Market segmentation and duty cycles

Dr. Felipe Rodriguez
19th March 2018

G20 Transport Task Group:

Deep Dive to Support Heavy-Duty Vehicle
Efficiency Labeling and Standards Meeting #4




Introduction

= Vehicle simulation and component certification procedures can be
easily adapted to the other regions.

= On the other hand, the definition of the heavy-duty vehicle segments
and duty cycles are market-specific.

= This presentation aims at providing examples from different regions,
and the solutions adopted for addressing the variety of heavy-duty
vehicle types and uses.



|ICCT market studies for HDVs

EUROPEAN VEHICLE
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= European vehicle market statistics, 2017/2018
https://www.theicct.org/publications/european-vehicle-market-statistics-20172018

= Market analysis and fuel efficiency technology potential of heavy-duty vehicles in
China
https://www.theicct.org/publications/HDV-china-mkt-analysis-and-fuel-efficiency-tech-

potential

= Market Penetration of Fuel Efficiency Technologies for Heavy-Duty Vehicles in the
EU, US and China
http://www.theicct.org/market-penetration-HDV-fuel-efficiency-technologies

= Market analysis of heavy-duty commercial trailers in Canada
http://www.theicct.org/market-analysis-heavy-duty-commercial-trailers-canada

= Overview of the heavy-duty vehicle market and CO2 emissions in the European
Union
http://www.theicct.org/overview-heavy-duty-vehicle-market-and-co2-emissions-
european-union

= Market analysis of heavy-duty vehicles in India 3
https://www.theicct.org/publications/market-analysis-heavy-duty-vehicles-india



https://www.theicct.org/publications/european-vehicle-market-statistics-20172018
https://www.theicct.org/publications/HDV-china-mkt-analysis-and-fuel-efficiency-tech-potential
http://www.theicct.org/market-penetration-HDV-fuel-efficiency-technologies
http://www.theicct.org/market-analysis-heavy-duty-commercial-trailers-canada
http://www.theicct.org/overview-heavy-duty-vehicle-market-and-co2-emissions-european-union
https://www.theicct.org/publications/market-analysis-heavy-duty-vehicles-india

Key differences between
the major markets

A comparison of China, India,
the U.S. and the EU.



The market consolidation differs significantly between regions (2016)
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GVW and vehicle type composition for different HDV markets (2014)
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Engine displacement distribution for HDVs in four large markets (2014)
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Examples of market
segmentation

Complete vehicles



Objectives of the market segmentation

= Separate vehicles and components in groups 100%

with similar usage and fuel consumption. Other
= Enable the use of specific duty cycles and 5 so% Bus

CO, emissions targets for each segment E Rigic
= Identify the vehicle segments with high fuel S 0%

consumption. The vehicle segment with the £

highest market share is not necessarily the g )

same as the one with the highest fuel S 0%

consumption. T Tractor

. . L S 20%

= Segmentation of engines and trailers is Q

necessary in the case of separate policy

measures addressing this components. 0%

us EU
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US HDV segmentation for GHG regulation

—
CLASS 2 5,001 to 10,000 Ibs LHD MulHéB?Sose 5|
iy T -l T (Class 2-5) " " Regional Cl
MINIVAN CARGO VAN FULL-SIZE PICKUP STEP VAN
CLASS 3 10,001 to 14,000 Ibs
- S (RVocczlati(I)naI vehicles ) MHD MuIH;gB?Sose CSDI
* igid, classes 2bto 8) " | (Class 6-7 - ClI
WALK-IN BOX TRUCK CITY DELIVERY HEAVY-DUTY PICKUP g ( ) Reg |Ona|
CLASS 4 14,001 to 16,000 Ibs
HHD Urban
“ — —— Multipurpose
LARGE WALK-IN BOX TRUCK CITY DELIVERY (CIaSS 8) Reglonal
CLASS 5 16,001 t0 19,500 Ibs
BUCKET TRUCK LARGE WALK-IN CITY DELIVERY Class 7, ngh roof
—_— — Mid roof
CLASS 6 19,501 to 26,000 Ibs day cab Low roof
BEVERAGE TRUCK SINGLE-AXLE SCHOOL BUS RACK TRUCK | CIaSS 8’ —_— II\I/I“gdh rE)O()Off
CLASS 7 26,001 to 33,000 Ibs T day cab Low roof
REFUSE FURNITURE . cry TRANSTBU ‘. TRUCK TRACTOR CIaSS 7 and CIaSS 8’ I;\I/Ilgdh rooff
™ Class 8 tractors T~ g b 1d T0O
CLASS 8 33,001 to REALLY,HUGE sieeper ca Low roof
'h - ] 'h 0
(wawrmm TRUCK TRACTOR DUMP TRUCK SLEEPER CAB — — Heavy haul

