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IEERMmAHEESEIR
Status of buses in BEDING
1520145 K

by the end of 2014

- EEE2 1,967

operation buses: 23,592 vehicles
- EEERS /855

serving routes: 813 routes

» FTwERl 3. 27{7 08

annual travel miles:1.327 billion km
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Status of buses in BEIING
1520145 K

by the end of 2014

- BfEEel284. 135 R
Passenger volume: 12.84million per day

- R AL 3/ B/ A
Density of bus routes in central area: 3km/km?2

> 500migEaEExRL90%

Public  transportation covering rate(search
500m):90%
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Development outlines of new energy buses in BELJING

> IEEER , AEREMRIH AR ENAREBEZRHREN , HEIL
EIVEHEFIRUAEVIRE,

Discharge standard of diesel-fueled buses in Beijing is changing. CN-III,
CN-IV are replaced by CN- V(discharge standard in China) in recent years.

> BRIRZATAEIREK L TEIV | BEEEREEELASRIET
x , KRS, nELPOERBIE.

Average Discharge Level of buses is CN-IV for the time being ,most
buses fueled by diesel, and gas fueled buses in the middle, and few
electric powered buses can be seen.

- MIEEPrEIn AR [EAETHERAFECE | E2=XRATTMHEN
B, FINIETSERTRER .

According to experiences from worldwide. We now are experiencing
emission reduction period that characterize getting rid of heavy
emission fuels, new energy fuel is used to replace the conventional fuel,
new energy buses come into application in limited areas.
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Development outlines of new energy buses in BEJING
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Development outlines of new energy buses in BEJING

ZEiT4y SEIRAFREER

buses UPdatedand L5 o000 NO (%) CO(%) CO2(%)  HC (%) LHESF(S
fueled by new Application year
types buses
= B E I
== =R RS 201745
AR e 62 22 -9 9 63 A
CN-IL CN-IV| - ppe | CN-Im Before 2017
buses KA CNG
AE =
E=. BN Ly 9?,;_‘“_“
T N ™ 36 44 14 186 20174
CN-III, CN-IV CNG Before 2017
buses EEV
E=. E - 20174
AL BUERATIR ) ) ) ) B
CN-ItI)I\ CN-Iv|  LNG vehicles 30 39 63 4 304 Before 2017
uses
2= @ | REESNE
AR Hybrid of ) 9 47 4 88 20175FH)
CN-II, CN-IV|Diesel&electrioni Before 2017
buses c fueled buses
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Development outlines of new energy buses in BEIJING ;

ﬁ Electronic

fueled
EE?“ "
()

=77 LEE
.Il:b. Gas goals

/ Ej]jj fueled

Diesel RHINER

Improving process
fueled

dEmE 0 XEREEBAOT
transition process  Developing planning: _
TS > UTHR . JERRARSERAE | SSHNBIREN G /ERYEEIRES
present Short period: gas fueled buses superior to diesel& electrlc fueled
buses

':F'I_HH ﬁ/EJZLJ\EEEIZBDﬁ EE’J \,I:Wj

Long period: buses powered by electrlc will dominate the service

flAantc
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Development outlines of new energy buses in BEIJING ;
2N ERHEG BREI AR - 732

ﬁ Electronic

Problems « Discovery in every step
s f fueled
(]

5)173

LEBS
} Gas

/ 5 + fueled 1ZAN] & RRAE 3L ?

How to deal with the development

—

Diesel FIRS T FHHERIBIRS problems of electric powered buses?
— AGIEZIDT -
— . .__ How does gas have a influence on
JE1T4§'IE’—37H%|EH energy consumption while it makes
ibution to energy conservation?
9&%&”1@ 7 a contri gy

How's the relationship between
Operation characteristics and fuel consumption?
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Relationship between energy consumption and operation characteristics of diesel fueled bu
E{T4F %S HFEE
REMA ?

lationshi VANa): =
Relationship between Eﬂ W *:: Bk
/]

operation characteristics Tt erav consunibtion
and fuel consumption? : 9y P
fuel consumption per bus

il

R ZEEIPR
Departing
time interva

fuel consu r individual

Level of service
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Relationship between energy consumption and operation characteristics of diesel fueled

>
(3
(1) #4REk)R Data Sources m_,“
1. It E P EERHERO A3 REFE IS S R Ej] j]

Energy consumption of buses observation platform in Energy Diesel
conservation and emission reduction center in BELJING fueled

FKiFERE : T
Sample intervals: every second

SUEAE : it ZFWID, BJE). U, BEITHE. BRITRE. 258

Data columns: route name . vehicle id . travel time . total fuel

P

consumption, instantaneous fuel consumption, longitude& latitude.
DENR « 1256508 , H109RETBFFITERSESURE
Data analyzed:12 routes, energy consumption data of 109 vehicles

covering every seconds in the whole trip.
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Relationship between energy consumption and operation characteristics of diesel fueled

>
é

(1) #4REk)R Data Sources

i1 ¢
N1
2. RRXFEMMHBEEE Ej_—, 73
Diaries of buses refueling Diesel
REEENR : G5 LR

Sample intervals: every day

SEAT - &g, FWID, IEETE. IHHEER. INHES

Data columns : route name. vehicle id. refueling timestamp.
volume of refueling.

PHEIRE | 3R%E | S1E | EEARIL204R INHEER

Data analyzed: 3 routes , 51 vehicles covering 204 times refueling

records in 4 days.
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Relationship between energy consumption and operation characteristics of diesel fueleg

(1) #iEskE Data Sources
3. It hEEE—+E (ICR ) Rl-<&UE

IC-card deal records from Beijing Public Transport Group
FKEFEER . £, TERIREHSER—FEE

Sample intervals: boarding and alighting records

UEAR . RID. RIRESE. RIR&ES. £/ TMTH0MRE. RIRGRS

Data columns: IC id. deal time, rotes. direction, station code

SEE : SetERNTF SR A INHE SE0E HEAERINICREGE
Data analyzed: IC data during the same time period with Energy

consumption of buses observation platform observation data and

diaries of buses refueling records.
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Relationship between energy consumption and operation characteristics of diesel fueled bu

(2) 5T - Tkt LA67 3ERERHNSEHZE /917

Data filter out- pre-processing ——route 673 d|8§@l bus
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Relationship between energy consumption and operation characteristics of diesel fueled bu
3) EESHEHE
speed and fuel consumption per bus
PHNSMFEARRESTIEE

Fuel consumption and average speed of diesel buses

70 r

——BREHREL) —oETEEKm.h)
60

50

40

30 r

20

10

0 4 8 12 16 20 24 28 32 36 40 44 48

HETRSIE ( 8:00AM~9:00AM ) [E48HHIR 232 ERIBEFESIRE LIRS |
Statistics based on the fuel consumption and speed data come from 48 buses in peak hours(8:00AM~9:00AM)

- FERETEE (£910~30 km/hX[E ) SR2EEFHREZEMR T RABPEMNGHEIKR.

