-a,[95]ZLXE
Fig. 6 Relationship between NO, and v-a . [95]

A 6 )AL A ERETIX BB NO, LHES v-a .. [951 26 HER 0.747 3, 50 3% BEAH S PE B R 3k
] 0.999 9, {H A T X B A CHEAUN 0.016 5, HE 6(b) AT AL B R EH X B NO, 53 J12¢ %
B oveae. [951HKMER 0.753 4, BATEEAHSCHET ZE ] T 0.842 8 (H 2 & 1T X /0 I BeAH G MEAR BT B .
B 6 AT H, C EA & XA B NO, HEU S5 8 )12 S50 v-a e, [95] MR 0.702 9, SAT FEAH G 1 3 2
KF] 0.903 9 (H AL & T X PR BEAH S PEAL A 0.205 6, NO, A PN HE7 2 T 80 42 HE e B o w2 1 %) 4 2%
Yt BT X B N O, HE B i T AR e B O DR B AR I8N NO, B HE ORI A S
Ab A W 25 T R R TAERG N T — & R XERE .

3.3.3 PN v-a,.[95] £tk &

TR B AT FR R 25 53 16 Be PN LG HETCBE 3 1 % 80 v-a e, [95 18 AL C R WA 7 Jir s, | &1 o a]
L3 AR R 2 34T R T I A PN B v-a . [958 0 2 AT 58 AH G B AR C 4225 0.791 6, B HEAH X
e 0.864 1, A EIRZH 0.841 5., A,B,C A 3 F B 34T T PN BRI E v-a,. [95] 34 01w 34 fin .

M 7C) P A AT RE PN HEBESh 1124 B8 v-a 0. [95] M EE R BN 0.966 5, 40 ¢ BEAYAH S 1 &
Bk 0.841 5, MK 7(b)ATHILB 4 BATRE PN HERLFE ©-a .. [95] 0 &ME R 5 R 0.923 7, 50 i BEAH G R 8
$50.864 1, MK 7o H1,C % BF7FE PN HEBBE v -a o [95]FHCHE RECHN 0.992 4, 53 B B A et R ECH
0.791 6, LT A, EAIE PN HE S v-a,. [95] 54 B0 08 A0 56 o, HOEAT 2 A0 4y B% Bt PN LG CHE il 0
V@ pos [95 ] BEUBMEAR T .



% 6 4 ERAR L HF B IAT A 2 E AL SR b £ TR R AT B HE A K 69 R 29

77 st
]
~6r ° SrIRE ~ | °
= 5| e MR = R=0.923 7 .
= ® . = | '.
= 4f g = 3 e
# R=0.9665 @ R=0.8415 £ e’
=3 ® o < ol R=08641 %
= 2L R = P
£ e e 3 -~ é
Sl 3 = Lp o &
° e ©
0 3 6 9 12 0 3 6 9 12 15
v-a,,[95] /(ms?) 9@, [ 95 ] /(m257%)
(a) A% (b)B%:
127
2=0.992 4
3 R=0.99 -
. P
% 6r .{"'.' o*®
= ® .
S o3t
- " R=0.7916
®
0 2 4 6 8
v, [ 95] (m?.s72)
(c)C%
Bl7 PNBEv-a, [95]ZEHUXER
Fig. 7 Relationship between PN and v-a . [95]
N
4 &

TR i BRI 7S R AR HE bR o 6F 3 B A ZE A R AT T O AR A O L OE R 2 g R Z 2 gk 9 IR SE L A
T EAF LT 458 .

