Electric Bus Study China 2017
Implementation of battery electric drive technology at
transport companies in the People’s Republic of China
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Introduction
As the largest battery and electric bus market in the world the consideration of the
Chinese battery bus market seems particularly promising in order to evaluate the
practical suitability of battery electric drive technology for public transport. In no other
country in the world so many electric battery buses have been put into regular service.
And in no other country in the world innovative charging concepts are so quickly
becoming reality. By 2010 China had already exclaimed 25 model cities for electric
mobility including megacities such as Beijing, Shanghai and Shenzhen.
As early as 2015 more than 170.000 electric buses drove through China. Worldwide
about 173.000 electric buses were in use in the same year. So China has a market
share of about 98 percent in this area.1 According to a report of the International Energy
Agency (IEA), there were more than 300.000 electric buses in China 2016.2
China is already leading in the field of the electromobile industry and is "on its way to
becoming the market and industry leader for electromobility", writes the consulting
company McKinsey in the current "Electric Vehicle Index" (March 2017).3
Since the 2008 Summer Olympics in Beijing, where battery buses were used for
regular service for the first time, China is increasingly focusing on electric drive
technology. According to plans of the Chinese government by the year 2020 5 million
electric vehicles will be on the streets of the People's Republic.4
With the extensive promotion of electric mobility China can achieve several important
goals: strengthening industry and reducing both oil dependence and air pollution.

1: Zeeus eBus Report (2016): 23
2: IEA (2017): Global EV Outlook 2017 (https://www.iea.org/publications/freepublications/publication/
GlobalEVOutlook2017.pdf, S.28)
3: McKinsey (2017): Electric Vehicle Index (https://www.mckinsey.de/elektromobilitaet)
4: Stiftung Mercator (2014): China Monitor. Nummer 17. (http://www.merics.org/fileadmin/templates/
download/china-monitor/China_Monitor_No_17.pdf)
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This fast turnaround in China raises many questions:

How did the Chinese transport companies manage to put several hundred thousand
electric buses on the road within a few years?
What were the decisive factors that advanced an implementation of battery-electric
drive technology in public transport?
What are the typical charging concepts and what battery technology has prevailed?
What are the difficulties and challenges facing manufacturers and public transport
companies? And how did they solve them?
How is this rapid mobility change perceived and evaluated by the passengers?
We answer these questions for you on the following pages. We conducted several
interviews with public transport companies, with passengers and with a research
institute in China.
The challenges of public transport electrification are similar around the world. This
study is intended to contribute to the international exchange of experience and to
explain mobility concepts simply and practically. Ultimately it will show how various
Chinese public transport companies are switching from diesel to electric buses.
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The city of Harbin, located in the far north of China, shows that even at temperatures
well below freezing a use of battery electric buses is easily possible.
The lowest temperature ever measured in Harbin was -42.6 C°; the average
temperature in January is -18 C°.

(Source: World Meteorological Organization)
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Public Transport Company Harbin
Jiaotongjituan

The Jiaotongjituan state-owned transportation company in Harbin is currently
operating more than 600 hybrid buses. From the end of 2017 / beginning of 2018 an
additional 100 electric buses (12 meters) will be used in regular service. The buses are
to come from the manufacturer Lianfu (Shanghai) and have space for 80 passengers
(40 seats). If the electric buses prove themselves in practice, in future all buses will be
continuously replaced by electric buses.
From the point of view of the director of the public transport company, there are
essentially three factors which are decisive for a changeover to more electric buses:
good performance of the electric buses even in very cold weather, lower operating
costs than conventional buses, stable bus operation and protection of the environment.
However state subsidies also play an important role - one-third of the bus price is borne
by subsidies.
The charging stations for the electric buses will also be completed by the beginning of
2018. A total of three depots / underground garages with a total of 25 charging stations
(fast charging: 15 minutes / slow charging: 30 minutes) will be built for the buses. Each
charging station should be able to supply two electric buses with electricity. For the
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charging stations, a new power cable must be laid to the depots. This process,
however, takes max. one week.
According to the director of the state transport company, lithium iron phosphate (LFP)
is currently the most advanced type of battery. But in the future, LFP could be replaced
by more promising materials with better energetic properties, such as graphene. So
the range can be increased to up to 1000 kilometers and also the charging time would
be even shorter.

Infobox
LFP- and NMC-batteries in China
So-called lithium iron phosphate (LFP) batteries are by far the most popular type
of battery in China.

