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Introduction

Heavy-duty vehicles are an important source of GHG emissions and air pollution across
the globe (European Environment Agency, 2020). Despite advances in the emissions
performance of diesel engines, zero-emission heavy-duty vehicles (ZE-HDV) are an
indispensable solution for the decarbonization of transportation in the coming decades.
The full transition to ZE-HDVs is essential if China is to meet its decarbonization goals.

Although global competition on ZE-HDVs is quickening, China is clearly the global leader
in the production and adoption of battery electric and fuel cell electric buses and trucks:
91.6% of the world’s total electric HDVs were sold in China in 2021. The ZE-HDV market
in China saw rapid growth in the past decade, and ZE penetration of China’s domestic
HDV market reached 4% in 2021 (Tencent News, 2022). Chinese manufacturers are also
deploying e-models to international markets such as North America, Europe, and Latin
America (Koop et al., 2020; Sustainable Bus, 2022a; Xinhua News, 2022). By 2021, China
supplied more than 90% of the world’s e-buses, clearly dominating the market (Mao &
Rodriguez, 2021).

The last “Race to Zero” report summarized market readiness information about the ZE-
HDV industry with a timeframe covering 2017 to 2019 (Mao & Rodriguez, 2021). As the
COVID-19 pandemic broke out at the end of 2019, the automobile industry also tumbled.
The ZE-HDV market was no exception; it posted its weakest performance since 2014.
However, the ZE-HDV market recovered in 2021, the year on which this study focuses.

Where are we: a snapshot of ZE-HDV market in 2021

Overview

The ZE-HDV market ramped up rapidly during the last decade in China, from almost no
sales to more than 200,000 vehicles in 2016 (Figure 1). After that, however, total sales
declined for years due to a gradual phasedown of national subsidies for electric trucks
and buses. Meanwhile, zero-emission buses—most of which are battery-electric—claimed
a growing share of the ZE-HDV market, increasing from 60% to 80% in the last 5 years.
In 2021, the market recovered, reaching sales volumes similar to those of 2018, despite
2021 incentives being only about 40% as generous as in 2018 (Figure 1).

Acknowledgments: The authors thank all internal reviewers from the International Council on Clean
Transportation, including Hui He, Eamonn Mulholland and Claire Buysse, for their generous help and valuable
inputs. We also appreciate Gary Gardner’s work in editing this paper.

JANUARY 2023

www.theicct.org
communications@theicct.org

twitter @theicct

icct

THE INTERNATIONAL COUNCIL
ON CLEAN TRANSPORTATION


http://www.theicct.org
http://www.theicct.org
mailto:communications%40theicct.org%20%20%20%20?subject=
http://twitter.com/theicct
http://twitter.com/theicct

250

M Buses Bus sales incentives 500
W Trucks = Truck sales incentives
Non-specific
200 <
400 ;
O
~ o
) o
Q0 o
9 )
5 1% 300 w
> o
>
g :
<} g
< £
o 100 200 %
A &
(8]
T
S0 100 T
(0] 0

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Figure 1. Total sales of ZE-HDVs from 2011 to 2021

From the perspective of manufacturer dominance, the change is large in recent years.
Figure 2 illustrates the ups-and-downs of ZE-HDV and diesel manufacturers in 2021.

It shows that the top 10 ZE-truck and ZE-bus manufacturers captured about 70%

and 85% of market share, respectively, approaching the market profiles of their diesel
counterparts. This pattern suggests that China’s ZE-HDV market is consolidating, with the
top players becoming more dominant as they gain an edge through economies of scale.

This ZE-HDV market consolidation is edging out incumbent manufacturers of diesel
HDVs. Most notably, FAW—China’s largest diesel truck manufacturer—has been slow to
embrace the transition to ZE-HDVs and does not have a substantial share of that market.
FAW has announced investments of over 30 billion yuan until 2025, with the goal of
becoming a market leader in ZE-HDVs by 2030 (China Daily, 2021). Dongfeng Motor,
however, was the leading producer in 2021, supplying ~5,500 ZE trucks and surpassing
FAW in the emerging market. Dongfeng Motor set an ambitious strategic plan for
electrification in 2018, when it announced it was introducing 20 electric models by 2022,
ranging from light duty delivery vans to long-haul tractors (Dongfeng Motor, 2022;
Electric Vehicle Research, 2018).

