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01| New energy vehicle technology trends

The China NEV technology roadmap:
Emerging trends

The emergence and sustainability of new energy vehicles (NEVs)
require adjustments in old vehicle platforms, which will take time
for customers to accept. Additionally, the development of auto
technology will drive NEVs to become a major trend. Original
equipment manufacturers (OEMs) need to figure out how to
balance NEV manufacturing costs with technological innovation in
order to lead a new round of automotive technology development
and market share expansion. NEVs mainly refer to pure battery
electric vehicles (BEV), plug-in electric vehicles (PHEV) and fuel cell
vehicles (FCEVs).

N Battery technology, motors and cost
al development

Most EVs use nickel-metal hydride (Ni-MH) batteries and lithium-
ion batteries as power sources. Ni-MH batteries are durable,
affordable, create less pollution, and can be mass produced. In
addition, they are relatively cheaper to manufacture, while the
technology behind it is more mature. As a result, large Japanese
OEMs tend to use them for their hybrid models.

However, Ni-MH batteries have lower energy density than lithium-
ion batteries, and are therefore not suitable for pure BEVs.
Lithium-ion batteries, on the other hand, are high voltage and
have high energy density. Under the same weight conditions, the
capacity of lithium-ion batteries is 1.6 times higher although only
part of their full potential are used. Lithium-ion batteries are more
common in NEVs.

The cathode materials used in lithium-ion batteries for most
international NEV models are lithium manganese oxide (LMO)
and ternary (NCM/NCA), while Chinese NEVs mostly adopt lithium
iron phosphate (LFP) batteries. As at the end of September 2017,
China has launched 4,981 EVs, with 3,147 (or 63 percent) using
LFP batteries, followed by ternary (19.7 percent) and LMO (11.1
percent).' To improve battery energy density, many Chinese car

1. ‘Catalog of Vehicle Purchase Tax Exemptions on New Energy Vehicles (1-12 Batch)’, Ministry of Industry &
Information Technology (MIIT), 2017
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manufacturers have adopted ternary lithium batteries for their EV
models, including BAIC E Class, JAC Heyue and Chery eQ. Ternary
is the mainstream cathode material for NEV batteries.

Major global power battery suppliers include Panasonic, AESC,

LG Chemical and Samsung SDI. However, China has also emerged
as a key battery supplier over the last decade. Companies such as
BYD, Hefei Guoxuan, Ningde Era, TianKin Lishen Battery, Pride,
China Aviation Lithium Battery Co., Ltd. and Wanxiang Group, are
emerging and have achieved significant market share. BYD, for
example, is the largest LFP battery supplier in terms of capacity.
According to its 2015-2020 technical plan, BYD is focusing on
LiMnPO4, which has a battery energy density of around 150wh/kg.
Other suppliers are switching from LFP to ternary-based batteries.
According to the MIT's action plan to promote the automotive
power battery industry, China's lithium battery energy density” will
reach 300-350wh/kg by 2020, while the battery industry has made
a conservative estimate of up to 250wh/kg. Barring any major
technological breakthroughs, the improvement of lithium battery
performance will mainly depend on material optimisation. Under
this assumption, China's lithium battery power energy density is
predicted to reach 320wh/kg by 2025.

Meanwhile, there has been a rapid decline in the cost of lithium
batteries, decreasing from more than RMB 3,000/kWh in 2011 to
RMB 1,700/kWh in 2017. Market participants predict the price of
lithium batteries is likely to fall below RMB 1,000/kWh by 2020. The
ratio of cathode material, anode material, separator and electrolyte
organic solvent to the battery cost is 30:10:25:15.% Cathode is the
main price determinant as the costs of the other parts are hard to
reduce.

Permanent magnet synchronous motors (PMSM, including
BLDCM), alternating current (AC) asynchronous motors and AC
induction motors (ACIM) are the mainstream motor types, with
PMSM the most widely used. The rated power of local EV models
is mostly between 20kw and 35kw. BYD’s Qin, a PHEV, has a rated
power of 40kw, the highest among local models. Sports models,
such as Tesla Model S, can reach 100kw. The power density of top
EV models globally is between 3kw/kg and 6kw/kg.*

2.Source: ‘Promoting Automotive Power Battery Industry Development Action Plan’, Ministry of Industry &
Information Technology (MIIT), February 2017
3&a4. Source: 'China New Energy Vehicle Market Semi-annual Report', AutoForesight research, September 2017
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. NEV platform development strategies

The development of an EV platform hinges on technology and
costs. There tends to be three options: develop a new EV platform;
cooperate to jointly develop new platforms; or transform an
existing internal combustion engine vehicle (ICEV) platform.

Transforming an existing ICEV platform can lead to better cost
control. However, there are limitations as the heavy battery pack
requires a specific type of design. Since an ICEV platform was
not designed to accommodate for a battery pack, there is limited
space for its inclusion. This results in lower battery capacity and
therefore, shorter mileages.