Development of battery
delivery in China (gWh)

Dark red: LFP
Light red: NMC
Grey: other battery types

In the LFP battery sector China will continue to seek improvements in durability and
safety in the future. Overall, the focus is on a higher energy density in battery
development.
For the year 2018 Chinese electric bus manufacturers plan to use NMC batteries.
Other battery types, besides NMC and LFP, currently do not play a crucial role in
China.
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Private Transport Company Harbin
Futong
The private transportation company "Futong" in Harbin has 88 electric buses of the
manufacturer Yinlong. These have been in service since January 2017 and run on two
bus routes in Harbin. According to the team leader the cold weather poses no problem
for the batteries of the electric buses. Overall he is satisfied with the performance of
the buses also with regard to the battery management system (BMS) which hardly
causes any problems.

Depot of Futong in Harbin

The electric buses load in the depot with direct current (DC). A total of twelve buses
can load at the same time. A quick charge of the batteries takes about 10 to 12 minutes,
a slow charge about three hours. The balancing of the batteries is completely
automatic.

An electric bus in route service
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Charging stations at the depot

Digital charge status display of all charging stations

For the team leader electric buses are the best choice in terms of environmental
protection. It would be also easier to repair or replace defective parts. In his opinion
the passengers would prefer electric buses as they are more comfortable. After all
there are no exhaust fumes and the bus is more stable. According to the team leader
electric mobility in China will continue to grow not least because of government
subsidies.

9

Private Transport Company Harbin
Yusheng

The private transport company "Yusheng" uses 110 buses on three bus lines. Thirty
buses are purely electric and run on one bus line. The thirty Ankai electric buses
started operation in January 2017.
In the future electric buses will be used
on all three bus lines. Gradually the

110 busses

conventional buses will be replaced by
electric ones. This process should be
completed by mid-2018 at the latest. As
early as November (2017) 55 new
electric buses are to be purchased.

30 electric
busses
5
hybrid

100% LFP
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The battery electric buses of the manufacturer Ankai can accommodate up to 80
people and have a range of up to 180 kilometers with one charge - with an energy
consumption of less than 1 kW per kilometer. The battery material used here is lithium
iron phosphate. Ankai anticipates a lifetime of eight to ten years for the buses.
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The transport company owns a depot. Here all electric buses are loaded. About 25
electric buses can charge at the same time (a charging station supplies a bus). It takes
two hours to charge a bus when charging slowly (with direct current).
The construction period for the entire depot and the charging infrastructure was about
half a year. The transport company had to make a request for a higher power supply
and lay a new connection cable from the power grid to the depot.
In the opinion of the company's manager, state subsidies are the deciding factor in the
conversion of the bus fleet to electric buses - even though the subsidy payments have
recently become less. Also battery electric buses are good for environmental protection
(no exhaust fumes and lower energy consumption) and the level of technical problems
is much lower than expected. Only the drive would cause (but very rarely) problems.
Additionally the passengers would also feel more comfortable with electric buses as
they are quieter than conventional buses.
According to the manager of "Yusheng" the development of electric mobility in China
is very promising. More and more industries would adapt the electric drive technology
(e.g. the logistics industry). Furthermore this development is not limited to individual
vehicle types but includes all vehicle types.
For the future the manager expects a further development of battery chemistry.
Although lithium iron phosphate (LFP) is currently the best choice as this type of battery
is well developed and the costs are very low. However graphene could soon replace
12

LFP as the best type of battery. However before that much development and research
work is needed. In addition the cost of this type of battery have to decrease.

Factsheet Ankai 12 meters – electric bus
Dimensions（mm）

12000×2500×3150

Wheelbase（mm）

6100

Seats

37+1

Max. weight（kg）

18000

Engine type

Rear engine

Suspension

Air suspension

Brakes

Dual-circuit air brake

Steering

Power steering

Max. speed (km/h)

69

Tyre

275/70R22.5
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The Central Chinese city of Tianjin, just one hour away by train from Beijing, put 500
BYD (Golden Horse) electric buses into operation at the beginning of 2017. Now the
city has a total of 1.346 battery electric buses.4 Since 2010 Tianjin has been one of
the model regions for promoting electric mobility in China.

„Golden Horse“-electric bus from BYD
4: China Daily (2017): Tianjin: 500 electric buses hit roads in China's latest clean energy push.
(http://www.chinadaily.com.cn/business/motoring/2017-01/05/content_27868882.htm)
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Shenzhen is arguably an absolute pioneer in electric mobility in China and worldwide.
By the end of 2017 all of the 16.000 regular buses will be electrically powered here that is a switch to 100 percent electric busses in public transport.
We spoke with the management of one of the three state-owned public transport
companies in Shenzhen. The traffic company we interviewed operates with 970
battery buses from the manufacturers ZTE, Yinlong and BYD (Golden Horse).