In 2021, the zero-emissions focus of 7 of the top 10 ZE-HDV manufacturers was
mainly on buses, a pattern similar to these firms’ diesel production. Compared to 5
years earlier, new players such as King Long, Geely, and Ankai were listed among the
top 10 manufacturers in 2021. King Long was founded in 1988 and is still a leading
manufacturer in the traditional bus market, providing a variety of city buses, coaches,
and special vehicles (King Long, 2022a). The transition from diesel to battery power is
logical as King Long has developed new energy powertrains for decades; it released
the first hybrid coach with a lead acid battery in 2001 (King Long, 2022b). Geely has
long been popularly known as an electric passenger car maker in China; its first move
into the electric heavy-duty vehicle market came in 2016 with the founding of a new
subsidiary known as Geely New Energy Commercial Vehicle Group, which carried

a new brand, Farizon. Since then, Geely has manufactured a series of alternative
energy commercial vehicles. Besides electric trucks and buses, Geely has also focused
its efforts on methane engines for long-haul tractor-trailers (Geely New Energy
Commercial Vehicle Group, 2021).
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Figure 2. ZE-HDV and diesel HDV sales proportion by manufacturer in 2021 (numbers indicate sales)

Sales by segment

ZE buses continued to dominate the ZE-HDV market in 2021. ZE buses accounted for
73% of total sales of ZE-HDVs, while buses ranging in length between 10m and 12m
accounted for 37%.

On the other hand, ZE trucks accounted for 27% of total ZE-HDV sales, of which box
trucks were most popular. Compared to earlier years, different truck categories showed
varying development trends. Tractor-trailers gained market share from 0.4% (2017) to
16.2% (2021), followed by sanitation trucks whose ZE truck market share increased from
3.9% to 11.1% during the same period.
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Figure 3. Distribution of ZE-HDVs sales by segment. The percentage value refers to the segment’s
share of total ZE-HDV sales.

Zero-emission technology pathways

Figure 4 details the structure of fuel technology for buses and trucks in the last 5 years.
For buses, while battery electric is still the most popular zero-emission technology,

fuel cell electric technology is an emerging alternative, accounting for 2% of sales in
2021. For trucks, battery swapping is rapidly growing as a required technology, and
battery swapping trucks accounted for about 25% of total ZE truck sales in 2021.

This information is accessible for 2021 only, but some battery swapping models were
reportedly available years before that (Lin-Gang Special Area, 2020).

The bars on the right of the figure indicate the sales proportion of selected cities in
2021. Several cities with a heavy steel industry presence, such as Tangshan, Handan and
Cangzhou, were favorable to battery swapping trucks/tractors for bulk transport. Of all
cities, Tangshan accounted for ~37% of total sales of battery swapping trucks in 2021.
Tangshan promoted the innovative technology rapidly because it was funded by a pilot
program announced by the Ministry of Industry and Information Technology of China
(MIIT). This pilot program aims to build more than 1,000 battery swapping stations and
introduce over 100,000 battery swapping EVs (MIIT, 2021; Randall, 2021).

On the other hand, trucks and buses with fuel cell technology were adopted in recent
years by several cities. For example, Beijing was the biggest buyer of fuel cell buses

in 2021 with a market dominance of 41%, driven by the transport needs of the Winter
Olympics in 2022. Beijing reportedly deployed over 800 fuel cell buses to serve the
event (Sustainable Bus, 2022b). For trucks, Qingdao introduced the most fuel cell trucks
in 2021 in their effort to become the world’s first hydrogen-powered and intelligent port,
according to announcements by local officials (FuelCellsWorks, 2022).

Battery electric buses were sold to cities evenly across the country, which implies that
such technology has become mature and widespread in China. Wuhan, with the highest
market share of battery electric buses in 2021, accounted for only 4% of total sales
nationwide.
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Figure 4. Market share of fuel technologies from 2017 to 2021 with 2021 sales ranking (bars on the
right). The dashed red line indicates no data for battery swapping trucks before 2021.