Source: https://jalopnik.com/truck-sizes-classification-explained-from-tacomas-to-1613958192



https://jalopnik.com/truck-sizes-classification-explained-from-tacomas-to-1613958192

EU HDV segmentation for CO, certification
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China HDV segmentation for CO, standards
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India and Japan’s HDV segmentation for fuel consumption
standards
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Summary: Segmentation comparison by GVW
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Examples of market
segmentation

Engines



Improvements in engine efficiency translate directly into vehicle
efficiency improvements

Bl EPA 2018 engine map
EPA 2027 engine map
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Engine segmentation in the US for engine GHG standards =

= HD engines in the US are segmented based on the type — tractor or non-tractor —
and “primary intended service class” of the vehicle in which the engine will be used.

= For diesel engines, “the primary intended service classes” are light heavy-duty
(LHD), medium heavy-duty (MHD), and heavy heavy-duty (HHD).

= The U.S. standard considers that tractor engines are more likely to be driven on the
highway in a steady state and that non-tractors are more likely to be driven in
transient operation. Therefore, the tractor engines are required to meet a CO, limit

over a steady-state engine cycle.
V_eh|cle Type fof GVW (tonnes)
engine segmentation
Tractor
15+
Muncrief, R., & Rodriguez, F. (2017). A roadmap for

3.9 to 8.8 heavy-duty engine COZ2 standards within the European
Union framework. The International Council on Clean
Non-tractor 8.8to 15 Transportation. www.theicct.org/publications/roadmap-

1 5 + heavy-duty-engine-co2-standards-within-european-
union-framework
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Alternatives for HD engine segmentation
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Sharpe, B. (2015). Market analysis of heavy-duty vehicles in India.
International Council on Clean Transportation.
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Market dynamics present a challenge for using engine power or

displacement for engine segmentation
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Examples of market
segmentation

Trailers

20



Trailers have a large technology potential to reduce CO, emissions

from HDVs. Trailer manufacturers are usually local players.

icct
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Sharpe, B. (2018). Market analysis of heavy-duty commercial trailers in Europe (Publication pending). The
International Council on Clean Transportation.
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US trailer segmentation for Phase 2 GHG standards

US trailer market distribution between 2003 and 2011

US trailer segmentation o 6%
DRY VAN
Long box
: o W Dry box van
LIS REFRIGERATED VAN 3%~
B Refrigerated box va
DRY VAN 0 M Flatbed
Short box 7%
i W Container chassis
trailers REFRIGERATED VAN
Grain
Non-aero box trailers B Dump
. 9% W Tanker
Non-box trailers
Lowbed
W Other

Sharpe, B., Lutsey, N., Delgado, O., & Muncrief, R. (2016). United States efficiency and greenhouse gas
emission regulations for model year 2018-2027 heavy-duty vehicles, engines, and trailers. International Council
on Clean Transportation. www.theicct.org/US-phase2-HDV-efficiency-GHG-regulations-FRM
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The EU has a similar trailer distribution as the US, and a similar
market segmentation is possible

Trailer type distribution in the EU
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Duty cycles

Vehicle

24



The duty cycles should represent real on-road HDV operation

= The definition of representative duty cycles for HDVs is challenging
due to the variety of applications.

= The main objective is of the duty cycle design is to give realistic fuel
consumption values for all vehicle variants. The definition of the duty
cycles is dependent on, among others: vehicle fleet technical
specifications, road type (urban, regional, highway), speed limits,
topography, traffic conditions, etc.

= Duty cycles can be categorized in two main categories: Actual
speed vs time based and target speed vs. distance

iCCt NNNNNNNNNNNNNNNNNNNNNNNNN 25
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Time-based: World Harmonized Vehicle Cycle (WHVC) 1/2

= The WHVC was developed under the United Nations Economic
Commission for Europe (UNECE) World Forum for Harmonization of
Vehicle Regulations (WP.29).

= The WHVC is based on data from trucking operations in a number of
countries (Australia, EU, Japan and the US) and is designed to cover a
wide range of HDV driving situations.

= The WHVC consists of three segments: an urban segment with transient
stop-and-go driving, a rural segment that incorporates higher speeds, and
a final motorway segment with steady state cruise driving.