Office building of the state-owned transportation company in Shenzhen
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The electric buses used since 2011 are mostly 10.5 meters long, much shorter or
longer buses are rare. The buses run 120 to 220 kilometers per day on the bus lines.
If the range of individual buses is not sufficient for the daily route length the bus will
charge for about 40 minutes and then back onto the road.

Electric bus of ZTE/Granton at the depot

On average, it takes two hours for an electric bus to be fully charged. Charge occurs
with both direct current (DC) and alternating current (AC, for smaller buses).
It took about two to three months to set up the entire charging infrastructure (13 depots
with 20 to 40 charging stations each). The process of providing sufficient energy took
half a year.
Corresponding power cables had to be laid to the depots and current transformer
stations had to be built in the depots in order to adjust the voltage for the charging
stations accordingly.
One charging station is used for three electric buses. The largest depot of the transport
company can accommodate 120 battery buses.

17

Adjust the voltage: current transformer station in Shenzhen

Environmental protection is the most important reason for Shenzhen's strong efforts
in the field of electric mobility. In the eyes of the manager of the transport company
the people in Shenzhen would welcome the switch to electric buses as they drive
much quieter and also exhaust-free.
A major problem in his view however is the too short battery life. The battery life is
three to four years but the life of the entire bus at least eight years.
The manager believes that Shenzhen can be a good example for other cities around
the world to promote the switch to electric buses to significantly improve urban air
quality. By 2030 there will be no diesel busses all over China so the manager feels
certain.
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Public Transport Company Zhuhai
The

state-owned

transportation

company in Zhuhai operates a total of

2098 Busse

2098 buses, of which 491 buses are
purely electric. The electric buses are
operated since 2009.
By 2019 the city of Zhuhai wants to have
made the switch to 100% electric buses.

491
Elektrobusse

Most of the currently used 491 electric
buses can accommodate about 80
people (30 seats).

The average energy consumption of the buses is between 0.8 kW and 1.3 kW. The
buses are professionally maintained every two months. Minor problems would occur
on buses after about three to four years.
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The fast charge of the batteries takes 8 to 12 minutes, the slow charge is about 2 hours.
However many factors would determine whether the fast charge or the slow charge is
applied: the length of the bus line, the size of the bus, the motorization of the bus (kw)
and the loading speed. If it is 2 to 3 C then it is suitable for a fast charge, 0.5 to 0.8 c
for the slower charge. The buses are charged with DC.

The charging infrastructure in Zhuhai: 13 depots with an average of about 7 charging
stations (a total of 86 charging stations)
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The main reasons for the introduction of electric buses in Zhuhai were and are in the
opinion

of

the

manager

of

the

public

transport

company:

lower operating costs than diesel buses (low electricity price in China), improved air
quality and a simpler construction of electric buses, which allows a more uncomplicated
and therefore cheaper maintenance. In addition state subsidies are also a major factor
in the switch to electric buses. The development of electric vehicles is a national target
in China. Also electric buses are safer and more comfortable than conventional buses.
Therefore the manager of the transport company looks optimistically into the future
when it comes to the development of electric mobility. However he stresses China
needs a breakthrough in developing the energy density of batteries.

Final stop in Zhuhai
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Factsheet Yinlong 12 meters – electric bus

Dimensions (mm)

12000* 2540 * 3050

Battery

Lithium iron phosphate

Passenger capacity

84

Max speed (km/h)

69

Battery capacity/voltage(Ah/V)

176Ah/576V,300AH/576V,250AH/576V

Max total weight(kg)

18000

Range (km)

150
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Challenges and solutions

1. Extreme weather conditions in

1. Provide power through special

Zhuhai (such as typhoons) and the

storage

vehicles

(see

below),

associated

through

motors

and

through

disruption

of

power

charging stations which may not be

supply

affected

the

2. Development of the battery

batteries (about 250 kilometers

chemistry and the battery system

range)

to at least 300 kilometers range and

2.