Geographical pattern

Figure 5 illustrates 2021 urban sales of three major zero-emission vehicle categories:
buses, rigid trucks, and tractor-trailers. In cities such as Shenzhen, Chengdu, Zhengzhou
and Tangshan, zero-emission rigid trucks and tractor-trailers were the most widely
adopted vehicle segments. Preference for electric trucks and tractor-trailers in these
cities is mostly driven by policy: Tangshan, as mentioned earlier, was heavily funded

by the central government to adopt e-trucks and tractor-trailers for use in the steel
industry; Chengdu instead established zero-emission zones in 2021 and banned

diesel heavy-duty trucks from downtown areas in the daytime, which stimulated their
replacement with e-trucks. For other cities, however, electric buses still turned out to be
the most popular vehicle category due to their promotion by local government.
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Figure 5. Geographical deployment of ZE-HDVs in 2021

Local authorities usually set discriminatory barriers to non-local OEMs in order to
protect local manufacturers, a practice known as local protectionism. This happened in
previous years when new energy passenger vehicles were heavily promoted despite the
central government’s warning against local preferences (Amanda, 2018; Li & Du, 2015).
Preference for local companies’ vehicle models still exists with regard to ZE-HDVs. Figure
6 shows clearly that local authorities are inclined to procure ZE vehicles from locally
based automakers (Company factories or headquarters tend to be found in the darkest
squares that indicate the highest sales.) As electric buses are still the most favorable
vehicles to be procured by most cities, this phenomenon can be observed most often in

the e-bus market.
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Figure 6. Top 10 OEMs sales across leading cities in 2021

National incentives and subsidies

China has provided national incentives to ZE-HDV OEMs since 2015. Figure 7 illustrates
the subsidies given to OEMs in recent years. In 2016 and 2017 OEMs received their
greatest levels of support from the central government due to elevated domestic sales
(Figure 1). In 2016 and 2017, the central government provided ~10 billion and ~19 billion
CNY, respectively, which reflects its ambition to lead in New Energy Vehicle (NEV)
development. As most of the models produced and subsidized are electric buses, the
bus maker BYD was the biggest winner, receiving over 10 billion CNY. In total, China
provided ~48 billion CNY to ZE-HDV OEMs between 2015 and 2021.
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Are we ready? The position of OEMs and progress of key
metrics in 2021

Battery electric technology

Supply chain

Compared to the diverse landscape of ZE-HDV manufacturers, battery suppliers are
more consolidated. CATL, the largest battery supplier in the world, accounted for half
of the global market share. CATL supplied the largest share of ZE-HDV batteries used in
China, followed by Gotion (10.4%), Slanpower (5.5%), Lishen (5.4%), Eve Energy (4.9%),
and BYD (4.7%). To date, BYD is the only company covering both vehicle manufacturing
and battery supply, and more than 86% of BYD battery production went to BYD’s own
electric buses and trucks; batteries from CATL supply only a fraction (9.9%) of BYD’s
total truck sales.

Market consolidation is also a common characteristic of the ZE-HDV supply chain.
CATL is ranked first in total production capacity, with 170.4 GWh as of the end of 2021
(Reuters, 2022). Manufacturers such as King Long, CRRC, Zhongtong Bus, Shaanxi
Auto, and JMC Motors, among others, procured most of their batteries from CATL. On
the other hand, for some battery suppliers, the dependency is reversed. Yutong was
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the main and only customer for Slanpower’s battery production, and Gree Altairnano
supplied 99% of products to Guangtong Auto. Both cases are due to ownership overlap
between battery suppliers and OEMs: Slanpower is an affiliated company of Yutong and
Gree Altairnano fully controls Guangtong Auto.

Buses are equipped with greater battery capacity than trucks, as shown in Figure 8. The
average battery capacity on buses was 208 kWh, 45% higher than for trucks (143 kWh),
largely because most (~65%) trucks are classified as light duty (3.5-4.5 tonnes), but
buses were much heavier (~14 tonnes). Due to constraints on battery capacity, trucks run
100 km less per trip than buses on average (Figure 10), and a more frequent charging
scheme is also required. SANY, a company featured in production of off-road equipment,
heavy dump truck and tractor-trailers, installed more than 360 kWh of battery capacity,
on average, on trucks. Shaanxi Auto produced buses with about 300 kWh and 600 km
of range. SAIC, however, produced vehicles with less battery capacity than the average,
while still achieving 320 km of range.
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Figure 8. Supply relationship between battery supplier and OEMs. Gray bands on the right side
represent battery capacities.