There is a significant negative correlation between average speed and fuel consumption.
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Relationship between energy consumption and operation characteristics of diesel fueled bu
(4) W%, FB ATEREE. FESARESIHE
relationship between factors like occupation, vehicle types,. bus lanes, speed and fuel consumption
- 7.9520 +23.504 T 17.3054 + 38. 07 s . 64.8720 + 154
0. 029V + 0.475 - 0.04 + 0.671 ; 0. 16V + 2. 678

ZERE ZERE ZERE

Regular lane Regular lane ~ Regular lane

Consumption(L/100km)
F] & 2 F]

Fuel Consumption(L/100km)
B ¥ F 2 & 2

snq 4ad uondwnsuod |an4

N 2 . occupation L !
verage -pe.e\th_m 05310 + 47. 588 _3.335¢ + 6. 962 EO 887¢ + 2. 059
h C0.07 +1.14 D09V + 0. 146 " 0.021/ + 0. 329
L HERiE HERiE SR
Bus lane Bus lane Bus lane
BERE )
Bus lane ) T
WEF WHNZE

Double deck Hybrid bus
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Relationship between energy consumption and operation characteristics of diesel fueled bu
(4) R, B, AREHE, EEGSEESHE
relationship between factors like occupation, vehicle types,. bus lanes, speed and fuel consumption
., 7.9520 +23.504 T 17.3050 + 38.07 o 648720 +154
0. 029V + 0.475 0047 +0.671 0. 16V + 2. 678
 ZERE ZERE KZEHE

. Regular lane Regular lane ~ = Regular lane

wel Consumption(L/100km)
F] & 2 F]
Fuel Consumption(L/100km)
B ¥ F 2 & 2

> Vu'
e TEER

snq Jad uonndwnsuod |an4

N J occupation .
verage -pe.e_\TF;m 05310 + 47. 588 3.3350 + 6. 962 EO 887¢ + 2. 059
A ~0.07 +1. 14 09V + 0. 146 0,021 + 0. 329
g : . §" e - . | .
' BEAE L TR | BEAE | BERE
: | Bus I ane Eh \_:\\ .“:\\\/\\}‘\/\:\/ //\/ // /////,/('\ BUS Iane Bus Iane

© RS RER AR NS
The more higher occupation, the more higher fuel consumption;

> RN R IEEEEFERSTIEE (ISR, MEERERSEEU LI ERRERRIER T RANGHELH ;
Occupation has little influence on fuel consumption as average speed grows. Road condition changes and bus lanes can make a contribution to
reduce the fuel consumption caused by higher occupation.

- FEEREER. EWERET , HFEREE WA > WEL > %,
Fuel consumption ranks double engines>double declk>buses in the condition that operation buses with same occupation and
cneead
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Relat|onsh|p between ener%y consumptlon and operation characteristics of diesel fueled bu

(5) mEER, EES A6 (26

O4cicupat|on~ speed and energy consumﬁtlon per individual (total energy cons49mption)

A S A3 S A3
E*HJE 10 km/h 8 yREE 10 km/h A W*HIE 10 km/h
bus 20 km/h ouble dec 20 km/h Hybrid bus 20 km/h
A 3 30 km/h A 3 30 km/h A 3 30 km/h
i’%l 40 km/h i’>] 40 km/h i’>] 40 km/h
= = ]
n o, =, N
2 2 2
H H A
=3 F=3 =3
1 ~ 1 -
O T ‘ T ‘ T \ T / ‘ 0
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
iﬁﬁ%(%) HWEE (%) WEEE (%)
occupation occupation occupation

> RiX , ARE—ENREERLZEFE | NinHESREREKREL | ALiHFES SiBFERIELL ;

Assume that there are constant passengers need to interchange, occupation is negative correlation with
departing times while positive correlation can be get between fuel consumption per person and total fuel
consumption.

> RS FEEA LB SBREA LY HFEEk 2imE.

Fuel consumption per individual or total fuel consumption can be reduced effectively when improving speed.
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Relatlonshlp between ener%y consumptlon and operation characteristics of diesel fueled bu
(5) mEER, EES A6 (26

O4cicupat|on, speed and energy consumﬁtlon per person (total energy consunlption)

43t g 44 i 44 i
E*"'E 10 km/h b \‘ yiEE 10 km/h al yi*nE 10 km/h
bus 20 km/h Double dec 20 km/h | Hybrid bus 20 km/h
A 3 30 km/h A 31 30 km/h A 3 30 km/h
i/'g i’>] 40 km/h i’>]
=] [E] =1
7 =, 7
g2 g g
i i i
#E ¥ ¥
G iR G
0
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
WEER (%) EER (%) R (%)
occupation occupation occupation

s EREERTS , BSCEEENERT  BEBINAZEREMLIFHEHHETLBRIRSRSKTF , ERASIERAERE (2
G ) NRE BT, BRIRI R A SR mFEIE I EAREN ARSS 2K SRR F |

When bus is operating with higher occupation and lower service level, depart buses more frequently in case of
reducing the occupation appropriately can improve service level significantly, at the same time, it can get
improvement of service level with little fuel consumption increase.