1) M TR 2 B, 1 % 25 BRI A0 25 3l A7 b (45 B AT R NO, HERE A %2 BB hn 621.10%,250.70%
B 4 5340 191.40 % ,33.73 %, C A0 S84 350,50 % ,119.20 % 5 B A7 2 PN L A 4243 934 A0 21.26 %,
24.84% B ZE43 3N 122,40 % ,45.34 % ,C ZE43 380 52.46 %6,23.60%

2)CO HHER S N J124 B8 v-a o, [95] BB AN G  AH OGS - 1) A ZE A G R BN 0.635 1,45 22
BB AR K 0.019 1, Hk C AR 0.227 7,

DA EH X EEBE NO, HE S B8 14 B8 0 -a 0. [95 ] M ME AR B 5, 0 78 7 20 A0 5 i B NO, HiE
A AE 5 A OGP A DGR DL BRI IR B % 0.753 4,A % 0.747 3,C % 0.702 9,

DPN WHE S EMsh 1% S5 v « a,. [95 ] FALESRAR CHE AR OCHE S A7 19 B 2 HAHOC R E0h 0.864 1, A %
W2 R 0.841 5,C AR 220 0.791 6,

YT 7S E AL A HE R R O R R AT AR B ) A AT — s SRR B . X 3 AR B AT A R SEBR
TEHE I 6 A3 A R, AT RE Bl g 20 E R B HE O R NO, F PN 52 AN S 2 . BOE R — Bk
BT B o, N 3T 4 5 TR A AT R 3 1 S B0 I I S5 R s

SELM:

(1] WRGI . PESGEHFEY 2019[M ], dbat. P ES AL, 2019,
National Bureau of Statistics.China Statistical Yearbook 2019 M. Beijing: China Statistics Press, 2019. (in Chinese)

[ 2] Ligterink N E, Tavasszy L A, de Lange R. A velocity and payload dependent emission model for heavy-duty road freight
transportation[ J]. Transportation Research Part D: Transport and Environment, 2012, 17(6); 487-491.

[ 3] Velders G J M, Geilenkirchen G P, de Lange R. Higher than expected NO, emission from trucks may affect attainability
of NO, limit values in the Netherlands[J]. Atmospheric Environment, 2011, 45(18): 3025-3033.

(4] B, £, ¥4, 5. PEMS T 30 4 65 52 br 8 g SO HE i i [T ). IR ELR £ 5 Wi i, 2010, 1(2):
141-145.

Ge Y S, Wang A J, Wang M, et al. Application of portable emission measurement system (PEMS) on the emission



30 TR K FFHK % 14 K

measurements of urban vehicles on-road[]J]. Journal of Automotive Safety and Energy. 2010, 1(2): 141-145. (in Chinese)

[ 5] AEBTEE, BN EEEEAR. e N RIAEE bR A58 405 Qe W A i iR (8 X N & 75 % GB 17691—
2018[S]. dbat: b B A, 2018,

Ministry of Ecology and Environment, State Administration for Market Regulation. National Standard (Mandatory) of the
People” s Republic of China: Limits and measurement methods for emissions from diesel fuelled heavy-duty vehicles
(CHINA V). GB 17691—2018[S]. Beijing: China Environment Science Press, 2018. (in Chinese)

L6 Bz, T4, T, HLBh % SCbrAT BHE O i R MR e BUIRLT D, IR R 2 5S4, 2017, 8(2): 111-121.

Ge Y S, Ding Y. Yin H. Research status of real driving emission measurement system for vehicles[ J]. Journal of
Automotive Safety and Energy, 2017, 8(2): 111-121. (in Chinese)

(7508, 20, B, . PRuE IR A 3 A5 28 R HE e i e [0, ANEL A IREL 5 2455 R . 2019, 48(3): 64-67.
Guo Y, Li B, Yan Y, et al. Research on the influence of ambient temperature on heavy duty diesel vehicles emission[ ]J]. Small
Internal Combustion Engine and Vehicle Technique, 2019, 48(3): 64-67. (in Chinese)

[ 8] Chong H S, Park Y, Kwon S, et al. Analysis of real driving gaseous emissions from light-duty diesel vehicles[]].
Transportation Research Part D: Transport and Environment, 2018, 65: 485-499.

[ 9] Sakm, AHeom, mas, & R RSN LR gfE iy s ma [T R &30, 2017(4) : 84-87,92.

