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INTRODUCTION

After a decade-long promotional effort by the Chinese government, China has become
the largest global market for and producer of electric buses (e-buses). In 2022,
approximately 138,000 e-buses were sold in China, the e-bus share of the total on-road
bus stock was 64.8%, and e-buses accounted for 97% of new bus sales (Ministry of
Transport, 2023). That same year, China exported over 617,000 e-buses; Peru, Egypt,
Chile, Vietnam, and Ecuador were the top five destination countries (Chinabuses,
2023). In several cities, such as Shenzhen, Chengdu, and Zhengzhou, e-bus fleets are
successfully operating after the phase-down of government e-bus subsidies (Bailey

et al,, 2023; Yiyang & Fremery, 2022). E-buses’ quiet, comfortable, and soot-free
operation appeals to both drivers and passengers.

Energy consumption and driving range are critical parameters for the daily operation
of e-buses in urban fleets. According to a previous ICCT study, e-bus ranges were 30%
shorter, on average, in real-world operations than type-approval values suggest (Mao
et al,, 2023). In this study, we explore the real-world experiences of local e-bus fleet
operators based on public financial information and surveys of 10 fleet operators. This
work contributes to improving the understanding of e-buses, the challenges faced

by local bus operators, and opportunities to improve performance, and aims to aid
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SCOPE

In China, most bus services are provided by public entities such as local governments
and state-owned companies. In 2023, we solicited feedback on the performance of
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e-bus fleets from 10 fleet operators in the eight Chinese cities shown in Figure 1. These
10 operators were located in different regions with different climates and owned a
total of 9,277 e-buses, with fleet sizes ranging from 20 to 6,316 e-buses (see Table 1).
In some cities, including Dalian, Haikou, and Sanya, the surveyed operators only owned
a portion of the total e-bus fleet; this study examines the surveyed operators’ activity
only, and not that of other fleet operators in the cities. Questions in the survey, which
focused on the real-world performance of the buses during routine, daily operations,
are listed in the Appendix.

Figure 1
Geographical spread of the bus fleets in this study
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Table 1 presents the model specifications of each fleet, which have been anonymized
for data protection. In both Zhengzhou and Tianjin, we approached two different fleet
operators, denoted as fleet A and fleet B.

Table 1
Specifications of the e-bus models in the surveyed fleets

Battery capacity Body length of e-bus
City and fleets Fleet size (number) (kWh) (m)

Zhengzhou fleet A 8/10.5/12
Zhengzhou fleet B 6,316 95/157/350 8/12
Tangshan 255 140/258 8/10.5
Tianjin fleet A 90 255 10.5
Tianjin fleet B 24 62/161/125/57 7/10.7/8.2/6
Dalian 90 100/132/136 8/10.5/10.7
Harbin 2,111 62/161/125/57 7/10.7/8.2/6
Haikou 55 62 6.4
Neijiang 245 62/175/203 7/8.1/10.5
Sanya 48 300/157/210/315 10.5/8.6/8.5/10.5

In the following sections, we present insights on the daily operation of e-buses,
including driving patterns, energy consumption and range, maintenance expenses,
and charging strategies. We conclude with a discussion of some policy implications of
our findings.

OPERATIONS
AVERAGE DRIVING DISTANCE

The operators reported their average daily distance and distance per trip in their
survey responses, and we obtained information about average distance per charge
from the public type-approval information of the e-bus models (Ministry of Industry
and Information Technology, 2018). Rapidly improving battery technology has led to
greater available e-bus range and durability, such that bus models in recent years have
shown longer range with less degradation after use. As shown in Figure 2, the average
distance traveled by the surveyed fleets varied from 15 km to 87 km per trip and 130 km
to 260 km per day. High variation was due to differences in routes across cities. Fleet B
of Tianjin recorded the longest distances per trip (87 km) and per day (260 km).

Regarding the average distance per charge, except for Tianjin fleet B, Harbin, and
Haikou, e-bus ranges were theoretically sufficient to support the daily operation of the
surveyed fleets in a single charge, because the average distance per charge was longer
than the average distance per day.