- EREER. BE. SERERRNBRT , ARE (Sl ) WERESWELS> 2%
Fuel consumption ranks in hybrid bus>double deck>bus sequence when the occupation, speed. passenger
volumeis the same.
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Comparison between gas fueled buses and diesel fueled buses
B * [

Background sproblems

TSR, AR ING AR ENENBAERITALEEEEZ |,

-~
-

=
THRIRIEERITE (CAEELTEBN(GB-T2589)) HARLE ;ng?j?

RggRREAITREREERI  ExaEREH T FRNERT X S Gas

“ fueled
RS EMESTENE, XSHMERRASENALELR 51/]
EERMBEIRRENASREXE , —E=E LIE T RASE fueled

HIRE MAS ;

Energy evaluation is conducted while liquid nature gas buses are popularized in Beijing in recent
years, when different types energy are altered into TCE according to the nation standard
{General principles for calculation of total production energy consumption(GB-T2589)) , energy
consumed by gas fueled buses is higher than diesel fueled buses when finish the same delivery
assignment. It is contradict with the public transit policy and energy application direction and it
prevent the gas fueled buses from being used.
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Comparison between gas fueled buses and diesel fueled buses
B * [

Background sproblems

EXHFRNERT , BIIXYLNGEEHERIBERBR I TEE DT |,

m

R T HNFE AR S RIBE A B E | HEB‘?%%EU-%EP?@ fﬁ__"
G, ATLUELNG B AAER T LS S el
MBS LIETE%Z , EHRASHH AR EES EM ERATHE ﬁjm.
- fueled

Under this background, detail comparison analysis concerning LNG and diesel fueled buses are
conducted, exploring factors that will influence the level of energy consumption between these
two fuels, in order to motive the popularizing of LNG buses in the transition step ,an alter
approach can be get to alter the energy consumption consumed by LNG buses into energy
consumption consumed by diesel fueled buses to see how much diesel does LNG buses

consume.
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Comparison between gas fueled buses and diesel fueled buses

1. BBiRBER
goals identified

SHE—MEENFINTERZ | AMEERASERIBREERIRERBENRNSERERE.

in order to alter the energy consumed by LNG buses into volume consumed by diesel
buses, an proper model will be needed for the routes served by LGN buses.

TR

- =
I I B B B e

BEFE (TRIE )

Energy umption (TCE)

I B
BERE (TR )
Energy consumption (TCE)
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2. Wi

methods available
(1) BEREZELBENEERASENSHRE | NISRAIZ&IESEH
R ESRASERHEEELL.

If both LNG and diesel buses serve for the route, the
ratio between diesel buses™ energy consumption and LNG
buses’ will be used to evaluate the energy consumption.

[=RE]
weakness

FEELNGEIBHIEIMES | FFEZFMHRISIBETRL | MK
CREXRE | %A THRE,

In the long period , this method perform poor feasibility

since.  more and more LNG buses provide service ,and
limited routes can be evaluated using that method.

Comparlson between gas fueled buses and diesel fueled buses

RASELIR

Routes served by

LNG buses

—

POIVE i L2

Routes served
by diesel buses

AT IHERE
Poor feasibility
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Comparlson between gas fueled buses and diesel fueled buses
2. MBRIE

methods available RIAS L0
(2) ERRERAGEASEST , WISRIRERGS FEmELE Routes served by
HZEERTHIRERE B SR A S ENIREFEEIFLL.

If only LNG buses serve for the route, then diesel

buses’ energy consumption in the past will be used to “

compared with LNG buses energy consumption at present.

W =

(BE) liéiﬁﬂigﬂigiﬂjﬂﬁ
weakness Energy consumption history data
when routes provide service by diesel buses
@ »3 ‘E@%EQBLHTlEﬂ?’ﬁg . LABIRYSE I Seig ST Bt e
Routes are changing as time goes by, there is a difference Poor timeliness
between diesel buses, served in the past, and LNG buses served G EHEKEEFEEED , 3B TIRSERT E
2t present o . R BN SRR K A B S BN SRR
@ LCHTAEBRSER. HIE, FRXREA , T P

v N M= =
SR BRI NCF SLARIFEESR Traffic congestion level fluctuates a lot, energy

The consumption of diesel buses has a significant relationship consumption fluctuates as the traffic operation
with the factors like buses age. discharge standard, buses type, status changes, resulting in poor timeliness.
energy consumption differences  does exist when buses

compared with buses served in the past.
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Comparison between gas fueled buses and diesel fueled buses
3. BRTE
solutions
RE—MUREMNF AT EGEERISTEEAEMR , UTRSZZOEERN |, B8R AERRASTELLEE
REHERZSEFG THRBEERNSSE6EHEE  HMaiZEREZAMTE,

To overcome the weakness of the method came up before, a new calculation model, based on the massive buses™ , which
served at present , energy consumption and condition classification will be used to calculate the ratio. This solutions can alter the
energy consumed by LNG buses into volume consumed by diesel buses .

RARSE

SSHEE

3 =
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Comparlson between gas fueled buses and diesel fueled buses
4. SN %
realization methods
HIESEE—FRASEREHERNEMSHISESE | RSRASESIEXI NAIS R SIS A

virtual routes served by diesel buses will be established according to the routes served by LNG buses, in that case routes
served by LNG correspondent with diesel routes. RIS ERIZSR

KRIRSEFLEE (ERRFT 6EFE ) Route split of LNG routes

LNG routes (energy consumption observatior

W =

WEIRERY %%?EE%E& %‘é;ﬂiiﬁ‘éﬁ*mfi
) Typical road law of diesel buses
energy consumption

FEEHISHZESGES ( S HiTHE BeFE )

Virtual diesel routes (energy consumption analysis) v v

1 e
RN
b o e e

RIS MRS SIS RAGEITR

Calculation of virtual diesel routes in typical roads
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Comparison between gas fueled buses and diesel fueled buses FHER
5. BRERISIIES 2 SO T RE (B, wk) | s W
road types cIassification Diesel buses Monitoring Platform(Fuel Consumption . operation) Bus . hybrid

NI FEEE . RSEH
Time Aspect Spatial Aspect Eﬂjfj\ Status Aspect
platform

YHIED S
classification REEE | g | wpe | T | B | B

. o e /\ Q
. Arterial | branche | Minor | Additio NI
expresswa Arterial nal express
Road S
y Roads lanes way