Limited

capacity

of

bridging this development time with
hybrid buses

Power storage vehicle (power: 800 kW) in Zhuhai: approx. 40 electric buses can be
charged hereby
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Average mileage (per day/bus)
Zhuhai:

333 kilometers

Hunan:

250 kilometers

Shenzhen: 200 kilometers
Depending on the city/region the electric buses run differently long distances.This
leads to different requirement profiles to the range of the used batteries. The operating
times of the buses differ from city to city as well:

The "coolest electric bus in the world" (Forbes magazine) from the manufacturer Guangtong
(Yinlong) in Zhuhai
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Interviews with passengers in Zhuhai
Passengers' opinions about electric mobility and battery electric buses in China are
very diverse. Many passengers have emphasized the positive environmental benefits
of electric busses as well as the greater comfort of these buses. So these would be
much quieter and would have a more stable handling than conventional buses.
However the question also came up as to whether electric busses are better for
environmental protection since the electricity used to charge the batteries is still often
derived from conventional power generation and it is often unclear whether the
batteries can be recycled.

We wonder what the opinion of the
population is to electric buses. What
do you think, compared to diesel
buses, what advantages could electric
buses have?
I think completely electric buses are better
for the environment. I know a producer of
electric buses, Yinlong, who cooperates
with some transport companies.

What do you think about the comfort
and noise of electric buses?
I think they are more comfortable and
quieter.

So you support the development towards more electric buses?
Absolutely.
How could electric buses be improved?
I think the safety and the lifespan of electric buses should be improved.
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Have you ever taken an electric bus?
Yes.
Compared to diesel buses what advantages do you think electric buses have?
They can conserve the energy and protect the environment.
Anything else?
I think electric buses are different in appearance from the normal buses. I think they
look more secure.
Do you think they have lower noises?
I didn’t notice that.
What do you think about diesel buses?
They are more smelly and more noisy.
How do you think electric buses can improve?
I hope electric buses can be used on more bus routes. The buses of the bus line near
my apartment are not electric. Currently electric buses are mainly used on the main
roads.
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The subsidies policy of the Chinese government
Many of the representatives of Chinese transport companies we interviewed emphasized the outstanding importance of government
subsidies in connection with the conversion of public transport to electric buses. Therefore on the next two pages we would like to briefly
and clearly present the Chinese subsidy policy.

Type of buses

Subsidiary
(Yuan/kWh)

Subsidiary adjustment

Pure electric
buses of nonquick charge

1800

Energy density(Wh/kg)

Pure electric
buses of quick
charge

3000

Hybrid buses

3000

85-95

95-115

>115

0.8

1

1.2

Quick charge times
3C-5C
0.8

5C-15C
1

Ceiling of central government
subsidiary(10,000Yuan)
6<L<(=)8
8<L<(=)10m L>10m
m
9
20
30
(90,000
Yuan)
6

45%60%
1

20

9

15

Less than 50% of
the subsidiary by
central government

>15C
1.4

Gasoline conservation rate 4.5
40%45%
0.8

12

Subsidiary
by local government

>60
%
1.2
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Example electric bus (fast-loading capability)
With a battery capacity of 150 kwh and a power of 3 C =
480.000 yuan (approx. 61.750 euro)
517*3000

*6

(+20.000)
=

Example electric bus (no fast-loading capability)
With a battery capacity of 150 kwh and an energy density of 90 wh/kg =
216.000 yuan (approx. 27.800 euro)
517*3000

*6

(+20.000)
=

Minimum technical requirements for (partial) electric buses for state subsidies:
1. Energy consumption: <(=) 0.24 Wh / km
2. Range (except fast-charging electric buses and hybrid buses): min. 200 kilometers
3. Share of the weight of the battery system in the total weight of the bus: min. 20%
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Summary and conclusion
This study showed how Chinese transport companies are proceeding with the
implementation of battery-electric buses: optimistic and pragmatic. This could set a
pattern for other countries as well. It is clear that, in particular, the comprehensive state
support, including subsidies and the promotion of research in the field of e-mobility, is
and will be essential for the success of electric mobility in China.
China is far from finished with the development of electric mobility. And in fact:
technological breakthroughs can be expected in the future, especially in battery
technology. The development of battery chemistry towards cheaper batteries with an
higher energy density (range) and a longer lifespan is an important milestone in the
development of electric mobility in China. 5 6
For the future it can be expected that China will be continue to expand its pioneering
role in the electric mobility branch. This is indicated by continued double-digit growth
rates and the strong political will of the Chinese government in promoting
electromobility. In this way a coordinated and continuous improvement of several
performance characteristics of electric vehicles is sought, e.g. in the areas of
lightweight construction, energy density (until 2030: 500 Wh/kg) and (innovative) fast
charging technology.

5: Financial Times (Charles Clover) (2017): Electric cars: China’s highly charged power play
6: Wall Street Journal (Trefor Moss) (2017): China’s road to electric-car domination is driven in part by batteries
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