Specific energy of battery packs

The average specific energy of battery packs in electric buses and trucks are 155 and
108 Wh/kg, respectively (Figure 9). OEMs are incentivized to equip batteries with higher
energy densities through a national subsidy scheme that sets minimum requirements on
this metric, among other requirements. In 2021, the scheme required at least 135 Wh/kg
for buses and 125 Wh/kg for trucks to qualify for the national subsidy (MOF, MIIT, MOT,
NDRC, 2021).
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The specific energy profile of trucks is much more varied than for buses. Some trucks are
equipped with the most advanced batteries, at more than 200 Wh/kg, while for buses,
the specific energy of battery packs ranges from ~140 to 160 Wh/kg. This also reflects
the fact that electric trucks are more diverse in size and weight, and that for particular
use cases, batteries of various specific energies are required.
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Figure 9. Specific energy of battery packs by OEM in 2021. The dot and bubbles depict individual
and average specific energy for each OEM. The dash lines show average values across OEMs for
buses (red) and trucks (blue), respectively.

E-range

In 2021, the average range of battery electric buses grew to ~440 km, while the average
for trucks reached ~320 km (Figure 10). A study in 2019 reported that electric buses
cannot fully support intercity travels. (Xue et al., 2019) Electric buses were not allowed
to cover more than 170 km/d in Shenzhen and 100 km/d in Beijing and Tianjin in 2019
due to fleet operators’ concerns (Xue et al,, 2019). However, electric buses could cover
much longer distances in 2021 even considering a ~30% decrease in range due to cold
temperatures (Basma, 2020; L. Yang et al., 2022); a range of more than 200 km will fit
most intracity transport needs. Shaanxi Auto, BYD, Skywell, CRRC, and Dongfeng Motors
are manufacturers whose average e-ranges are greater than 500 km.

Rigid trucks (and tractors) face greater electrification challenges due to heavier payload
and more severe working conditions. A more common use case for electric trucks is
short-distance drayage and overnight charging. For example, Tangshan, a northern

city known as a leading metal and steel production center in China, has adopted 1,000
electric trucks and tractors for delivery of ores and other raw materials (Chinatrucks,
2021). An earlier study by ICCT found that electric dump trucks will be the first vehicle
segment to reach a breakeven total cost of ownership (TCO) vis-a-vis its diesel
counterpart in China by no later than 2025 (Mao et al., 2021). Thus an electric model
with a range of more than 300 km is very close to providing real-world service at an
affordable cost.
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Battery chemistry

Lithium-ion batteries typically consist of a graphite anode and a cathode that uses
lithium-containing transition metal oxide or phosphate. More than 95% of ZE-HDVs in
2021 used lithium iron phosphate (LFP). The remainder of the market corresponds to
batteries using lithium nickel manganese cobalt oxide (NMC) or lithium manganese
oxide (LMO) at the cathode. Compared to NMC-based batteries, LFP-based batteries
have a lower specific energy (kWh/kg) and energy density (kWh/L), but because they
are cheaper, more durable, and safer, they are an attractive choice, especially for ZE-HDV
applications. As LFP-based batteries contain neither cobalt nor nickel, their production
is also less dependent on global supply chains. CATL produced NMC batteries for ~1,000
trucks with more than twice the specific energy compared to LFP counterparts in 2021.
Depending on the relative shares of nickel, manganese, and cobalt, NMCI111, NMC622,
NMC532 and NMC8IT1 can be distinguished. With a higher share of nickel, the energy
content of the battery increases. At the same time, a lower cobalt share reduces overall
raw material costs. Within the NMC family, the latest NMC811-based batteries are thus
most competitive in terms of cost and performance. CATL has reportedly put the high
energy NMC8I11 battery into mass production (Daly & Sun, 2019); in 2020, this battery
technology suffered serious safety problems—specifically, spontaneous combustion—
that damaged its reputation (Lima, 2020b; VY. Liu & Wang, 2020). However, NMC811 is a
very promising technology if thermal management is improved. As of the end of 2021,
NMC811 had been adopted by several mainstream OEMs such as BMW and Mercedes-
Benz for use in passenger vehicles (Lima, 2020a; Toma, 2021).

The strong preference for LFP batteries in heavy-duty vehicles is different from
passenger vehicles. In China, recent years saw a shift from cheaper LFP-based cells to
higher-performing NMC-based cells, resulting in a NMC share of over 60% of installed
capacity in 2021, according to market statistics (J. L. Liu et al., 2021). However, with
increasing costs of nickel and cobalt on one side and improvements in the pack design
of LFP batteries on the other, LFP-based batteries could gain back market share for
passenger cars (IEA, 2022). In HDVs, the preference for LFP batteries reflects high
price sensitivity; more than half of trucks are purchased using personal loans and
leasing (CFLP, 2021). Furthermore, LFP batteries are attractive for HDVs because they
require more durable batteries than passenger cars. With higher annual mileage over
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a comparable lifetime (Mulholland et al., 2022) in combination with a typically much
lower electric range, electric HDVs need to be recharged at a much higher frequency
than passenger cars. In addition, the national subsidy scheme does not ask for battery
chemistry but for vehicle and battery performance metrics such as specific energy,
driving range and energy consumption per payload, hence LFP is more welcome than
NMC in China when performance of LFP batteries is good enough to be accepted
through packing technologies such as Cell-To-Pack (CATL, 2022) and blade battery pack
(BYD, 2021).
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Figure 11. Battery chemistries in 2021