=
BEAESELT REFEEE

. 08 E ti
Energy consumption statistics —

S RERE TV

Diesel buses energy consumption standard
database

PR BRI EE

LNG buses energy consumption standard
database




W =

I\\\

6. FFAMFIEST S

Classification of spatial characteristics—— road type

REUYASES NIPALE = S0 A ki)

Comparison between gas fueled buses and diesel fueled buses

WEChEE28s ESpalill

BEMESE |0 BERATH e :':\::

Auto cIaSS|f|{: n;n Road :.":,: :.':,:

_________ « e'eme:‘ts N A 1 A
.’ 0.009_'.'0'000‘.‘.0o.'.z'o':\_ _’:00.0 0% 0% 0000, o 80,0,

A7t TE B R A [ 2 X

—— o . . . e o o e o o = - = == -

PRER
Classification results

“ 25 1~ F+AIFIIAN AAA
DUIICI SULUIITII y 1Udul
—

arterial branches

= BN x % IR

Urban expressway Minor-arterial  Additional lanes
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Comparison between gas fueled buses and diesel fueled buses
7. BE), ARKSIFIETDZE
Time, status classification
OBJECTID HHEID

Shape IZEHII:Z ET_I-rE—'_lEﬁﬁj\?g_l%_m&s SIZHI%ET.I-EQo
time 1] CHA B A0 Time windows: peak hours and off peak

selfID 7R H i
L=e 25 i hours

longtNew ¥ =279 16~19
OriMlg A K L RE7~9 ,
OriOilTotl JE UE B R s Peak hours 7~9, 16~19

OrilnstOil JEU AR ECHRE I vk R
Tir;en;avl a,ﬁg i ElE6~7 , 9~16 , 19~22

| Time hh HTJ‘ PR AT T
1 |latNew Elomﬂeu oz

[-] -] -]
' I\ 101] 39.92386 116.372872 1.4 4 0 o 3.3
Tlme mim 7] 102| 29.92387 116.2372907 1.4 4 ] ol 4.4
[ 103| 39.9233 116.372947 2.1 4 ] o 0.6
.

N 104| 39.3233 116.372947 2.1 4 ] ol 5.4
Tlme SS %/ 105| 39.92393 116.372988 2.3 4 0 ol 29.3
108| 29.92419 116.272028 125.4 4 0 of 6.7
AM PM I: F tl: 107| 39.92425 116.373018 125.4 4 L] ol 6.3
108| 39.92431  116.37301 125.4 4 0 ol 6.3
T i — SDfrC ST K ‘E[ N 109| 29.32437 116.372005 125.4 4 0 ol 5.6
1 *H Bi&*}%ﬁﬂ‘lj% 110| 39. 92442 116.372998 125.4 4 ] o 0.6
X 111] 39.92442 116.372998 125.4 4 ] o 4.2
— N 112| 29.92445 116.372988 125.4 4 0 o 4.3

NP3 K 12]
Peak hour I%_[:F‘m%éj\ﬁ 113] 39. 92449 116.372987 125.4 3 o o 3.9
114| 39.92453 116.372988 125.4 4 ] o 3.9
hR \ > 115| 29.92456 116.372987 125.4 4 0 ol 4.6
RoadType lﬁﬁ éj g7 118| 39.9246 116.372985 125.4 4 ] o 0.6
- . 117| 39.3246 116.372985 125.4 4 ] ol 5.3

AY

A~ R A 118] 39.92465 116.372972 1.4 4 0 ol 5.8
InStOp4 O E Y:E$i|5 W HB 119 29.9247 116.372965 1.2 4 0 ol 6.5
A - . 120| 39.92476 116.372958 1.2 4 ] ol 7.1
H‘ YEE*?‘: 121] 39.92482 116.372945 1.3 4 0 o 0.0
TOtl InSt Oll Hﬁ':l: j‘ 122] 29.92482 116.272945 1.3 4 0 of 7.8
- N 123| 39.92483 116.372933 1.3 4 ] ol 8.2
Spd_dbgl [ZAinpryi-3 = ‘ 2
. e « 014 . ®
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8. HFERE

fuel consumption calibration

~ — =7 ~ sl N .+ - ’ ‘
T RIZBERRFEEE | BEitH I
Torgue |DashboayMlg Ttl Fuel Jst NG |Ist FuelRoad TygPeak Tdycgtn idyTtlFdel |ist2 GPFDtS GPS_ Dty
A N b 30 o| 1sin9f 71873 0 0 0 2 1 o|o.oozz34| of 220257391
ﬁ%&;&*ﬁvlﬂﬁ&% ! #:Figﬁﬁ:tIJ%{Ey\j 3z o| 1s1o9f 71873 0 0 0 2 2 0|0.o0z34| sloz7asss21
s L — 29 o| 1s1o9f 71873 0 0 0 2 1 0|o.onz34| 1fss50339173
Fﬁﬂgﬂgfﬁm 1 %ﬁug?gﬂ';ﬂiﬁﬂgﬂﬁﬂg 29 o| 1s1o9f 71873 0 0 0 2 1 0|o.onz34| of 474601984
. N _ . - — R 0 o| 1sio9f 71873 o| 1zs5.4 0 2 1 0|o.onz34 0.3285139
;Eﬁﬁﬁa:&jizo ){%-ﬂﬁﬁj’;ﬂﬂ%%ﬂ{rr%r"r"@?% 71873 o| 1z5.4 D z 1 0|0.00234 )
92 71873 71873 o| 1zs5.4 0 2 1 0|0.00234| ol 577378232
7~ A ¥ 71873 o| 1zs5.4 0 2 1 0|l o.o0z3a] ofzesarsazs
% ! ﬁﬁ?&*ﬁgl‘hﬂﬂ%@é&?&o 92 71873.5 71873 0 i 0 z 1 0|o.oonzz3a| ol zezavsazs
I d t |b t o c1ooo o 71873 0 0 0 2 1 0|o.onz34 0.32858139
] ordaer () callbrate BT O 10109F 71873 0 0 2 1 o|o.ooz34| ofgongszzan
. . 51 ST 71873 0 0 2 1 o|o.o0z34 0
instantaneous fuel consumption, 5 i — 5 2 1 o[o.00238] ohesTsives
H H 5 o| 1sifpof 71873 0 2 1 o|o.ooz34 0.3285139
dlffereln:.es f beltween agjacent 28 o| 1sifpof 71873.5 0 2 1 b.s|o.00232| 1013472504
cumulative ue consum ion IS 25 o| 15100§ TTOTT. 5 0 2 1 o|o.ooz13 0
. p 26 o| 1s1o9f 71873.5 0 D 2 1 0|D.00213| ol880255547
CalCU|ated, then dlfferences are 23 o| 1s1o9f 71873.5 0 D 2 1 o|o.onz13] ol 133237712
H H H 28 O 18109 71873.5 ] n ] z 1 0|o.o0z13| 3lezasscnes
even dlStI'lbU'lEed .IntO the 26 o| 1sio9f 71873.5 0 0 D 2 2 o|o.onz1z| o) 359170378
Correspondent tlme WlndOWS. SO z6 o| 1siogf 71873.5 0 0 0 2 z o|o.ooz1z| elz79111597
. . 27 o| 1sio9f 71873.5 0 0 0 2 1 o|o.ooz1z 0
Instantaneous fuel Consumpt|on 27 o| 1sio9f 71873.5 0 0 0 2 1 o|o.onz13| 2§ 922561568
H 28 o| 1sio9f 71873.5 0 0 0 2 1 o|o.onz13| p.Sel5see4
can be . Obtalned based on .the 24 o| 1sio9f 71873.5 0 0 0 2 1 0|0.00213| 3fo78700307
Cumulat|ve fuel Consumpt|on_ 24 0| 1g109f 71873.5 ] 0 ] 2 1 0|l o.o0z13] of 134237712
. 25 o| 1gio9f 716873.5 0 ] 0 2 1 o|o.ooz1z| ol 2aszie12s
cumulate the instantaneous fuel 25 o[ teioof]  ievs.s 5 5 5 2 . B 5
consumption to calibrate the _____J

