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Looking back: What improvement have Stage 1
and Stage 2 fuel consumption standards brought
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Historical HDV fuel consumption: city bus I —
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1. 2012-2017415 ’ i}ﬂjﬁ%ii?fgﬁﬂzi’g{ﬂﬂ 50 Bubble size is proportional to HDV sales.

GVWyE [l /range: 14.5t — 18t
TR > 2127% Avg. fuel
consumption of city buses dropped
by 27% during 2012-2017.

Whiskers cover the 1.5 interquartile range.
Box covers from the 25th to 75th percentile.

Dashed line between 2012 and 2014
represents limited data availability.

Stage 2
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ErihFERTUE 34.6% of available
Stage 3

models sold in 2017 complied with

(upcoming)

Stage 3 fuel consumption prior to =RrBe (A st

fully implemented.
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VR 2E— P4 It may need

further evaluation on potentials
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that Stage 3 could bring.
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Looking at the present: \What technologies can be
expected from Stage 3 and are possible with
Stage 4 to approach global advanced level
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International comparison over HDV fuel consumption standards
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(AR AT U ARG S5 A A Starting point (baseline) is different for each region.
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The diagram for stringency 0% o
improvement only, incomparable EV
between each region due to _20%
differing baseline and methodology
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15% /245 China Stage 4 stringency

not determined yet, preliminarily

FRIRG AR FE ™ L] (LL CO, 1)

CO, reductions required by mandatory standards
compared to baseline year (long-haul trucks)

. -50%
could improve by 15% overall
-60%
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Clean technology cost analysis: ZE tractor-trailer ready for use with approaching total cost

¥800,000 ¥775,000
1. FEETHEERARBINM A > 2030 4F4% _— ¥25720 ¥752,420
SRR 0% (L) e o [

¥600,000 ¥43.090 -

2016 $¥E$’ﬂ5jﬂ%¥ﬁ) Total ¥19,052 _¥8,782 1

cost of diesel tractor-trailer is

¥30,453  ¥2,588 ¥3,483
¥53,850

22,700 [

¥500,000

expected to increase by 80% to ¥400,000

exploit all tech. potential.
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H>F- ZE-HDVs with battery of Reference Transmission Low rolling- Aerodynamic | Lightweighted Maintenance New (2030)
tractor- and resistance trailer trailer (Net Present electric tractor-
700 kWh and range of 500 km trailer driveline trailer (x1.045) (x1.045) Value) trailer
. LW %R efficlency (x1.045) N ENE RS Yy 3% 20308 )
are almost the same to diesel HG R R ft (I BHE % T ST
Engine BIAX&EIET Low Aerodynamic Lightweighted Hybrid New ;
HDV s in terms of total cost. efficiency rolling- tractor tractor system (2030)
R AL HRART resistance R 223l BEbAET % B3l R4 tractor-
tractor T R trailer
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Potential of clean technologies

Fuel consumption (L/100km) JjHift (L/100km)
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Reference Stage 2 tractor-trailer
Referegcf: (43% peak brake thermal efficiency)
=W Bk
Ref. Stage 3 (45% PBTE, upsize,
reduce r{g?d‘load improve driveline eff., AMT)

bl

b———————15% red f

i Eed?ce rbad Ioad‘(ZO 3_% a?ro?yna_mlg, = |
| 26.5% roIIlng re3|stance 1.4% weight)
I 2017 AR R AL |
Im Add 2017 best-in- class engine I
| (47.0% peak brake thermal efficiency)
1 SRR LR 2% 1
- Increase driveline efficiency (+2%) I
(2 WA 3 S0
| 9k Reduce road load (39.5% aerodynamics, |
YEI 33.8% roIIlng re3|stance 2.8% weight) |
| FHT— K% S
T’:_E Add 2020+ engine I
| (48.6% peak brake thermal efficiency)
i Ve I A I
| . Reduce road Ioad (42.1% aerodynamics,
I 7'( 36.8% rolling resistance, 6.9% weight) |
B AR R
| Add Waste Heat Recovery |
-4 (51.2% peak brake thermal efficiency) |

e e
Reduce road Ioad (53.9% aerodynamics,
41.2% rolling resistance, 16.0% weight)

T F S — A AL
Add 2030-era engine
(55.0% peak brake thermal efficiency)
SRR B AR
I Add hybrid technology
l (60% regeneration efficiency)
245 3.0 2:5 2.0 15 1.0 0.5 0.0
Payback period (years)
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Compared to Stage 3, Stage 4 can require an additional
26% improvement.
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The maximum potential of diesel powertrains is estimated at
around 40% lower than Stage 3 requirements. This would
require longer payback periods.
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Zero emission HDVs are necessary for the long term
decarbonization goals. Switching to zero emission HDV's
can represent a more cost-effective technology pathway
than improving diesel to its maximum

FHERL
S E]



JEEIRAR + PR AT R > AR R K
Looking forward: zero-emission HDV (ZE-HDV) are primed to

achieve rapid growth
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Zero emission technologies are maturing with higher energy density and lower price

HL 4/ #% /price of battery HE b B i 72 5% i battery cell
energy denS|ty
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ZE-HDV market develops with incredibly fast pace

2. HETHEEHERE A R A o 2R R

IR 5T 95% China’s ZE-HDVs dominated global
markets with overwhelming penetration rate of >95%

3. HIGETHIFRAREUR AN - B ANURIS Z SR

Ti5ZE45 ZE-HDV market was incentivized by

government subsidy in early years. China’s ZE-HDV
market almost halved by 2019 due to phase-out of

subsidies.