Ma Z C, Fu T Q, Dai C B, et al. Effects of altitude on real driving emission of light-duty diesel vehicle[ J]. Vehicle
Engine, 2017(4): 84-87,92. (in Chinese)

(10 SRAM . B, FHii. . 479080 J1 2 S 800 RDE LR 45 A mfF 52 (1], 14 T/, 2018, 40(4): 389-395,442.
Song B, Ge Y S, Yin H, et al. A study on the effects of driving dynamics parameters on the results of RDE test[]].
Automotive Engineering, 2018, 40(4) . 389-395,442. (in Chinese)

C11] AL S8R, 5kis Bk a4, 55 72 B KUK X 42 B 300 242 S B AT Bk 7 e W Hk i iy 2 ma 0 9 LT 0. PORAIL S A, 2019 (17) :13-15.
Du B C, Zhang Y, Geng Y T, et al. Study on the influence of driving style on the real driving emissions of light-duty
gasoline vehicles[J]. Internal Combustion Engine & Parts, 2019 (17): 13-15. (in Chinese)

(12] MRS Koz Bk o 4. P 339 L0l 2 6 R i 22 5 P AT 0 e W e B g 2 A F L0 ], 19 fE . 20190 38(9):152-154,
Du B C, Zhang Y, Geng Y T, et al. Study on the effect of average positive acceleration on the emission of pollutants from
light-duty gasoline vehicles[ J]. Energy Conservation, 2019, 38(9): 152-154. (in Chinese)

[13] e ds, A2, kiz, . EISHEOE M RDE U5 i 2 3 A7 9 W 20 AR B2 07 4 1 A R e A T, R K% 4
2019, 42(6) . 26-33.

LiY B, Du B C, Zhang Y, et al. Validity analysis of China-6 emission regulation on judging the fierceness of driving
behavior in RDE test[]J]. Journal of Chongqing University, 2019, 42(6): 26-33. (in Chinese)

[14] &, A, £Ex, F 58RI NS85 5 QW HEBCR A Hr[J/OL]. R R %4, 2019: 1-13
[2020-01-127. http: // kns.cnki.net/kems/detail/50.1044.N.20191017.1330.002. html.

Yang CZ, DuBC, Li Y B, et al. Correlation analysis of driving dynamics parameters and RDE characteristics[ J/OL]. Journal of
Chongqing University, 2019: 1-13. (in Chinese)

[15] Lujan J M, Bermtdez V, Dolz V, et al. An assessment of the real-world driving gaseous emissions from a Euro 6 light-
duty diesel vehicle using a portable emissions measurement system (PEMS)[]J]. Atmospheric Environment, 2018, 174
112-121.

[16] Varella R A, Faria M V, Mendoza-Villafuerte P, et al. Assessing the influence of boundary conditions, driving behavior
and data analysis methods on real driving CO, and NO, emissions[]J]. Science of the Total Environment, 2019, 658:
879-894.

[17] Gallus J, Kirchner U, Vogt R, et al. Impact of driving style and road grade on gaseous exhaust emissions of passenger
vehicles measured by a Portable Emission Measurement System (PEMS)[]J]. Transportation Research Part D: Transport
and Environment, 2017, 52: 215-226.

[18] Grigoratos T, Fontaras G, Giechaskiel B, et al. Real world emissions performance of heavy-duty Euro VI diesel vehicles[]J].
Atmospheric Environment, 2019, 201 348-359.

[19] Bishop J D K, Molden N, Boies A M. Using portable emissions measurement systems (PEMS) to derive more accurate estimates
of fuel use and nitrogen oxides emissions from modern Euro 6 passenger cars under real-world driving conditions[ J]. Applied
Energy., 2019, 242. 942-973.

[20] Guo ] D, Ge Y S, Hao L J. et al. On-road measurement of regulated pollutants from diesel and CNG buses with urea
selective catalytic reduction systems[]]. Atmospheric Environment, 2014, 99: 1-9.

(B8 K ¥