Battery swapping technology

Introduction

Battery swapping is an innovative technology and business model for battery electric
vehicles. In contrast to plug-in charging, battery swapping technology replaces the
depleted battery with a fully charged one. Figure 12 illustrates the main idea and
mechanics for battery swapping technology.

12 ICCT WORKING PAPER 2023-04 | ZERO-EMISSION BUS AND TRUCK MARKET IN CHINA: A 2021 UPDATE



Battery supplier

ililili
i ®

Charging

Battery swapping station

Disposed Battery

Battery leasing & asset
management company

'@‘ Truck roYo o

Vehicle manufacturer Fleet operator
Figure 12. Mechanics of battery swapping business model

Specifically for heavy-duty vehicles, battery swapping technology can have several
advantages over charging. First, battery swapping takes a shorter time to repower the
truck than with charging technology of up to 10C' of charging rate, according to several
real-world cases available in different regions (Rachwani, 2021; SANY, 2022; Wannan,
2022). It often takes at least 1 hour? to fully charge an electric truck with battery
capacity of 300kWh (Gao et al.,, 2017; Kane, 2021).

Second, battery swapping introduces the concept of Battery-as-a-Service (BaaS). BaaS
allows customers to pay for the glider truck and battery separately. Customers sign a
lease contract with the battery swapping operator at a low or zero rate to reduce greatly
the initial uptake cost. The high purchase cost of electric trucks affects adoption of
electric heavy trucks for many local fleet operators (Mao et al., 2021). It is estimated that
an electric truck could save up to 50% of initial cost by using a battery swapping service
(Mao et al., 2021; Z. Yang, 2020).

Third, from a macro perspective, battery swapping may be regarded as a new way of
storing energy that reduces impact on the grid; battery swapping stations can even
feed back to the grid during the peak time and earn extra revenue (Hampel, 2022).
Battery lifespan can be extended through the healthier charging represented by battery
swapping, and by recycling the battery for secondary use after being disposed. Unlike
fast charging that may degrade battery capacity and performance (Bhagavathy et al.,
2021), battery swapping stations make organized and mild charging schemes more
feasible and affordable.

1 10C of charging rate indicates the battery will be fully charged within 6 minutes.

2 Estimate based on a 500 kW/h ultra-fast charger with 300 kW/h of average charging speed in real use, due to
decline of charging speed during the process (Siddiqi, 2022).
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However, battery swapping also faces some challenges. The greatest barrier is the
high capital expenditure of the battery swapping stations. A typical station may cost
the equivalent of $230,000 to $630,000 in China (Z. Yang 2022), making it a capital-
intensive venture. Also, battery swapping requires holding a stock of extra batteries to
meet peaks in demand, so operators incur additional costs to run a battery swapping
facility smoothly. The most fundamental concern in the long run for battery swapping
technology is that batteries should be standardized across all OEMs in terms of size
and capacity, which may pose challenges regarding patents, market access, and other
variables in the future.

Policy supports
Rapid growth of battery swapping trucks is also driven by the promotional efforts

of authorities and industry leaders, likely dating back to 2010 when the State Grid
Corporation of China first introduced the concept of battery swapping (M. Yang, 2022).
However, the concept of battery swapping was formally raised again by 2019 when the
National Development and Reform Commission (NDRC), the Ministry of Commerce
(MOC), and the Ministry of Ecology and Environment (MEE), announced support for
promotion of battery swapping technology (NDRC et al., 2019). Dozens of policies
were issued thereafter and pushed forward adoption of the nascent technology. Table 1
summarizes the milestone policies that were developed over the past decade.

Table 1. Summary of policies to promote battery swapping technology in recent years

Date Issuing body Title Objectives
To accelerate the construction and improvement of electric vehicle
o ) charging and swapping standardization system
2022.03 MIT Highlights of automotive . . .

. standardization work in 2022 To promote standards of electric vehicle on-board charging and
swapping systems, public swapping platform, and swapping battery
packs, etc.