Steven, H. (2001). Development of a World-wide Harmonised Heavy-duty Engine Emissions Test Cycle (No.
‘i cCt mrmmmon o Lon TRANS/WP29/GRPE/2001/2). ECE-GRPE WHDC Working Group. 26
Clean Transportation https://www.unece.org/fileadmin/DAM/trans/doc/2001/wp29arpe/TRANS-WP29-GRPE-42-inf02.pdf
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Time-based: World Harmonized Vehicle Cycle (WHVC) 2/2

= The speed, and acceleration

trace is fully defined by the cycle. 90T Lrban part Rural part.
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8 40-
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WHVC modifications for China and Korea @,

Velocity (km/h)
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Example: Average speeds are lower in India than other major markets

ICCT'’s version of a modified WHVC for fuel

Regulatory cycles Real-world data . . .
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* Average speed from surveys of 28 major trucking routes in India
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Distance based, target speed cycles in the EU

= Duty cycle is defined as routes. That is, road grade profiles and a
desired target speed as a function of distance.

= The actual driven speed profile is a function of the vehicle technical
specifications and the driver model.

Cycle (slope versus distance, target speed versus distance)
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EU’s Regional Delivery and Long Haul cycles

icct
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Rodriguez, F. (2018). Fuel consumption simulation of HDVs in the EU: Comparisons and limitations (White
Paper). The International Council on Clean Transportation. www.theicct.org/publications/fuel-consumption-
simulation-hdvs-eu-comparisons-and-limitations
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ACEA'’s validation for the Long Haul cycle for the EU
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1. Derive representative routes for
European long-haul road network
based on statistical “goods flow" data

@ e \ —,
10man axes (based on Dalmier Study) R 3 Moot
@ 7 addmanal main exes (damestic trenspat) >

\ 27 Menum VOUMe xes (for relevance check) |
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The GEM Phase 2 cycles are a combination of distance and time

based cycles. —
90 ARB Transient cycle
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ICCT has developed a work-flow for developing

duty cycles based on in-use vehicle data

Duty Cycle Development:
6 steps:

1. Generates microtrips.

2. Generates N candidate cycles by
adding randomly selected microtrips
until minimum cycle time is achieved.

3. Calculates candidate cycles’ metrics.
4. Calculates database metrics.

5. Compares candidates with in-use
database.

6. Selects and save the 10 candidate
cycles that best match the database.

Raw Data

A 4

Pre-processing

/ Data‘base/

A 4

Duty Cycle
Development

A

Representative
Duty Cycle




Duty cycles

Engine cycles
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The duty-cycles for engine CO, certification can be derived
directly from those developed for pollutant emission testing

World Harmonized Transient Cycle (WHTC)

3000 - WHTC on a 12.8 liter Euro VI engine
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Adaptations of the existing cycles can be necessary

Torque / Nm

= Tractor engines in the US have limits over the SET steady-state cycle. For Phase 2, the SET
weighting were revisited to reflect better low engine speed highway operation.

3000 SET Phase 1

Buble size and color represent the fuel consumption
share of that area in the engine map
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Higher weighting
of lower engine
speeds to reflect
better long haul
application
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EU and US duty cycles can be correlated for CO, emissions

__ The weighting used for the SET corresponds, _
750 to the US Phase 2 regulation @ 850 y=0.949x ; R2=0.91
--------- +/- 5% boundary lines .
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Comparison of 26 different engine maps over a simulated environment were used to
estimate the correlation coefficients between the stationary WHSC and SET cycles, as
well as between the transient cycles WHTC and FTP.

o Muncrief, R., & Rodriguez, F. (2017). A roadmap for heavy-duty engine COZ2 standards within the European Union framework.
ICCt THE INTERNATIONAL counciL o The International Council on Clean Transportation. www.theicct.org/publications/roadmap-heavy-duty-engine-co2-standards-
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Takeaway messages

The market segmentation and definition of duty cycles are country specific
exercises. However, experiences and concepts applied in other regions can be
adapted.

There is no perfect segmentation, nor duty cycle. A balance between complexity
and representativeness is necessary.

The market segmentation divides the vehicle fleet into different segments with
similar application and fuel consumption. Typical differentiators are vehicle
weight, chassis configuration, and axle configuration. Further segmentation can
be achieved by cabin type, engine power, intended vehicle use, among others.

The development of duty cycles for fuel consumption certification must be a data-
driven process. A good characterization of the vehicle fleet is necessary.
Similarly, the topography and typical traffic conditions of the road network are
also required.
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Questions? Contact the HDV team at the ICCT
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