The operators also reported that under extreme temperature conditions (i.e., a daily
average below O °C or above 35 °C), real-world energy consumption is up to 20%
higher than at mild temperatures of about 20-25 °C (see details in the Appendix). A
similar pattern was identified in a previous ICCT report, which found that the energy
consumption of e-buses typically increased by 30% to 50% for a comparable range of
temperatures (Mao et al., 2023).
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Figure 2
Average range per trip, per day, and per charge
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Note: Values per trip and per day were reported by fleet operators and distance per charge was calculated
based on survey results of real-world energy consumption and battery size.
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The operational profile of the Haikou fleet showcases the concept of battery right-
sizing, or installing a smaller battery and relying on more frequent charging to meet
travel demands. In Haikou, with an average daily range of 150 km, the average e-range
per charge was 78 km, which allowed the buses to operate on schedule with limited
capacity redundancy between charges. A previous ICCT study showed that it can be
more cost effective to reduce the size of the battery in an electric vehicle and charge
more frequently, which can lower the vehicle purchase price, energy consumption, and
total cost of ownership (Poupinha & Dornoff, 2024).

MAINTENANCE COSTS

There was considerable variation in maintenance costs, excluding staff expenses,
among the surveyed fleets (see Table 2). For example, maintenance expenses in Tianjin
were ¥73,000 per year and ¥58,765 per year for fleets A and B, respectively, while
e-bus operators in Neijiang and Dalian reported paying about ¥1,000 per year for
maintenance. Maintenance intervals also varied widely from fleet to fleet: Zhengzhou
fleet B was scheduled for checks every 1,000 km, while the Dalian and Neijiang fleets
were maintained every 30,000 km. According to the survey results, maintenance
expenses were affected by fleet size, the body size of the e-buses procured, and the
schedule of maintenance checks. (Survey data were not sufficiently granular to identify
a function between daily operation and total costs for maintenance.)
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Table 2
Bus size and maintenance cost for each fleet

Body length of e-buses Maintenance
Interval of cost per bus
maintenance (¥ per year)

[ ]

Zhengzhou fleet A [ J 1 month 21,827
Zhengzhou fleet B [ J 1,000 km 19,163
Tianjin fleet A [ J 10 days 73,000
Tianjin fleet B o o o 15 days 58,765
Tangshan [} o 1 month 13,383
Dalian ( (] 30,000 km 1,000
Harbin ([ ([ ] 6 months 2,389
Haikou (] 1,000 km 14,235
Neijiang ([} [ J [ J 35,000 km 1,190
Sanya (] (] 9,000 km 3,346

BATTERY REPLACEMENT

Due to their chemical properties, batteries degrade over time and through use, and
they eventually require replacement. In this study, the operators who stated that they
had replaced e-bus batteries generally reported having done so between the third

and seventh year of operation (Table 3). Citing funding challenges, 7 out of 10 fleet
operators reported that they tolerated greater battery degradation and delayed battery
replacements, which typically cost 30%-50% of the purchase cost for replacement.

Table 3
Battery replacement by fleet

Number and share Years of Degradation

Battery of e-buses with driving before level of battery
replaced? battery replaced replacement when replaced

Zhengzhou fleet A No — = —

Zhengzhou fleet B No reply — — -

Tianjin fleet A No — — —
Tianjin fleet B Yes 1 out of 24 (4.1%) 6 years 17%
Tangshan No — — —
Dalian Yes 50 out of 90 (55.6%) 7 years 40%
Harbin Yes No reply 6 years 17%
Haikou Yes 4 out of 55 (7.2%) 3 years 15%
Neijiang Yes No reply 6 years 26%
Sanya No reply — = —

CHARGING STRATEGY

This survey found that besides the depot charging infrastructure available to the
operators, fleets in Dalian and Haikou have access to public charging facilities that
support long-distance travel. Several operators also adopted a strategy of “charging
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whenever possible,” which is a conservative approach of charging whenever the
e-buses return to the yard. The selection of charging strategy is made after weighing
several factors, such as fleet size, distance per trip and per day, access to charging
facilities, and electricity price by time each day. Table 4 reviews the charging
characteristics and strategies employed by each fleet.