The battery pack in new EV platforms can be installed on the
vehicle floor to increase battery capacity. This allows its weight to
be evenly distributed across the axle, while the vehicle would also
enjoy a lower centre of gravity and more internal compartment
space. However, the development of new platforms requires large
financial investments. If sales are limited initially, it will take time
for companies to break even, which could hamper their financial
performances. This is why models produced using a new EV
platform are generally more expensive.

Some manufacturers would team up to jointly develop and share
new EV platforms in order to reduce costs. However, many OEMs
such as Tesla, Volkswagen, General Motors and Mercedes-Benz
still develop new platforms of their own.
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BEVs & PHEVs:
The importance of technology

Domestic policies tend to promote BEVs over PHEVs. The OEM
Average Fuel Consumption & NEV Credit Points Administration
Method (Draft for Comments) stipulates that BEVs will get two to
six points based on their driving range. All PHEVs, on the other
hand, only get two points.’

This policy differential is down to a number of reasons:

China’s BEVs, for example, have an average mileage of 150km-200km,
while PHEVs can reach further distances.® However, the energy
density of BEV lithium batteries is rapidly increasing. Combined with
the fact that its manufacturing costs is also decreasing, the average
mileage of BEVs is expected to reach about 400km within the next
five years — comparable to PHEVs.

On the other hand, PHEV's inherent structure, which integrates
two sets of power systems from BEVs and ICEVs, meant they are
expensive and relatively heavy. All three forms of plug-in hybrids
- parallel hybrids, series-parallel hybrids and series hybrids - have
their own set of weaknesses:

- When parallel hybrid vehicles are in hybrid mode, their fuel
consumption is high, while the motor cannot simultaneously
generate electricity and propel the wheel.

- Series-parallel hybrid cars have two motors, leading to
added weight and a relatively complex control system.

- In series hybrids, the engine and generator do not

directly propel the wheel. This leads to power wastage. In
addition, there is no significant reduction in weight, while fuel
consumption is high at high speeds.

Once BEVs and ICEVs have similar mileages, PHEVs are likely to
lose their attractiveness due to its costs, weight and more complex
control system. They are, for the time being, a transitional solution
to BEVs.

This is a stark contrast to three years ago when most OEMs do not
have an NEV technology roadmap and were focusing on PHEVs.
The situation has changed with BEVs now the main focus of
manufacturers. For example, Volkswagen announced that by 2025,
their NEV production will mostly be BEVs. Toyota has also recently
moved to re-establish its de-commissioned EV department.

5.0EM Average Fuel Consumption & NEV Credit Points Administration Method (Draft for Comments), MIIT,
September 2017
6.Catalog of Vehicle Purchase Tax Exemptions on New Energy Vehicles (1-12 Batch)’, MIIT, 2017
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& E Vs for autonomous driving

BEVs are more suitable for autonomous driving than internal
combustion engine models. Firstly, self-driving cars need to
configure a large number of sensors, and advanced computing
hardware and software, which results in higher power
consumption. Compared with ICEVs with 12V battery-supported
electrical systems, BEVs are equipped with high voltage and high
energy batteries, which enables more freedom in the design of
autonomous driving hardware and software.

Secondly, the majority of BEVs and PHEVs are equipped with

a wire-controlled electronic control system that is structurally
compatible with automated driving. A wire-controlled electronic
control system offers better response speed to acceleration/
deceleration and braking. There are also fewer mechanical parts
compared to an internal combustion engine, which contains about
2,000 components, resulting in a lighter vehicle. Many companies
that are developing automatic driving technologies, such as
General Motors, Nissan and Google, have picked electric cars as
the starting platform for their autonomous driving prototypes.
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Eam) Fuel cells as an alternative

Fuel cell EVs (FCEVs) are less common in China. Japan and other
Western nations are ahead in the development of this segment,
which can be reflected by the lack of progress in subsidy policies
for hydrogen vehicles.

However, the government is starting to focus more on FCEVs. The
Ministry of Industry and Information Technology’s (MIIT) strategy
paper on the automotive industry outlines plans to promote FCEVs
and have them ready for mass production. It aims to achieve
100,000 units on the road by 2030.” Shanghai is targeting 5-10
hydrogen stations and 3,000 FCEVs by 2020.°

It remains to be seen whether fuel cells can be a success due to
the high costs involved. In addition, it requires the construction of
a sufficient number of hydrogen refuelling stations. The industry
generally believes it will take another 15-20 years for FCEVs to fully
take off. In spite of the increasing emphasis on FCEVs, the future
landscape of the China automotive industry is likely to see FCEVs
coexist with BEVs. This is due to a difference in market positioning
as a result of the former's long-distance driving capabilities.

7. 'Middle to long-term Automotive Industry Development Plan, MIIT, April 2017
8.Source: ‘Shanghai Fuel Cell Vehicle Development Plan’, Shanghai Science & Technology Committee,
September 2017
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decline of battery costs and growth in energy density meant by 2025-2030, the
nd price of EVs will soon be able to satisfy consumer expectations. OEMs could
lace PHEVs, while FCEVs have the potential to complement BEVs due to their
istance capabilities.