TR R

Zero-emission heavy-duty vehicles sold

4. BRI T RPN R R e > Bk

HPT KA 5 ZE-HDV market is cooling down

from the first growth wave and waiting to re-bounce

again
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China ZE-HDV market: cooling down after rapid growth from incentives
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Current ZE-HDV weight class distribution and market structure

Total sales &
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%4345 The diagram illustrates ZE-HDV market 800 O i o
structure during 2017-2019. » | L o s Ty

2. YEphETGFEEDEIIAR/ BN E  REE . Yo
#iEg /%> China’s ZE-HDV market is dominated by 600 | . ° O ° ; '

—~
—

electric buses/coaches with few trucks available. ¢ &

< 500

-°°OO°©OO

ic range

€
5 BHRMEER B R RRE (3,500 2 o
4000kg) , Fr AL R4 > R °°®e00-00 CC?)
, co0@oQo ()0 .
ZE trucks are grouped between the weight . ® OO otlo ) | ol
class of 3,500-4,000kg. Few heavy-duty trucks 00 @@o ceQ0® . : !
are observed during the period. 200 ec00(0-0-:0 . +
. . , . W c 20O 0006 ' e °
4 YRR E SR AR AL P AR 300£100km > i 100 . o co0o Qoo .
Tok S E P Kig 5 Range of ZE trucks mainly { o o0 - OOO o -
between 300+ 100km, unsupportive to medium i S 4 s a0 1 a5 am s e aa e s a
. GVW (tonnes)
o and long-haul delivery. GrEE (0
I CC ¥4k iF/Source: ICCT (¥ 4518 /preliminary results)
13

THE INTERNATIONAL COUNCIL
ON CLEAN TRANSPORTATION



FHEHT I ZE T MR > ST MR
ZE-HDV market not fully matured, top 10
manufacturers take 2/3 of the cake

90% HAth Others

HAth Others
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#<X Dongfeng

conventional market, which left enough room for latecomer.

2. SLERHDLERE SR 2/3 Wiga % Top 10 notched up to 2/3 of
shares on ZE-HDV market.

3. ARGETE FH AL 7 R 5 4 Y IAE = HE R v I 42 i 37 Sk 44 B
o SRS L7 T . Some of top manufactures in

conventional market not show up in the new list; while some

%M Dongfeng
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i Yutong

IS

0% Fi# K CNHTC/Sinotruk

30%

%3S Shaanxi Auto LEiEi8 BYD
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20%

ordinarily-performed players go to surface.
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#E18 Conclusions

Lo ARge g AT AN RAT — E W FETR T 22 [RIFNEORTE 17 SR A 2 180 7 P 5 R B H A G A
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Diesel trucks can still be improved with technology potential, but given the rapid pace of cost
reduction in zero-emission technologies, it might become more cost-effective to switch to ZE-HDVs.
2. TP A4 AR A T H OB AR > BT ENA B ERRE F PR AR ME ETT IR TR
BE A o A BB IR I HUR N R
ZE-trucks are primed for rapid technology development, thanks to experience gained by Chinese
OEMs on electric buses.
3. FHRGTE > JUHREA BT AU B R BURRY | S S R R R R o U B TlFE /IR =R
IR v BE U 2 42 YRR 40 BUR
The ZE-truck market, especially in the heavy segments, will need policy support to achieve rapid

growth. An ambitious NEV regulation and fuel consumption/GHG policies would catalyze the

o
I CCt market. "
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Thanks for your attention!
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Email: s.mao@theicct.org
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. Race to zero: How manufacturers are positioned for zero-emission commercial trucks and buses in North America

. Strateqies for deploying zero-emission bus fleets: Development of real-world drive cycles to simulate zero-emission
technologies along existing bus routes

. Transitioning to zero-emission heavy-duty freight vehicles

. Avoiding a gap between certified and real-world CO2 emissions: Technical considerations for on-board fuel consumption
measurements in trucks

. Barriers and opportunities for improving long-haul freight efficiency in China

. The EU heavy-duty CO2 standards: Impact of the COVID-19 crisis and market dynamics on baseline emissions
. GHG reduction potential for heavy-duty vehicles in the EU

. Electrifying EU city logistics: An analysis of energy demand and charging cost
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https://theicct.org/publications/canada-race-to-zero-oct2020
https://theicct.org/publications/zev-bus-fleets-dev-drive-cycles
https://theicct.org/publications/transitioning-zero-emission-heavy-duty-freight-vehicles
https://theicct.org/publications/onboard-fuel-consumption-trucks-jan2021
https://theicct.org/publications/barriers-and-opportunities-improving-long-haul-freight-efficiency-china
https://theicct.org/publications/eu-heavy-duty-co2-standards-baseline-impact-Dec2020
https://theicct.org/publications/ghg-reduction-potential-heavy-duty-vehicles-eu
https://theicct.org/publications/optimizing-charging-logistics-nov2020