Table 4
Details of fleet charging strategies

Charging types

Depot Public Power of the
charging charging chargers Charging strategy

Zhengzhou fleet A [ J 62 kW DC Overnight
Zhengzhou fleet B [ J 120 kW DC Charging whenever possible
Tianjin fleet A [} 300 kW DC Overnight
Tianjin fleet B [ J 300 kW DC Charging whenever possible
Tangshan o 120 kW DC Overnight
Dalian [ J o 120 kW DC Overnight
Harbin [ J 60 kW DC Overnight
Haikou [ J [ J 60 kW DC Charging whenever possible
Neijiang [ J 120 kW DC Overnight
Sanya [ 12Ok/vlv6g/CZOO Charging whenever possible

Figure 3 illustrates the charging power and charging duration applied by the surveyed
fleets. Most fleets employed a charging power of 120 kW, which is a cost-effective
choice for most operators. While most e-buses of early model years can support up

to 187.5 kW or 250 kW charging (see Table 5), it may not be economical for fleets to
use the maximum capacity of chargers due to high electricity costs (Dongchedi, 2023;
Youjia, 2023). Tianjin fleets reported the highest average charging power, 300 kW, with
which e-buses can be fully charged in less than 1.5 hours. On the other hand, due to
relatively low charging power, the Zhengzhou fleet A operator reported needing more
than 3 hours to fully charge some buses from empty to full capacity.
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Figure 3
Charging power and average charging duration of e-bus fleets in different cities
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Note: Each dot represents one bus model of the respective fleet.
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Table 5
Standards for direct current (DC) charging

Standard Rated voltage (V) Rated current (A) Max rated power (kW)

GB/T 20234.3-2011 125/250 187.5
GB/T 20234.3-2015 750/1,000 80/125/200/250 250
Passive cooling:

200/250/300/400/500/600/800
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FINANCING OF E-BUS FLEETS AND THEIR OPERATION

Figure 4 illustrates the reported revenues, expenses, and received incentives of a
selection of e-bus fleets in recent years based on public finance documents. The
incentives in this figure refer to funds provided by the central government to reduce
ticket fares. Separately, in 2024, the government announced that it would provide up
to ¥80,000 for vehicle replacement and ¥42,000 for battery replacement for e-bus
models over 8 years of age (Ministry of Transport & Ministry of Finance, 2024). As
discussed below, this initiative could help to address funding challenges identified by
some e-bus operators.

Figure 4
Revenue (blue bars), central government incentives (black bars), expenses (red bars),
and net profits (yellow dots and crosses) for local fleets in several cities of China

Net profit without incentives Net profit with incentives
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Sources: China Bond Rating Co. Ltd (2022), Tang et al. (2019), and Zhang et al. (2023).
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DISCUSSION AND POLICY RECOMMENDATIONS

Our survey of 10 local e-bus fleet operators in eight cities in China found a wide range
of average daily driving distances (between 130 km and 260 km per day), energy
consumption (80-120 kWh/100km), annual maintenance costs (¥1,000-¥73,000),
and approaches to charging and battery replacement. We also found that extreme
temperatures of greater than 35 °C or less than O °C can introduce up to a 20%
difference in energy consumption compared with mild temperatures around 25 °C.

Depot charging is a necessity for e-bus fleets, and overnight charging was the most
popular charging strategy adopted by operators. At the same time, some operators
adopted a more flexible charging strategy of charging whenever possible, so that
e-buses were always ready to operate. This strategy was employed despite the higher
costs of electricity during the day.
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Our survey also identified certain operational issues faced by fleet operators. Regarding
maintenance and battery replacement, for instance, a majority of surveyed fleet
operators reported that it was expensive to replace batteries after several years of use.

This analysis supports the following policy considerations:

Funding challenges related to battery replacement could present further
opportunities for government engagement. As China’s e-bus market has matured,
bus owners have increasingly looked to replace e-bus batteries after several years

in operation—though some surveyed operators reported tolerating greater battery
degradation before replacement due to funding challenges. If addressing such
concerns is of interest to the government, policymakers could consider various options
to increase support for battery replacement, including targeted financial support or tax
waivers. As noted above, Chinese authorities recently announced subsidies of ¥80,000
for vehicle replacement and ¥42,000 for battery replacement for e-buses over 8 years
in age (National Development and Reform Commission & Ministry of Finance, 2024).
This policy is expected to help ease the funding challenges associated with e-bus
battery replacement.