Many manufacturers are developing new EV platforms to produce better designed
vehicles that are lighter, safer and with a lower centre of gravity. While new platforms can
lead to short-term cost increases, the jump in manufacturing costs should decline over
time.

In addition, EVs are more compatible with automonous driving technologies. Future EV
models are likely to be equipped with self-driving technologies, which will redefine the
concept of driving. This could also promote car sharing, which could help to reduce traffic
congestion.
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PEERRBARKIGS
HEEAEIR

HRELZRED : 266071

Tel BBiE : +86 (532) 8907 1688
Fax f2E : +86 (532) 8907 1689

Shenyang ;%A

19th Floor, Tower A, Fortune Plaza
61 Beizhan Road

Shenyang 110013, China
FELAIEILER 61 S

W E S LAET19E

HRE4RES : 110013

Tel BBiE : +86 (24) 3128 3888
Fax f£E : +86 (24) 3128 3899

Tianjin X2

Unit 06, 40th Floor, Office Tower
Tianjin World Financial Center
2 Dagu North Road

Tianjin 300020, China
REXZEAGICE2S

KB ERPO
EEEFHA0E068 T
HRE4mES : 300020

Tel B2IE : +86 (22) 2329 6238
Fax fE& : +86 (22) 2329 6233

Chengdu B

17th Floor, Office Tower 1, IFS
No. 1, Section 3 Hongxing Road
Chengdu, 610021, China
hERELIE RIS

EfF2R RO SIAE17#
HREL4RES : 610021

Tel BBi% : +86 (28) 8673 3888
Fax ff& : +86 (28) 8673 3838

Foshan f#LL

8th Floor, One AIA Financial Center
1 East Denghu Road

Foshan 528200, China
REHLUIT AR S

R O—EESRE

HBE4RES : 528200

Tel B2E : +86 (757) 8163 0163
Fax & : +86 (757) 8163 0168

Guangzhou ™

21st Floor, CTF Finance Centre

6 Zhujiang East Road, Zhujiang New Town
Guangzhou 510623, China
FRENHER LIRS L RE6S
BARESREPO21#

HREZRED : 510623

Tel BBiE : +86 (20) 3813 8000

Fax f£E : +86 (20) 3813 7000

Nanjing @5

46th Floor, Zhujiang No.1 Plaza
1 Zhujiang Road

Nanjing 210008, China
FERERKIRIS
BI1SKEACH

HBEL4REL : 210008

Tel EBiE : +86 (25) 8691 2888
Fax €& : +86 (25) 8691 2828

Shanghai L&

25th Floor, Tower I, Plaza 66
1266 Nanjing West Road
Shanghai 200040, China

FE LB RAR12665
18/ 1725 #251%

HREL4mAS : 200040

Tel BBIE : +86 (21) 2212 2888
Fax fE& : +86 (21) 6288 1889

Shenzhen ;F&I

9th Floor, China Resources Building
5001 Shennan East Road
Shenzhen 518001, China

R ERYIRE AR EE5001 5
1EAKEE

HREL4RED : 518001

Tel BBiE : +86 (755) 2547 1000
Fax f£E : +86 (755) 8266 8930

Xiamen [E|7]

12th Floor, International Plaza
8 Lujiang Road

Xiamen 361001, China
hEEEIESS
ERIBITARE 128,

HRE4RES : 361001

Tel EBi& : +86 (592) 2150 888
Fax f¥& : +86 (592) 2150 999

Hong Kong &#

8th Floor, Prince’s Building
10 Chater Road

Central, Hong Kong
EEDIFIEITIEI0S
AFKESH

23rd Floor, Hysan Place
500 Hennessy Road
Causeway Bay, Hong Kong
EBMHFEHERFES00S
HIE723%

Tel BBiE : +852 2522 6022
Fax f£E : +852 2845 2588

Macau %7

24th Floor, B&C, Bank of China Building
Avenida Doutor Mario Soares

Macau

BIATEFE L AKSE
FERITARE24¥BCE

Tel EBiE : +853 2878 1092

Fax f£E : +853 2878 1096

Ignition and Start-up Centres
BIFR=E]

KPMG Digital Ignition Centre
L= e e |

21st Floor, EO7-1 Tower
Suning Intelligent City

272 Jigingmen Street

Nanjing 210017, China
MREKTAHEH2725
HTERE07-1521#
HBEU4RED : 210017

Tel BB3E : +86 (25) 6681 3000
Fax f&& : +86 (25) 6681 3001

KPMG Innovative Startup Centre
EEO R SIFR el HEFul
Room 603, 6th Floor, Flat B
China Electronic Plaza

No. 3 Danling Street

Beijing 100080, China
REIERAEESS

FRE B FA/EBEGZ603E
HREZZRES : 100080

Tel % : +86 (10) 5875 2555
Fax f& : +86 (10) 5875 2558

kpmg.com/cn