Notice regarding the launch of To launch the pilot projects of battery swapping in 11 cities
2021.10 MIT pilo_t projects of new energy To promote production of at least 100,000 battery swapping
vehicle battery swapping mode vehicles and construction of 1,000 battery swapping stations
Implementation Opinions on
Further Improving the Service To enhance the public charging and swapping service capacity
2021.05 NDRC Guara_ntee Capability of ) To promote the construction of charging and swapping facilities in
Charging and Battery Swapping townships
Infrastructure
2020.05 State Cquncn Report on the work of the To accelerate promotion of new facilities such as swapping stations
of China government
a » | Notice on improving the To clarify that battery swapping vehicles are not subject to the hard
MOF2, MIIT®, fi al subsid licy f : :
2020.04 MOT< and Inancial subsidy policy for capd on the national subsidy for new type-approved models
NDRC promotion and application of ) )
new energy vehicles To vigorously develop swapping technology
New Energy Vehicle Industry L )
2019.07 MIT Development Plan (2021-2035) To encourage application of battery swapping mode
Implementation Plan for
NDRC, MOC | resource recycling and update To explicitly promote battery swapping and highlight its potential as
2019.06 . ) .
and MEE of key consumer goods (2019- an innovative business model
2020)
State Grid
2010.08 Corporation - To propose the concept of battery swapping on a mass scale
of China

2 Ministry of Finance

® Ministry of Industry and Information Technology

¢ Ministry of Transport

4 OEMs are subject to a hard cap on national subsidies and must meet a set of technical metrics year by year. See Mao & Rodriguez, 2021.
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Vehicle models

Demand for battery swapping trucks increased each month in 2021. A seasonal cycle

of vehicle sales is also evident. In December, 747 battery swapping vehicles were sold,
about a twenty-fold increase compared to January; battery swapping models also

grew from 2 in January to 28 in December (Figure 13). Similar to the market pattern

of charging technology, LFP batteries also dominated the market of battery swapping
technology. As discussed in the section above, LFP batteries are more resilient to battery
degradation than NMC batteries are. This characteristic also makes LFP batteries safer
and more affordable for battery swapping (GGlI, 2020).

W Charging electric M Battery swapping HLFP ENMC | Others

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

800 400 400 800
Models by technology in 2021 Sales of battery swapping trucks in 2021

Figure 13. Models by technology and sales of battery swapping trucks in 2021

In 2021, CAMC, Hongyan, and FAW provided more than 500 battery swapping trucks,
most of which had ranges of between 150 and 250 km and were shorter than charging
models in general (Figure 14). Two models from Hongyan and Dayun are illustrated in
Figure 15. Figure 16 presents a model during a battery swapping process.

@ Individual models X Weighted average Sales 1 @200 400 566

CAMC e - o
Hongyan ® X o
XCMG e 0 -
Beiben ) ¢
Other - -0
150 200 250 300 [0 200 400 600 800
Range (km) Sales

Figure 14. E-ranges of battery swapping vehicles in 2021
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Figure 15. Battery swapping vehicle models (Dayun, 2022; Hongyan, 2022)
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Figure 16. Battery swapping in action (Etrucks, 2020)

Stations

Battery swapping stations also saw rapid growth over the past decade. In 2021, about
half of newly set-up stations were for HDV models only (Figure 17). Populous regions,
such as Beijing, Guangdong, and Zhejiang province, adopted the most battery swapping
stations in 2021. Besides in-house stations operated by OEMs and battery suppliers such
as NIO and CATL, a list of station operators also joined the game, including Aulton, Blue
Park, and China Tower, among others (lbold & Xia, 2022).
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Figure 17. Battery swapping stations growth trend (iResearch Inc., 2022)

Fuel cell electric technology

Fuel cell electric vehicles saw 25% growth in 2021, with 1,876 sold (375 as tractor-trailers)
out of ~130k total ZE-HDVs sales. (Figure 1, Figure 18, GGll, 2021). Fuel cell vehicles are
still at a nascent stage. In the last 5 years, China sold 8,938 hydrogen-fueled vehicles

in total, according to a market survey (The Orange Group, 2022). However, a goal of
50,000 hydrogen vehicles in use by 2025 was set by NDRC (NDRC, 2022), which may
look for more supportive and promotional measures to be applied in coming years.