Warranty requirements could be reviewed and updated. The most recent official
battery warranty requirement, which mandated coverage for 5 years or up to 200,000
km, was enacted in 2015 (Ministry of Finance, 2015). This requirement reflected

the battery technology at that time and could be reviewed in light of technology
advancements, such as evolving battery chemistry and higher energy density, which
have greatly extended the average lifetime range and durability of e-buses. In some of
our surveyed cities, for instance, e-buses can reach 200,000 km in 3 years. Updates of
warranty requirements to reflect the development of battery technology on durability
could support more regular battery replacement by e-bus operators.

Technical assistance could help e-bus fleets operate more sustainably and
efficiently. Local authorities and associations could launch campaigns to improve
drivers’ understanding of e-buses and encourage better driving practices. For instance,
improved charging and scheduling practices can extend the real-world ranges of
e-buses (Lin et al., 2019). Other than overnight charging, fleet operators could be aided
to adopt more flexible and localized charging schedules to make best use of route
schedules and daily fluctuations in electricity price. Moreover, drivers can be trained

to better exploit the benefits and understand the limitations of regenerative braking,
which converts the kinetic energy produced during braking into electricity to power
the vehicle. Also, authorities and technical agencies can help support fleet operators to
right-size the batteries of their e-buses, which can decrease the cost of operation.

Innovative financial tools and business models could be applied to make e-buses
more affordable to fleet operators. For instance, policymakers could consider a
financial leasing program, whereby a lessor covers the upfront cost of the vehicle; in
turn, fleet operators make regular payments to the lessor over time until the full cost

is paid. Authorities could also play a role in demand aggregation, which has been
employed in some Latin American countries and can strengthen operators’ negotiation
position with dealers and manufacturers. Such measures can help drive down capital
expenses for fleet operators and accelerate the adoption of e-buses.

9 ICCT WORKING PAPER | REAL-WORLD USE CASES FOR ZERO-EMISSION BUSES IN CHINESE CITIES



REFERENCES

Bailey, R., Zhang, M., & Wang, E. (2023). China’s electric bus revolution glides on. https://www.
barrons.com/news/china-s-electric-bus-revolution-glides-on-de7bd05d

China Bond Rating Co. Ltd. (2022). [N AR BERFRASENITELR [Finance rating report to
Guangzhou Public Transport Group Co., Ltd.]. https://axb-pdf-osscache.gixin.com/AnBaseinfo/
f2472cf09db866d700bca54eea58a739.pdf

Chinabuses. (2023). China’s exported 61,700 units buses & coaches in 2022. https://www.
chinabuses.org/analyst/2023/0208/article_13062.html

Dongchedi. (2023). Eig8 7T BIN AAIT I RI20FRIIEHIFTENE? [Why we prefer 120-kilowatt
dual-gun charging piles when building charging stations?]. https://www.dongchedi.com/
article/7097027490194932232

Lin, Q., Jun, W., Rui, X., Weixiang, S., & Hongwen, H. (2019). Towards a smarter battery
management system: A critical review on optimal charging methods of lithium ion batteries.
Energy, 183, 220-234. https://doi.org/10.1016/j.energy.2019.06.128

Mao, S., Zhang, Y., Rodriguez, F., Wang, S., & Hao, C. (2023). Real-world performance of battery
electric heavy-duty vehicles in China. International Council on Clean Transportation. https://
theicct.org/publication/hdv-china-real-world-performance-apr23/

Ministry of Finance. (2015). xF2076-2020F 8RS N AMB S IFBERANBAN Notice on the
financial support policy for the promotion and application of new energy vehicles from 2016 to
2020]. https://www.gov.cn/xinwen/2015-04/29/content_2855040.htm

Ministry of Industry and Information Technology. (2018). BRI NEMRE~ W LK =RIEEENR
% [Road motor vehicle manufacturer and product information query system]. https://app.
miit-eidc.org.cn/miitxxgk/gonggao_xxgk/index.html

Ministry of Transport & Ministry of Finance. (2024, July 29). FT8EIRIN /A 334 K 5 /7 B 10 B8 #r4MIG ST i
BN [Implementation details for subsidies on renewal of new energy city buses and batteries].
https://www.gov.cn/zhengce/zhengceku/202408/content_6968573.htm