|

cumulative fuel consumption.
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9. 1AEHT
clustering statistics
FARTESR THENMEERIEER. =EEE. RS

EHERITER |, H5E T BN RSN HAERT R

what we did is data classification by time. spatial
and status aspect, and instantaneous fuel
consumption is also calculated.

XJ =1 AA%'%EI’JE/ CEIHFERITRIT DT | BRIRRS

RIS, SERGHIFLE.

MPG statistics analysis is conducted group by EVERY
TYPE. diesel. LNG buses for every route energy
consumption can be obtained.

I XEFE , DSALBER , RE—RIENSSHERERET

R, RASEREFITERE.

We can obtain the diesel, LNG BUESE fuel
consumption database after expanding sample
size.

BEEEFFEL FEAAR

I\\\

Figure on the right is the result of energy consumption of a

Y A

EREXI LLDHT

Comparison between gas fueled buses and diesel fueled buses
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o

N

Hoft

RoadType

Mileage (Stop)

Mileage (NoStop)

0ilTotl

011/100Km (Stop)

011/100Km (NoStop)

Time (stop)

Time (Nostop)

Speed (Stop)

Speed (NoStop)

RoadType

Mileage (Stop)

Mileage (NoStop)

0ilTotl

011/100Km (Stop)

011/100Km (NoStop)

Time (stop)

Time (Nostop)

Speed (Stop)

Speed (NoStop)

St R o - S L S Y Liilias FoAt RIPE
RoadType 5 6 0
Mileage (Stop) 1.1 0.0 0.5
Mileage (NoStop) 0.8 0.0 0.5
0ilTotl 0.0 0.0 0.0
011/100Km (Stop) 0.0 0.0 0.0
0i1/100Km (NoStop) 0.0 0.0 0.0
Time (stop) 212 11 146
Time (Nostop) 123 1 144
Speed (Stop) 48.1 18.0 12.2 11.7 17.8 15.1 12.9
Speed (NoStop) 48.6 20.5 12.2 11.6 23.1 22.0 12.9

PagERt | | | SR Eiil'ias
RoadType 1 2 3 4
Mileage (Stop) 10.2 5 . . - -
Mileage (NoStop) 8.9 . . .
0ilTotl 0.0 . . .
011/100Km (Stop) 0.0 . . .
0i1/100Km (NoStop) 0.0 . . .

4141 1696 2084

Time (stop) 1249 9210
Time (Nostop) 1045 8400 3999 2330 1121 8718 2014
Speed (Stop) o . . 1.0 .

Speed (NoStop)
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10. tRHERRESZ

database of standard
establishment

SRR

standard database of

diesel fueled buses
DRTER

Different Time
windows

yap =l b St

Different road types
DARIBIRE

Different traffic
conditions

B ERERE

Mile per gallon

0 BUEREE  [ETFEE PRTFE

RoadTypq 1 2 3
Mlg N i120.4 225080 o7.6
Fuel | 21.5 ([WB47.1 | 40.8

Fuel/10( 17.8 42.1 33.4
Speed |0 . s 14.s8[M 16.0

All Fue 40.7 %___
kgce B oo c[Ec.cE:. 0
. .
0 BUEREE  [ETFEE | PRTFE
RoadTypsg 1 2 3
Mlg 2.1 [W208.2 || 16.3
Fuel | 3.2 [DEEEENl 24.8
Fuel/10( 150.4 %147 9 %140.3
speed M 6.7 3.9l 4.0
All Fuel] 158.3
kgce __
. 200.8
0 R | EFE’ RTEE
RoadTypq 1 2 3
Mlg | 16.1 [GAENENI 45.9
Fuel 3.3 Mh45.8 | 11.0
Fuel/10( 20.4 .5 22.6