Fuel cell technology still faces difficulties in real-world application. Cost is the primary
barrier. Fuel cell electric trucks may fail to achieve a breakeven point of total costs with
diesel trucks before 2030 due to expensive hydrogen, according to a previous ICCT
study (Mao et al.,, 2021).

Foton

Skywell

Feichi Auto
King Long
Yutong

Geely Auto
Zhongtong Bus
Dayun
Hongyan
Guangtong
JMC Motors
Wanxiang
Shudu
Dongfeng Motors

SAIC Maxus Auto M Buses
Other W Trucks

0 100 200 300 400
Sales

Figure 18. Sales of fuel cell electric HDVs in 2021
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Key insights and takeaways

The Chinese market for electric trucks and buses is proliferating but is still small
compared to conventional vehicles, accounting for just 4% of the market in 2021.

After a rapid contraction between 2016 and 2020—driven primarily by a reduction in
subsidies—the market for zero-emission trucks and buses regained substantial ground
in 2021, with about 130,000 units sold. These volumes are comparable to those in 2018
when subsidies were two and a half times greater. This decoupling of sales volumes and
state subsidies is an encouraging sign, signaling the beginning of an independent and
robust market for zero-emission heavy-duty vehicles.

While subsidies from the central government are important, the market is also driven by
the increasing availability of ZE-HDVs, decreasing cost of ZE-HDVs, increasing awareness
of the benefits of ZE-HDVs, and increasing number of provinces and cities that are
launching pilots and adopting policies to promote the deployment of ZE-HDVs.

Our analysis yields the following findings:

» The zero-emission truck race is reshuffling the market positioning of China’s HDV
behemoths. Over half of the Chinese truck market is currently dominated by four
manufacturers: FAW, Foton, Sinotruk, and Dongfeng. FAW and Sinotruk have been slow
to embrace electric trucks, allowing Dongfeng to take the lead in the electric truck
market and permitting newcomers to the truck market, such as Geely, to gain ground.

» Buses dominate the ZE-HDV market, but electric trucks are on the rise. Zero-emission
trucks accounted for just over a quarter of all ZE-HDVs in 2021. The deployment has
focused on the lighter segments, with small logistic trucks accounting for most
electric truck sales. However, compared to 2020, heavier vehicle segments—such as
tractor and dump trucks—are increasingly being electrified.

» National subsidies play a role in picking winners and losers. China provided
large subsidies to ZE-HDV manufacturers to boost the industry. Top Chinese
manufacturers of electric trucks and buses, such as BYD, Yutong, King Long,
Zhongtong, and Dongfeng received the largest subsidies from the national
government. Yutong and BYD were the biggest winners, with more than 6 billion
CNY in subsidies awarded to each.

» Battery suppliers are heavily consolidated, with CATL providing nearly 50% of the
batteries in China’s ZE-HDVs. While CATL was the largest ZE-HDV supplier, there
are other important players in the market, such as Gotion, Slanpower, Lishen, Eve
Energy, and BYD. The latter is an example of successful vertical integration, as BYD
is also one of the top electric truck and bus manufacturers.

» Buses have more advanced battery technology while using the same battery
chemistry. Compared to electric trucks, the batteries in electric buses feature an
energy density that, at over 150 Wh/kg, is almost 50% higher than the average of
electric trucks. This enables longer ranges for electric buses at nearly 450 km on
average, while the electric range of trucks is closer to 300 km. Over 95% of ZE-
HDVs are equipped with lithium iron phosphate (LFP) batteries.

» Fuel cell powertrains are at a nascent stage. Fuel-cell trucks and buses represented
less than 5% of ZE-HDVs in 2021—a 25% growth in market penetration compared to
2020. Foton dominated the fuel cell bus market, and Skywell did so on trucks. Still,
each company managed to put around 400 fuel cell HDVs on the road in 2021.

» Battery-swapping powertrains are skyrocketing in response to policy support.
Battery-swapping trucks represented more than 25% of the market, primarily driven
by the pilot program in Tangshan. The leading manufacturers in 2021 were CAMC
and Hongyan, each putting about 800 battery-swapping trucks into the market in
2021. The number of battery-swapping stations for trucks increased to 600 in 2021,
roughly doubling the number of stations compared to 2020.
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Appendix - Key metrics of popular OEMs

Trucks

Yutong Group

Subsidiary entity for HD-NEVs

Zhengzhou Yutong Group Co., Ltd., Zhengzhou Yutong

Heavy Industry Co., Ltd.