Ministry of Transport. (2023). 2022F @izt T & B4/~ [2022 transportation industry
development statistical bulletin]. https://xxgk.mot.gov.cn/2020/jigou/zhghs/202306/
t20230615_3847023.html

National Development and Reform Commission & Ministry of Finance. (2024). TN
RIMEIZZEFRANE B A B FTHIE 856 [China automobile driving cycles Part 2: heavy
duty vehicles (GB/T 38146.2-2019)]. https://www.gov.cn/zhengce/zhengceku/202407/
P020240725631501347093.pdf

Poupinha, C., & Dornoff, J. (2024). The bigger the better? How battery size affects real-world
energy consumption, cost of ownership, and life- cycle emissions of electric vehicles.
International Council on Clean Transportation. https://theicct.org/publication/bev-battery-
size-energy-consumption-cost-ownership-lca-ev-apr24/

Sustainable Bus. (2023, February 20). 138K electric buses sold in China in 2022. Small-sized buses
grew 183%. https://www.sustainable-bus.com/news/china-electric-bus-market-2022-subsidies/

Tang, C., Zhang, A, & Zhou, Y. (2019). KiEHAHREEH (1Z8) BRASEHRSHEXGEIN2019FERER
WRIRE [2019 Tracking rating report on the entities and related debt of Tianjin Public Transport
Group (Holdings) Co., Ltd.]. Dagong Global Credit Rating Co.ltd. https://www.dagongcredit.
com/uploadfile/2019/0819/20190819022738290.pdf

Yiyang, C., & Fremery, V. (2022, January 29). E-Bus development in China: From fleet
electrification to refined management. https://transition-china.org/mobilityposts/e-bus-
development-in-china-from-fleet-electrification-to-refined-management/

Youjia. (2023). AT ARBILKZ ZI20kwEIRTHERIE [Why are most charging stations equipping
120kw DC charging piles?]. https://www.yoojia.com/article/9391580556860516629.html

Zhang, C., Hua, Z., & Wang, W. (2023). 2023 FEAMNRBIRZEFABRRELSERITRIRE [2023
Credit Rating Report of Suzhou transportation Investment Group Co., Ltd.]. China Bond Rating
Co. Ltd. https://file.finance.sina.com.cn/211.154.219.97:9494/MRGG/BOND/2023/2023-
6/2023-06-26/18900753.PDF

10 ICCT WORKING PAPER | REAL-WORLD USE CASES FOR ZERO-EMISSION BUSES IN CHINESE CITIES


https://www.barrons.com/news/china-s-electric-bus-revolution-glides-on-de7bd05d
https://www.barrons.com/news/china-s-electric-bus-revolution-glides-on-de7bd05d
https://qxb-pdf-osscache.qixin.com/AnBaseinfo/f2472cf09db866d700bca54eea58a739.pdf
https://qxb-pdf-osscache.qixin.com/AnBaseinfo/f2472cf09db866d700bca54eea58a739.pdf
https://www.chinabuses.org/analyst/2023/0208/article_13062.html
https://www.chinabuses.org/analyst/2023/0208/article_13062.html
https://www.dongchedi.com/article/7097027490194932232
https://www.dongchedi.com/article/7097027490194932232
https://doi.org/10.1016/j.energy.2019.06.128
https://theicct.org/publication/hdv-china-real-world-performance-apr23/
https://theicct.org/publication/hdv-china-real-world-performance-apr23/
https://www.gov.cn/xinwen/2015-04/29/content_2855040.htm
https://app.miit-eidc.org.cn/miitxxgk/gonggao_xxgk/index.html
https://app.miit-eidc.org.cn/miitxxgk/gonggao_xxgk/index.html
https://www.gov.cn/zhengce/zhengceku/202408/content_6968573.htm
https://xxgk.mot.gov.cn/2020/jigou/zhghs/202306/t20230615_3847023.html
https://xxgk.mot.gov.cn/2020/jigou/zhghs/202306/t20230615_3847023.html
https://www.gov.cn/zhengce/zhengceku/202407/P020240725631501347093.pdf
https://www.gov.cn/zhengce/zhengceku/202407/P020240725631501347093.pdf
https://theicct.org/publication/bev-battery-size-energy-consumption-cost-ownership-lca-ev-apr24/
https://theicct.org/publication/bev-battery-size-energy-consumption-cost-ownership-lca-ev-apr24/
https://www.sustainable-bus.com/news/china-electric-bus-market-2022-subsidies/
https://www.dagongcredit.com/uploadfile/2019/0819/20190819022738290.pdf
https://www.dagongcredit.com/uploadfile/2019/0819/20190819022738290.pdf
https://transition-china.org/mobilityposts/e-bus-development-in-china-from-fleet-electrification-to-refined-management/
https://transition-china.org/mobilityposts/e-bus-development-in-china-from-fleet-electrification-to-refined-management/
https://www.yoojia.com/article/9391580556860516629.html
https://file.finance.sina.com.cn/211.154.219.97:9494/MRGG/BOND/2023/2023-6/2023-06-26/18900753.PDF
https://file.finance.sina.com.cn/211.154.219.97:9494/MRGG/BOND/2023/2023-6/2023-06-26/18900753.PDF