Speed

i

llll4.7’lIIBO.1.lIIE1.0

All Fue] 22.1 }7 }7
kgce B 25 9 25.6( 25.7

speed |[748.5| 47,0454

0 Bk |ETE RTER [ 4HER
RoadTypq 1 2 3 4 5
Mlg [ 30.0 [EEGEEE)l 31.s 0.0 ’i39.5
Fuel | 6.6 [M@00.0 | 11.2 0.0 [l 50.0
Fuel/10 21.2 }‘45.0 35.1 0.0 }‘35.9
Speed  [o. 2 14.¢[M 19.9 0.0 14.5
All Fue] 40.9 }7 }715.5
kgce LIl Rl S o.0(lMss.5
.o
0 PUEEE | ETFEE RTE | 50
RoadTypsg 1 2 3 4 5
Mlg 3.0 ’!85.4 3.8 0.0 I 28.0
Fuel 2.3 [M34.0 | 5.7 0.0 I 32.3
Fuel/10( 153.2 }‘156.9 149.9 0.0 %115.3
speed M 6.8l 4.0l 4.6 o.ofl 4.7
All Fue] 144.9 4.3
kgce . 199.0| 190.1] 0. o (G2
| 183.8
0 PR | ETFE RTE [ SRR
RoadTypq 1 2 3 4 5
Mlg | 4.3 [B288.6 | 15.5 0.0 M 78.0
Fuel 0.8 [ s58.4 | 3.5 0.0 | 13.9
Fuel/100 23.5 21.7 22.4 0.0 17.8
Speed Iiz.6}io.2|i1.o 0. o |[IIE0 .0
All Fue] 20.8 }7 }7 }‘30.2
kgce B 227 27.5[ 25.4 0.0l 22.6
W 6.4
0 PR | ETE R
RoadTypq 1 2 3
Mlg | 23.6 [M21.7 | 12.5
Fuel | 3.5 | 17.5 2.0
Fuel/100 15.0 15.9 16.4

B 2s.0
0 R | FEFE’ RTEE
RoadTypsg 1 2 3
Mlg o021 ’ﬁﬂ 32.4
Fuel | 15.0 @ s55.8 | 4.9
Fuel/10( 14.7 15.1 15.2
Speed (47N 5 [IN46] 7 |48 o

All Fue] 14.1
kgce B o0l 15.2[@ 20.8
B

17.8] |

All Fue] 14.7
kgce B 5.6 10.2 19.3
] |

18.7]
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—_ . 0 Pk |ETE RTE [XER Lr i 0 PUERE | ETFE R [XER e
10, *’TIEEEM RoadTyps 1 2 3 4 5 RoadTyps 1 2 3 4 5
database of standard Mlg Ii 87.7 (oMo c0.4 | 33.5 ’il52.9 Mlg |i344 2 |1 .1 I 163.9 ’i476.l
’ Fuel 20.7 [M804.6 [N 89.3 | 12.8 || 54.4 Fuel 87.8 [MER7.2 [M271.2 | 64.2 || 146.0
establishment Fuel/lO( 23.6 44.9 46.9 38.3 35.6 Fuel/lO( 25.5 38.0 36.1 39.2 30.7
Speed | 23. GF 15.8}i 15. 1[I0 17.0[M0 18.4 Speed |25, 0}7 18.0}i 15.7]B0 15.5[B 20.9
All Fue] 42.1 18.0 All Fue] 35.8 20.2
kgce I 2 3. (SN - |G . (G . - GE . kgce I - . o (IS . - |IGE . - (. o IS - . 3
L K L W
0 PR | ETFE [RTER[XE b 0 PR | ETFE [RTER[XE b
L N G Eﬁ\ﬁ E RoadType 1 2 3 4 5 RoadTyps 1 2 3 4 5
INEE Mlg | 12.5 08.s [Wa3.a | 8.3 ’l 26.0 Mlg ’i 53.9 (WSAoN > [21.s8 F 29.8 ’l 55.2
Fuel | 11.5 [0S sc.7 | 7.6 W 30.9 Fuel I 47.2 (W8N ME3s.5 | 32.6 B 74.4
standard database of Fuel/10$ 79.3 }‘166 1 }»130 4 92.0 }‘119.0 Fuel/10$ 87.6 }‘148.6 }‘113.7 }‘109.4 }‘134.8
Speed [ 4.2l s 7.3 5.4 Speed (B s.3[1 4.5(1 5.5(0 6.5 5.0
: All Fue] 144.1 6.0 All Fue] 133.1 6.0
diesel fueled buses kgce | 304.9] 239.4| 168.9] 218.4 kgce | 272.8] 208.7| 200.8] 247.4
/\HT_I-E}'L _\ _\
JJ 274 0 PuERE | ETE RTE[XER i 0 Pk |ETFE RTE [XER i
RoadTypq 1 2 3 4 5 RoadTypq 1 2 3 4 5
Different Time Mlg i z0.3 [NSFEAEco.1 || 20.5 M s0.5 Mlg W 130.1 [CEOMEMEoo.0 (I 109.1 [M258.8
Fuel . 4.9 W 77.7 1 25.4 | 4.7 16.5 Fuel | 21.3 [Bk79.0 I 89.3 | 26.7 I 49.0
windows Fuel/100 16.1 2 2 22.8 20.5 Fuel/100 16.3 2 2 24.5 18.9
Speed |51, 4}i1 o}iw 7 (27 . o [0 . 4 Speed |B2. O}il 2}io o[ . 7 [ .5
Z\2 12 T All Fue 21.4 30.0 All Fue 21.3 30.7
DEE%%E kgce 1129.5%38.4%46 6}741 8}7 B 377 kgce 1130.0%39.7%41 1}i44 9}7 I 5.7
. L 301
Different road types 0 REEE T AT g 0 tRIEEE |ETEE | ATER
RoadTyp9g 1 2 3 4 5 RoadTyps 1 2 3 4 5
_'T‘%){*K Mlg W 2.0 EEEeH 46.0 | 4.5 |_46 Mlg Wic0.2 EEEmEs0.3 | 25.0 [Mi62.1
LHEAACR Fuel | 4.3 W 20.5 1 7.2 0.5 7.0 Fuel | 19.4 [W119.3 || 43.4 4.9 | 22.7
. . . Fuel/104 10.0 15.7 15.4 10.5 15.1 Fuel/100 12.1 15.3 18.8 19.7 14.0
Different traffic conditions Spccd |G ; |DNSL 7 | - S (e ¢ Speed

o All Fue% 14.7 \7 }7 }» }747.5 All Fue
E/ZA\EHE$% kgce |! 18.4[00 28.7(l0 25.3[@ 19.2(@ 27.6 kgce =
: | |

NilAaA nAavr ~~llLA A
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11. ZEthERETESE

Conversion coefficient calculation method
YR FIATERE |, LISHERAZESANE |, AR BEESE N EENZELIEA B RFRIZER. AERZEREST
RIBERE S = TRAD |, B BRISIZ KRR EFELIEXI MY S E R OHERE |, HmBRESERE.