Business type Public
Market share 22.30%
GVW range(kg) 6200-32000
Available brand(s) Yutong
Zero-emission technology BEV-BC?
Sales in 2021 1424
Battery chemistry LFP
Max range (km) 480
Max battery capacity (kWh) 350
Max specific energy (Wh/kg) 161

Sany

Subsidiary entity for HD-NEVs

Sany Automobile Manufacturing Co., Ltd.

Business type

Public

Market share

15.7%

GVW range (kg)

25000-33600

Available brand(s) Sany
Zero-emission technology BEV-BC
Sales in 2021 1001
Battery chemistry LFP
Max range (km) 360
Max battery capacity (kWh) 424
Max specific energy (Wh/kg) 161

King Long

Subsidiary entity for HD-NEVs

Nanjing Golden Dragon Bus Co., Ltd.

Business type Public
Market share 8.0%
GVW range(kg) 3570-32000

Available brand(s)

Higer, King Long, King Lv, Skywell

Zero-emission technology BEV-BC BEV-BS FCEV
Sales in 2021 139 63 310
Battery chemistry LFP LFP LFP
Max range (km) 480 255 450
Max battery capacity (kWh) 350 350.07 --
Max specific energy (Wh/kg) 158 158.69 --

3 Battery Charging
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Buses

Yutong

Subsidiary entity for HD-NEVs Zhengzhou Yutong Bus Co., Ltd.
Business type Public
Market share 23.25%
GVW range (kg) 6200-28000
Available brand(s) Yutong
Zero-emission technology BEV-BC FCEV
Sales in 2021 21094 200
Battery chemistry LFP, LMO LFP
Max range (km) 770 755(+)/170(-)*
Max battery capacity (kWh) 564 --
Max specific energy (Wh/kg) 161 -

King Long

Subsidiary entity for HD-NEVs

HIGER BUS Company Limited, Xiamen King Long
United Automotive Industry Co., Ltd.

Business type Public
Market Share 17.75%
GVW range(kg) 4500-28000

Available brand(s)

Higer, King Long, King Lv, Skywell

Zero-emission technology BEV-BC FCEV
Sales in 2021 16724 188
Battery chemistry LFP, LMO, Supercapacitor LFP, LMO

Max range (km) 750 560(+)/180(-)
Max battery capacity (kWh) 427 --
Max specific energy (Wh/kg) 165 --

Zhongtong Bus

Subsidiary entity for HD-NEVs

Zhongtong Bus Holding Co., Ltd.

Business type

State-owned; Public

Market share 10.27%

GVW range (kg) 3510-18000

Available brand(s) Zhongtong

Zero-emission technology BEV-BC FCEV
Sales in 2021 9692 134
Battery chemistry LFP, LMO LFP, LMO
Max range (km) 700 510(+)/165(-)
Max battery capacity (kWh) 350 --

Max specific energy (Wh/kg) 161 --

4 + means “Hydrogen system working”,- means “Hydrogen system not working”.
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Tractor-trailers

Foton
Subsidiary entity for HD-NEVs Foton Motor, Inc.
Business type State-owned; Public
Market share 13.1%
GVW range(kg) 25000
Available brand(s) Foton
Zero-emission technology BEV-BC
Sales in 2021 722
Battery chemistry LFP
Max range (km) 200
Max battery capacity (kWh) 282
Max specific energy (Wh/kg) 160

SAIC

Subsidiary entity for HD-NEVs

SAIC-IVECO Hongyan Commercial Vehicle Co., Ltd.

Business type

State-owned; Public

Market share

121%

GVW range (kg)

18000-25000

Available brand(s) Hongyan

Zero-emission technology BEV-BC BEV-BS® FCEV

Sales in 2021 2 61 56

Battery chemistry LTO LFP LFP

Max range (km) - 250 420(+)/90(-)

Max battery capacity (kWh) -- 282 --

Max specific energy (Wh/kg) -- 156.32 --
BEIBEN

Subsidiary entity for HD-NEVs

Baotou Bei Ben Heavy-Duty Truck Co., Ltd

Business type

State-owned

Market share 9.67%
GVW range(kg) 25000
Available brand(s) Beiben
Zero-emission technology BEV-BC
Sales in 2021 533
Battery chemistry LFP
Max range (km) 210
Max battery capacity (kWh) 282
Max specific energy (Wh/kg) 158

5 Battery Swapping

24 ICCT WORKING PAPER 2023-04 | ZERO-EMISSION BUS AND TRUCK MARKET IN CHINA: A 2021 UPDATE