APPENDIX. THE QUESTIONNAIRE DISTRIBUTED TO
LOCAL E-BUS FLEET OPERATORS

Questions on fleet size and bus specs:

1. How many battery electric buses do you operate?
What is the bus manufacturer and model?

What is the battery nominal capacity in kWh?

ETIEN

What is the main type of bus service?
City bus

Bus Rapid Transit (BRT)

Intercity bus

Regional bus

Shuttle bus

™0 Q0 T W

Other (please specify)
5. What is the average age of the bus fleet?

Questions on fleet operation:

_

What is the average distance for a typical trip?
What’s the average distance per day or per year?
What is the typical trip frequency?

What is the average bus speed?

I NESIEN

What is the average dead kilometers per bus per day (if any)?

Questions on charging technology and strategy:

1.  Where do you charge the buses?
a. Depot
b. Dedicated charging stations along the bus line,
c. Public fast-charging stations
d. Other (please specify)
2. When do you usually charge?
a. Overnight
b. During the day
3. What type of chargers are installed at your depot?
AC 1T kW
AC 22 kW
DC 50 kW
DC 150 kW
DC 300 kW
Other (please specify)

~ 0 a0 T o

How many chargers are there in a typical depot?
What is the ratio of buses to chargers?

Do you face any grid-power restrictions during charging?

N oo oo s

What type of chargers do you use at the dedicated charging stations along the bus line?
a. DC50kwW

b. DC150 kW

c. DC 300 kW
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d. Not applicable
e. Other (please specify)
8. What type of chargers do you use at the public fast-charging stations?
a. DC50 kW
b. DC150 kW
c. DC 300 kW
d. Not applicable
e. Others (please specify)

Questions on maintenance and availability:

1. How frequent is your scheduled maintenance?
a. Weekly basis (please specify after how many weeks)
b. Monthly basis (please specify after how many months)
c. Kilometer basis (please specify after how many months)
How much does an electric bus cost in maintenance per month (CNY/month)?
How much does an electric bus cost in maintenance per km (CNY/km)?
Does the electric bus charging affect their availability for operation?
a. Yes
b. No

5. What is the buses’ availability rate (for example, 90% of the time the electric buses
are available for operation)?

Did you replace the bus battery due to performance degradation?
After how many years of operation did you have to replace the battery?

After how many driven kilometers did you have to replace the battery?

© ® N o

What was the battery state of health upon replacement (for example, after 20%
capacity degradation)?

10. Did the e-bus maintenance staff get any training?
a. Yes
b. No

Questions on energy efficiency:

1. What is the average energy consumption of the buses in kWh/km?
2. lIs thisin line with what is declared by your bus manufacturer?
a. Higher (please specify after by how much, for example, + 20%)
b. Lower (please specify after by how much, for example, - 20%)
c. Aligned

3. Do you observe a significant increase in bus energy consumption during hot or cold
weather conditions?

d. Yes
e. No

4. How much does the bus energy efficiency increase during cold weather conditions
(for example, +20% at -10 °C relative to normal weather conditions)?

5. How much does the bus energy efficiency increase during hot weather conditions
(for example, +20% at 40 °C relative to normal weather conditions)?

6. Does this affect your electric bus fleet scheduling?
a. Yes
b. No
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