For any natural gas bus route, take departing frequency in different time windows as the weight , sum the energy
consumption according to the different road type. traffic conditions based on diesel energy consumption standard database, then
energy consumption of routes correspondent to LNG routes can be calculated, and total energy consumption can
obtained too.

W %

100
I:I:l .
EOI|—J=5TL1 IEE%% *%lu\i

total energy consumption of virtual diesel buses.

SRHR TR AR EL
conversion coefficient of altering diesel into TCE.
T—BITRRZERR

number of departing in different time windows

S— P RFRERSKE

total length of different road types of every route.

Ptv—5iTRR. BRFFYNAISESHE R B NEE (ERE )

standard mpg correspondent to different time windows, road types.
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11. ZEthERATESE

Conversion coefficient calculation method

AEHE | FTRREREm, DBRSENE , REEERFRS. NIEXEELSIDX,
In order to simplify the calculation ,ignoring time period, traffic condition, and road types are
considered only. N is departure frequency in one day.

P
E.=C- N.S.—.
oil Z( 100 )
BRI Ve 47 Al o
Conversion coefficient calculation ng

@ WTERRASELE  FrEBYLRASESRIRY SRS (1R ) &
For any LNG routes, nature gas consumption can get when count the real nature gas
volume.
@ FHENARTTETESEXINA RIS R Y5 gt s,
routes will be calculated using this
method.

® BRASAEFESESHBEREIFLL | BRNZERRZEITE AL
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Qt R T TTERE l |
12' -l:l%ﬁ*ﬁ FEE gugk - \ WEEH 2w syl
o |.mm \ B 'LF - ) gk ke 0 97
result analysis | =~ 7 | ¢ L 97 |
( : @Silﬂktéx# Bl LA : mo|
= T I 1
milg .@ & ttmEmaxy 12 \
2
=1 g
i |
e \
ES .~ —-——L -
. (&) 5o
SRR ()
S

1215% E:Fﬂﬁgﬁﬂl_ B73E8 324} 3E:Fft§l_ft§m1¢t5&¥ , i

Route 121 arterial lane unblocked Route 324 arterial lane unblocked

L;gru ITRT H .'/?\ '{; ! 1__‘__( %’Wﬂ-l N [
Bl A I Rl
LW bl —- - == -
. FRE “EEH-, °
SEH- ST
ks ;
m i3
i 3
NB @) AR LSS 3

b mEmne AR e

MRE - e

stedserd Lhge I s
KEEH N / )

4 : o
iBEH At — = Py B
¢ fib P AEL p ERAHE 2o 4

3278 BB , B O nmERRE, mE

Route 327 average road conditions, unblocked Route 333 poor road conditions, jam

2 |. ’.I
3;\ Sl ===
3 Y

|
=
i
e
iy
i)
|
I
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12. ER ot

Result analysis
o], TEEREREF. I AREME. HEKFRTEE LB THRBIIZEIT B AR EGE

B, MEERFIRE. TTHE. HEKFREBR DG TSRBIRET B R EER(E.

conversion coefficient factor is higher when the routes serve at the case with good

road conditions, bus lanes, unblocked roads, while it is lower when routes serve at the
case with poor road conditions, regular lanes, jam roads.

i B i e it DL U]

jam unblocked

Hin R & R RES

Lower conversion coefficient factor Higher conversion coefficient factor
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12. ER ot

Result analysis
@ FEHEMMAR[SOREHTIHERTRERYET , T ETHEEREFMRE. TEME. HEKFESKRRE
RIRSARESN , NMiREHEBIIZERERE , RZGESESHIRETEREL

When settle down the conversion coefficient factors, lower conversion coefficient factors will be

used when LNG routes serve at the case with poor road conditions ,reqular lanes, jam road,
otherwise, higher conversion coefficient factors will be used.

@ ATRHAKRASAZERHEKERIFHE , (RHKXASELRZENMARIE , MIIEARFISITAER | Mtk
NRXEME. RAAX(MSEH, NEEERFRE  ARNEENARIRSKERIRH.
In order to reduce the LNG buses energy consumption, promoting popularization of LNG
buses, operation conditions of buses need to be changed ,like bus lanes, bus priority, good

conditions:
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12. SR

Result analysis

@ Bk , AFEMAREWAIRIREBEZHREN , HEIL EIVEREFRRAAEVIRE, BELARER

EI’\JEETE}%JC, SOHZE. LNGERIZNHMRE. HEESRERATMW. HM , RI—ERESEIRSEHE, X

SEHIEERIZERERZAEARELR , AMREZERSERERISTHE | NSRRI E
*ZZETE#%%Z  BYLZEE. FHEIRET R R EVERAEISEH#HE.

W =

Discharge standard is changing in Beijing , CN- Il | CN- IV are replaced by CN-V. dynamic
performance and law of emission of diesel and LNG buses is changing as the buses updates. So,
conversion coefficient factors, reflecting emission laws of diesel and LNG buses ,is changing .
Updating the conversion coefficient factors as time goes by is really needed to keep the

timeliness of the factors. Dynamic updating mechanisms in different time windows(season, year)
should be established.
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1. JbREEAREN 2232 M IR

status of electronic buses in Beijing

(1) SEHREMIERERIEAR

>

Microcirculation of pure electric power buses

AR ARER T 201 S LR rERR i X IE TV & 1 RI4 5%
MIEA LIS | NSO RAEBNARE |, ZEFS
NAREE , WRRERA IEE",

4 routes of microcirculation, started by Beijing
Public Transport Group, start service in the south of
Beijing in 2015, electronic buses is new and 6 meters

wide with bright yellow skin, named “Bumblebee” |

ﬁ Hz= ]
Electronic
* . Eb fueled
"
&) /]
Gas
fueled

| 1 (/’ Y|

\ L e
o A o
A\

[ S, A
iR =
—_— A =ty : >
SABEBLEGEITSC AZIFH
Data source: -

ITSC electric auto specific technicalggoup of RIOHMOT
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Prospect of electronic fueled buses in Beljing .
1. IEEEEHBEN 23N AR M) B/

status of electronic buses in Beijing = HIECHonic

Microcirculation of pure electric power buses EGij
LRz SRS NEE" FREEIEMKTH "S55 —
KRIERFR" | BRFERE—RRNEERE AL ENREE |,
BURFERE—RRFRH I , BEEFERA , S5T g
RERRSEII0SH , FWTIEERR, [R5, 5

FOEIR L , BN T 3EE .

Bumblebee can't reach requirements that departing every

-

N

5min in the operation, only departing 4 buses can be
meet when charge once, it will take half an hour when
charge once and usually need to queue a line to charge, as

a result that departing frequency will be more than every ”%’E%ﬁ - :

SHEEBLEEBEITS C

Data source:

conditions. ITSC electric auto specific technicalig ‘oup of RIOHMOT

~ =

10min. Resulting in poor operation effectiveness and traffic
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1. JE5TERE A ST IR @ M1/
status of electronic buses in Beijing HIECHonic
% “:Eb
(1) SEHBENRTFEARZEIE AL /]
Microcirculation of pure electric power buses fGTsd
- FFEEASRIREEHBERES  RRHEHIREERA ' | |
S | : 1 (’
o \ P M
Parking space under bridge can only holds 10 buses, ™ ARG

and only two charging piles is available.

simpaion . Y e
SEEBLELTITSC /7/ JZJE ?Bﬁﬁfﬂtffv

Data source:
ITSC electric auto specific technicaligy oup of RIOHMOT
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1. b SB35 M IR

status of electronic buses in Beijing

(2) HHBNERRIEAIL

>

electronic powered regular routes

LR ARERTF 2015543 B AT EREIR 18K MEIN AR

(db5ERTIE ) HINEENHEEE. KIKEENREL25
NE | Hit34uk,

electronic buses with 18 meters wide( made by Beijing auto)
come into operation with and without passengers in march,2015
started by Beijing Public Transport Group. The route is 25km and

34 stops.

ZF B HIEREHEEN MREUTH100km , HRRER N
HFTRFRIER , NEERRKIAR , EFREENSSEAETH
Bk, ZEEERENIEEEA | FRIRSEHIEE,

This type buses can serve 100km with regular passengers, and in

extremely conditions it can serve round trip, backup battery is

equipped in the buses in order to deal with the emergency. sound
insulation technique can control the noise in bin.

EANE |

. — | i,

@ ?E{ARti

9
SBER \ @ ILREBLASF
3 |

°\,

3)ERZBAE

! o
? - \ ) f
v m i l° f \
@ffcsuics .
% J:&%%E_@/ ‘T“F-J“*‘L. it
- 7—';‘;, . o v
5 - N mn
% \ LOZT N : [
@) 5 7
s S m8E % o 4
| 2. O=0O==0
i :
ke | ‘ o &
) %
I ‘ ®
{ e, OOO0==0 OOO= O *
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1. IEAEHBEN 23N AR T T e e | AT

status of electronic buses in Beijing ; W 1Ca ;ﬁ
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electronic powered regular routes
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Only one charging pile is available at Stop DIANCHANGXINCUN i " '

by the time being. It takes 3 hours to finish the charging process ,
while another charging pile is under planning at Stop SIHUL
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Electronic buses is popularized in suburbs area in Beijing since its
short service range.
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Prospect of electronic powered buses in Beijing

F20174F , IEEAERTREAZIBAZEL80005 , EFHEMRESIAFUIMELATE , BERIEART
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imHEIR AN RRIELN38% ; FREIEAEFELIH28% ; iBiaReIRFIFTRER A S E L HIGIA R AR RIRERT
65%LAE.

About 8,000 buses will be eliminated by BEJING Public Transport Group by the end of 2017,
buses updated are all environment friendly . The proportion of added buses fueled by new
energy and clean energy can reach 70%. It will reach 21,000 buses in 2017, which clean energy
powered buses accounts for 38% while new energy accounts for 28%,and new& clean energy

buses can beyond 65%.
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Prospect of electronic powered buses in Beijing

> BHEIHdCE T ERK A RERSNARHIENERERE =1"5H , BEE BT A RIAER TN SHITLEAR.

Three obstacles we are facing when popularize electronic powered buses nowadays in central area in Beijing , It is
also the common difficulties that prevent super city from popularizing electronic buses.
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Constructing Charging station is difficult. Buses equipped with average charging battery(eg:Lithium
iron phosphate Battery) requires enough parking space, for one charging station can only charge
one bus; if buses equipped with fast charging battery(eg:LTO) , it is expensive to construct a
charging station.
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Routes™ Service range is far. The range of average charging buses is 160km, considering operating

safety and regularly, 120~140km is regular range of buses served. The service range of per buses
Is 180~220km every day, if buses equipped with average batteries will add more additional buses
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Three obstacles we are facing when popularize electronic powered buses nowadays in central area in Beijing , It is
also the common difficulties that prevent super city from popularizing electronic buses.
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Battery ages. Fast charging batteries like LTO perform better anti-age characteristics. While

average battery (eg:Lithium iron phosphate Battery) ages fast. Timely updating for aged battery
hinder from electric powered buses being popularized in Beijing.
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Although problems does exist when popularizing electric powered buses, under the
circumstance that energy conservation and emission reducing is popular around the world,

exploring feasibility patterns or popularizing electric powered buses should be boosted while
improving electric powered buses technology.
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There is a closely relationship between electric powered buses and battery technology when the
electronic powered buses coming into being. Judging the technology reasonable is needed to
develop the electric buses, feasibility need to be considered when popularizing the electronic
buses, routes limited by technology and cost can slow down the promotion of electronic buses.

Sustainable of buses will decline when popularizing the buses deliberately, and it is contrary to
the initial purpose to develop electric bus .
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